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Abstract

Purpose: To verify the differential expressed genes (DEGs) based on The Cancer Genome Atlas
(TCGA) using RNA-seq data from eight LUAD patients

Methods: TCGA database was used for extraction and analysis of RNA-seq profile in LUAD patients.
Then RNA sequencing was performed using the tissue samples from eight LUAD patients for
comparison. Weighted correlation network analysis (WGCNA) was applied to establish the co-
expression modules and identify hub genes using RNA-seq data from the eight LUAD patients. Protein-
protein interaction (PPI) analysis was used to reveal hub genes and GO analysis was performed for
functional annotation including immune responses.

Results: ALDH3A1, METTL7B, WFDC2 and CDH23 that had close correlation with the immune system
were identified by TCGA and validated by RNA-seq from the eight LUAD patients. IL17REL was
revealed as a potential oncogene in LUAD.

Conclusion: This study highlighted potentially useful biomarkers associated with LUAD development
and diagnosis.

Keywords: Biomarkers. Immune regulator. Lung adenocarcinoma. Weighted correlation network
analysis.
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INTRODUCTION

Lung cancer contains small cell lung cancer
(SCLC) and non-small cell lung cancer (NSCLC),
in which the latter takes up around eighty percent
among all cases [1, 2]. LUAD, the top prevalent
subtype, occupies approximately 60 percent of

NSCLC, and LUAD is most frequently found in
non-smokers and in East Asian populations [3].
Despite advancements in treatment, the 5-year
survival rate in patients with LUAD is merely 20
percent [4]. Hence, the discovery of potential
approaches to diagnosing and treating LUAD
might help reduce the morbidity and mortality.
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High-throughput RNA-sequencing, (RNA-Seq)
provides a platform to analyze transcriptome
comprehensively and seek new potential
therapeutic targets[5]. High throughput data from
TCGA is a rich resource for screening differential
gene expression. Knowing the molecular
characteristics of LUAD is very important for
early diagnosis and further better treatment.
Recently, some novel biomarkers have been
identified for LUAD. For example, low expression
of RS1 or inositol polyphosphate-5-phosphatase
b (INPP5B) might be a potential independent
prognostic indicator for LUAD [6]. Higher
CDC25C expression was upregulated in LUAD,
which could accelerate malignant progression of
LUAD, and restrained efficacy nivolumab in
LUAD treatment [7]. As with other types of lung
cancer, LUAD treatment has become more
biomarker-driven [8]. Hence, the exploration of
novel diagnostic or prognostic biomarkers might
still facilitate the treatment of LUAD. Thus, the
purpose of this study was to verify the differential
expressed genes (DEGs) based on The Cancer
Genome Atlas (TCGA) using RNA-seq data from
eight LUAD patients.

METHODS
TCGA data analysis

The RNA-seq profiles from TCGA database were
extracted, which included 522 pairs of tumor
tissue samples and adjacent normal ones.
‘Maftools’ in R package was applied to visualize
data. Additionally, the edgeR package was
applied for analysis of DEGs. The cut-off criteria
were absolute log2 fold change >1 and p-value
<0.05. In addition, hierarchical clustering was
applied using the Pheatmap package in R. The
cluster profile package was applied for pathway
analysis and biological function analysis.
Potential biological functions were predicted
using Gene Set Enrichment Analysis (GSEA).

Sample collection and ethical statement

To verify the results, data from TCGA data was
analyzed. Normal and neoplastic tissues were
collected from eight patients when they had
thoracoscopic surgery for LUAD, and then the
tissue samples were analyzed for RNA-seq
profile. The study was approved by the Ethics
Committee in Shuguang Hospital (2021-931-06-
01). Informed written consent was obtained. All
subjects were Chinese with random sex and age.
The baseline characteristics of the eight LUAD
patients were shown in Table 1.

Table 1: Clinical characteristics of study population

LUAD patients (n=8) N (%)
Gender

Male 4 (50)

Female 4 (50)
Age (yr) at diagnosis

<60 4 (50)

=60 4 (50)
Tobacco

Yes 5(62.5)

No 3(37.5)
Histology type

Microinvasive adenocarcinoma (MIA) 4 (50)

Invasive adenocarcinoma (1A) 4 (50)
EGFR

Positive 3(37.5)

Negative 5 (62.5)
TNM

I 7 (87.5)

I 1(12.5)
Differentiation

Well 6 (75)

Moderate 1(12.5)

Poor 1(12.5)

RNA extraction and analysis of the eight pairs
of samples

The normal and tumor tissue samples from the
eight LUAD patients were preserved in RNAlater
solution (Thermo Fisher Scientific Inc, Waltham,
MA USA), after resection, and kept at -80°C.
Total RNA was extracted using TRIzol™ reagent
as described previously (Thermo Fisher Inc,
Waltham, MA USA). NanoDrop One
spectrophotometer (Thermo Fisher Inc, Waltham,
MA USA) was applied for determining RNA
concentration and the Agilent 4200 Bioanalyzer
was used to evaluate RNA quality. RNA
sequencing was carried out on an lllumina
platform and paired-end 150 bp raw reads were
generated. The preliminary processing of the
data was as described before [9]. Bioinformatic
analysis was performed on R v.3.6.3. The
identification of DEGs and GSEA was performed.
WGCNA analysis was aimed to discover co-
expressed gene modules, and to find
connections  within gene networks and
phenotypes of hub genes.

The interacting proteins and GO analysis

To further target and screen more meaningful
hub genes, the STRING database (https://string-
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db.org/) was used to construct a PPl network [10,
11]. The STRING software was applied for
analysis of functional protein association network

RESULTS

DEGs and enrichment analysis in LUAD

patients from TCGA dataset

DEG analysis revealed 6210 upregulated and
2430 downregulated genes (Figure 1A). The
GSEA further revealed DEGs by GO categories.
The 10 most obviously enriched GO terms for
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biological process (BP), molecular function (MF),
and cellular component (CC) were shown in
Figure 1B, C and D. Furthermore, the GSEA
analysis revealed enrichment of hub genes in

immune-related GO terms, including
ACTIVATION OF IMMUNE RESPONSE
(G0O:0002253), adaptive immune response

(GO:0002250), B CELL MEDIATED IMMUNITY
(G0:0019724), IMMUNOGLOBULIN COMPLEX
(G0:0019814), and  IMMUNOGLOBULIN
RECEPTOR BINDING (GO:0034987) (Figure
2A-E).
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Figure 1: DEGs and enrichment analysis in LUAD patients of TCGA dataset.

(A) Volcano analysis exhibited differentially expression with edgeR. (B) GSEA analysis exhibited differentially
enriched GO categories in biological process (BP). (C) GSEA analysis exhibited differentially enriched GO
categories in cellular component (CC). (D) GSEA analysis exhibited differentially enriched GO categories in

molecular function (MF).
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Figure 2: The immune related and enrlchedGO terms in LUADpatlents of TCGA dataset. GSEA revealing
enrichment of (A) activation of immune response. (b) adaptive immune response. (C) B cell mediated immunity.
(D) immunoglobulin complex. (E) immunoglobulin receptor binding
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DEGs and enrichment analysis in tissue

samples from 8 LUAD patients

DEGs were listed using a heatmap (Figure 3A).
The DEGs analysis revealed 626 upregulated
and 470 downregulated genes. The differential
enriched GO terms by GSEA analysis for RNA-
seq are shown in Figure 3B-D. GSEA analysis of
RNA-seq revealed that enrichment of hub genes

RESPONSE (G0:0002253), IMMUNE
RESPONSE REGULATING SIGNALING
PATHWAY (G0:0002764), ADAPTIVE IMMUNE
RESPONSE BASED ON SOMATIC

RECOMBINATION OF IMMUNE RECEPTORS
BUILT FROM IMMUNOGLOBULIN
SUPERFAMILY  DOMAINS  (G0O:0002460),
IMMUNOGLOBULIN COMPLEX (G0:0019814),
IMMUNOGLOBULIN COMPLEX CIRCULATING

in immune related GO categories, including (G0O:0042571) AND IMMUNOGLOBULIN
ADAPTIVE IMMUNE RESPONSE RECEPTOR BINDING (G0:0034987) (Figure
(GO:0002250), ACTIVATION OF IMMUNE 4A-G).

Figure 3: DEGs and enrichment analysis between tumor and adjacent tissues of LUAD patients.

(A) Volcano analysis exhibited differentially expression in LUAD patients. Red dots are for up-regulated genes
and green dots for down-regulated genes. (B) GSEA analysis exhibited differentially enriched GO categories in
biological process (BP) of LUAD patients. (C) GSEA analysis exhibited differentially enriched GO categories in
cellular component (CC) of LUAD patients. (D) GSEA analysis exhibited differentially enriched GO categories in
molecular function (MF) of LUAD patients
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Figure 4: The immune related and enriched GO terms in LUAD patients

GSEA revealing enrichment of (A) adaptive immune response, (b) activation of immune response, (C) immune
response regulating signaling pathway, (D) adaptive immune response based on somatic recombination of
immune receptors built from immunoglobulin superfamily domains, (E) immunoglobulin complex, (F)
immunoglobulin complex circulating, (G) immunoglobulin receptor binding
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WGCNA analysis for co-expression network

The co-expression network was analyzed using
WGCNA after normalization of expressed genes.
After highly similar modules were merged, the
co-expression modules were built and delineated
in different colors (Figure 5A). Then, 436 genes
in the midnightblue module did not belong to
others. The counts of genes were 5326 (black),
2641 (brown), 467 (cyan), 1508 (green), 310
(grey60), 395 (lightcyan), 2219 (pink), 747
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(purple), 5345 (salmon), and 606 (tan). The
module—trait associations were built on WGCNA
algorithm and shown in Figure 5B. Among the 11
modules, the midnightblue module was the most
relevant for LUAD (Cor: 0.81; P=1.24x10%),
indicating most relevant mRNA expression
profiles in LUAD. Furthermore, 436 genes of this
module were chosen for the heatmap (Figure
5C). The module membership in midnightblue
module showed positive correlation with gene
significance (Cor: 0.65; P=1.1x1053) (Figure 5D).
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Figure 5: WGCNA analysis for mRNA.
(A) Clustering dendrograms of genes with dissimilarity based on the topological overlap (B) Module—trait

associations. Each row shows a module eigengene, each cell displays the corresponding correlation as well as
P-value. (C) Hierarchical clustering shows a distinguishable expression profiling between tumor and adjacent
tissues of LUAD patients. (D) Scatter plots of module eigengenes in correlation with histologic grade in the

midnightblue module.
The interacting proteins and GO analysis

A total of 8640 DEGs were identified in TCGA
dataset, while 1096 DEGs were found in RNA-
seq and 436 phenotype-specific genes in the

midnightblue module. Thereafter, a Venn
diagram was created to distinguish overlapped
hub genes and 47 specific genes showed their
association with LUAD (Figure 6A). Then, a
heatmap was used to present hub gene
expressions (Figure 6B). both TCGA and RNA-
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seq cohorts derived from our source. To better
understand key genes for LUAD, a PPI network
for these 41 common genes was established on
STRING (Figure 6C). Interestingly, aldehyde
dehydrogenase 3 family member A1 (ALDH3AL1),
cytochrome P450 family 26 subfamily B member

1 (CYP226Bl1), methyltransferase like 7B
(METTL7B), breast carcinoma amplified
sequence 1 (BCAS1), mucin 6, oligomeric

mucus/gel-forming (MUC6), WAP four-disulfide
core domain 2 (WFDC2) and cadherin related 23
(CDH23) were in the core of PPI networks. For
the membership between midnightblue module
and gene significance, the coefficient for module
membership in midnightblue module >0.6 and
gene significance >0.6 were set as the cut-off
criteria and a total of 188 genes were identified.
Combined with the 41 hub genes, a Venn
diagram was generated to identify the
overlapping key genes specifically associated
with the occurrence of LUAD, a total of 28 key
genes were identified. The 28 key gene

expressions in TCGA dataset and RNA-seq were
shown in Figure 6D. Among the 28 key genes,
ALDH3A1, METTL7B, WFDC2 and CDH23, the
core position genes of PPl networks, were
included. ALDH3Al1 was involved in the
processes of oxidation reduction, response to
oxygen levels, response to oxygen containing
compound, closely related to oxidative stress.
METTL7B-regulated metabolites were
significantly enriched in the glutathione metabolic
pathway, accompanied by a decrease in reactive
oxygen species (ROS), an upregulation of the
expression and enzymatic activity of the
antioxidant genes glutathione peroxidase 4
(GPX4), heme oxygenase 1 (HMOX1) and
superoxide dismutase (SOD1) [12]. WFDC2
encodes human epididymis protein 4 (HE4)
protein and expresses in pulmonary epithelial
cells. CDH23, encoding calcium dependent cell-
cell adhesion glycoproteins, is a member of the
cadherin superfamily.
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Figure 6: PPI construction, module analysis, and IncRNA-mRNA co-expression network.
(A) A Venn diagram of the genes from the module and edgeR. (B) Top 20 significant KEGG pathways. (C) PPI of

DEGs. (D) The global view of the network
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ILI7REL as a new biomarker of LUAD

Among the 28 key genes (Figure 6D), IL-17REL
attracted special attention while its association
with cancer has not yet been mentioned. In our
LUAD cohort, IL-17REL was involved in
RESPONSE TO CYTOKINE (GO: 0034097),
CYTOKINE MEDIATED SIGNALING PATHWAY
(GO: 0019221), IMMUNE RECEPTOR
ACTIVITY (GO: 0140375), INTERLEUKIN 17
RECEPTOR ACTIVITY (GO: 0030368) and
MOLECULAR TRANSDUCER ACTIVITY (GO:
0060089), which were mainly associated with
immune regulatory. In the GEPIA database
(http://gepia.cancer-pku.cn/), ILL7TREL
expression was elevated in LUAD tumor tissue

samples (483 vs. 347; P < 0.01) (Figure 7A).
TCGA database also revealed that IL17REL
expressions were upregulated in LUAD tumor

tissue samples (515 vs. 59; P = 9.887x1079)
(Figure  7B). The  UALCAN database
(http://ualcan.path.uab.edu) was applied for

identifying genes interplayed with IL17REL,
indicating that 204 genes were interacted with
the ILL7REL gene. The most expression-related
genes of IL17REL included Wnt family member
11 (WNT11), RAS protein activator like 1
(RASALL), mirror-image polydactyly 1 (MIPOL1),
forkhead box N3 (FOXN3) and BCL2 apoptosis
regulator (BCL2), with all the correlation
coefficients were above 0.6.
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Figure 7: Expression of ILL7REL and its expression correlation in LUAD
(A) Expression of ILL7REL in LUAD tissues in GEPIA database. (B) Expression of ILL7REL in LUAD and normal
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DISCUSSION

In this current study, researchers first observed
that a few DEGs were mainly enriched in
immune system gene sets in LUAD patients from
TCGA database. The similar results were then
confirmed in the RNA-seq data from the eight
patients. Both in the enriched gene sets of TCGA
dataset and RNA-seq analyzed by GESA, the
occurrence of LUAD was linked to the processes
of adaptive immune response and immune
response activation. In the cohort of TCGA
database, B cell mediated immunity was also
found to be a vital category. Anti-tumor B cells
mainly rely on the secretion of antibodies against
tumor-associated antigens (TAA) and provide
costimulatory signals to TAA-specific CD4+ T
cells to activate T cells. Antibodies produced by
B cells can directly kill tumor cells by means of
antibody-dependent cytotoxicity (ADCC) and
phagocytosis and can also activate T cell
immune responses by presenting TAAto T cells
through DC cells. B cells can also act as a
professional antigen presenting cell (APC) to
activate T cells [13]. In the cohort of RNA-seq,
immune response regulating signaling pathway
was an enriched gene set in LUAD patients.
Many studies demonstrated that targeting the
metabolic pathways in tumor tissues might
overcome deleterious impacts of metabolic
competition on tumors and the immune system to
facilitate tumor immunogenicity [14].

Four hub genes were identified in this research,
including ALDH3Al1, METTL7B, WFDC2 and
CDH23. As an important NAD(P)+dependent
enzyme, ALDH3Al1 was involved in the
processes of oxidation reduction, response to
oxygen levels and oxygen containing compound,
with effects on energy metabolism. Immune
responses might target metabolic pathways in
anticancer  immunotherapy by  metabolic
reprogramming of immune or cancer cells [15].
ALDH3A1 had potential contribution to
proliferation, cellular metabolism, and apoptosis
suppression [16]. Clinical survival analysis also
demonstrated that high ALDH3ALl expressions
were associated with bad prognosis of lung
cancer patients [17]. ALDH3AL1 overexpression
and activation facilitated tumor stemness,
epithelial-mesenchymal transition (EMT) and
elevated PD-L1 expressions, suggesting that
aldehyde detoxification might tune the
immunological output of malignancies [18].
Exosomes carrying ALDH3AL1 from A549 cells
enhance migratory and invasive capacities of
recipients via facilitating glycolysis [17].
METTL7B, a member of the methyltransferase-
like family, participated in tumorigenesis,
invasiveness, and migration in  various

malignancies [19]. METTL7B expression has
been verified elevated in LUAD tumor tissue
samples and serum in clinical stage [20].
Furthermore, METTL7B is a promising biomarker
that can reverse EGFR-TKIs resistance in LUAD
by upregulated antioxidant enzymes expressions
via mMRNA m6A modification [12]. METTL7B is
implicated in modulating inflammatory cytokines
production and macrophage polarization [21].
HE4, as a product of the WFDC2 gene, may be
promising in diagnosing, prognosis, and
treatment of LUAD. Serum HE4 could be used
for monitoring recurrence of LUAD in patients
after treatment [22]. HE4 can activate STAT3
signaling to elevate IL8 and HIF1A in immune
cells, resulting in promoted angiogenesis and
immunosuppression [23]. HE4 is also closely
related to immune regulation. One study found
that HE4  suppressed tumor  immune
microenvironment to upregulate PD-L1
expressions in cancer cells and macrophages
[24]. CDH23 acted vitally in intercellular adhesion
of cancers, thereby improving prognosis of
patients [25]. Elevated CDH23 expression
facilitated infiltration of monocytes, which could
respond to initiate immunotherapy [26].

\his study is the first to report impacts of IL-
17REL on LUAD. IL-17REL, a homolog of
ILL7TRE, is a member of the IL17R family.
Bioinformatics analysis speculated that IL-17REL
might played vital roles in initiating the Th2-
mediated immune responses according to the
protein sequences [27]. Researchers also found
the IL-17REL was elevated in LUAD tissue
samples and co-expressed with several
oncogenic genes including WNT11, RASAL1,
MIPOL1, FOXN3, and BCL2, which were closely
related to tumorigenesis [28].

CONCLUSION

DEGs including ALDH3A1, METTL7B, WFDC2
and CDH23 that had close correlation with the
immune system, were identified by TCGA and
RNA-seq. Furthermore, the present study
revealed that IL-17REL may serve as an
oncogene in LUAD. These data altogether
demonstrated that these results highlight
potentially  useful candidate biomarkers
associated with LUAD development in diagnosis.
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