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The implication of the Estimation of Stromal and Immune cells in Malignant tumor tissues
using expression data (ESTIMATE) method to determine the tumor microenvironment
(TME) and tumor immune score including tumor purity represents an efficient method
to identify and assess biomarkers for immunotherapy response in precision medicine.
In this study we utilized a machine learning algorithm to analyze the Cancer Genome
Atlas (TCGA) and Gene Expression Omnibus database (GEO) lung adenocarcinoma
(LUAD) transcriptome data to evaluate the association between TME and tumor purity.
Furthermore, we investigated whether fewer TME components or a few dominant genes
can infer tumor purity. The results indicated that the 29 immune infiltrating components
determined by the ssGSEA method could screen the 5 TME components [chemokine
C-C-Motif receptor (CCR), T-helper-cells, Check-point, Treg, and tumor-infiltrating
lymphocytes (TIL)] that significantly contributed the most to tumor purity prediction
through regression tree and random forest regression methods. The findings revealed
that higher activity of these five immune infiltrating components significantly lowered the
tumor purity. Moreover, 5 TME components contributed significantly to the improvement
of Mean Square Error (MES); therefore, we selected these five sets’ genes and analyzed
survival data to establish a prognostic model. We screened out 11 prognostic-related
genes and constructed a risk model comprising 11 genes with good predictive value
for patients’ prognosis. Furthermore, we obtained four genes (GIMAPG, CD80, IL16,
and CCR2) that had predictive advantages for tumor purity using random forest
classification and random forest regression. The comprehensive score of genes for tumor
purity prediction (CSGTPP) was obtained by least absolute shrinkage and selection
operator (LASSO) regression indicated that four genes could be successfully used to
classify high and low CSGTPP samples and that tumor purity was negatively correlated
with CSGTPP. Survival analysis revealed that the higher the CSGTPP, the better the
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prognosis of patients. The association between a cluster of differentiation 274 (CD274)
and CSGTPP revealed a higher expression of CD274 in the high CSGTPP group.
Collectively, we speculated that CSGTPP could serve as a predictor of the response
to immunotherapy and a promising indicator of immunotherapy effect.

Keywords: lung adenocarcinoma, machine learning, tumor immune microenvironment, tumor purity, gene

expression, signature genes

INTRODUCTION

The tumor microenvironment (TME) represents a dynamic
cellular milieu consisting of tumor cells, extracellular matrix
(ECM), the blood and lymphatic vasculature, stroma, fibroblasts,
infiltrating immune cells, and neighboring tumor related non-
tumor cells. The immune system plays a critical role in
immunosurveillance, as the immune cells of the immune system
can recognize and eliminate tumor cells within the TME,
thereby contributing to tumor progression. However, to evade
the immune surveillance, tumor cells adopt multiple strategies to
avoid immune recognition and instigate an immunosuppressive
TME. Accumulating evidence indicates that defects in any
of these mechanisms might contribute to the failure of
the anti-tumor immunity and immune escape (1). Different
tumor types adopt different strategies to escape the immune
surveillance and killing of tumor cells by the immune system,
thereby generating immune tolerance and promoting tumor
occurrence and development (2). Immunotherapy, aiming to
restore and boost the body’s natural defenses to eradicate tumor
cells, has emerged as a breakthrough therapeutic strategy for
cancer. Several classes have emerged within immunotherapeutic
agents, including monoclonal antibody immune checkpoint
inhibitors, therapeutic antibodies, cancer vaccines, cell therapy,
and small molecule inhibitors (3). In particular, the immune
checkpoint inhibitors have shown potent anti-tumor activity
across multiple malignancies such as melanoma, non-small
cell lung cancer, kidney cancer, and prostate cancer. Several
immunotherapy drugs have been approved by the US FDA
(Food and Drug Administration, FDA) for clinical application
(4). Immunotherapy can produce a more significant sustained
response in patients with advanced cancer than conventional
chemotherapy (5). However, this response only occurs in a
small subset of patients. The efficacy of immunotherapy usually
depends on the infiltration of immune cells into the TME.
The immune cells of immune systems infiltrate into the TME
and contribute to the modulation of tumor progression. TME
is highly heterogeneous and consists of tumor cells, stromal
cells, ECM, and immune cells that drive tumor cells fate to
progression and metastasis. The immune system in vitro can
recognize tumor antigens and kill tumor cells. Increasing studies
have highlighted the complex and dynamic interactions between
cells of the immune system and the TME in cancer progression.
Moreover, TME plays an essential role in suppressing or
enhancing the immune response. Understanding the complexity
of interactions between TME and the immune cells will help
select patients for immunotherapy and improve the curative

effect of patients with immunotherapy. Tumor purity represents
the proportion of tumor cells in tumor tissue (6). Studies have
shown that tumor purity is significantly associated with the
clinical characteristics, genome expression, tumor’s biological
characteristics, and prognosis of patients with cancer. It is
noteworthy that ignoring the impact of tumor purity can lead
to systematic bias in tumor genomic analyses, recurrence risk,
and efficacy prediction. An accurate assessment of tumor purity
is helpful to analyze tumor samples objectively. Therefore, the
present study aimed to investigate the relationship between
the immune microenvironment and Lung adenocarcinoma
(LUAD) tumor purity through machine learning algorithms. And
explored if tumor purity can be inferred from the genomic
analyses, and investigated the correlation between tumor purity
and immunotherapy.

MATERIALS AND METHODS

Data Source and Pre-processing

The RNA-Seq based transcriptome profiles (FPKM; Fragments
per Kilobase of transcript per Million mapped reads) and
corresponding clinical data of LUAD patients were downloaded
from the TCGA portal, the gdc-client software download
tool. Additionally, the expression profiles of LUAD patients
(GSE68465, sequenced using Affymetrix, HG-U133A plus 2.0
Array, up to November 2020) were also obtained from the
GEO database (http://www.ncbi.nlm.nih.gov/geo/). All analyses
were performed using R software (R Foundation for Statistical
Computing, Vienna, Austria, 3.4.1 Version).

Assessment of the Degree of Tumor

Immune Infiltration

Using the most well-recognized and commonly used immune
cell marker genes (7), we assessed the infiltration of different
types of immune cells by single-sample Gene Set Enrichment
Analysis (ssGSEA) with Gene Set Variation Analysis (GSVA)
package in R package. Subsequently, based on the ssGSEA value,
the samples were divided into high, medium, and low immune
activity clusters.

Calculation of the Immune Score of the
TME

We obtained stromal score, immune score, estimate score, and
tumor purity based on the transformed expression matrix,
and tumor purity was calculated through the “Estimate” R
package (8).
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FIGURE 1 | Heatmap of the correlation between TME sets and immune score in different immunologically active samples.
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FIGURE 2 | The relationship between the scale of the regression tree and the
relative error.

Determination of the Primary Immune
Infiltration Gene Sets Using Machine

Learning
Using regression trees and random forest regression, we
established a regression model and assumed that immune

infiltration and immune purity were correlated. Then, based
on the ssGSEA sets, we selected the ssGSEA sets that most
significantly contributed to the improvement in Mean Square
Error (MES) with “partykit” and caret package in R. TCGA data
were randomly divided into training set and validation set with
the ratio of 7:3, GSE68465 data were used as the test set.

Correlation Between Target ssGSEA Sets

and Tumor Purity

The association between the target ssGSEA sets value and tumor
purity in high, medium, and low immunocompetent samples was
determined using the “ggally” package in R.

Survival Analysis of Target ssGSEA Sets

and Tumor Purity

According to the target, ssGSEA sets value and tumor purity;
the samples were divided into high and low groups. We further
investigated the clinical data and survival outcome (excluding
samples with missing clinical data and survival time of fewer
than 30 days) to assess the association between each clinical
characteristic and prognosis with the “survminer” package in
R software.

LASSO Regression Analysis for the
Construction of the Prognostic Gene
Model

Univariate Cox proportional hazards regression analysis was
performed to screen target ssGSEA sets genes significantly
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FIGURE 3 | Pruning tree containing the number of splits, nodes, observation TME sets, and prediction results.
associated with overall survival (OS) in the TCGA LUAD o
dataset. Then, using R-glmnet package, we performed LASSO § .
Cox regression analysis of the identified OS-related genes.
Multivariable Cox proportional hazards regression analysis was S |
performed to establish the prognosis model of target ssGSEA e
sets genes. The LUAD samples were divided into high risk g
and low risk by the median risk score; the Kaplan-Meier 3
curve was constructed, and the log-rank test was conducted to L
compare the survival differences between the two groups. The i § T
ROC curve was used to evaluate the accuracy of the model.
GSE68465 data was utilized as the validation set to further § o
evaluate the model. °
@0
- . o i
The Implication of Target Genes for Tumor S
Purity Classification
We established the corresponding relationship between the ' ' : ' ' '
. . . 0 100 200 300 400 500
sample gene expression matrix and the tumor purity after
screening the target gene using Cox proportional hazards trees
regression analysis. Using the random forest regression method ) ) )
FIGURE 4 | The relationship between split tree count and error.
R-random Forest package, we constructed the model to evaluate

the linear relationship between the target genes and the tumor
purity and screen the most significantly contributed genes to
the improvement in MES value. Then, we divided the samples
into two groups according to tumor purity. Subsequently, a
relationship with gene expression data was analyzed to evaluate

the effect of the target genes classification on tumor purity
by random forest classification method achieved by R-random
Forest package. At the same time, the average reduction of the
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Gini index was used to evaluate the contribution of the genes to
the classification, and significantly associated genes were selected
based on the method of random forest regression. TCGA data
were divided into a training set and validation set at a ratio of 7:3;
GSE68465 data was used as a test set.

The Implication of Target Genes in the

Sample Classification

In order to visualize the effect of the target genes on the
sample classification, we used Principal Component Analysis
(PCA) to classify the samples corresponding to the target gene
by using the R packages “FactoMineR” and “factoextra.” In
this step, we sorted the samples of TCGA and GEO according
to tumor purity. The first 33% of samples presented low
purity samples, and the last 33% of samples represented high
purity samples.

Lasso Regression Analysis of Target Gene

to Predict the Effect of Immunotherapy
We constructed a LASSO regression model from the target
genes screened in TCGA LUAD data and the tumor purity

of the corresponding sample to calculate the comprehensive
score of genes for tumor purity prediction (CSGTPP) = )
Xa* coef a, where coef a is coefficient, and Xa is gene relative
expression, the samples were divided into high CSGTPP and
low groups. PCA was applied to analyze the classification
effect of the target genes and the survival prognosis of the
two groups. And then, we analyzed the differences in target
genes and tumor purity between the two groups. Finally,
we further explored immunotherapy’s effect by comparing
the differences in the immune target gene, CD274, in the
two groups.

RESULTS

ssGSEA Sets Value and Tumor Purity

We identified 535 TCGA LUAD gene expression matrices and
443 GEO gene expression matrices and analyzed the results
of 29 immune infiltration sets in LUAD. Simultaneously, we
determined tumor purity scores by the ESTIMATE method.
We excluded samples with incomplete survival data and
survival time <30 days after sorting out the clinical data.
A total of 443 TCGA clinical survival samples and 442
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GEO clinical samples were included to construct the LASSO
regression model. However, we eliminated clinical samples
with incomplete TNM data, and finally, 307 TCGA clinical
samples and 339 GEO clinical samples were selected for
subsequent analysis.

Distribution of Immune Infiltrating Gene
Sets and Tumor Purity in Different Immune

Active Samples

Using the 29 immune infiltration sets with the “sparcl” package
in R, we calculated the immune activity of 535 TCGA and 443
GEO LUAD samples and divided them into three groups of
low, medium, and high. Cluster analyses indicated the immune
infiltration and immune scores of the three groups of tumor
samples, and further analysis of the results revealed that with
the increase in immune activity, 29 immune infiltrating gene sets
and estimateScore were positively correlated. In contrast, tumor
purity decreased with the increase in tumor immune activity
(Figure 1).

Predominant Immune Infiltration Gene Sets
We transformed 29 immune infiltration sets and tumor purity

into corresponding matrices, divided TCGA LUAD data into

training set and validation set at a ratio of 7:3, and used regression
tree to build the predictive model, GEO LUAD data was used as
the test set to verify the model. MES is an excellent indicator
of the calibration model. After constructing the model with
the “Rpart” function and using 10-fold cross-validation, it was
found that when the number of splits was 6, there was the
smallest splitting error (xerror = 0.175; Figure 2); therefore, we
chose the tree size to be 7, and used the “partykit” package to
reduce branches, and apparently received 8 prediction results
(Figure 3). Moreover, we used the “predict” function to envisage
the validation set and the calculated MES to be 0.004, indicating
that model was stable. Similarly, we used GEO data for testing,
and the calculated MES value was 0.083. The model exhibited a
good countermeasure effect.

Next, we used the “randomForest” function to perform
regression analysis on the aforementioned data. We estimated
that the number of specific optimal trees was 419, but from the
relationship between the MES and the number of trees in the
model, it could be observed that as the number of trees increases
to about 100 trees, the error improvement was not evident,
therefore, we chose 100 trees as the random forest regression
(Figure 4). The resulting MES obtained was 0.002, and nearly
89.28% of the variance was explained. To end, we analyzed the
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FIGURE 6 | Scatter plot of correlation matrix between target TME sets and tumor purity in different immunocompetent samples.
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FIGURE 7 | Kaplan-Meier curve of patients with high and low TME sets and tumor purity group. (A) Kaplan-Meier curve of patients with high and low CCR2 group;
(B) Kaplan-Meier curve of patients with high and low T-helper-cells group; (C) Kaplan-Meier curve of patients with high and low Check-point group; (D) Kaplan-Meier
curve of patients with high and low Treg group; (E) Kaplan-Meier curve of patients with high and low TIL group; (F) Kaplan-Meier curve of patients with high and low
Tumorpurity group.

critical scalar that drives the result. As represented in Figure 5,
CCR, T-helper-cells, Check-point, Treg, and TIL contributed
significantly to the improvement of MES. The model presented
good MES values with the validation and test sets, which were
found to be 0.002 and 0.087, respectively. On comparison of the
two methods of regression tree and random forest regression,
the results indicated that both models had good predictive value.
Therefore, we selected CCR, T-helper-cells, Check-point, Treg,
and TIL immune infiltration sets as our target sets.

Association Between Target ssGSEA Sets

and Tumor Purity

We used the “Ggally” package in R software to estimate the
correlation between target immune infiltration sets and tumor
purity among different immunologically active samples from
TCGA LUAD data. The results revealed that tumor purity and
immune infiltration among different immunologically active
samples were significantly negatively correlated (Figure 6).

Survival Prognosis Analysis of Target

ssGSEA Sets and Tumor Purity
We used 443 TCGA LUAD samples to investigate further
the relationship between target immune infiltration sets and

tumor purity and survival prognosis; the results suggested
that the lower the purity of the tumor, the better the
prognosis. Conversely, it was also evident that the higher
the degree of immune infiltration, the better the patients
survival (Figure 7).

Prognostic Model and Genes Associated
With Prognosis

One hundred and three immune infiltrating genes from CCR,
T-helper-cells, Check-point, Treg, and TIL sets of TCGA
LUAD data were analyzed by Univariate Cox regression.
There were 21 genes associated with a prognosis and entered
into the LASSO regression analysis (Figure 8); a total of 11
genes (IL3RA, MAGEHI1, CCR2, ACP5, TGFBI, CHRNAS®,
KSR1, GIMAP6, CD80, IL16, and CD52) were identified for
building model. The coefficients of each gene were presented in
Table 1.

We assessed the prognostic value of risk scores, which were
estimated with the formula risk score = Y Xp* coef 8, where coef
P was coefficient, and Xp was gene relative expression. For TCGA
LUAD data, the risk score in both univariate and multivariate
analysis was significantly related to overall survival (OS) (HR
= 3.179, 95% CI = 2.111-4.786, P < 0.001; HR = 2.069, 95%
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IL3RA
CD40LG
MAGEH1
CCR2
DOK2
ACP5
TGFBI
SASH3
LAIR1
PTPRC
CSF2RB

CHRNAG
KSR1
ICOS
NCF4
GIMAP6
CD80

IL16
CD52

NCKAP1L

ARHGAP25

pvalue
0.010
0.022
0.004
0.001
0.018
0.031
0.008
0.018
0.034
0.031
0.014
0.027
0.015
0.028
0.028
0.030
0.043
0.013
0.033
0.047
0.029

Hazard ratio
0.928(0.877-0.983)
0.800(0.661-0.969)
0.956(0.928-0.986)
0.790(0.684-0.911)
0.952(0.914-0.992)
0.991(0.983-0.999)
1.003(1.001-1.005)
0.965(0.937-0.994)
0.938(0.884-0.995)
0.969(0.942-0.997)
0.931(0.879-0.986)
0.929(0.870-0.992)
0.293(0.109-0.788)
0.929(0.870-0.992)
0.821(0.689-0.979)
0.966(0.937-0.997)
0.944(0.893-0.998)
0.593(0.393-0.894)
0.902(0.821-0.992)
0.866(0.751-0.998)
0.994(0.988-0.999)
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FIGURE 8 | Target genes screened by univariate prognostic analysis.
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TABLE 1 | The coefficients of genes for building model.

Genes Coefficients

IL3RA —0.0323529240412679
MAGEH1 —0.0313240392509636
CCR2 —0.258547384333454
ACP5 —0.00104506851750573
TGFBI 0.00291649350382021
CHRNAG6 —0.473404652074516
KSR1 —0.0660881115987976
GIMAPG 0.020759981275271
CD80 —0.188951143790105
IL16 0.128342508954468
CD52 —0.000223112433304806

CI = 1.363-3.139, P < 0.001, respectively.) (Figures 9A,B). It
was observed that the patients with low-risk scores exhibited
significantly better prognosis than those with a high-risk score
(Figures 10A,B) both in TCGA and GEO LUAD data by the
Kaplan-Meier cumulative curve. The AUC of risk score was 0.68,
which implied that the Cox model could pretty well-predict the
prognosis (Figure 9C).

The Implication of Target Genes for Tumor

Purity Classification

We established the corresponding relationship between the 11
genes expression matrix and the tumor purity and performed
random forest regression to predict the linear relationship
between 11 gene expression and tumor purity. As mentioned
before, 465 TCGA LUAD data were divided into a training set
and validation set at a ratio of 7:3, while 443 GEO LUAD data
was used as the test set to verify the model. We selected 100 trees
for the random forest regression analysis, the resulting MES was
0.003, and almost 85.45% of the variance was explained. Finally,
we obtained four genes (CD80, CCR2, GIMAPS, and IL16) that
significantly improved MES. The model exhibited good MES
values on the validation and test sets, which were 0.003 and 0.094,
respectively (Figures 11, 12).

Next, the above data were classified by random forest, and
the classification tree was selected as 47 trees for the model
construction; therefore, the error rate obtained was 11.41%
with an accuracy rate of 88.59% (accuracy = (146+149)/333).
The accuracy of the prediction results on the validation set
and test set was 90.91% (accuracy = (61459)/132) and 97.41%
(accuracy = (224+4-229)/465), respectively. Using the correlation
between genes and Gini index, we obtained 4 most contributing
genes (GIMAP6, CD80, IL16, and CCR2), which were consistent
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with the random forest regression for the target genes
(Figures 13, 14).

The Implication of Target Genes in the

Sample Classification

Four genes labeled tumor samples, and PCA analysis revealed
that four genes could be better divided into high and low
purity groups. The proportions of the first and second principal
components of TCGA data and GEO data were 90.5 and 82.4%,
respectively. The results indicated that the sample’s tumor purity
could be inferred through the expression of the four genes,
and the gene expression and tumor purity were associated
(Figure 15).

LASSO Regression Analysis of Target Gene

and Tumor Purity

We divided the 443 TCGA LUAD samples with complete clinical
data into high and low groups according to tumor purity, and
obtained CSGTPP (0.21*CCR2+ 0.06*GIMAP6+0.64*CD80+
0.21*IL16) with LASSO regression analysis, and then
divided the samples into high and low two groups. The
simultaneous analysis revealed that the four genes were
highly expressed in the high CSGTPP group (p < 0.0001)
(Supplementary Figures 1A-D), and tumor purity was
negatively correlated with CSGTPP (Supplementary Figure 2A).
Using PCA, we determined the expression of four genes
can be used to classify the two groups well with the first
principal component and the second principal component
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FIGURE 11 | Pruning tree containing the number of splits, nodes, observation genes, and prediction results.

value of 89.1% (Supplementary Figure 2B). Survival analysis
revealed that patients in the high CSGTPP group exhibited
a prognostic benefit (P < 0.0001), which echoed the
poor prognosis of patients with higher tumor purity, as
mentioned above (Supplementary Figure2C). Finally, we
explored the difference of CD274 gene expression in the
CSGTPP two groups, and the results showed that the higher
expression of CD274 in the high CSGTPP group (p < 0.0001)
(Supplementary Figure 2D).

DISCUSSION

Recent advancement of omics technologies has significantly
improved our understanding of the complexity and diversity of
the immune components of the TME and its important impact
on response to immunotherapy (9, 10). Further understanding
of the tumor immune microenvironment will help improve the
efficacy and response rates to immunotherapy. Therefore, an
increasing number of studies have been conducted to study the
TME and analyze immune cells’ composition in tumor tissues.
A large number of immune cells often gathered in and around
tumors. There exist an inextricably link between these immune

cells and tumor cells. Therefore, analyzing the composition
and proportion of immune cells constitutes an integral part of
studying the TME (11). Presently, there are two main methods for
exploring the immune components of tumors. The first method
includes high-precision single-cell-sequencing and single-cell-
RNA-sequencing (scRNA-seq); the other method includes the
speculation method that enables prediction based on the program
using bulk RNA-seq data. However, estimation of tumor purity is
considered crucial and warrants further investigation (12-14).

Recently, immunotherapy has emerged as a novel alternative
therapeutic strategy for patients without driver genes mutation
and has changed the treatment landscape of non-small cell
lung cancer (NSCLC) (15, 16). Immunotherapy is an expensive
therapy with significant clinical side effects; therefore, it
remains critical to identify patients who will benefit from
treatment with cancer immunotherapy. Therefore, it becomes
increasingly essential to identify immune cells that exist in
tumors; besides, deciphering immune cells present within the
TME represents a significant area of implication in basic and
clinical research.

Machine learning, an artificial intelligence method, utilizes
complex algorithms in analyzing large-scale and heterogeneous
data sets to extract useful patterns (17, 18). Machine learning
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has shown great potential with promising results in biomedicine,
human genome project, cancer whole-genome project,
international machine learning competition project, and
other projects (19). Collection and analyses of large data sets
related to medical treatment and patient prognosis can transform
medicine into a data-driven and result-oriented discipline, which
profoundly impacts disease detection diagnosis, prognosis,
and response to therapy (20). We focused on the TCGA
and GEO data of lung adenocarcinoma patients with high
morbidity and high mortality rates globally to explore and
mine the immune microenvironment and tumor purity in
lung adenocarcinoma and identified some potential data-level
relationships using existing research findings, based on the
algorithms of regression trees, random forest regression, and
random forest classification.

We used regression trees and random forest regression
methods to analyze the predictive value of LUAD immune
microenvironment for tumor purity and selected five immune
microenvironment components that contributed the most to
predicting tumor purity (CCR, T-helper-cells, Check-point,
Treg, and TIL), which were negatively associated with tumor

purity and tumor T, M and stage but not with N stage. A
prognostic model was constructed based on 5 TIM genes, and
11 TIM-related genes were screened, which confirmed that
immune risk characteristics were significantly related to the
OS of LUAD patients. This relationship was still valid after
controlling for clinicopathological characteristics. The risk score
constructed based on 11 genes can be used as an independent
prognostic factor for LUAD patients. We hypothesized whether
tumor purity can be predicted at the gene expression level.
Therefore, we investigated the predictive ability of 11 genes
for tumor purity using random forest regression and random
forest classification. Both TCGA and GEO data showed a
good predictive value, and four genes (GIMAP6, CD80, IL16,
CCR2) contributed the most to predicting tumor purity.
GIMAP6, CD80, IL16, and CCR2 in LUAD were reported to
be related to immune tolerance in NSCLC (21-24). CSGTTP
was further estimated by LASSO regression and was found
to be significantly associated with the patient’s prognosis. The
four genes mRNA levels can clearly stratify high and low
tumor purity and CSGTTP, confirming our hypothesis that
these four genes could predict the tumor purity at the gene
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level. These four genes were derived from CCR, TIL, and
checkpoint immune infiltration components; thereby, we further
analyzed the association between TIM, gene, and tumor purity.
In order to further explore whether tumor purity could be
used as a predictive indicator of immunotherapy, we excavated
that PD-L1 expression was positively correlated with CSGTTP,
while tumor purity was negatively correlated with CSGTTP.
PD-L1, as an effective indicator of immunotherapy, has been
studied extensively. Although there are difficulties in estimating
tumor purity, we can convert the estimation of tumor purity
to the estimation of CSGTTP, thereby indirectly establishing
the relationship between tumor purity and PD-L1. The higher
CSGTTP indicates lower tumor purity, implying that patients
may benefit from immunotherapy.

Currently, detection of PD-L1 expression remains the marker
for identifying NSCLC patients that are more possibly respond
to immunotherapy. Many chemoimmunotherapy trials have
demonstrated the benefits of checkpoint inhibitors combined
chemotherapy for LUAD (25) for all PD-L1 levels. Notably,
patients with low PD-L1 expression exhibit poorer clinical
outcomes, emphasizing PD-L1 as a biomarker even with
chemotherapy as the first-line treatment. Although PD-L1
expression is important for predicting response, many trials
highlighted that checkpoint inhibitor still cannot benefit from
these drugs in sub-sets of patients with high PD-L1 expression.
Tumor mutational burden (TMB) may be a potentially important
biomarker for immunotherapy response, and the correlation
between TMB and the response of immunotherapy has been
demonstrated in a variety of tumor types (26). While limited
by lack of testing platforms standardization and “high” TMB
threshold, this indicator can only be applied to subsets of
patients. The degree of lymphocyte infiltration observed in

tumor tissue may have prognostic value. Previous studies have
demonstrated high levels of tumor-infiltrating lymphocytes
(TIL) with promising prognosis in NSCLC, which infiltrated
more CD8 positive, CD3 positive, and CD4 positive TIL (27).
High TIL density is believed to reflect the patient’s tumor
microenvironment, where T cells are inflamed. Therefore,
the predictive value of TIL density as a biomarker of
immunotherapy has also been studied. The five immune
infiltration components we selected also included TIL. Immune
gene expression characteristics represent a novel area of
research on predictive indicators of immunotherapy. Studies
have shown that it has potential use as a biomarker for anti-
PD-1 and PD-L1 therapy, and may have predictive value, and
is compatible with several cancer types and related to treatment
response (28, 29).

The tumor immune score and matrix score can be obtained
based on many algorithms to estimate tumor purity and
the relationship between immune microenvironment and
immunotherapy. Thus, the investigation of each component as
the effect of immunotherapy remains an active area of research.
However, thus far, tumor purity has not been thoroughly accessed
as immunotherapy-associated markers. Tumor heterogeneity
affects tumor immunotherapy, and tumor purity represents
the homogeneity of tumors from a particular perspective,
and it is easier to establish a relationship with the immune
microenvironment, thereby guiding immunotherapeutic
decisions. Although it remains challenging to estimate tumor
purity accurately, the relationship between immune genes
and tumor purity using the value of dominant genes on
tumor purity is expected to infer tumor purity at the level of
dominant genes and the correlation between tumor purity
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and immunotherapy. We believe that this study highlights
the significance of tumor purity as an immunotherapy-related
biomarker; however, further studies are warranted to validate
these findings.

CONCLUSION

In conclusion, CCR, T-helper-cells, Checkpoint, Treg, and TIL
as the main immune infiltration components could better
reflect tumor purity. We speculated that CSGTPP, derived
from immune-related genes, could serve as a predictor of
the response to immunotherapy and could stratify candidate
for immunotherapy.
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CSGTPP groups; (B) PCA chart of the classification effect of four genes on tumor
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relative OS of high- and low-CSGTPP groups in TCGA database; (D) Significant
difference of CD274 expression in the high and low CSGTPP groups.

Frontiers in Medicine | www.frontiersin.org

13

February 2022 | Volume 9 | Article 843749


https://www.frontiersin.org/articles/10.3389/fmed.2022.843749/full#supplementary-material
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Feng et al.

Signature Genes and Characterizations of TME

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Koelwyn

GJ, Quail DE
Exercise-dependent  regulation
Nat Rev Cancer. (2017)
017.78

Zhang X, White
of the tumour
17:620-32.

RM, Jones LW.
microenvironment.
doi: 10.1038/nrc.2

. Smyth MJ, Ngiow SE Ribas A, Teng MW. Combination cancer

immunotherapies tailored to the tumour microenvironment. Nat Rev
Clin Oncol. (2016) 13:143-58. doi: 10.1038/nrclinonc.2015.209

. Hirsch FR, Scagliotti GV, Mulshine JL, Kwon R, Curran W] Jr, Wu YL, et al.

Lung cancer: current therapies and new targeted treatments. Lancet. (2017)
389:299-311. doi: 10.1016/S0140-6736(16)30958-8

. Akinleye A, Rasool Z. Immune checkpoint inhibitors of PD-L1 as cancer

therapeutics. ] Hematol Oncol. (2019) 12:1-3. doi: 10.1186/s13045-019-0779-5

. Fukumura D, Kloepper J, Amoozgar Z, Duda DG, Jain RK. Enhancing cancer

immunotherapy using antiangiogenics: opportunities and challenges. Nat Rev
Clin Oncol. (2018) 15:325-40. doi: 10.1038/nrclinonc.2018.29

. Yadav VK, De S. An assessment of computational methods for estimating

purity and clonality using genomic data derived from heterogeneous tumor
tissue samples. Brief Bioinform. (2015) 16:232-41. doi: 10.1093/bib/bbu002

. He Y, Jiang Z, Chen C, Wang X. Classification of triple-negative breast

cancers based on immunogenomic profiling. J Exp Clin Cancer Res. (2018)
37:1-3. doi: 10.1186/513046-018-1002-1

. Yoshihara K, Shahmoradgoli M, Martinez E, Vegesna R, Kim H,

Torres-Garcia W, et al. Inferring tumour purity and stromal and
immune cell admixture from expression data. Nat Commun. (2013)
4:2612. doi: 10.1038/ncomms3612

. Vitale I, Manic G, Coussens LM, Kroemer G, Galluzzi L. Macrophages

and metabolism in the tumor microenvironment. Cell Metab. (2019) 30:36—
50. doi: 10.1016/j.cmet.2019.06.001

Pitt JM, Marabelle A, Eggermont A, Soria JC, Kroemer G, Zitvogel L.
Targeting the tumor microenvironment: removing obstruction to anticancer
immune responses and immunotherapy. Ann Oncol. (2016) 27:1482-
92. doi: 10.1093/annonc/mdw168

Li X, Wenes M, Romero P, Huang SC, Fendt SM, Ho PC. Navigating metabolic
pathways to enhance antitumour immunity and immunotherapy. Nat Rev
Clin Oncol. (2019) 16:425-41. doi: 10.1038/s41571-019-0203-7

Junttila. MR, De Sauvage FJ. of
environment heterogeneity on therapeutic response. Nature.
501:346-54. doi: 10.1038/nature12626

Aran D, Sirota M, Butte AJ. Systematic pan-cancer analysis of tumour purity.
Nat Commun. (2015) 6:8971. doi: 10.1038/ncomms9971

Rhee JK, Jung YC, Kim KR, Yoo J, Kim J, Lee Y], et al. Impact
of tumor purity on immune gene and clustering
analyses across multiple cancer types. Cancer Immunol Res. (2018)
6:87-97. doi: 10.1158/2326-6066.CIR-17-0201

Apetoh LL, Ladoire S, Coukos G. Ghiringhelli F. Combining immunotherapy
and anticancer agents: the right path to achieve cancer cure? Ann Oncol.
(2015) 26:1813-23. doi: 10.1093/annonc/mdv209

Bodor JN, Kasireddy V, Borghaei H. First-line therapies for metastatic lung
adenocarcinoma without a driver mutation. J Oncol Pract. (2018) 14:529—
35. doi: 10.1200/JOP.18.00250

Mullainathan S, Spiess J. Machine learning: an applied econometric approach.
] Econ Perspect. (2017) 31:87-106. doi: 10.1257/jep.31.2.87

Bouton CE, Shaikhouni A, Annetta NV, Bockbrader MA,
Friedenberg DA, Nielson DM, et al. Restoring cortical control of
functional movement in a human with quadriplegia. Nature. (2016)
533:247-50. doi: 10.1038/nature17435

micro-
(2013)

Influence tumour

expression

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. Obermeyer

7Z, Emanuel EJ. Predicting the future—big data,
machine learning, and clinical medicine. N Engl ] Med. (2016)
375:1216. doi: 10.1056/NEJMp1606181

Kindle RD, Badawi O, Celi LA, Sturland S. Intensive care unit
telemedicine the era of big data, artificial intelligence, and
computer clinical decision support systems. Crit Care Clin. (2019)
35:483-95. doi: 10.1016/j.ccc.2019.02.005

Shadur B, Asherie N, Kfir-Erenfeld S, Dubnikov T, NaserEddin
A, Schejter YD, et al. A human case of GIMAP6 deficiency:
a novel primary immune deficiency. Eur ] Hum Genet. (2021)
29:657-62. doi: 10.1038/s41431-020-00773-x

Sugiura D, Maruhashi T, Okazaki IM, Shimizu K, Maeda TK, Takemoto
T, et al. Restriction of PD-1 function by cis-PD-L1/CD80 interactions
is required for optimal T cell responses. Science. (2019) 364:558-
66. doi: 10.1126/science.aav7062

Winter C, Silvestre-Roig C, Ortega-Gomez A, Lemnitzer P, Poelman
H, Schumski A, Chrono-pharmacological targeting of the
CCL2-CCR2 axis ameliorates atherosclerosis. Cell Metab. (2018)
28:175-82. doi: 10.1016/j.cmet.2018.05.002

Li ZW, Sun B, Gong T, Guo S, Zhang J, Wang J, et al. GNAI1 and GNAI3
reduce colitis-associated tumorigenesis in mice by blocking IL6 signaling and
down-regulating expression of GNAI2. Gastroenterology. (2019) 156:2297-
312. doi: 10.1053/j.gastro.2019.02.040

Gandhi L, Rodriguez-Abreu D, Gadgeel S, Esteban E, Felip E, De Angelis F,
et al. Pembrolizumab plus chemotherapy in metastatic non-small-cell lung
cancer. N Engl ] Med. (2018) 378:2078-92. doi: 10.1056/NEJMo0a1801005
Yarchoan M, Hopkins A, Jaffee EM. Tumor mutational burden
and response rate to PD-1 inhibition. N Engl ] Med. (2017)
377:2500. doi: 10.1056/NEJMc1713444

Brambilla E, Le Teuff G, Marguet S, Lantuejoul S, Dunant A, Graziano S, et al.
Prognostic effect of tumor lymphocytic infiltration in resectable non-small-
cell lung cancer. ] Clin Oncol. (2016) 34:1223. doi: 10.1200/JC0O.2015.63.0970
Ayers M, Lunceford ], Nebozhyn M, Murphy E, Loboda A, Kaufman DR, et al.
IFN-y-related mRNA profile predicts clinical response to PD-1 blockade. |
Clin Invest. (2017) 127:2930-40. doi: 10.1172/JCI91190

Prat A, Navarro A, Paré L, Reguart N, Galvan P, Pascual T, et al. Immune-
related gene expression profiling after PD-1 blockade in non-small cell lung
carcinoma, head and neck squamous cell carcinoma, and melanoma. Cancer
Res. (2017) 77:3540-50. doi: 10.1158/0008-5472.CAN-16-3556

in

et al

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 © 2022 Feng, Zhao, Yan, Wei, Lin, Jiang, Wang and Li. 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 Medicine | www.frontiersin.org

14

February 2022 | Volume 9 | Article 843749


https://doi.org/10.1038/nrc.2017.78
https://doi.org/10.1038/nrclinonc.2015.209
https://doi.org/10.1016/S0140-6736(16)30958-8
https://doi.org/10.1186/s13045-019-0779-5
https://doi.org/10.1038/nrclinonc.2018.29
https://doi.org/10.1093/bib/bbu002
https://doi.org/10.1186/s13046-018-1002-1
https://doi.org/10.1038/ncomms3612
https://doi.org/10.1016/j.cmet.2019.06.001
https://doi.org/10.1093/annonc/mdw168
https://doi.org/10.1038/s41571-019-0203-7
https://doi.org/10.1038/nature12626
https://doi.org/10.1038/ncomms9971
https://doi.org/10.1158/2326-6066.CIR-17-0201
https://doi.org/10.1093/annonc/mdv209
https://doi.org/10.1200/JOP.18.00250
https://doi.org/10.1257/jep.31.2.87
https://doi.org/10.1038/nature17435
https://doi.org/10.1056/NEJMp1606181
https://doi.org/10.1016/j.ccc.2019.02.005
https://doi.org/10.1038/s41431-020-00773-x
https://doi.org/10.1126/science.aav7062
https://doi.org/10.1016/j.cmet.2018.05.002
https://doi.org/10.1053/j.gastro.2019.02.040
https://doi.org/10.1056/NEJMoa1801005
https://doi.org/10.1056/NEJMc1713444
https://doi.org/10.1200/JCO.2015.63.0970
https://doi.org/10.1172/JCI91190
https://doi.org/10.1158/0008-5472.CAN-16-3556
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Identification of Signature Genes and Characterizations of Tumor Immune Microenvironment and Tumor Purity in Lung Adenocarcinoma Based on Machine Learning
	Introduction
	Materials and Methods
	Data Source and Pre-processing
	Assessment of the Degree of Tumor Immune Infiltration
	Calculation of the Immune Score of the TME
	Determination of the Primary Immune Infiltration Gene Sets Using Machine Learning
	Correlation Between Target ssGSEA Sets and Tumor Purity
	Survival Analysis of Target ssGSEA Sets and Tumor Purity
	LASSO Regression Analysis for the Construction of the Prognostic Gene Model
	The Implication of Target Genes for Tumor Purity Classification
	The Implication of Target Genes in the Sample Classification
	Lasso Regression Analysis of Target Gene to Predict the Effect of Immunotherapy

	Results
	ssGSEA Sets Value and Tumor Purity
	Distribution of Immune Infiltrating Gene Sets and Tumor Purity in Different Immune Active Samples
	Predominant Immune Infiltration Gene Sets
	Association Between Target ssGSEA Sets and Tumor Purity
	Survival Prognosis Analysis of Target ssGSEA Sets and Tumor Purity
	Prognostic Model and Genes Associated With Prognosis
	The Implication of Target Genes for Tumor Purity Classification
	The Implication of Target Genes in the Sample Classification
	LASSO Regression Analysis of Target Gene and Tumor Purity

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


