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To the Editor: Lung adenocarcinoma (LUAD) with a high
degree of malignancy is the most common histological
subtype of lung cancer, and the leading cause of cancer-
related death in the world.[1] Tumor immune microenvi-
ronment is mainly composed of infiltrating immune and
stromal cells, which have an important influence on the
prognosis of LUAD patients.[2] In recent years, rapid
advances in high-throughput sequencing technology have
profoundly changed our understanding of tumor research.
It uses a large amount of public clinical data to help
researchers more effectively to study the characteristics of
tumors and improve our ability to diagnose, treat, and
prevent cancer. The purpose of this study was to use the
estimation of stromal and immune cells in malignant
tumor tissues using expression data (ESTIMATE) algo-
rithm to calculate the immune and stromal scores of LUAD
patients from The Cancer Genome Atlas (TCGA) data-
base, explore the correlation between the scores and the
survival of LUAD patients, and identify differentially
expressed genes (DEGs) based on the immune/stromal
scores. In addition, we also judged the prognostic value
of DEGs and further studied their potential molecular
functions.

Recently, the focus of cancer-related research has been
gradually turned to the tumor microenvironment based on
cell biology and molecular mechanisms, which plays a
major role in the progression of cancer including LUAD.
Malignant tumor cells, mesenchymal cells, inflammatory
mediators, endothelial cells, stromal cells, immune cells,
and normal epithelial cells are involved to constitute the
microenvironment of tumor.[3] For the development of
prognostic and predictive biomarkers, an in-depth study
on the expression of related genes in tumor immune
microenvironment is of much significance. To assess the
stromal and immune cells in tumor samples for their
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infiltration, Yoshihara et al[4] designed an algorithm
known as ESTIMATE to predict the number of stromal
and immune cells in tumor samples based on the unique
characteristics of the transcriptional profiles of cancer
samples. To predict the infiltration of non-tumor cells,
single-sample gene set enrichment analysis was conducted
for calculating the stromal and immune scores. In the
prediction of prostate cancer, glioblastoma, colon cancer,
thyroid cancer, breast cancer, and acute myeloid leukemia,
the ESTIMATE algorithm has been used to obtain a large
number of genes with prognostic value. In this study, the
immune/stromal scores of LUAD patients were analyzed in
the TCGA database using the ESTIMATE algorithm in
package edgeR. We identified DEGs by the “limma”
package in R (Version 3.6.3). The prognostic value of
DEGs was further verified by Gene Expression Omnibus
(GEO) database, Kaplan-Meier (K-M) plotter database,
and various bioinformatics tools, including Search Tool
for the Retrieval of Interacting Genes/Proteins (STRING),
and gene set enrichment analysis (GSEA) was used to
explore the function and signaling pathway of these genes.

First, after the cases of missing clinical information were
excluded, a total of 522 LUAD patients with clinical
characteristics information were recruited. The clinico-
pathological factors extracted for analysis include age,
gender, T stage, N stage, M stage, and tumor-node-
metastasis (TNM) stage. Among them, the number of
female patients is 280 (53.6%), while that of male patients
is 242 (46.4%). On average, the age was 66 years with a
range from 33 to 88 years. Ignoring the samples with
undetermined TNM stage, the proportions of T stage were
T1 (172, 33.0%), T2 (281, 53.8%), T3 (47, 9.0%), T4 (19,
3.6%); the proportions of N stage were N0 (335, 64.2%),
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Figure 1: Immune/stromal score calculated based on the ESTIMATE algorithm and identification of DEGs with prognostic value in LUAD. (A) The correlation between immune/stromal score
and OS of LUAD patients. (B) Based on the STRING database and Cytoscape software, the PPI network of common DEGs containing 49 nodes and 85 edges revealed the close relationship
between these genes. (C) Module 1 contains ten nodes and 40 edges. (D) Module 2 contains four nodes and five edges. (E) PPI network of top ten DEGs; darker color represents higher
scores. (F) Key genes with prognostic value in the GEO database and K-M plotter. DEGs: Differentially expressed genes; GEO: Gene Expression Omnibus; KEGG: Kyoto Encyclopedia of Genes
and Genomes; LUAD: Lung adenocarcinoma; K-M: Kaplan-Meier; OS: Overall survival; PPI: Protein-protein interaction; STRING: Search Tool for the Retrieval of Interacting Genes/Proteins.
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N1 (98, 18.8%), N2 (75, 14.4%), N3 (2, 0.4%); the
proportions of M stage were M0 (353, 67.6%), and M1
(25, 4.8%). As shown in Supplementary Table 1, http://
links.lww.com/CM9/A454, the patients in stages I and II
with no metastasis account for over half. Besides, the
ESTIMATE algorithm was applied to calculate the
immune and stromal scores of all patients. Depending
on their median, the stromal and immune scores were
divided into two groups. The stromal scores of LUAD
patients varied between �372.83 and 351.82, and the
immune scores varied from �172.02 to 656.87. As shown
in Figure 1A, the K-M survival curves were generated by
high- and low-score groups. According to K-M survival
analysis, the low immune score group indicates poor
overall survival in LUAD cohort (P= 0.013). Moreover,
the group of stromal score and overall survival time
revealed no clear distinction (P= 0.038). The differential
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expression analysis was conducted on the expression
profile of LUAD from the TCGA database to investigate
how gene expression profiles relate to immune and stromal
scores. The genes with differentiated expression in the high
and low immune score group can be displayed in the
heatmap (jfold changej > 1, P < 0.05), and the Venn
diagrams were plotted to show that there were 64
commonly up-regulated DEGs and eight commonly
down-regulated DEGs. In addition, the gene ontology
(GO) analysis and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis of these 72 co-
expressed DEGs showed that they are all related to the
immune process [Supplementary Figure 1, http://links.
lww.com/CM9/A454]. With the STRING database, a
protein-protein interaction (PPI) networkwas obtained. As
shown in Figure 1B, we discovered that the PPI network
contained 49 nodes and 172 edges. Then, theMCODEwas
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employed to cluster the analysis of PPI network and
obtain two significant modules [Figure 1C and 1D].
Additionally, the interacting genes were introduced into
Cytoscape, based on which the top ten genes with the
cytoHubba were identified [Figure 1E].

Next, we performed a survival analysis on 64 DEGs that
were commonly up-regulated and eight DEGs that were
commonly down-regulated. Of the 72 common DEGs in
the immune score group and stromal score group, 22 genes
were associated with the prognosis of LUAD patients as
revealed by the log-rank test (P< 0.05). The typical genes
are shown in Supplementary Figure 2, http://links.lww.
com/CM9/A454. Functional enrichment analysis of 22
prognostic-related genes showed that these genes are
related to immune response [Supplementary Figure 3,
http://links.lww.com/CM9/A454]. Importantly, we deter-
mined that six of 22 genes also have prognostic value in the
GEO database [Supplementary Figure 4, http://links.lww.
com/CM9/A454]. And five of the above-mentioned six
genes were also verified in the K-M plotter, which are
ABI3BP, CSF2RB(IL5RB), KBTBD8, PKHD1L1, and
SCML4 [Figure 1F]. These five genes are regarded as
key genes. Finally, we used the biocarta gene sets to
perform GSEA on five key genes, and the results showed
that many gene sets in the samples with high expression of
the five key genes were positively enriched. The five most
significantly correlated pathways of five key genes are
shown in order in Supplementary Figures 5 to 9, http://
links.lww.com/CM9/A454.

Herein, we used the ESTIMATE algorithm to calculate the
immune/stromal scores of LUAD patients from TCGA,
found immune-related DEGs with prognostic value in the
tumor immune microenvironment, and used multi-omics
data mining technology to explore the potential molecular
functions and pathways of these genes. As a result, five
key genes (CSF2RB, PKHD1L1, ABI3BP, SCML4, and
KBTBD8) are of great interest to better understand the
prognosis of LUAD patients. ABI3BP, a potential
biomarker of lung cancer, has been proven to be
significantly suppressed in lung cancer cell lines.[5] The
up-regulation of ABI3BP in gallbladder cancer has been
reported to repress the development of gallbladder cancer
via inhibiting H3K27 methylation induced by EZH2.[6]

CSF2RB serves as an apoptosis inducer in cancer cells[7]

and PKHD1L1 as an inhibitor of cell growth and invasion
in thyroid cancer cells,[8] which are potential therapeutic
targets for LUAD. The particular role of KBTBD8 and
SCML4 in cancers has not been reported. Furthermore, the
five most significant-related pathways of the five key genes
by GSEA involve the TCR, IL2RB, FCER1, FMLP, CTCF,
TOB1, CTLA4, GH, IL7, NO2IL12, IL12, and TH1TH2
signaling pathways. However, the particular mechanism of
these signalings needs to be verified based on more in vivo
and in vitro experiments.

In addition, this study focuses on the application of the
ESTIMATE algorithm and various bioinformatics tech-
nologies. The value of key genes has not been further
verified through experiments on human samples. These
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experiments will be resolved promptly in our future
publications. In summary, the genes related to the immune
microenvironment of LUAD were investigated using the
ESTIMATE algorithm, based on which the function and
prognostic values of these key genes were analyzed
through integrated bioinformatics. The five key genes
are likely to be potential therapeutic targets and prognostic
markers, which make it necessary to conduct further
research in this regard.
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