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Abstract

Background: Lung adenocarcinoma (LUAD) is a highly malignant tumor with a very
low five-year survival rate. In this study, we aimed to identify differentially expressed
long-chain non-coding RNA (IncRNAs) and mRNAs from benign and malignant pleural
effusion exosomes.

Methods: We used gene microassay and quantitative real-time reverse transcrip-
tion polymerase chain reaction (RT-gPCR) to detect and verify differentially ex-
pressed mRNAs and IncRNAs in benign and malignant pleural effusion exosomes.
Gene Ontology (GO) functional significance and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway significance enrichment analyses were performed to iden-
tify the difference in biological processes and functions between different mRNAs.
We selected the IncRNA ZBED5-AS1 with an upregulated differential fold of 3.003
and conducted a preliminary study on its cellular function.

Results: Gene microassay results revealed that 177 differentially expressed IncR-
NAs were upregulated, and 215 were downregulated. The top 10 upregulated were
FMN1, AL118505.1, LINCO0452, AL109811.2, CATGO0000040683.1, AC137932.1,
AC008619.1, AL450344.1, AC092718.6, and ZBED5-AS1. The top 10 downregu-
lated were TEX41, G067726, JAZF1-AS1, AC027328.1, AL445645.1, AL022345.4,
AC008572.1, AC123777.1, AC093714.1, and PHKG1. For the mRNAs, 79 were up-
regulated, and 123 were notably downregulated. GO analysis revealed that the up-
regulated differential MRNAs were mainly involved in “cellular response to acidic pH”
(biological processes), “endoplasmic reticulum part” (cellular components), and “at
DNA binding, cyclase activity” (molecular functions). KEGG pathways were found to
be related to V. cholerae infection, Parkinson's disease, and cell adhesion molecules.
RT-gPCR showed that ZBED5-AS1 was highly expressed in LUAD tissues, cells, and

benign and malignant pleural fluid exosomes. Overexpression of ZBED5-AS1 could
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1 | INTRODUCTION

Lung cancer is a highly malignant tumor that remains the leading
cause of cancer-related deaths worldwide. According to the patho-
logical type, lung cancer is divided into non-small cell lung cancer
(NSCLC) and small cell lung cancer. Among them, NSCLC accounts
for 80% of lung cancers. NSCLC includes large cell carcinoma, squa-
mous cell carcinoma, and lung adenocarcinoma (LUAD).! LUAD ac-
counts for 40% of all patients with lung cancer? and has no typical
clinical symptoms in the early stages, with approximately 80% of pa-
tients already in the middle and late stages at the time of diagnosis,
delaying the optimal time for treatment and significantly shortening
the patients' life expectancy.® Pleural effusion is a common clinical
symptom that can be caused by a variety of diseases and is partic-
ularly common in cancers. Malignant pleural effusion (MPE) caused
by lung cancer is the most common symptom and may be the first
manifestation in many cases.’ Specific diagnostic methods to distin-
guish between MPE and benign pleural effusion (BPE) are urgently
needed. The cytological examination can be used as a diagnostic
basis to identify the nature of pleural effusion; unfortunately, how-
ever, the positive rate is only between 11 and 78%. Thoracoscopy
has a diagnostic sensitivity of about 90%,>¢ but this invasive test
could not be widely used in clinical practice due to cost and technical
requirements.

Currently, routine markers for pleural effusion detection include
adenosine deaminase, lactate dehydrogenase, glucose, ferritin, car-
bohydrate antigen 19-9 (CA-199), and carbohydrate antigen 125 (CA-
125)’; although, their sensitivity and specificity are low. Thus, the
search for reliable biomarkers that can distinguish MPE continues.

Exosomes contain nucleic acids, proteins, lipids, and other com-
ponents and can be used as biological markers.®? Long-chain non-
coding RNA (IncRNA)—greater than 200 nucleotides in length—is
related to a variety of biological functions, including transcriptional
interference, post-transcriptional regulation, translation control,
epigenetic modification, cell differentiation, and translation.10713
Exosomes can contain proteins, miRNAs, and IncRNAs, and LncRNA
has been defined as a novel biomarker carried by tumor-derived exo-
somes.** Exosomes can protect IncRNAs from degradation in circu-
lation and can be used for early diagnosis of cancer.*>¢ Han et al.’”
showed that the diagnostic performance of MiR-198 was the same as

carcinoembryonic antigen (CEA) and cytokeratin 19 fragment 21-1

significantly promote the proliferation, migration, invasion, and colony formation of
LUAD cells, and knockdown had the opposite consequence.

Conclusion: The pleural effusion exosomes from patients with LUAD include several
improperly expressed genes, and IncRNA-ZBED5-AS1 is a new biomarker that aids in

our understanding of the occurrence and progression of LUAD.

exosomes, gene microassay, IncRNAs, lung adenocarcinoma, malignant pleural

(CYFRA21-1). The combination of three markers has a better effect,
with a sensitivity of 89.2% and a specificity of 85.0%. Another study
found that the combination of CEA and three miRNAs improves di-
agnostic performance, with an area under curve of 0.942, a sensi-
tivity of 91.9%, and a specificity of 92.5%.18 In addition, a recent
study found that combined nucleic acid in the plasma and exosome
nucleic acid in the pleural fluid can be used to evaluate low-abundant
epidermal growth factor receptor (EGFR) mutant copies in NscLc.Y
At present, there are few reports about IncRNA in pleural effusion
exosomes, and further exploration is needed.

Functional enrichment analysis divides the gene or protein list
into multiple parts for classification, and the classification standard is
often defined according to the function of the gene. In other words,
placing genes with similar functions together in a gene list and as-
sociating them with biological phenotypes. To solve the problem of
classifying genes by function, scientists have developed many gene
function annotation databases; more famous ones being the Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) databases.?%??

Recently, the use of gene microarrays in pathological diagno-
sis has received increasing attention. Since its invention, gene mi-
croarray has been utilized extensively in scientific research, the
biopharmaceutical industry, and medical diagnostics. By using gene
microarrays technology, Zhumai et al. discovered that scavenger
receptor class A member 5 (SCARA5) was a downstream driver of
thrombospondin type 1 domain-containing 7A (THSD7A) in esoph-
ageal squamous cell carcinoma (ESCC), and SCARA5 could promote
the proliferation and migration of ESCC cells.?? Cai et al. used protein
and gene microarrays to compare wild-type (WT) and drug-resistant
(DR) Pseudomonas aeruginosa. The results showed that there were
679 mutation sites in the DR Group, and the drug resistance rate of
cefoperazone sodium/sulbactam sodium remained high from 2013
to 2015.%°

We screened differentially expressed IncRNAs and mRNAs, pre-
dicting the associated pathways using gene microarray technology
in LUAD-derived MPE. The IncRNA ZBED5-AS1 is located on chro-
mosome 11p15.4, with a length of 1113bp, and only one bioinfor-
matic study has shown that it was associated with the development
of ovarian cancer.?* We finally selected this novel gene among the
differentially expressed IncRNAs for cellular functional verification,

and the gene is expected to become a reliable biomarker in LUAD.
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2 | MATERIALS AND METHODS

2.1 | Patients and clinical samples

Six pleural effusion specimens—three BPE from patients with lung
pneumonia (XS16, X525, and XS42) and three MPE from patients
with LUAD (XS7, XS8, and Ca)—were collected from the First
Affiliated Hospital of Wenzhou Medical University without antico-
agulant tubes. Fifty-three pairs of LUAD and paracancerous tissues
were collected from patients who were diagnosed with LUAD and
operated upon at the First Affiliated Hospital of Wenzhou Medical
University from 2019 to 2020. All patients participating in this study
agreed to participate, and the study was approved by the Ethics
Committee of the First Affiliated Hospital of Wenzhou Medical
University. The diagnosis of LUAD was confirmed by pleural effusion,
pleural biopsy, or histopathological analysis of the tumor. Pleural ef-
fusion was centrifuged at 10008 for 10 min and then at 10,0003 for
30min, and the supernatant was stored at -80°C. Tissue samples

were stored in liquid nitrogen.

2.2 | Cellculture

All cells were purchased from the cell bank of the Cancer Hospital
at the Chinese Academy of Medical Sciences. Human bronchial epi-
thelial cells (BEAS-2B) were cultured in Dulbecco's modified Eagle
medium (DMEM; Thermo Fisher Scientific, USA) with 10% fetal calf
serum or bovine serum (FBS). LUAD cells (HCC827, PC9, A549, and
H1299) were cultured in RPMI-1640 (Thermo Fisher Scientific, USA)
with 10% FBS. For the exosome study, the conditioned medium was
supplemented with 10% vesicle-free FBS. Cells were placed ina CO,
incubator with constant 90% humidity and 5% CO,,.

2.3 | Exosome isolation
Pleural effusion samples: Exosomes were extracted by differen-
tial centrifugation from pleural effusion previously collected and
stored at —-80°C; the samples were centrifuged at 5008 for 5 min and
2000g for 10 min to eliminate cells and then centrifuged for 30 min
at 10,0003 to eliminate microvesicles. We collected the supernatant
and filtered it with a 0.22-um membrane filter. The filtered superna-
tant was transferred to a clean ultracentrifuge tube and ultracentri-
fuged at 4°C and 100,000g for 2 h. After discarding the supernatant,
the pellet was centrifuged for 2 h at 100,000g. All the steps were
carried out at 4°C, and the exosomes were resuspended in 1x
phosphate-buffered saline (PBS) and stored at -80°C for further use.
Cell line samples: After reaching 80% confluency in a Petri dish,
LUAD cells (H1299, HCC827, A549, and PC9) were cultured in com-
plete RPMI-1640 medium without added serum, and BEAS-2B cells
were cultured in DMEM. The cell culture supernatant was collected
48h later and centrifuged at 300g for 15min, 2000g for 15min,
and 10,0008 for 30min. The supernatants were filtrated through a

0.22-mm polyvinylidene difluoride filter (Millipore, USA). Then, the
supernatants were harvested to isolate exosomes by ultracentrifu-
gation at 120,000g for 70 min twice, resuspending the exosomes in
1x PBS, and storing them at -80°C for further use.

2.4 | Transmission electron microscopy (TEM)

For the TEM morphology investigation, 10 pl of the exosome pel-
let was placed on formvar carbon-coated 200-mesh copper electron
microassay grids, incubated for 5 min at 26°C, and then subjected to
standard 1% uranyl acetate staining for 1 min. The grid was washed
three times with PBS and allowed to semi-dry at room temperature

before observation by TEM.

2.5 | Western blotting

Exosomes and cells were lysed with RIPA (Beyotime, China) extrac-
tion reagent plus protease inhibitor PMSF (Beyotime, China). Protein
concentration was determined using the BCA protein assay kit from
Beyotime Biotechnology. Total proteins were isolated by 10% so-
dium dodecyl-sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to a 0.22-um polyvinylidene difluoride membrane
(Millipore, USA). The exosomal protein samples were incubated with
anti-TSG101 (Proteintech, USA), Calnexina (Proteintech, USA), and anti-
CD?9 (Proteintech, USA) primary antibodies, washed with tris-buffered
saline Tween-20 (TBST), and incubated with horseradish peroxidase-
labeled goat anti-rabbit secondary antibodies (Beyotime, China); p-
actin (Beyotime, China) was used as an internal control. Protein bands

were displayed using a fully automatic chemiluminescence imager.

2.6 | RNA extraction and quality control

Total RNA was isolated from exosomes using TRIzol (Invitrogen Life
Technologies, CA, USA). RNA quantity and quality were measured
by NanoDrop ND-1000. RNA was then extracted into cDNA using
RT Kit (Thermo Scientific), according to the manufacturer's instruc-
tions. RNA integrity was assessed by standard denaturing agarose
gel electrophoresis or an Agilent 2100 Bioanalyzer.

2.7 | Gene microarray of exosomes and data
processing and analysis

Sample labeling and array hybridization were performed accord-
ing to the Agilent One-Color Microarray-Based Gene Expression
Analysis protocol (Agilent Technology) with minor modifications.
Agilent Feature Extraction software (version 11.0.1.1) was used
to analyze the acquired array images. Differentially expressed
IncRNAs and mRNAs with statistical significance between the
two groups were identified through p-value/false discovery rate
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filtering. Differentially expressed IncRNAs and mRNAs between the
two samples were identified through fold-change filtering. Pathway
analysis and GO analysis were applied to determine the roles of
these differentially expressed mRNAs in biological pathways or
GO terms. Hierarchical clustering and combined analysis were per-
formed using in-house scripts. Statistical analysis was performed
for the comparison of two groups using the Student's t-test and
one-way analysis of variance for group differences from normally
distributed data. The threshold value we used to mark differential
expression of INcRNAs and mRNAs was a fold change of 22.0 or
<0.5 (p<0.05). Differences with p<0.05 were considered statisti-
cally significant in both cases.

2.8 | Quantitative real-time reverse transcription
polymerase chain reaction (RT-qPCR)

All different RNA expressions were measured by RT-qPCR on the
ABI 7500 analyzer. The primers of these IncRNAs are shown in
Table 1. RT-qPCR was carried out in a total volume of 10 pl, including
5 pl SYBR premix (2x), 1 ul cDNA template, 0.4 ul meaningful primer
(10mmol/L), 0.4 pl antisense primer (10mmol/L), 0.2 pl ROX II, and
3 ul double distilled water. The RT-qPCR reaction was set at an initial
denaturation step of 10 min at 95°C, followed by 40cycles at 95°C
for 30s with a final extension step at 72°C for 5 min. All experiments
were conducted in triplicate, and the median of each triplicate was
used to calculate the relative mRNA concentration relative to -actin
(ACt = Ct median mRNAs-Ct median p-actin) using the 2744t for-
mula for the relative expression.

2.9 | Cell transfection

The IncRNA ZBED5-AS1-silencing RNA (si-ZBED5-AS1), and its con-
trol empty vector (si-vector), and the ZBED5-AS1-overexpressing
RNA (oe-ZBED5-AS1), and its control empty vector (oe-vector),
lentiviral particles were purchased from GeneChem Co. (Shanghai,
China). Lentiviral transduction of LUAD cells was carried out with
complete medium of RPMI-1640 containing 10% FBS; the medium
was changed after 8-12h, and the transduction was determined
by RT-gPCR technology and green fluorescence protein (GFP) ex-
pression abundance under fluorescence microscope 72h after in-

fection, using 2 pg/ml puromycin to screen stably transfected cell

OD260/280 0OD260/230 Conc. Volume
Sample ID  (Ratio) (Ratio) (ng/pl) (pl) (ng)
XS7 1.7 0.21 68.59 20
XS8 1.82 0.24 72.19 15
XS16 1.91 0.44 185.27 15
XS25 1.6 0.97 60.99 15
XS42 1.71 1.87 145.43 15
Ca 1.7 0.27 111.25 15

Quantity

lines. The sequences of si-ZBED5-AS1 and si-vector were CCTGT
TCAGTTCTGCCAAT and TTCTCCGAACGTGTCACGT, respectively.

2.10 | Cell proliferation assay

Transfected cells (2x103/well) were seeded in 96-well plates, sup-
plemented with a complete medium to a total volume of 100pl per
well, and four replicate wells were set up for each group for the ex-
periment. After the cells were fully attached, the ability of the cells
to proliferate was determined using the Cell Counting Kit-8 (CCK8;
Dojindo, Japan) according to the protocol provided by the manufac-
turer. In brief, the cells were incubated with 10% CCK-8 reaction
solution for 1-3 h at 37°C, and the optical density (OD) values were
measured at a wavelength of 450nm to quantify the proliferation
ability of the cells. The data were monitored continuously for four
days, and the results were processed with GraphPad Prism.

2.11 | Cell migration and invasion

Experiments were performed using transwell chambers with a pore
size of 8 pm. Cell invasion required spreading 40pl in the bottom of
the chamber with a 1:8 ratio of serum-free medium and Matrigel;
the chamber was then placed in an incubator at 37°C for 1-4 h to
completely solidify. Transfected cells were resuspended with serum-
free RPMI-1640 to the upper chamber (3><1O4 cells/well, 200pl),
and 600yl of culture medium with 20% FBS was added to the bot-
tom well of the system. After incubation at 37°C for 24 h, each tran-
swell insert was washed with PBS, and the cells on both sides of the
transwell membrane were fixed with 4% paraformaldehyde at 37°C
for 30 min and stained with 0.1% crystal violet (Beyotime, China) for
30min at room temperature. The cells that did not cross the mem-
brane on the upper side were gently removed with a cotton swab,
and the number of invading cells in five random fields was counted
under an inverted microscope. Matrigel is not required for cell migra-

tion, and other processes are consistent with cell invasion.

2.12 | Colony-formation assay

LUAD cells were resuspended with RPMI-1640 medium containing
10% FBS and seeded into 6-well plates (500 cells/well). Plates were

TABLE 1 RNA quantification and

QC purity quality assurance by NanoDrop ND-1000

(Pass or Fail)

1371.8 Pass
1082.85 Pass
2779.05 Pass
914.85 Pass
2181.45 Pass
1668.75 Pass
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maintained at 37°Cin a 5% CO, incubator for ten days, and colonies
of more than 50 cells were counted. Cells were then washed with
PBS and fixed with 4% paraformaldehyde for 30 min. Cell colonies
were stained with 0.1% crystal violet solution (Beyotime, China) for
30min and then photographed and counted under natural light.

2.13 | Statistical analysis

The results are represented as the mean+standard error of the
mean. Comparisons between two groups were performed using
Student's t-test, and differences were considered significant at
p<0.05. The data were analyzed and mapped using the SPSS 22.0
system (SPSS, Inc. Chicago, IL, USA) and GraphPad Prism software
(San Diego, CA, USA).

3 | RESULTS

3.1 | Successful exosome isolation

We used differential centrifugation to extract exosomes from six
cases of BPE and MPE collected from the First Affiliated Hospital
of Wenzhou Medical University. Under the electron microscope, the
structure of exosomes was complete, the appearance was round,
and the particle diameter was between 50 and 150nm (Figure 1A-
C). Meanwhile, Western blotting further confirmed that the exosome
markers TSG101 and CD9 were positively expressed in our pleu-
ral effusion, while calnexin was negatively expressed. (Figure 1D).
These results indicated the successful isolation of exosomes from

pleural effusion.

3.2 | RNA quality assurance and quality
control results

After high-quality total RNA was extracted, rRNA was removed from
total RNA to purify mRNA (mrN-only™ Eukaryotic mRNA Isolation
Kit, Epicentre). The ratio of the absorbance (A,,,/A,q,) of the RNA
solution should be between 1.8 and 2.1. Our extracted RNA quali-
fied (Table 2) and could be sequenced, and the specific activity (pmol
dye/pg cRNA) of the labeled RNA was obtained by following Table 3.
Our specific activity was >9.0 pmol Cy3/pg, and cRNA could pro-
ceed to the hybridization step.

3.3 | Gene microarray

We used gene microarray technology to study the IncRNA and
mRNA expression profiles of exosomes. Compared with the BPE
group, the expression of 392 IncRNAs (177 upregulated and 215
downregulated) in the MPE exosomes were significantly changed
(2-fold change, p<0.05; Figure 2A,B). In addition, the expression of

202 mRNAs (79 upregulated and 123 downregulated) were signifi-
cantly changed (Figure 2C). The upregulated and downregulated dif-

ferentially expressed genes (DEGs) are listed in Tables 4 and 5.

3.4 | GO enrichment analysis of DEGs

We analyzed these differentially expressed mRNA through GO en-
richment analysis of biological process (BP), cellular component (CC),
and molecular function (MF).

The results showed that upregulated genes were involved in
response to acidic PH, cartilage morphogenesis, response to po-
tassium ion, and other BPs (Figure 3A). Some of the upregulated
DEGs were related to CC, including endoplasmic reticulum, nuclear
outer membrane-endoplasmic reticulum membrane network, sarco-
plasmic reticulum membrane, and NLRP3 inflammasome complex
(Figure 3B). In addition, some upregulated DEGs were involved in
MFs in cells, such as DNA binding, cyclase activity, ion-antiporter
activity, and activating transcription factor binding (Figure 3C).

The downregulated DEGs involved in BPs included cell migra-
tion, G-protein coupled glutamate receptor signaling pathway, cell
division asymmetry, regulation of osteoblast proliferation, and sub-
cortical development (Figure 3D). Some genes were related to CC—
axonal growth cone and mitochondrial matrix (Figure 3E). Finally, the
downregulated genes involved in MFs were identical protein bind-
ing, protein phosphatase binding, phosphatase binding, vitamin Bé
binding, and pyridoxal phosphate binding (Figure 3F).

3.5 | KEGG pathway analysis of DEGs

We conducted pathway analysis of differentially expressed mRNAs
through the KEGG pathway database, and the results showed that
upregulated genes were involved in a total of 20 regulatory path-
ways, among which V. cholerae infection, Parkinson's disease, cell
adhesion molecules (CAMs), and Cushing's syndrome pathways
were most likely involved (Figure 4A,C). Downregulated genes were
involved in 13 pathways, including glyoxylate and dicarboxylate me-
tabolism, rheumatoid arthritis and glycine, and the serine and threo-

nine metabolism pathway (Figure 4B,D).

3.6 | Verification of upregulated
IncRNA expression

For some upregulated IncRNAs expressed in the gene microar-
ray analysis, we extracted the exosomes of BPE and MPE and
performed RT-qPCR to verify the consistency of expression. We
found that the RT-gPCR results of these IncRNAs were gener-
ally consistent with the results of gene microassay, with sig-
nificantly higher expression in MPE than in BPE—LINC00452
(p = 0.014), AC137932.1 (p = 0.014), ZBED5-AS1 (p<0.05),
AL118505.1 (p = 0.014), FMN1 (p <0.05), AL109811.2 (p = 0.014),
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(A) (B)

©

S5min at 500 X g, remove cells component

!

10min at 2000 X g, remove debris component

(D)
l Supernatant EXO
30min at 10,000 X g, remove shed microvesicles (sMV, 200-1000nm) L | l Calnexin 90KD
‘ MPE BPE
Filter using 0.22pum membrane filters, remove residual larger contaminations EXO
‘ .- TSG101 46KD

2h at 100,000 X g, collect exosomes

\ I oo

Wash once with 1 X PBS, resuspend in 1 X PBS and store at -80 'C

FIGURE 1 Characteristics of exosomes. (A) TEM images of exosomes secreted by BPE. (B) TEM images of exosomes secreted by MPE. (C)
Exosome extraction process. (D) The expression of exosome characteristic proteins TSG101, CD9, and calnexin were detected by Western
blotting.

TABLE 2 Labeling efficiency—QC

cRNA concentration Specific activity"‘"’
Sample ID Dye name Dye pmol/pl (ng/pl) (pmol Dye/pg cRNA) Volume (pl) Total amount (ug)
XS16 Cy3 9.2 0.75 12.25 20 15.02
XS25 Cy3 9.32 0.7 13.33 20 13.98
XS42 Cy3 9.68 0.71 13.65 20 14.18
XS7 Cy3 9.15 0.69 13.26 20 13.81
XS8 Cy3 8.78 0.69 12.7 20 13.83
Ca Cy3 8.8 0.7 12.62 20 13.95

#For two color, if the yield is <825ng and the specific activity is <8.0 pmol Cy3 or Cy5 per pg cRNA do not proceed to the hybridization step. Repeat
cRNA preparation.
PFor one color, if the yield is <1.65 ug and the specific activity is <9.0 pmol Cy3 or Cy5 per pg cRNA do not proceed to the hybridization step. Repeat
cRNA preparation.
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TABLE 3 Some upregulated and downregulated differentially expressed LncRNAs

Fold change Regulation
6.8224334 up
4.7070894 up
4.6001742 up
4112919 up
4.0438243 up
3.6926778 up
3.4604343 up
3.4312238 up
3.3780431 up
3.0036884 up
2.8095972 up
2.7601381 up
2.6999693 up
24666272 up
2.4239297 up
1.5001362 down
1.5002085 down
1.500596 down
1.5069038 down
1.5070809 down
1.5081176 down
1.5092072 down
1.5092504 down
1.512115 down
1.5214485 down
(A)

Color Key
and Histogram

4 8 12

Value

FIGURE 2

1

[XS42, Control]
[XS25, Control]
[XS16, Control]

[Ca, Test]

[XS8, Test]

[XS7, Test]

Transcript_ID

ENST00000559150
ENST00000619370

compmerge.1918.pooled.chr13

ENST00000435388
ENCT00000213629
ENST000005643%94
ENST00000524312
ENST00000456018
ENST00000568362

compmerge.1425.pooled.chr1l

ENST00000632196
ENST00000635432
ENST00000422740
ENST00000446687
ENST00000428590
ENST00000414195
T289688
ENST00000436758
ENSTO0000505784
ENST00000451318
ENST00000649715
ENST00000507269
ENST00000534827
ENST00000470532
NR_047689

(B)

GenelD

ENSG00000248905
ENSG00000278192
ENSG00000229373
ENSG00000230337
CATG00000040683
ENSG00000260279
ENSG00000253858
ENSG00000224029
ENSG00000261838
ENSG00000247271
ENSG00000282602
ENSG00000282916
ENSG00000212978
ENSG00000231605
ENSG00000232046
ENSG00000226674
G067726

ENSG00000234336
ENSG00000249782
ENSG00000224992
ENSG00000285884
ENSG00000253613
ENSG00000254813
ENSG00000240973
ENSG00000164776

L expressed (24636)

-log10(pvalue)
©

log2(Fold Change)
Test vs Control

-
o ©

GeneSymbol
FMN1
AL118505.1
LINC00452
AL109811.2

CATG00000040683.1

AC137932.1
AC008619.1
AL450344.1
AC092718.6
ZBED5-AS1
782244.2
AP003171.3
ACO016747.1
LINC01363
LINCO01798
TEX41
G067726
JAZF1-AS1
AC027328.1
AL445645.1
ALO22345.4
AC008572.1
AC123777.1
AC093714.1
PHKG1

WI LEYM

Type

IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA
IncRNA

Color Key

and Histogram

4 8 12

Value

Count

7
8
it
o
@
X

[Ca, Test]

[XS7, Test]

[HEE

[XS42, Control]

T_I_‘

[XS25, Control]
[XS16, Control]

RNA gene microassay. (A and B) Heat map and volcano plots of differentially expressed IncRNAs in exosomes of MPE and
BPE. (C) Heat map of differentially expressed mRNAs in exosomes of MPE and BPE.
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TABLE 4 Some upregulated and downregulated differentially expressed mRNAs
Fold change Regulation Transcript_ID GenelD GeneSymbol Type
4.4286646 up ENST00000623960 ENSG00000277117 FP565260.3 protein_coding
4.3201504 up ENST00000491148 ENSG00000153002 CPB1 protein_coding
3.1587791 up ENSTO0000597630 ENSG00000268041 AC010616.1 protein_coding
3.1306366 up ENSTO0000304283 ENSG00000168096 ANKS3 protein_coding
2.9906999 up ENSTO0000473414 ENSG00000114744 COMMD2 protein_coding
2.8067314 up ENST00000323110 ENSG00000179142 CYP11B2 protein_coding
2.7368841 up ENSTO0000359562 ENSG00000164107 HAND2 protein_coding
2.7148518 up ENST00000284440 ENSG00000154277 UCHL1 protein_coding
2.5492268 up ENSTO0000400377 ENSG00000160223 ICOSLG protein_coding
2.5238625 up NM_001352769 ENSG00000228696 ARL17B protein_coding
1.5000265 down ENST00000263346 ENSG00000141002 TCF25 protein_coding
1.5011773 down ENSTO0000311764 ENSG00000175213 ZNF408 protein_coding
1.5034306 down ENST00000302287 ENSG00000170419 VSTM2A protein_coding
1.5068701 down ENSTO0000357726 ENSG00000116726 PRAMEF12 protein_coding
1.5094658 down ENST00000231188 ENSG00000113262 GRMé6 protein_coding
1.5099763 down ENSTO0000373044 ENSG00000196449 YRDC protein_coding
1.5119604 down ENSTO0000380739 ENSG00000021355 SERPINB1 protein_coding
1.5173339 down ENSTO0000368009 ENSG00000158793 NIT1 protein_coding
1.5189563 down ENSTO0000511217 ENSG00000156463 SH3RF2 protein_coding
1.5260833 down ENST00000222250 ENSG00000105643 ARRDC2 protein_coding

TABLE 5 Primer sequence of upregulated IncRNAs to be verified
Primer(F) Sequence (5’ to 3') Primer (R) Sequence (5’ to 3’)
LINC00452-F TGTGAGTGACCAGTGCATCC LINC00452-R GCTGCCCATTCCCTTACCTT
AC137932.1-F AGGAGACACAGGCCACGATA AC137932.1-R TTCCATGAGCTGTAACCGCC
ZBED5-AS1-F CTCAAACTTCACTAGCCCCGT ZBED5-AS1-R GAATGGGATGGGAGGACACA
AL118505.1-F GACTGGAAGCCCAATTGGTAGA AL118505.1-R GGTCCACACACATGCGTCA
FMN1-F GCTCAGTCGATCCTGACCTG FMN1-R GGGTCCCTAGCTTCCTTTCAC
AL109811.2-F TCGTCCAGAATCCATCAGCC AL109811.2-R ACCTCTATGTCCCACTGATGC
CATG00000040683.1-F TTCATGATTCCCCCAGGTGC CATG00000040683.1-R GGTGATTCCTAACGGGCACA
782244.2-F CTCCCCGCACCACTGTTTTA 782244.2-R ACAGATGCCCCTCCATTTGA
AC016747.1-F CGGGACAGAAAAGCCTGAGAT AC016747.1-R GAGTGCGGAAACATGACTGG
LINCO1363-F GGATGCTAGCAGTACCCAGG LINCO1363-R CTGTTGGTAGTCATGGGCCT
LINCO1798-F AGACTGGGAGACCCAAACCA LINCO1798-R CTGAAGAATCCCAAAGCCGC

CATG00000040683.1 (p<0.05), Z82244.2 (p = 0.014), (A549, PC9, HCCB827, and H1299) and BEAS-2B cells using RT-qPCR.

AC016747.1 (p = 0.037), LINC01363 (p = 0.014), and LINC01798
(p = 0.037) (Figure 5A).

3.7 | Verification of IncRNA ZBEDS5-
AS1 expression

Notably, IncRNA ZBED5-AS1 was significantly upregulated in ma-
lignant pleural exosomes by up to three times compared with be-
nign pleural exosomes (Figure 5A). Subsequently, we detected the
relative expression of IncRNA ZBED5-AS1 in four LUAD cell lines

The results showed that the expression of IncRNA ZBED5-AS1 in
LUAD cells was higher than that of BEAS-2B cells (Figure 5B). In ad-
dition, we detected the expression of ZBED5-AS1 in the exosomes
of LUAD cells and found that the expression in PC9 cell-secreted
exosomes was the highest, and the expression in A549 and H1299
cell-secreted exosomes decreased successively. However, the ex-
pression of ZBED5-AS1 in exosomes secreted by HCC827 cells was
not statistically significant compared with that in BEAS-2B cells
(Figure 5C). In addition, we examined IncRNA ZBED5-AS1 expres-
sion in LUAD via RT-gPCR and discovered that IncRNA ZBED5-AS1
was expressed significantly higher in 53 LUAD tissues compared
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FIGURE 3 GO enrichment analysis of DEGs. (A) BPs related to upregulated genes. (B) CCs related to upregulated genes. (C) MFs related
to upregulated genes. (D) BPs related to downregulated genes. (E) CCs related to downregulated genes. (F) MFs related to downregulated

genes.



10 of 14 W HUANG ET AL.
( A) Sig pathway of DE gene (B) Sig pathway of DE gene
Vibrio cholerae infection [2 genes]
Glyoxylate and dicarboxylate metabolism [2 genes]
Parkinson disease 3 genes]
Cell adhesion molecules (CAMs) [3 genes] Rheumatoid arthritis I3 genes]
Cushing syndrome I3 genes]
Glycine, serine and threonine metabolism [2 genes]
Bile secretion [2 genes]
Gastric acid secretion Rapl signaling pathway [4 genes]
Proteoglycans in cancer 13 genes|
Adherens junction
Salivary secretion 2 genes]
0 0.5 1 15 0 0.5 1 15 2
EnrichmentScore (-logl0(Pvalue)) EnrichmentScore (-logl0(Pvalue))
Sig pathway of DE gene Sig pathway of DE gene
Vibrio cholerae infection -
Rheumatoid arthritis - [ ]
Salivary secretion=  *
Pvalue Pvalue
Proteoglycans in cancer - [ ) Rap1 signaling pathway - [ ] 004
0.04
0.03
0.03
Parkinson disease - [ ) 0.02
0.02 0.01
Glyoxylate and dicarboxylate metabolism -
SelectionCol SelectionCounts
Gastic acid secretion - . . 200 .20
® 225 ® 25
@ 250 @ 30
Cushing syndrome - ( ] @275 Glycine, serine and threonine metabolism - @35
@0 @0
Cell adhesion molecules (CAMs) - o
Adherens junction-  ®
Bile secretion -
13 14 15 16 17 18 15

EnrichmentScore (-log10(Pvalue))

19
EnrichmentScore (-log10(Pvalue))

FIGURE 4 KEGG pathway analysis of DEGs. (A) Significantly upregulated genes. (B) Downregulated genes. (C and D) KEGG pathway
enrichment dot plot of the significantly (C) upregulated genes and (D) downregulated genes.

with their counterparts (Figure 5D). The IncRNA ZBED5-AS1 is ex-
pected to be a new biomarker for the diagnosis and treatment of
patients with LUAD.

3.8 | The effect of ZBED5-AS1 on the function of
LUAD cells

To further understand the effect of ZBED5-AS1 on LUAD cell
function, we selected HCC827, A549, and H1299 lines for lentivi-
ral transfection. HCC827 was transfected with oe-ZBED5-AS1 for
ZBED5-AS1 overexpression, whereas A549 and H1299 were trans-
fected with si-ZBED5-AS1 for knockdown. Transfection efficiency
was verified using RT-qPCR and GFP expression (Figure 6A,B) at 72h
after transfection, which indicated successful transfection. In addi-
tion, we confirmed that the oe-ZBED5-AS1 group significantly pro-
moted the proliferation (Figure 6C), invasion, migration (Figure 6D),
and colony formation (Figure 6E) ability of HCC827 cells compared
with the oe-vector group. However, in A549 and H1299 cells,

si-ZBED5-AS1 had an inhibitory effect on these abilities compared
with the si-vector (Figure 6C-E).

4 | DISCUSSION
Lung cancer is the most common cause of MBP, and the presence
of MBP indicates that the tumor has spread or has progressed to an
advanced stage.?® Tumor-derived exosomes are involved in trans-
ducing intercellular information and promoting the growth and me-
tastasis of tumor cells.?® Studies have shown that human body fluid
exosomes contain IncRNA, which can be used as a biomarker to di-
agnose cancer and predict prognosis.27

In this study, we extracted exosomes and RNAs from BPE and
MPE and used gene microassay to detect DEGs. The results showed
that among the differentially expressed IncRNAs in BPE and MPE
exosomes, 177 were upregulated, and 215 were downregulated,
and for the mRNAs, 79 were upregulated and 123 were significantly
downregulated.
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Based on GO and KEGG pathways, which cluster functional
genes into different biological processes, efficient clustering of
functional genes can help to address complex issues.?® The top three
GO terms that derive the optimal feature set among the upregulated

» o«

DEGs are! BPs: “cellular response to acidic pH, cartilage morpho-

genesis,” and “response to potassium ion”;? CCs: “endoplasmic retic-

n o«

ulum part,” “endoplasmic reticulum membrane,” and “endoplasmic
reticulum subcompartment”; and® MFs: “at DNA binding,” “cyclase
activity,” and “ion antiporter activity.” Thus, the endoplasmic retic-
ulum plays a major role in cell function, and Li et al. have verified
the necessity of subcellular localization in the study.?’ Furthermore,
Hu et al. summarized the regulatory network of intracellular Ca*
homeostasis centered on the endoplasmic reticulum and highlight
antitumor therapeutic strategies based on the regulation of Ca*

homeostasis.>°

Eight KEGG pathways, including V. cholerae infection, Parkinson's
disease, CAMs, Cushing's syndrome, bile secretion, gastric acid se-
cretion, proteoglycans in cancer, and salivary secretion, were associ-
ated with upregulated DEGs in MPE. Exosomes may offer a potential
pathway for the spread of pathogenic a-synuclein throughout the
brain, according to recent reviews. Exosomes can transfer proteins
and genetic material between cells, including mMRNAs and miRNAs
linked to pathology of Parkinson's disease, which is crucial for under-
standing how exosomes contribute to the development of certain
diseases.®! Adhesion molecules operate as mediators for interac-
tions with the extracellular matrix and other cells in the microen-
vironment. These interactions between cells and the matrix control
cell proliferation, differentiation, survival, and migration because of
the connection between cell adhesion receptors and signal trans-

duction pathways. As a result, immune evasion and metastasis are
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FIGURE 6 Verification of the cellular functional role of ZBED5-AS1. (A, B) Lentivirus-mediated ZBED5-AS1 overexpression in HCC827
cells examined by RT-qPCR and GFP expression map. (C) Absorbance of cells at 450 nm after ZBED5-AS1 overexpression or knockdown in
HCC827, A549, and H1299 cells. (D, E) Cell invasion and migration were detected by transwell assays after ZBED5-AS1 overexpression or
knockdown in HCC827, A549, and H1299 cells. (F) Colony-forming ability of ZBED5-AS1 after overexpression or knockdown in HCC827,

A549, and H1299 cells. *p <0.05, **p<0.01, ***p <0.001, ****p < 0.0001.

directly impacted by changes in the expression of CAMs and their
Iigands.32'33 In a hepatocellular carcinoma study, NRAS, ITGAS5,
SEC14L2, SLC12A5, and SMAD2 were identified as prognostic
factors that may affect patients through proteoglycans in cancer
pathways.®*

We extracted exosomal RNA from BPE and MPE and iden-
tified 11 IncRNAs with the highest expression in the mi-

croarray results when analyzed using RT-gPCR, including
LINC00452, AC137932.1, ZBED5-AS1, AL118505.1, FMN1,
AL109811.2, CATGO00000040683.1, Z82244.2, AC016747.1,

LINC01363, and LINC01798. The RT-qPCR results of most can-
didate IncRNAs were found to be correlated with the gene microas-
say results.

Tissue mechanics and metabolism is known to influence pro-
liferation as well as migration and invasion, making them defining
hallmarks of cancer. The majority of tumor factors exacerbate malig-
nancies by promoting the growth, invasion, and migration of cancer
cells.> A recent study showed that through suppressing miR-188-5p,
the IncRNA DARS-AS1 contributed to boosting LUAD proliferation,
invasion, and migration. In addition, KLF12 was a downstream target
of miR-188-5p as a result of research on DARS-AS1/miR-188-5p, and
this regulatory pathway was identified as DARS-AS1/miR-188-5p/
KLF12.%¢ Moreover, WNT5A controls cell invasion and migration via
bidirectionally regulating the epithelial-mesenchymal transition of
mammary epithelial cells.®”

To confirm that ZBED5-AS1 can facilitate LUAD cell proliferation,
migration, and invasion in vitro, we created lentivirus knockdown
and overexpression cell lines. RT-gPCR results showed that IncRNA
ZBED5-AS1 was highly expressed in LUAD cells, tissues, and benign
and malignant pleural fluid exosomes. In addition, we performed len-
tiviral transfection of LUAD cells to study the effect of ZBED5-AS1
on cell function, and the results showed that ZBED5-AS1 overex-
pression could significantly promote the proliferation, colony forma-
tion, migration, and invasion ability of LUAD cells, while knockdown
had the opposite effect. Therefore, it is suggested that exosomal
ZBED5-AS1 plays an important role in the development of LUAD,
and its mechanism needs to be further studied.

5 | CONCLUSIONS

This study revealed the differential expression profiles of IncRNAs
and mRNAs in exosomes of MPE and BPE, suggesting that exosomal
IncRNA ZBEDS5-AS1 is a non-invasive biomarker for MPE in LUAD.
Although there are no clear findings addressing the precise role of
ZBEDS5-AS1 in malignancies, preliminary validation from previous work
has led us to assume it is a promising potential biomarker in LUAD.
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