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Abstract: Background: Cancer-associated fibroblasts (CAFs) in lung adenocarcinoma (LUAD) are important parts 
of the tumor microenvironment and are related to the prognosis. This study explores the biological characteristics 
of CAFs in LUAD tissue, and prognosis-related genes were screened. Methods: Using single-cell RNA sequencing 
data, we identified CAFs in LUAD tissue and analyzed them according to their RNA information. We evaluated their 
biological function, screened CAF-specific high-expression genes, and identified survival-related genes by combining 
the results with data from LUAD patients in The Cancer Genome Atlas (TCGA) database. All bioinformatics analyses 
were based on R-language software packages. Results: In total, 88,144 cells were collected from 22 tumor tissues 
and adjacent normal tissues of LUAD patients, and 68,881 cells were analyzed after quality control. Unsupervised 
clustering analysis was performed by graph clustering in Seurat, and 22 clusters were identified. Cluster 13 had 
2140 cells that were identified as fibroblasts with genes COL1A1, COL3A1, DCN, and LUM. Of these, 840 cells were 
from tumor tissue, and 1300 cells were from adjacent normal tissue. RPS19, PMEPA1, and CTHRC1 were highly ex-
pressed in CAFs, and high expression of these genes indicated poor 10-year survival rate. SPARCL1, BTG2, ABCA8, 
CHRDL1, ADH18, GPX3, and SFTPC had low expression in CAFs of tumor tissue, anfigd low expression was also as-
sociated with poor 10-year survival rate. Conclusion: Single-cell analysis revealed the heterogeneity and complexity 
of CAF functions, and a group of abnormally expressed genes may be related to LUAD patients’ survival.
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Introduction

Lung adenocarcinoma (LUAD) is the most com-
mon type of lung cancer, accounting for about 
40% of all cases [1]. In recent years, many anti-
tumor drugs have been developed, but due to 
tumor heterogeneity and complex tumor micro-
environment (TME), most patients with lung 
cancer develop drug resistance, recurrence, 
and metastasis after treatment, which lead to 
treatment failure and a high mortality rate [2, 
3]. As a major component of the TME, cancer-
associated fibroblasts (CAFs) are generally con-
sidered as fibroblasts within tumor tissues that 
are activated by normal resident tissue fibro-
blasts or transdifferentiated from non-fibro-
blastic lineages, such as epithelial cells and 

adipocytes [4]. There is evidence that CAFs can 
promote tumor development through the estab-
lishment and remodeling of extracellular matrix, 
resulting in drug resistance and shortening sur-
vival time [5, 6]. 

Single-cell RNA sequence (scRNA-seq) is an 
optimized next-generation sequencing (NGS) 
technology that is used to examine the se- 
quence information of individual cells, provide 
higher-resolution cell differences, and give bet-
ter understanding of the function of individual 
cells in tissue [7]. ScRNA-seq has become an 
important tool in tumor research. Some studies 
based on scRNA-seq investigated the involve-
ment of CAFs in the microenvironment of lung 
cancer. The results confirm that the microenvi-

http://www.ijcem.com


Analysis of cancer-associated fibroblasts at single cell levels

2326 Int J Clin Exp Med 2021;14(9):2325-2332

ronment caused by adaptive changes in CAFs 
can lead to immune escape and cancer pro-
gression. The mechanism of tumor drug resis-
tance has also been studied at the single-cell 
level [4, 8]. 

However, because of the cost, it is still difficult 
to use scRNA-seq to study clinical prognoses  
in a large population. Therefore, a combination 
of scRNA-seq and analysis of data from The 
Cancer Genome Atlas (TCGA) is also an reason-
able research strategy [9]. In this study, we 
used LUAD transcriptome and clinical data 
from the TCGA project and combined it with 
scRNA-seq data from LUAD tissue. The goal 
was to explore the cellular biological character-
istics of CAFs in LUAD and to identify genes 
related to the survival of patients with LUAD. 

Methods

Preprocessing for transcriptome and clinical 
data

A total of 594 transcriptional group samples  
of LUAD tumors and adjacent normal tissue 
(TCGA-LUAD) were downloaded from TCGA data 
(https://portal.gdc.cancer.gov/), including 513 
primary tumor samples. The Kaplan-Meier sur-
vival of 513 LUAD samples was analyzed by R 
survival software. Patients were divided into a 
high expression group and a low expression 
group according to the median of gene expres-
sion in the sample. The overall survival was 
compared between them. The cohort of TCGA 
samples was used to perform a survival analy-
sis using the survival package in R. The surv- 
miner package in R was then used to construct 
a Kaplan-Meier curve. 

ScRNA-seq dataset

The scRNA-seq dataset was downloaded from 
the NCBI Gene Expression Omnibus data (ac- 
cession number: GSE131907). There were 22 
samples, including 11 samples of lung cancer 
and 11 samples of adjacent normal tissues. All 
patients were newly diagnosed LUAD patients 
without drug or radiotherapy treatment, and 
the adjacent lung tissue was separated from 
the cancerous area by at least 5 cm. All data in 
this study are based on previously published 
studies, so ethical approval or patient consent 
was not required. 

ScRNA-seq data processing and statistical 
analysis

The FASTQ files were transformed into Cell Ran- 
ger-specific FASTQ files and processed indivi- 
dually using a modified version of Cell Ranger 
count pipeline with the GRCh38.p5 human 
genome as the reference genome. Aligned re- 
ads were then filtered for valid cell barcodes 
and UMIs to generate gene-cell matrices for 
downstream analysis. Genes were filtered out if 
they were expressed in fewer than five cells. 
Cells with > 200 genes and < 10% mitochon-
drial genes were further processed. 

All de-duplicated UMIs were processed for 
quality control, preprocessing, dimensionality 
reduction, and differential expression analysis. 
The results of unsupervised clustering were 
visualized by using the tSNE project with R 
(Seurat package version 2.2). Genes were ana-
lyzed for KEGG and GO pathway enrichment 
and differential expression of hallmark gene 
sets by gene set enrichment analysis (GSEA). 
The normalized enrichment score (NES) was 
used to account for differences in the gene set 
sizes. The thresholds for significantly enriched 
pathways were logFDR < 0.5 and |NES| > 1.0. 
Significant differences were determined by 
Kaplan-Meier analysis and a t-test. P < 0.05 
was considered statistically significant. 

Results

Characteristics of cancer-associated fibro-
blasts in patients with LUAD at the single-cell 
level

A total of 88,144 cells were collected from 22 
tumor tissues and adjacent normal tissues 
from LUAD patients, and 68,881 cells were 
analyzed after qualified quality control. Unsu- 
pervised clustering analysis was performed by 
a graph clustering method in Seurat, and 22 
clusters (clusters 0-21) were identified, includ-
ing T cells, NK cells, monocytes/macrophages, 
B cells, plasma cells, and dendritic cells. Of all 
the cell types, immune cells accounted for the 
largest proportion, especially CD4+ cells, mac-
rophages, and NK cells, which were more ab- 
undant, while plasma cells and dendritic cells 
were less abundant. Cluster 13 with 2140 ce- 
lls in total was identified as fibroblasts with the 
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Figure 1. CAFs in LUAD patients at the single cell level. (A) t-SNE plot of all classified cells. (B) Cell types and their 
proportion in LUAD tumor tissues and adjacent normal tissues. (C) The proportion of various types of cells in tumor 
tissues (T) and adjacent normal tissues (C, D) Specific highly expressed genes in various cells. (E, F) The character-
istic gene map of CAFs.

genes COL1A1, COL3A1, DCN, and LUM (Fi- 
gure 1). Among them, there were 840 cells 

from cancer tissue and 1300 cells from adja-
cent normal tissue. 
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CAF gene enrichment analysis at single-cell 
level 

We found that there was a great difference 
between the expression of genes in tumor-
derived CAFs and that in adjacent normal tis-
sues, including 32 genes with high expression 
(top 10: BGN, PTMA, RPS19, IGLC2, CTHRC1, 
NAP1L1, IGHA1, COL8A1, ACTN1, APOE) and 
112 genes with low expression (top 10: DCN, 
CFD, IGFBP6, GSN, PLAC9, FBLN1, OGN, CST3, 
WISP2, and ADH1B). In this study, hallmark col-
lection for GSEA was used to assess the distri-
butions of gene sets in CAFs at single-cell lev-
els, and the analysis showed that the genes 
with positive NES (NES > 1.0, P < 0.05) were 
enriched in MYC targets v1, oxidative phos-
phorylation, epithelial mesenchymal transition, 
DNA repair, and allograft rejection (Figure 2B). 
Genes with negative NES (NES < -1.0, P < 0.05, 
top 10) were enriched in TNF-α signaling via 
NF-κB, apoptosis, UV response up, xenobiotic 
metabolism, UV response dn, hypoxia, peroxi-
some, coagulation, reactive oxygen species 
pathway, and fatty acid metabolism (Figure 
2C). 

The results of the Gene Ontology (GO) annota-
tion and enriched bubble map analysis of the 
differential genes indicated that the differen- 
tial genes mainly involved biological processes 
(BP), molecular function (MF), and cellular com-
ponents (CC). Only a part of the analysis re- 
sults are presented, including SRP-dependent 
cotranslational protein targeting to membrane, 
nuclear-transcribed mRNA catabolic process, 
nonsense-mediated decay, embryo implanta-
tion, cytosolic ribosome, collagen-containing 
extracellular matrix, cytosolic part, and focal 
adhesion (Figure 2D). 

Survival-related genes in fibroblasts in LUAD 
patients

Our aim was to screen genes associated with 
LUAD survival. Cancer cells and the tumor mi- 
croenvironment form a network, and CAFs are 
closely related to the tumor microenvironment. 
CAF activation is also associated with tumor 
prognosis in LUAD patients. In this study, we 
compared para-carcinoma tissues and screen- 
ed the differentially expressed genes in CAFs. 
Combining the results with the TCGA databa- 
se, we screened for genes associated with sur-
vival rate, which identified 10 highly expressed 

genes associated with survival. Among the dif-
ferentially expressed genes, RPS19, PMEPA1, 
and CTHRC1 were highly expressed in CAFs of 
tumor tissue, and patients with high expression 
had a poor 10-year survival rate. SPARCL1, 
BTG2, ABCA8, CHRDL1, ADH18, GPX3, and 
SFTPC havd low expression in CAFs of tumor 
tissue, and low expression was also associated 
with poor 10-year survival rate (Figure 3D). 

Discussion

The tumor microenvironment is composed of 
CAFs, tumor-associated macrophages, immune 
cells, vascular endothelial cells, and various 
interstitial components [10]. Previous studies 
have shown that CAFs play an important role in 
cancer progression, and their presence is re- 
lated to poor prognosis of patients with LUAD 
[11]. CAFs can easily cause tumor cells to in- 
vade blood vessels and distant metastasis by 
remodeling the structure of extracellular matrix 
[12]. Importantly, CAFs can also mediate the 
interaction between tumor cells and stromal 
cells by secreting a variety of growth factors, 
cytokines, chemokines, and extracellular vesi-
cles, thus promoting the progression of tumor 
malignancy [13, 14]. 

ScRNA-seq can provide more accurate informa-
tion on molecular mechanisms, overcome the 
shortcomings of bulk RNA sequencing, and play 
a great role in the study of the tumor microenvi-
ronment [15, 16]. The present study was based 
on scRNA-seq, comparison with adjacent nor-
mal tissues, and GSEA analysis to identify CAFs 
enriched in TNF-α signaling via NF-κB, apopto-
sis, xenobiotic metabolism, etc. These signal- 
ing pathways are mostly classical tumor-relat- 
ed biological pathways. We also performed GO 
enrichment analysis for the differential genes, 
and the results were similar to those reported 
in the literature. 

In this study, CAFs were identified from tissue 
with marker genes COL1A1, COL3A1, DCN, and 
LUM [17, 18]. Studies have confirmed that the 
high expression of COL1A1 and COL3A1 is 
related to the role of fibroblasts in the trans-
formed tumor microenvironment. This includes 
the resulting abnormal extracellular matrix or 
fibrous connective tissue, which is one of the 
mechanisms of tumor drug resistance or meta-
bolic remodeling [19, 20]. DCN is a small pro-
teoglycan that is involved in the regulation of 
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Figure 2. GSEA analysis of CAFs and fibroblasts from adjacent normal tissues. A. Heat map of differential genes 
between CAFs and fibroblasts from adjacent normal tissues. B. The enriched hallmark gene sets with normalized-
enrichment scores (NES) > 1.0 and P < 0.05. C. The reduced hallmark gene sets with NES < -1.5 and P < 0.05. D. 
GO enrichment analysis for the differential genes.

organ wound healing [21]. It has been found 
that DCN, as the biological ligand of EGFR, reg-

ulates the migration of fibroblasts by down-reg-
ulating EGFR, which plays an important role in 
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Figure 3. Survival-related genes in fibroblasts in patients with LUAD.

promoting wound healing [22]. Therefore, DCN 
is also used as a marker of fibroblast activation 
[23]. 

CAFs are closely related to tumor survival, but 
there are few reports on lung cancer survival 

based on CAFs at single-cell levels. In this 
study, we screened the genes with high expr- 
ession and low expression in CAFs and then 
combined the results with the genes related to 
the survival of LUAD patients in TCGA data. We 
screened 10 genes that may be related to the 
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survival of LUAD, among which the high expres-
sion of RPS19, PMEPA1, and CTHRC1 indicates 
poor prognosis, while those with low expression 
of SPARCL1, BTG2, ABCA8, CHRDL1, ADH18, 
GPX3, and SFTPC have poor prognosis. 

RPS19, PMEPA1, and CTHRC1 have also been 
reported in a number of studies to be related to 
the survival of cancers such as liver cancer and 
lung cancer, but most of these studies are 
based on tumor cells or bulk tissue sequenc-
ing, and these genes are rarely located in a cell 
subgroup. 

Conclusions

Based on scRNA-seq data and TCGA data, this 
study analyzed the heterogeneity of CAFs and 
screened a group of genes related to the sur-
vival of LUAD patients. The results could pro-
vide clues for further study of molecular mech-
anism, and drug targets. As a follow-up study, 
the molecular mechanisms could be examined, 
as well as the histopathology and clinical prog-
nosis, which will provide more scientific value. 
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