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Background: Due to the onset of metastases, the survival rate of lung adenocarcinoma

(LUAD) is still low. In view of this, we performed this study to screen metastasis-associated

genes and lncRNAs in LUAD.

Methods: The mRNA and lncRNA expression profiles of 185 metastatic LUAD and 217

non-metastatic LAUD samples were retrieved from the TCGA database and included in this

study. The differentially expressed mRNAs (DEmRNAs) and lncRNAs (DElncRNAs)

between metastatic samples and non-metastatic samples of LAUD, as well as the cis nearby-

targeted DEmRNAs of DElncRNAs and the DElncRNA-DEmRNA co-expression network,

were obtained. Quantitative real-time polymerase chain reaction (qRT-PCR) was used to

detect the expression levels of selected DEmRNAs. Survival analysis of selected

DElncRNAs and DEmRNAs was performed.

Results: In total, 1351 DEmRNAs and 627 DElncRNAs were screened between the LUAD

primary tissue samples and metastatic samples. Then, 194 DElncRNA-nearby-targeted

DEmRNA pairs and 191 DElncRNA-DEmRNA co-expression pairs were detected. Except

for RHCG and KRT81, the expression of the other six DEmRNAs in the qRT-PCR results

generally exhibited the same pattern as that in our integrated analysis. The expression of

CRHR2, FAM83A-AS1, FAM83A and Z83843.1 was significantly correlated with the over-

all survival time of patients with metastatic LUAD.

Conclusion: We speculate that two interaction pairs (FAM83A-AS1-FAM83A and

Z83843.1-MATR3) and four genes (CRHR2, UGT2B15, CHGB and NEFL) are closely

associated with the metastasis of LUAD.

Keywords: lung adenocarcinoma, LUAD, metastasis, TCGA, long non-coding RNA,

lncRNA

Introduction
Lung cancer is a prevalent malignancy worldwide and is divided into two main

histological subtypes: small-cell lung carcinoma (SCLC) and non-small-cell lung

carcinoma (NSCLC); the latter includes large cell lung cancer, lung squamous cell

carcinoma (LSCC) and lung adenocarcinoma (LUAD), and LUAD is one of the

most common types of lung cancer.1 LUAD is difficult to diagnose due to its small

tumour size, rapid invasion and metastasis in the early stage.2 Despite the use of

chemotherapy and radiotherapy for LUAD, the survival rate is still low, and LUAD
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accounts for 90% of cancer-related deaths.3 Importantly,

the underlying mechanisms of LUAD cell invasion and

metastasis are still not fully understood.4 Hence, a better

understanding of metastatic progression in LUAD may

result in improved treatment for patients.

Recently, long non-coding RNAs (lncRNAs) have

become novel and popular topics in the field of cancer

treatment. Genome-wide transcriptomic studies over the

past decade have generated a large quantity of informa-

tion about lncRNAs, facilitating the understanding of the

aetiology of diverse cancers, including LUAD, at the

molecular level.5 It has been reported that highly

expressed SPRY4-IT1 promotes tumour cell migration

and invasion in LUAD.6 A group of seven-lncRNAs

was reported to predict survival in the early stage of

LUAD.7 DKFZP434 L187 and LOC285548 may serve

as prognostic markers for LUAD patients.8 Investigation

of disease-associated genes can improve the understand-

ing of disease aetiology and development, thereby facil-

itating the design and development of novel preventive

and treatment strategies.

In this work, we performed a study, involving 185

metastatic LUAD and 217 non-metastatic LAUD sam-

ples collected from the TCGA database, to investigate

metastasis-associated genes and lncRNAs in LUAD. In

addition to the acquisition of differentially expressed

mRNAs (DEmRNAs) and lncRNAs (DElncRNAs),

identification of cis nearby-targeted DEmRNAs of

DElncRNAs and construction of DElncRNA-DEmRNA

co-expression network were performed. In doing this

work, we expected to contribute to expanding the

knowledge on LUAD.

Materials and Methods
Data Acquisition and Analysis of mRNA

and lncRNA Expression Profiles
The mRNA and lncRNA expression data, including data

for 185 metastatic LUAD and 217 non-metastatic LAUD

samples, were collected from the TCGA database (http://

tcga-data.nci.nih.gov/). Table 1 displays the clinical char-

acteristics of all these patients. With DESeq2 (http://bio

conductor.org/packages/DESeq2/) in R version 3.5.1, both

DEmRNAs and DElncRNAs between metastatic LUAD

and non-metastatic LAUD were acquired with false dis-

covery rate (FDR) < 0.01. By using the R package “pheat-

map”, hierarchical clustering analysis of DEmRNAs and

DElncRNAs was conducted.

Functional Annotation and Protein–
Protein Interaction (PPI) Network

Construction of DEmRNAs
Gene Ontology (GO) classification and Kyoto Encyclopedia

of Genes and Genomes (KEGG) pathway enrichment ana-

lysis of DEmRNAs were conducted with CPDB (http://

cpdb.molgen.mpg.de/CPDB). A value of p < 0.01 was set

as the cut-off for significance. The top 100 up- and down-

regulated DEmRNAs were searched with BioGrid (http://

www.uniprot.org/database/DB-0184). Then, PPI networks

were constructed with Cytoscape software (version 3.6.1,

http://www.cytoscape.org).

Cis Nearby-Targeted DEmRNAs of the

DElncRNAs
DEmRNAs transcribed within a 100-kb window upstream or

downstream of DElncRNAs, which were defined as cis

nearby-targeted DEmRNAs of DElncRNAs, were searched

to obtain the targeted DEmRNAs of DElncRNAs with cis-

regulatory effects. GO classification and KEGG enrichment

analysis of cis nearby-targeted DEmRNAs of DElncRNAs

were performed by using CPDB with p-value < 0.01.

DElncRNA-DEmRNA Co-Expression

Network
Pearson’s correlation coefficient (PCC) of each DElncRNA-

DEmRNA pair was calculated. DElncRNA-DEmRNA pairs

with an absolute value of PCC > 0.7 and p-value < 0.01 were

defined as co-expressed DElncRNA-DEmRNA pairs. By

using Cytoscape, DElncRNA-DEmRNA co-expression net-

works were constructed.

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR) Validation
Thirteen samples were collected from 7 patients with non-

metastatic LUAD and 6 patients with metastatic LUAD. We

obtained written informed consent from every participant.

The present study was approved by the Medical Ethics

Committee of Meishan Cancer Hospital (201,908) and in

accordance with the 1964 Helsinki declaration and its later

amendments or comparable ethical standards. Total RNA

was isolated with Trizol reagent (Invitrogen, USA). The

qRT-PCR reactions were performed based on SuperReal

PreMix Plus (Invitrogen, USA) in an ABI 7500 Real-time

PCR Detection System. With the 2-ΔΔCt method, relative
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Table 1 Clinical Characteristics of LUAD Patients

Metastatic (n=185) Non-Metastatic (n=217) p-value Overall (n=402)

Age 0.651

Mean (SD) 64.5 (9.80) 65.3 (10.3) 64.9 (10.1)

Median [Min, Max] 65.0 [40.0, 87.0] 67.0 [33.0, 86.0] 66.0 [33.0, 87.0]

Missing 7 (3.8%) 12 (5.5%) 19 (4.7%)

Race 0.251

American Indian or Alaska Native 1 (0.5%) 0 (0%) 1 (0.2%)

Asian 3 (1.6%) 3 (1.4%) 6 (1.5%)

Black or African American 21 (11.4%) 15 (6.9%) 36 (9.0%)

White 128 (69.2%) 166 (76.5%) 294 (73.1%)

Missing 32 (17.3%) 33 (15.2%) 65 (16.2%)

Gender 0.519

Female 92 (49.7%) 116 (53.5%) 208 (51.7%)

Male 93 (50.3%) 101 (46.5%) 194 (48.3%)

Pathologic tumor < 0.001

T1 36 (19.5%) 81 (37.3%) 117 (29.1%)

T2 117 (63.2%) 114 (52.5%) 231 (57.5%)

T3 17 (9.2%) 17 (7.8%) 34 (8.5%)

T4 13 (7.0%) 5 (2.3%) 18 (4.5%)

TX 2 (1.1%) 0 (0%) 2 (0.5%)

Pathologic node <0.001

N0 11 (5.9%) 217 (100%) 228 (56.7%)

N1 95 (51.4%) 0 (0%) 95 (23.6%)

N2 74 (40.0%) 0 (0%) 74 (18.4%)

N3 2 (1.1%) 0 (0%) 2 (0.5%)

NX 3 (1.6%) 0 (0%) 3 (0.7%)

Pathologic_metastasis <0.001

M0 123 (66.5%) 217 (100%) 340 (84.6%)

M1 25 (13.5%) 0 (0%) 25 (6.2%)

MX 36 (19.5%) 0 (0%) 36 (9.0%)

Missing 1 (0.5%) 0 (0%) 1 (0.2%)

Smoking 0.772

Current reformed smoker for >15 years 43 (23.2%) 57 (26.3%) 100 (24.9%)

Current reformed smoker for ≤15 years 62 (33.5%) 70 (32.3%) 132 (32.8%)

Current reformed smoker, duration not specified 1 (0.5%) 2 (0.9%) 3 (0.7%)

Current smoker 44 (23.8%) 46 (21.2%) 90 (22.4%)

Non-smoker 25 (13.5%) 38 (17.5%) 63 (15.7%)

Missing 10 (5.4%) 4 (1.8%) 14 (3.5%)

Stage <0.001

Stage I 0 (0%) 183 (84.3%) 183 (45.5%)

Stage II 79 (42.7%) 25 (11.5%) 104 (25.9%)

Stage III 79 (42.7%) 5 (2.3%) 84 (20.9%)

Stage IV 25 (13.5%) 0 (0%) 25 (6.2%)

Missing 2 (1.1%) 4 (1.8%) 6 (1.5%)

Abbreviation: LUAD, lung adenocarcinoma.
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gene expression was determined. Human GAPDH and

ACTB were treated as endogenous controls in the analysis.

Survival Analysis of Selected DElncRNAs

and DEmRNAs
To further investigate the prognostic value of selected

DElncRNAs and DEmRNAs, survival analysis was per-

formed by using the survival package (https://cran.r-pro

ject.org/web/packages/survival/index.html) in R.

Results
Identification of DEmRNAs and

DElncRNAs in Tumour Tissues Between

Metastatic LUAD and Non-Metastatic

LAUD
In total, 1351 DEmRNAs (882 up- and 469 down-regulated

DEmRNAs) and 627 DElncRNAs (493 up- and 134 down-

regulated DElncRNAs) were screened out between the

LUAD primary tissue samples and metastatic samples. The

top 10 up- and down-regulated DEmRNAs and DElncRNAs

are shown in Tables 2 and 3, respectively. Hierarchical clus-

tering analysis of top 100 up- and down-regulated DEmRNAs

and DElncRNAs is shown in Figure 1A and B, respectively. Functional Annotation and PPI Network

of DEmRNAs
Regulation of cellular process (p = 8.84E-06), aromatic com-

pound biosynthetic process (p = 1.05E-04), extracellular

matrix (p = 4.31E-07), ion binding (p = 4.86E-12) and cation

binding (p = 4.56E-10) were the significantly enriched GO

terms in metastatic samples (Figure 2A–C). Glycolysis/

Gluconeogenesis (p = 7.04E-04), p53 signaling pathway (p =

2.29E-03) and DNA replication (p = 2.77E-03) were signifi-

cantly enriched KEGG pathways in metastatic samples

(Figure 2D). The PPI network included 102 nodes and 81

edges. ALB (degree = 19), MATR3 (degree = 12) and

CYLD (degree = 6)were three hub proteins of the PPI network

(Figure 3).

Cis Nearby-Targeted DEmRNAs of the

DElncRNAs
A total of 194 DElncRNA-nearby-targeted DEmRNA pairs,

involving in 156 DElncRNAs and 166 DEmRNAs, were

detected (Figure 4). Modification by symbiont of host mor-

phology or physiology (p = 5.42E-04), regulation of cellular

metabolic process (p = 9.76E-04), nucleus (p = 2.10E-04),

SUMO ligase activity (p = 6.86E-04) and DNA binding (p =

1.01E-03) were the significantly enriched GO terms

Table 2 Top 10 Up- and Down-Regulated DEmRNAs in Tumor

Tissues Between Metastatic LUAD and Non-Metastatic LUAD

ID Gene p-value FDR Regulation

5225 PGC 4.29E-31 7.06E-27 Up

213 ALB 6.90E-21 5.67E-17 Up

8707 B3GALT2 3.66E-18 1.51E-14 Up

1395 CRHR2 6.04E-18 1.99E-14 Up

11,197 WIF1 2.23E-17 6.10E-14 Up

7366 UGT2B15 2.08E-13 3.10E-10 Up

200,010 SLC5A9 4.40E-13 5.17E-10 Up

405,754 ERVFRD-1 6.82E-13 7.47E-10 Up

56,000 NXF3 7.81E-13 7.55E-10 Up

2315 MLANA 1.03E-12 8.93E-10 Up

1114 CHGB 1.85E-20 1.01E-16 Down

7348 UPK1B 2.66E-17 6.24E-14 Down

50,632 CALY 1.88E-15 3.87E-12 Down

144,568 A2ML1 6.24E-15 1.14E-11 Down

51,458 RHCG 7.30E-14 1.20E-10 Down

653,140 FAM228A 2.29E-13 3.14E-10 Down

4747 NEFL 3.09E-13 3.91E-10 Down

79,570 NKAIN1 7.48E-13 7.55E-10 Down

3887 KRT81 8.41E-13 7.68E-10 Down

171,177 RHOV 1.38E-12 1.13E-09 Down

Abbreviations: DEmRNAs, differentially expressed mRNAs; LUAD, lung adeno-

carcinoma; FDR, false discovery rate.

Table 3 Top 10 Up- and Down-Regulated DElncRNAs in Tumor

Tissues Between Metastatic LUAD and Non-Metastatic LUAD

Symbol p-value FDR Regulation

AP005131.6 7.72E-14 9.77E-11 Up

Z83843.1 3.87E-13 3.92E-10 Up

ENSG00000279038 1.17E-12 9.90E-10 Up

AC004594.1 1.94E-12 1.38E-09 Up

AL022323.4 2.18E-12 1.38E-09 Up

AC087521.2 3.68E-11 1.78E-08 Up

MAL2-AS1 3.86E-11 1.78E-08 Up

ENSG00000272367 4.36E-11 1.84E-08 Up

AL139022.1 6.48E-11 2.53E-08 Up

AC005070.3 7.65E-11 2.77E-08 Up

ERVH48-1 1.03E-19 5.21E-16 Down

LINC00707 3.25E-14 7.93E-11 Down

AC022784.1 4.70E-14 7.93E-11 Down

CASC15 1.12E-11 6.28E-09 Down

LINC00592 1.79E-10 5.33E-08 Down

ENSG00000230439 1.48E-09 3.25E-07 Down

AC019171.1 1.48E-08 1.98E-06 Down

FAM83A-AS1 3.23E-08 3.64E-06 Down

AL590428.1 5.28E-08 5.14E-06 Down

H19 5.42E-08 5.18E-06 Down

Abbreviations: DElncRNAs, differentially expressed lncRNAs; LUAD, lung ade-

nocarcinoma; FDR, false discovery rate.
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(Figure S1A–C). Cholinergic synapse (p = 2.40E-03) and

Aldosterone synthesis and secretion (p = 8.35E-03) were the

significantly enriched KEGG pathways (Figure S1D).

DElncRNA-DEmRNA Co-Expression

Network
A total of 191 DElncRNA-DEmRNA co-expression pairs

including 56 DElncRNAs and 108 DEmRNAs were

obtained with an absolute value of PCC > 0.7 and p <

0.01 (Figure 5). Chromosome segregation (p = 4.43E-14),

mitotic cell cycle process (p = 1.52E-13), chromosomal

region (p = 3.90E-09), heterocyclic compound binding

(p = 4.38E-05) and organic cyclic compound binding

(p = 6.63E-05) were the significantly enriched GO terms

(Figure S2A–C). P53 signaling pathway (p = 5.59E-04),

Cell cycle (p = 6.39E-04) and Amphetamine addiction (p =

6.48E-03) were the significantly enriched KEGG pathways

(Figure S2D).

QRT-PCR Validation
Eight DEGs, including CHGB, CRHR2, A2ML1, RHCG,

UGT2B15, NEFL, KRT81 and RHOV, were selected for

qRT-PCR validation. In our integrated analysis, CRHR2

and UGT2B15 were up-regulated while the other six

Figure 1 DElncRNAs and DEmRNAs in tumor tissues between metastatic LUAD and non-metastatic LAUD. (A) and (B) displayed hierarchical clustering results of top 100

DEmRNAs and DElncRNAs in tumor tissues between metastatic LUAD and non-metastatic LAUD, respectively. Row and column represented DEmRNAs/DElncRNAs and

tissue samples, respectively. The color scale represented the expression levels.
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DEGs were down-regulated in metastatic LUAD. Except

for RHCG and KRT81, the expression of the others in the

qRT-PCR results generally exhibited the same pattern as

that in our integrated analysis (Figure 6).

Survival Analysis
Survival analysis was performed to evaluate the prognostic

value of twoDElncRNAs (FAM83A-AS1 andZ83843.1) and

six DEmRNAs (FAM83A, MATR3, CRHR2, UGT2B15,

CHGB and NEFL). On the basis of the results of survival

analysis, the expression of CRHR2 (p = 0.046), FAM83A-

AS1 (p =0.001), FAM83A (p =0.0021) and Z83843.1

(p =0.036) was significantly correlated with the overall sur-

vival time of patients with metastatic LUAD (Figure S3A–

D), while the expression of CHGB (p = 0.0051), CRHR2 (p =

0.047), FAM83A (p = 0.044) and NEFL (p < 0.0001) was

significantly correlated with the overall survival time of

patients with non-metastatic LUAD (Figure S3E–H). Of

note, CRHR2 and FAM83Awere involved not only in meta-

static LUAD but also in non-metastatic LUAD.

Discussion
Although LUAD is a common type of lung cancer, its

mechanisms underlying its oncogenesis and progression

remain unclear. This present work utilized an analysis to

identify key dysregulated lncRNAs and genes associated

with metastatic progression in LUAD.

Family with sequence similarity 83 member

A (FAM83A), a member of the FAM83 family, is located

on chromosome 8, locus q24.13.9 Numerous studies have

linked FAM83A to lung cancer in recent years. A previous

study revealed that FAM83A was associated with metas-

tasis and recurrence in lung cancer.10 Li et al identified that

FAM83A was overexpressed in both smoking and non-

smoking groups of patients with LUAD.11 Zhang et al

indicated that overexpression of FAM83A may predict

poor prognosis in LUAD patients.9 Wang et al demon-

strated that increased FAM83A was negatively associated

with poor survival in LUAD, which was consistent with

our survival analysis result.12 FAM83A-AS1, a natural

antisense transcript (NAT) RNA, was reported to promote

cell proliferation, migration, invasion and the epithelial-

mesenchymal transition (EMT) in LUAD.13 Shi et al

reported that FAM83A-AS1 could promote LUAD by

elevating FAM83A expression.14 In this analysis,

FAM83A-AS1 was significantly down-regulated in the

metastatic LUAD group compared with the non-

metastatic LUAD group, and FAM83A was a nearby-

targeted and co-expressed DEmRNA of FAM83A-AS1.

These results may indicate the critical role of the

FAM83A-AS1-FAM83A interaction pair in the metastatic

progression of LUAD.

Matrin 3 (MATR3) encodes a nuclear matrix protein

that is widely expressed in various tissues and can bind to

DNA and RNA via zinc finger domains and RNA recogni-

tion motifs.15 Mutation in MATR3 was associated with

amyotrophic lateral sclerosis (ALS).16 Yang et al demon-

strated that highly expressed MATR3 was associated with

Figure 2 Significantly enriched GO terms and KEGG pathways of DEmRNAs in tumor tissues betweenmetastatic LUAD and non-metastatic LAUD. (A) BP, biological process; (B)
CC, cellular component; (C) MF, molecular function; (D) KEGG pathways. The x-axis shows counts of DEmRNAs enriched in GO terms or KEGG pathways and the y-axis shows

GO terms or KEGG pathways. The color scale represented -log p-value.
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Figure 3 Protein–protein interaction (PPI) networks. The red and blue ellipses represented proteins encoded by up- and down-regulated DEmRNAs in tumor tissues

between metastatic LUAD and non-metastatic LAUD. Ellipses with black border were DEmRNAs derived from top 10 up- and down-regulated DEmRNAs in tumor tissues

between metastatic LUAD and non-metastatic LAUD.
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poor survival of patients with neuroblastoma and that it

may enhance neuroblastoma progression by interacting

with lncRNA SNHG1.17 Nho et al suggested that

MATR3 was involved in carcinogenesis progression by

regulating apoptosis and colony formation in oral squa-

mous cell carcinoma (OSCC).15 MATR3 was a hub gene

in the PPI network in our study, although there is no

previous report linking MATR3 with lung cancer. On the

other hand, Z83843.1 was significantly up-regulated in the

metastatic LUAD group compared with the non-metastatic

LUAD group, which was also an lncRNA that covered

most DEmRNAs, including MATR3, in the DElncRNA-

DEmRNA co-expression network. The discovery of the

Z83843.1-MATR3 interaction pair reminders us to focus

on its role in the development of LUAD.

Corticotropin-releasing hormone receptor 2 (CRHR2),

located at 7p21-p15, consists of 12 exons, and alternative

splicing of the first exon gives rise to three isoforms.18 The

protein encoded by this gene is a G-protein coupled recep-

tor that belongs to the subfamily of corticotropin releasing

hormone receptors, with nearly 71% amino acid sequence

similarity with CRHR1, and is known as a receptor of
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corticotropin-releasing hormone (CRH).18 A correlation

between the rs2267716 polymorphism in CRHR2 and

hepatocellular carcinoma (HCC) in patients with chronic

hepatitis C virus (HCV) or HBV infection was proposed.18

Rodriguez et al reported that decreased CRHR2 promotes

tumour growth and EMT in colorectal cancer (CRC).19

UDP glucuronosyltransferase family 2 member B15

(UGT2B15) encodes a member of the uridine diphosphate-

glucuronosyltransferase (UGT) family, and is involved in

several metabolic pathways, such as, pentose and glucur-

onate interconversion, steroid hormone biosynthesis, and

retinol metabolism.20 Chen et al reported that UGT2B15

was up-regulated in gastric cancer (GC), which may be an

oncogene in GC.21 Decreased expression levels of

UGT2B15 were detected in prostate cancer, and were

associated with lymph node metastases.22 In this study,

both CRHR2 and UGT2B15 were significantly up-

regulated in metastatic LUAD samples, which may sug-

gest that high expression of CRHR2 and UGT2B15 is

involved LUAD metastasis.

Chromogranin B (CHGB) encodes a tyrosine-sulfated

secretory protein that is expressed abundantly in
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peptidergic endocrine cells and neurons and was first

described in pheochromocytoma in 1987.23,24 Decreased

cytoplasmic CHGB expression was found in primary

tumours of patients with the pancreatic neuroendocrine

tumour (PNET) phenotype in Von Hippel-Lindau (VHL)

syndrome with metastatic disease compared with those

without metastatic disease.25 CHGB was reported to be

associated with prolactin pituitary (PRL) tumour

metastasis.26 Stenman et al suggested that CHGB may

serve as a possible preoperative and postoperative marker

for pheochromocytomas (PCCs) and abdominal paragan-

gliomas (PGLs) with potential for aggressive behaviour.23

Neurofilament light (NEFL) encodes the light chain neu-

rofilament protein, which functionally maintains the neu-

ronal caliber and plays a role in intracellular transport to

axons and dendrites.27 It is located at chromosome 8p21,

a region reported to be enriched with tumour suppressor

genes (TSGs).28 Lower NEFL expression was found in

lymph node metastases than in paired primary breast can-

cer tissues.29 Oh et al reported that the expression level of

NEFL was greatly decreased and may be associated with

the course of colorectal cancer (CRC) progression and

liver metastasis.30 In addition, methylation of NEFL was

reported to be a novel mechanism for NSCLC invasion

and metastasis.31 Notedly, both CHGB and NEFL were

significantly down-regulated in metastatic LUAD samples.

Hence, we speculated that CHGB and NEFL may contri-

bute to LUAD progression and are involved in the metas-

tasis of LUAD.

In conclusion, a total of 1351 DEmRNAs and 627

DElncRNAs were detected in LUAD metastatic samples

compared with non-metastatic samples. We emphasized

the crucial roles of two interaction pairs (FAM83A-AS1-

FAM83A and Z83843.1-MATR3) and four genes

(CRHR2, UGT2B15, CHGB and NEFL) in the metastasis

of LUAD. Our study had the limitation of a small sample

size for validation. Due to this limitation, although the

qRT-PCR results suggested that our integrated analysis

results were generally convincing, the validation results

were not significant. More samples will be collected and

more in deep research on functional experiments will be

included in our future work.
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