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Abstract: Objectives: The immune cell infiltration (ICI) in the tumor microenvironment (TME) can provide a reference 
for prognosis after immunotherapy. We aim to establish an ICI scoring model and evaluate its predictive ability for 
the immunotherapy efficacy and the prognosis in lung adenocarcinoma (LUAD) patients. Methods: We developed 
and analyzed the landscape of infiltrative immune cells based on the CIBERSORT and ESTIMATE algorithms. Then, 
three clusters of LUAD patients were discerned from TCGA-LUAD and GSE11969 data. Furthermore, two gene clus-
ters were classified based on the PCA. Results: LUAD patients with better prognoses tend to have higher immune 
checkpoint expression and immune/stromal scores. There is a correlation between TMB and ICI, and their relation-
ship deserves further exploration. Moreover, the early-stage and male patients with high ICI scores have more pro-
longed survival. Conclusions: The feasibility of the ICI score model in evaluating prognosis after immune checkpoint 
therapy for LUAD patients was verified, specifically reflected in the screening of sensitive immune checkpoints as 
a treatment reference. The scoring system can accurately predict the overall survival of LUAD patients, which has 
clinical value to monitor disease and evaluate prognosis.
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Introduction

Lung adenocarcinoma (LUAD), accounting for 
50% of non-small cell lung cancer (NSCLC), has 
high heterogeneity and mortality among all 
cancers [1, 2]. Despite early diagnosis and 
treatment, the recurrence rate in LUAD patients 
is as high as 90% because of limited technolo-
gy, and the 5-year survival rate is less than 15% 
[1, 3, 4]. 

The tumor microenvironment (TME), a complex 
environment in the tumor, consists of immune 
cells, stromal cells, extracellular matrix, and 
other cellular and non-cellular components, 
and mediates tumor occurrence, development, 
invasion, and immunosuppression [5-8]. Immu- 
notherapy has emerged as a new approach for 
cancer treatment, but many patients with lung 
cancer demonstrate poor response to immuno-

therapy due to the limitation of TME-induced 
immunosuppression [9-11]. Therefore, over-
coming immunosuppression is key to improving 
immunotherapy.

A poor TME regulates immune cells to enhance 
anti-tumor immunity, and targeting TME is 
expected to overcome immunosuppression and 
become a promising strategy for cancer immu-
notherapy [12-14]. Targeted tumor-associated 
macrophages (TAM) have been reported to 
overcome immune resistance induced by sup-
pressive myeloid cells and to enhance tumor 
response to immune checkpoint inhibitors [15, 
16]. Zeng et al. reported that immune-cell infil-
tration (ICI) in TME supported cancer metasta-
sis and has been widely researched for its ther-
apeutic promise as novel targets [17-19]. In the 
future, targeting ICI based on TME will inevitably 
become a strategy to alleviate immunosuppres-
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sion. But few studies have specified the value 
of ICI for cancer immunotherapy and survival 
evaluation. 

TMB is reported as a new signature for immune-
checkpoint inhibitors to predict the efficacy of 
immunotherapy, and the mutation status of  
key genes may be associated with the distri- 
bution of immune infiltrating cells [20, 21]. 
Many studies proved that there might be a syn-
ergistic effect of ICI and TMB, and the relation-
ship between TMB and immune infiltration 
depends on the cancer type [22, 23]. Therefore, 
exploring the correlation between ICI and TMB 
has important clinical significance for LUAD 
patients.

In this study, we established and analyzed the 
spectrum of ICI to quantify tumor-infiltrating 
immune cells. Subsequently, patients were 
assigned to three ICI clusters according to their 
ICI level. In addition, two gene clusters were dis-
cerned from differentially expressed genes. 
Last, the ICI scoring system was established to 
provide forward-looking evidence for the appli-
cation of targeted TME in immunotherapy and 
predict the prognosis of LUAD patients.

Materials and methods

Source of lung adenocarcinoma data 

The RNA-seq data, clinical data, and mutation 
data were procured from The Cancer Genome 
Atlas (TCGA). The transcriptome profiles and 
clinical data were obtained from Gene Ex- 
pression Omnibus (GEO: GSE11969). To ensure 
the accuracy of expression profiles from TCGA-
LUAD (FPKM values) in subsequent analysis, 
they was transformed into transcripts per kilo-
base million (TPM) values. 

The analysis of infiltrative immune cells in TME

The TCGA and GEO data were consolidated  
for follow-up analysis, quantitative analysis of 
gene expression levels in 22 tumor-infiltrating 
immune cells was conducted by CIBERSORT 
algorithm, and the sum of immune and stromal 
scores was calculated through ESTIMATE R 
package. Corrplot R package was applied to 
analyze the correlation of TIICs. Data were 
repeatedly analyzed 1000X by Consensus- 
ClusterPlus R package to identify cluster clas-
sification. We carried out the survival analysis 

based on merged data from TCGA-LUAD and 
GSE11969, and incomplete data were eli- 
minated. 

Identification of differentially expressed genes 
(DEGs)

The patients were assigned into three groups 
according to ICI levels and the DEGs were iden-
tified using limma R package. Fundamental cri-
teria deserving consideration included P<0.05 
and |logFC| ≥1.

Computation of immune cell infiltration (ICI) 
score and analysis of mutation data

We performed unsupervised clustering to group 
LUAD patients per DEGs, in which positively 
related DEGs were defined as ICI gene signa-
tures A and negatively related DEGs as ICI gene 
signatures B. The Boruta algorithm was applied 
for low-dimensional settings including ICI gene 
signatures A and B to screen out the optimal 
data sets [24], and principal component 1 
(PC1) was procured as a signature score utiliz-
ing the principal-component analysis (PCA) 
[25]. The ICI score for each data can be com-
puted through the following formula:

ICI Score = ΣPC1A-ΣPC1B [26].

The TCGA-LUAD mutation cohort was collected 
from the TCGA dataset. After calculating the 
sum of nonsynonymous mutations, somatic 
mutations in driving genes were analyzed, using 
the maftools R package.

Statistical analysis

A comparison between the two groups was veri-
fied through the Wilcoxon test, while the com-
parison between the above two groups was 
implemented by the Kruskal-Wallis test [27, 
28]. Survival curves were drawn by Kaplan-
Meier plotter and survival differences were 
obtained by log-rank test. An unsupervised 
clustering was performed through Euclidean 
and Ward’s linkage analysis. The high and low 
ICI subgroups were discerned based on the 
surv-cutpoint function. The chi-square test  
was conducted to compare the difference of 
somatic mutation frequency between different 
groups. The correlation coefficient was evalu-
ated using the Spearman analysis. A difference 
was called significant if two-tailed P<0.05. 
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Results

The profile of immune cell infiltration in TME

The 564 samples from TCGA-LUAD and 149 
samples from GSE11969 with RNA-seq data 
were processed. The workflow of the research 
is shown in Figure 1.

The sum of ICI scores was calculated via 
CIBERSORT algorithm and ESTIMATE R pack-
age. The ConsensusClusterPlus R packet was 
imposed to divide the patients into different 
clusters that were the optimal number of clus-
ters, based on k=3, three clusters (ICI cluster  
A, B, and C) were discerned (Supplementary 
Figure 1). Differentially expressed genes bet- 
ween cluster A, B and C are shown in Supple- 
mentary Tables 1, 2, 3. There were no signifi-
cant differences in overall survival seen in 
three clusters (Figure 2A, P=0.232). To further 
examine the expression difference of immune 
cells in the three clusters, a heatmap analysis 
was further carried out and the landscape was 
visualized (Figure 2B, 2C). Furthermore, the 
correlation coefficient heatmap proved insight 
to uncover the intrinsic relativity of tumor-infil-
trating immune cells in the TME (Figure 2D). 
Next, three important immune checkpoint mol-
ecules, PDCD1, LAG3, and CTLA4, and their 
expression were evaluated. The expression of 
the three was higher in cluster C than cluster A, 
but a statistical difference did not exist between 
cluster B and C (Figure 2E-G). 

Discrimination of immune gene subtypes

Gene clusters were classified into two groups 
from differentially expressed genes: gene clus-
ters A, and B (Supplementary Figure 2), based 
on the analysis of unsupervised clustering 
(Figure 3A). A significant difference in overall 
survival existed between gene clusters A and B 
(Figure 3B, P=0.016). The expression of 22 
tumor-infiltrating immune cells among different 
gene clusters was compared, and we found 
that gene cluster A had a higher proportion of 
CD4 memory resting T cells, NK activated cells, 
M2 macrophages, dendritic cells, mast resting 
cells, neutrophil, and monocytes. Gene cluster 
B performed better in terms of immune filter 
scores, B naive cells, plasma cells, and CD4 
memory activated T cells (Figure 3C). The 
expression of PDCD1, CTLA4, CD28, and LAG3 

in gene cluster B reached the highest level. The 
results were also concordant with the higher 
immune and stromal filter scores in gene clus-
ter B. These results suggested that patients in 
gene cluster B may reach favorable outcomes 
with immune checkpoint inhibitor therapy, for 
instance, PDCD1 and CTLA4 (Figure 3D-G). 

Establishment and analysis of an ICI score 
model

First, ICI score was determined per PCA [29, 
30], and then the best cutoff value was acqui- 
red to dichotomize patients into high and low 
ICI score subgroups. The correlation between 
gene cluster, ICI score, and patient fustat was 
visualized by alluvial diagram (Figure 4A). Next, 
we examined immune checkpoint/chemotac-
tic-related genes to evaluate the immune  
activity in two subgroups, and five genes were 
recognized as inhibitory immune checkpoint 
genes (HAVCR2, CTLA4, CD160, and PDCD1). 
Four genes were recognized as the activated 
immune checkpoint genes (CD28, CD226, 
ICOS, and TNFRSF9); seven genes were recog-
nized as the chemotactic-related immune 
genes (TNF, TBX2, CCL2, CX3CL1, CXCL2, 
CXCL3, and CCL19). We finally found that all 
genes except TNFRSF9 and PDCD1 showed 
higher expression levels in the high ICI score 
group compared to the low ICI score group 
(Figure 4B). Subsequently, we conducted gene 
ontology (GO) enrichment analysis. ICI gene  
signature A was enriched in gland develop-
ment, external side of plasma membrane,  
transcription regulator complex, and signaling 
receptor activator activity (Figure 4C). ICI gene 
signature B was strongly related to many func-
tions, including myeloid leukocyte migration, 
cell chemotaxis, phagocytosis collagen trimer, 
and endocytosis (Figure 4D). 

Moreover, the GSEA results revealed that vas-
cular smooth muscle contraction, complement 
and coagulation cascades, vasopressin regu-
lated water reabsorption, calcium signaling 
pathway, and the Fc epsilon RI signaling path-
way were significantly enriched in the high ICI 
score group. Spliceosome, proteasome, pro- 
tein export, DNA replication, and mismatch 
repair were enriched in the low ICI score group 
(Figure 4E, P<0.05). In addition, a significant 
survival difference was observed in between 
high and low ICI score groups, and high ICI 
score correlated with better survival in TCGA-
LUAD (P=0.006), GEO (P=0.027), and the com-
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Figure 1. Workflow of the research.
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Figure 2. Profile of immune cell infiltration in TMB. (A) The overall survival for different ICI classes shown by Kaplan-Meier plotter (P=0.232). All LUAD-patients were 
divided into three ICI clusters based on the ICI. (B) The heatmap was made by CIBERSORT algorithm including unsupervised clustering of 22 tumor-infiltrating im-
mune cells in three clusters from 2 LUAD datasets. Fustate, gender, age, and TN stage were included in three clusters. (C) The fraction of tumor-infiltrating immune 
cells (TIICs) and immune and stromal scores in three clusters were computed by ESTIMATE R package. Results with significant differences were found for immune 
score. (D) Correlation of intrinsic relativity of 22 TIICs in TMB based on Corrplot R package. Red markers imply positive correlation; blue markers imply inverse cor-
relation. (E-G) Expression difference of PDCD1 (E), LAG3 (F), and CTLA4 (G) in cluster A, B, and C. *P<0.05; **P<0.01; ***P<0.001; ns, not significant; ICI, immune 
cell infiltration; LUAD, Lung adenocarcinoma; TMB, Tumor mutational burden.
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Figure 3. Discrimination of immune gene subtypes. (A) The heatmap shows that gene clusters were classified into two subgroups from differentially expressed 
genes: gene clusters A and B, based on the analysis of unsupervised clustering. (B) Overall survival compared among three clusters through Kaplan-Meier plotter. 
(C) Difference comparison of cellular fraction between two gene clusters, including TIICs fraction, immune, and stromal scores. (D-G) Expression of PDCD1 (D), LAG3 
(E), CD28 (F), and CTLA4 (G) in clusters A, and B. *P<0.05; **P<0.01; ***P<0.001; ns, not significant.
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bined TCGA-LUAD and GEO cohorts (P<0.001), 
respectively (Figure 4F-H). 

The correlation between immune cell infiltra-
tion score and tumor mutational burden (TMB)

The connection between TMB and ICI can con-
tribute to the prediction of immunotherapy 
response, and research indicated that patients 
who receive immune checkpoint therapy tend 
to have higher TMB [31, 32]. Hence, we explored 
the relevance between TMB and ICI. The results 
showed that a low ICI score had a higher level 
of TMB than a high ICI score had (P<0.001) 
(Figure 5A). Moreover, an inverse correlation 
was found between TMB and ICI (r=-0.25, 
P<0.001) (Figure 5B). Next, we compared the 
survival difference of patients between high 
and low TMB subgroups, and there was no sta-
tistical difference (Figure 5C). We further dis-
cussed the survival differences in the com-
bined group (L-TMB & L-ICI score vs L-TMB & 
H-ICI score; H-TMB & L-ICI score vs H-TMB & 
H-ICI score; L: Low, H: High, vs: versus). The 
H-TMB & H-ICI score group had a worse survival 
trend (Figure 5D). Also, we identified 20 genes 
with high somatic mutation rates to clarify the 
cor-relationship between ICI and TMB (Figure 
5E, 5F). All results indicated that ICI was a prog-
nostic predictor independent of TMB.

Correlation between ICI score and clinical fea-
tures of LUAD patients

The correlation between ICI score and clinical 
features was analyzed to clarify the prognostic 
value of ICI to LUAD patients, and clinical  
features including T (T1-2 vs T3-4), N (N0 vs 
N1-3), and gender (female vs male). Early-stage 
and male patients with high ICI score have 
more prolonged survival benefits (N0, P= 
0.001; T1-2, P<0.001; male, P=0.001) (Figure 
6A-F). These results indicated that early-stage 
and male LUAD patients may be more sensitive 
to immune checkpoint therapy.

Discussion

Lung adenocarcinoma (LUAD) has high mortal-
ity rate among all cancers [33]. Immune check-

point therapy has provided a new landscape  
for better clinical survival, but a low immune 
checkpoint response is a major problem in 
treatment; one of the important reasons lies in 
TME-induced immunosuppression [34, 35]. 
Consequently, we developed an ICI scoring sys-
tem for TME quantification to facilitate targeted 
TME for immunotherapy. 

In this study, the combined patient samples 
from the TCGA-LUAD and GSE11969 profiles 
were divided into three clusters (ICI clusters A, 
B, and C). Evidence has indicated that the infil-
tration of CD4-activated memory T cells and 
activated NK cells were correlated with pro-
longed survival of patients [36-38]. The two 
types of ICIs were richer in ICI cluster C than in 
other clusters. Moreover, the expression level 
of important immune checkpoint molecules 
including PDCD1, LAG3, and CTLA4, was higher 
in ICI cluster C compared to other groups. The 
above results confirmed that patients in ICI 
cluster C were highly sensitive to immune 
checkpoint therapy and may exhibit an ideal 
effect on immune checkpoint molecules such 
as CTLA4.  

Furthermore, we classified differentially ex- 
pressed genes into two groups (gene clusters A 
and B). The higher proportion of naive B cells, 
activated memory CD4 T cells, and stromal/
immune score in the gene cluster B conformed 
to a better prognosis, which verified the conclu-
sion that a high immune and stromal score 
have better survival benefits [39-41]. These 
results further demonstrated the feasibility of 
ICI score for predicting the prognosis and immu-
notherapy of LUAD patients.

Based on PCA, patients were dichotomized into 
high and low ICI score subgroups. All immune 
checkpoint genes except TNFRSF9 and PDCD1 
showed a higher expression in the high ICI 
score group, which means that high ICI scores 
provide a more favorable environment for 
patients to receive immune checkpoint thera-
py. Next, we screened the top three genes with 
high somatic mutation rates in high and low ICI 
score groups, namely TP53, TTN, and MUC16. 

Figure 4. Establishment and analysis of ICI score model. A. The alluvial diagram explained the correlation between 
gene cluster, ICI score, and patient fustate. B. Expression of immune checkpoint/chemotactic-related gene in two 
subgroups. C, D. GO enrichment analysis in ICI gene signature A and B. E. GSEA revealed significantly enriched 
pathways in high/low ICI score groups. F-H. Overall survival in TCGA-LUAD data, GEO data, as well as combined 
TCGA-LUAD and GEO data. ICI, immune cell infiltration; LUAD, Lung adenocarcinoma.
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Research indicated that mutations of TP53, 
TTN, and MUC16 were associated with TMB 
[42-44]. TP53 mutation had a higher TMB and 
was connected to poor prognosis of patients 
[45]. A high mutation load of TTN and MUC16 

represented higher TMB and was positively cor-
related with patient’s prognosis [42, 46]. We 
conclude that TP53, TTN, and MUC16 may be 
therapeutic targets for LUAD in the field of 
immunotherapy.

Figure 5. Correlation between immune cell infiltration score and tumor mutational burden. A. Potential relevance 
between TMB and ICI (P<0.0001). B. Scatterplots proved an inverse correlation between TMB and ICI (r=-0.25, 
P<0.001). C. Survival difference of patients in high/low TMB subgroups. D. Survival difference of patients in the 
combined TMB and ICI groups. E, F. The correlatiion between ICI and TMB in high/low ICI groups was based on 20 
top genes with the highest somatic mutation frequency. ICI, immune cell infiltration; TMB, Tumor mutational burden.
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Figure 6. Correlation between ICI score and clinical features of LUAD patients. (A, B) Kaplan-Meier curves for high- 
and low-ICI scores of females (A) and males (B) in the TCGA-LUAD and GSE11969 cohorts. (C-F) Kaplan-Meier 
curves for the high- and low-ICI scores of patients with T1-2 (C), patients with T3-4 (D), patients with N0 (E), and 
patients with N1-3 (F) in the TCGA-LUAD and GSE11969 cohorts. Early-stage and male patients in the low ICI score 
group had more pronounced survival (N0, P=0.001; T1-2, P<0.001; male, P=0.001). ICI, immune cell infiltration; 
LUAD, Lung adenocarcinoma. 
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However, the inverse correlation between TMB 
and ICI is not consistent with previous conclu-
sions [47]. Thus, the mechanism of interaction 
between the TMB and ICI needs to be further 
explored, to see whether other factors are 
involved.

There are some weaknesses in this study, 
which need to be further improved. The rela-
tionship between ICI and TMB was not further 
explored. Lack of complete information result-
ed in some patient data not being strictly fil-
tered. We did only a bioinformatic analysis and 
lacked the corresponding wet lab experiments 
to further validate the feasibility of the ICI scor-
ing system.

In this research, we systematically constructed 
the ICI scoring system based on TME. The fea-
sibility of its application in immune checkpoint 
therapy for LUAD patients was verified, specifi-
cally reflected in screening for sensitive immune 
checkpoints for patients as a treatment refer-
ence. The scoring system can accurately pre-
dict the overall survival of LUAD patients, which 
has value to monitor the disease and evaluate 
prognosis. 
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Supplementary Figure 1. A-K. Optimal number of three clusters (ICI cluster A, B, and C) based on k=3 was discerned. ICI, immune cell infiltration.
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Supplementary Table 1. Differentially expressed genes between clusters A and B
id logFC AveExpr t P.value
IGHM 2.981221825 6.901363296 23.44468359 1.33E-88
IGKC 2.066105056 8.679533219 15.60817719 6.85E-47
IGLC2 1.722365973 8.052165139 13.32024741 5.67E-36
CD79A 1.569415655 4.084141125 12.84012896 8.44E-34
DERL3 1.161818773 3.651334884 12.35003362 1.25E-31
IGHG1 1.854251951 8.517641733 11.63744194 1.43E-28
TNFRSF17 1.059713137 2.316771765 9.805619191 2.89E-21
MRC1 -1.1492739 3.919369826 -8.970522126 3.11E-18
IGHG4 1.53162762 6.916980503 8.545058811 9.10E-17
ANXA1 -1.007774134 5.57963067 -8.16748329 1.64E-15
ASCL1 1.661396968 0.977465115 7.675837552 6.03E-14
CCL13 -1.073956351 3.796867086 -7.452823902 2.92E-13
SST 1.363431808 0.598443991 7.37154725 5.14E-13
MMP28 -1.186203609 2.951306076 -7.209077881 1.57E-12
MARCO -1.110053682 4.323382599 -6.809309485 2.23E-11
KLK14 1.057828715 1.116113102 6.721151671 3.94E-11
CD1A -1.001584202 2.118293984 -6.288787217 5.87E-10
HOXB9 1.061110197 1.21633933 6.272326064 6.48E-10
BARX1 1.299713319 1.822751219 6.058165362 2.33E-09
SOX2 1.066246069 2.557107026 5.811383143 9.70E-09
GFRA3 1.03834627 2.468549802 5.508891143 5.20E-08
KLK12 1.058740174 1.426886303 4.818419555 1.80E-06
MSMB 1.287439816 3.348585668 4.589965692 5.32E-06
CALCA 1.223007096 1.359008937 4.438024525 1.07E-05
CRLF1 1.022896324 3.521698288 4.423678715 1.14E-05
SFTPA1 -1.240762065 7.221048167 -4.332764345 1.71E-05
FGB 1.086825495 2.253820694 3.79330134 0.000162496
SFTPA2 -1.061676487 7.475976141 -3.745362898 0.00019609

Supplementary Table 2. Differentially expressed genes between clusters A and C
id logFC AveExpr t P.value
IGHM 1.947113466 6.901363296 16.00251112 7.44E-49
IGKC 1.490925083 8.679533219 11.77070298 3.91E-29
CD79A 1.091776385 4.084141125 9.334947837 1.57E-19
IGLC2 1.086364453 8.052165139 8.780296757 1.43E-17
IGHG1 1.321415569 8.517641733 8.667123709 3.50E-17
IGHG4 1.043907755 6.916980503 6.086544256 1.97E-09

Supplementary Table 3. Differentially expressed genes between cluster B and C
id logFC AveExpr t P.value
IGHM -1.034108359 6.901363296 -8.794968287 1.27E-17
ASCL1 -1.173552092 0.977465115 -5.863715337 7.20E-09
CALCA -1.270896356 1.359008937 -4.987569964 7.85E-07
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Supplementary Figure 2. A-K. Optimal number of two gene clusters (gene clusters A and B) based on k=2 was discerned.


