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Mechanism of tumor-derived extracellular vesicles in regulating
renal cell carcinoma progression by the delivery of MALAT1
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Abstract. Renal cell carcinoma (RCC) is a major healthcare
burden globally. Tumor-derived extracellular vesicles (EVs)
contribute to the formation of a pro-metastatic microenviron-
ment. In the present study, we explored the role and mechanism
of RCC cell 786-0O-derived EVs (786-0O-EVs) in RCC. First,
786-0-EVs were extracted and identified, and EV internaliza-
tion of RCC cells was observed. RCC cell malignant behaviors
and long noncoding RNA (IncRNA) metastasis-associated
lung adenocarcinoma transcript 1 (MALATI) expression
patterns were detected before and after 786-O-EV treatment.
MALAT1 was intervened to evaluate RCC cell behaviors. The
downstream mechanism involving MALAT1 was predicted.
In addition, the relationship among MALATI, transcription
factor CP2 like 1 (TFCP2L1) and ETS proto-oncogene 1,
transcription factor (ETS1) was analyzed. TFCP2L1 expres-
sion patterns were measured after 786-O-EV exposure. Tumor
xenograft formation assay and lung metastasis model were
adopted to verify the role of 786-O-EVs in vivo in RCC. It
was found that 786-O-EVs could be internalized by RCC cells.
786-0-EVs promoted RCC cell malignant behaviors, accompa-
nied by elevated MALAT]1 expression levels. The 786-O-EVs
with MALAT]1 knockdown attenuated the promotive effect of
sole 786-O-EVs on RCC cells. MALATI located ETSI in the
TFCP2L1 promoter and negatively regulated TFCP2L1, and
ETSI protein could specifically bind to MALAT]I. 786-O-EVs
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enhanced the binding of ETSI1 and the TFCP2L1 promoter and
decreased TFCP2L1 expression. In vivo, 786-O-EVs promoted
tumor growth and RCC lung metastasis, which was suppressed
following inhibition of MALATI. Our findings indicated that
786-0-EVs promoted RCC invasion and metastasis by trans-
porting MALATI to promote the binding of transcription
factor ETS1 and TFCP2L1 promoter.

Introduction

Renal cell carcinoma (RCC) is regarded as one of the most
common malignancies of the genitourinary system, with an
increasing incidence rate in the United States (1). RCC is
generally rare in children and young adults as it primarily
manifested in the elderly (2,3). Some of the contributing factors
of RCC include hypertension, smoking, familial syndromes,
with an unhealthy lifestyle and dietary habits (4). RCC has
multiple subtypes, with clear cell RCC (ccRCC) as the most
prevalent type with 85% proportion among other subtypes (5).
Chest metastasis is a frequent finding in RCC, however lung
metastasis is the most common form of distant metastasis (6).
Additionally, RCC is habitually asymptomatic until the diag-
nosis of metastasis by medical intervention. With expanding
alternative treatment options, surgical intervention persists as
the gold standard for the treatment of RCC (7,8). Therefore, we
sought to explore new and reliable protocols for RCC therapy.

Extracellular vesicles (EVs), fundamentally recognized as
the nanoscale tools composed of exosomes and microvesicles
for intrinsic intercellular communication, are active contribu-
tors in diverse physiological processes, including regulation
of tumor development (9). A recent study ascertained the vital
functionality of EVs in RCC initiation and progression (10).
Tumor-derived EVs are the focus of increased research due
to their ability to facilitate tumorigenesis and thus are being
adopted as promising markers for tumor treatment, including
RCC (11,12).

Furthermore, the role of EVs in mediating cell-to-cell
communication and facilitating tumorigenesis is achieved
via transfer of multiple RNAs, including long noncoding
RNAs (IncRNAs) (13). Accumulating evidence has validated
IncRNAs as crucial in regulating diverse cancers, including
RCC (14,15). Metastasis-associated lung adenocarcinoma
transcript 1 (MALAT]1) has been validated as a potent marker
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for multiple human cancers accounting for its abnormal upreg-
ulation as an indicator of aggravated pathological alterations
in cancerous organs (16). MALATI shows an aberrantly high
expression and promotes cell malignant biological behaviors
in RCC (17). Furthermore, as previously evidenced, MALAT1
can be diffused by the epithelial ovarian cancer cell-secreted
exosomes to the target recipient cells to promote cancer angio-
genesis (18). However, the mutual action of tumor-derived EVs
and MALATI in RCC has not yet been explored.

Therefore, we hypothesized that tumor-derived EVs may
play a role in RCC with the involvement of IncRNA MALAT]I.
Consequently, we performed an array of histological and
molecular experiments to identify the interaction between
RCC cell-derived EVs and MALATI, and to explore the rela-
tive regulatory mechanism, in an attempt to identify novel
therapies against RCC.

Materials and methods

Extraction and identification of EVs. 786-0 cells [American
Type Culture Collection (ATCC)] underwent a 72-h culture
using Dulbecco's modified Eagle's medium (DMEM)
containing 10% EV-free fetal bovine serum (FBS) (Thermo
Fisher Scientific, Inc.) and 1% penicillin streptomycin. The
supernatant was collected and subjected to 5-min (at 1,100 x g)
and then 30-min (at 40,000 x g) centrifugation regimens to
eliminate the cells and cellular debris, and large vesicles,respec-
tively. After filtration of the supernatant using a 0.2-um filter
and centrifugation (at 1,000,000 x g) for 2 h, the EVs underwent
a phosphate-buffered saline (PBS) rinse and a 2-h regimen
of centrifugation (at 100,000 x g), followed by resuspension
in PBS. An EV isolation reagent (Thermo Fisher Scientific,
Inc.) was used for EV isolation. Nanoparticle tracking analysis
(NTA) was applied for EV analysis using the NanoSight NS300
(Malvern Panalytical Co., Ltd.). The obtained EVs were allo-
cated into the EV group and the blank group [supplemented
with 1 uM GW4869 (MedChemExpress Co., Ltd.)] (19).
The small-interfering (si)-MALATI-1, si-MALATI-2 and
si-negative control (NC) (Shanghai GenePharma Co., Ltd.)
were transfected into the 786-O cells, respectively, using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc)) to attain a final transfection concentration of 50 nM. The
EVs (EVs/si-MALATI-1, EVs/si-MALATI1-2 and EVs/si-NC)
were extracted respectively by ultracentrifugation and identi-
fied with the preceding protocol. The morphology of the EVs
was observed under transmission electron microscopy (TEM).
The protein determination by the bicinchoninic acid (BCA)
method was performed on all the aforementioned EVs and the
result was 2.2 mg/ml. Subsequent experiments were conducted
using the protein concentration as the concentration of EVs.
Bioinformatics analysis. The IncDisease database
(http://www.cuilab.cn/Incrnadisease) was applied to search for
IncRNAs associated with RCC. The expression of the candi-
date IncRNAs in the tumor-EVs was searched through the
exoRBase database (http://www.exorbase.org/). The IncMAP
database (http://bio-bigdata.hrbmu.edu.cn/LncMAP/) was
used to predict the downstream regulatory transcription
factors in kidney renal clear cell carcinoma (KIRC) and
kidney renal papillary cell carcinoma (KIRP). Next, the
genes related to RCC were searched through the DisGeNET

database (https://www.disgenet.org/). Gene interaction
network diagram was constructed using the STRING database
(https://string-db.org/) and Cytoscape V3.7.1 software (www.
cytoscape.org). RCC microarray GSE16441 (20) including
17 normal samples and 17 RCC samples was obtained from
the GEO database (https://www.ncbi.nlm.nih.gov/geo/). With
the normal samples as the control, the R language ‘limma’
package (21) was applied for differential analysis. TheP-value
was corrected using the false discovery rate (FDR) method, and
llogFCI>2 and FDR <0.05 were used as the screening criteria
for the differentially expressed genes. JASPAR database
(http://jaspar.genereg.net/) was used to predict the E26 trans-
formation specific-1 (ETS1) downstream regulatory genes, and
to obtain the existing binding site between transcription factor
CP2-like 1 (TFCP2L1) promoter and ETSI.

Cell culture and grouping. RCC cell lines A498 and ACHN
supplied by ATCC were cultured in minimal essential
medium (MEM; Gibco Co.; Thermo Fisher Scientific, Inc.)
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) in an
incubator at 37°C under saturated conditions with 5% CO,.
The A498 and ACHN cells were co-cultured with 10 ug/ml
of the above-mentioned 786-O-EVs (22) for 24 h, grouped and
named similarly as the aforementioned EVs.

PKH26 fluorescence labeling. The 786-O-EVs were labeled
by a PKH26 red fluorescence labeling kit (Sigma-Aldrich;
Merck KGaA) in compliance with the provided instructions.
Briefly, the EVs underwent a 4-min incubation regimen with
the PKH26 dye, which was terminated by the addition of
EV-free FBS. The EVs were rinsed three times and the excess
PKH26 dye was removed with an Amicon Ultra-4 (100-kDa,
Merck Millipore Corp.), followed by a 4-h incubation regimen
with the RCC cells. The internalization of EVs by RCC cells
was observed under confocal microscopy.

Quantitative real-time polymerase chain reaction (qPCR).
The total RNA content from the cells in each group was
extracted using the TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.), and the RNA concentration was determined
using a NanoDrop 2000 (Thermo Fisher Scientific, Inc.). The
PrimeScript RT reagent kit and gDNA Eraser kit (Takara Bio
Inc.) were used to transcribe the total RNA (1 mg) content into
cDNA. Genomic DNA termination was induced by the addition
of 5X DNA Eraser buffer and gDNA Eraser at 42°C for 2 min.
Next, the cDNA was synthesized with the reaction condition as
37°C for 15 min and 85°C for 5 sec. Next, JPCR was conducted
using a SYBR Premix Ex Taq (Tli RNaseH Plus) kit (Takara)
on a ABI 7500 real-time PCR instrument (Thermo Fisher
Scientific, Inc.). Data of each gene were analyzed based on the
2444 method (23). The primer sequences are listed in Table 1.

Western blot analysis (WB). The total protein content was
extracted from cells in each group, and the protein concentra-
tion was measured using a BCA kit (Thermo Fisher Scientific,
Inc.). Total proteins (30 mg) underwent 35-min (at 80 V) and
45-min (at 120 V) polyacrylamide gel electrophoresis succes-
sively. Next, the proteins were loaded onto polyvinylidene
fluoride membranes (Amersham Pharmacia), blocked for
1 h using 5% skim milk, and probed with the corresponding
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Table I. Primer sequences for qPCR.

Gene Primer

MALATI F: 5'-GGGGCAGTAGTGTAGAGA-3'
R: 5-CAGTGCGTGTCGTGGAGT-3'
U6 F: 5'-CTCGCTTCGGCAGCACA-3'

R: 5-GTGTCGTGGAGTCGGCAA-3'

TFCP2LI F: 5-AGGTGCTGACCTCCTGAAGA-3'
R: 5-GTTTTGCTCCAGCTCCTGAC-3'

ETSI F: 5-CATGCTTTTCGTTTGACACCC-3'
R: 5-CTTTGCTTCCACCCGCCCCCC-3'

GAPDH F: 5'-ACCAGGTATCTGCTGGTTG-3'

R: 5-TAACCATGATGTCAGCGTGGT-3'

F, forward; R, reverse; MALAT], metastasis-associated lung adeno-
carcinoma transcript 1; TFCP2LI, transcription factor CP2 like 1;
ETS1, ETS proto-oncogene 1; GAPDH, glyceraldehyde 3-phosphate
dehydrogenase.

primary antibodies [cluster of differentiation (CD)63 (dilution
1:1,000, ab134045), CD81 (dilution 1:1,000, ab109201) and
TFCP2L1 (dilution 1:1,000, ab140197) (all from Abcam Inc.)]
at 4°C. Following 3 rinses (10 min each) with PBS and 0.1%
Tween-20 (PBST), the membranes underwent a 1-h incuba-
tion regimen with the horseradish peroxidase-labeled goat
anti-rabbit immunoglobulin G (IgG) H&L (dilution 1:2,000,
ab205718; Abcam Inc.), and rinsed 3 times with PBST (10 min
each). An optical illuminator (General Electric) was utilized
for membrane visualization. Image-Pro Plus 6.0 (Media
Cybernetics) was applied for protein band gray value analysis.

Cell Counting Kit-8 (CCK-8) assay. RCC cell prolifera-
tion was detected using the CCK-8 kit (Dojindo Molecular
Technologies) in strict accordance with the provided instruc-
tions. RCC cells were seeded into 96-well plates and each
well was supplemented with EVs based on cell grouping and
incubation for 24 h. Then approximately 10 1 CCK-8 reagent
was added to each well for a 2-h regimen of incubation at
37°C. The optical density (OD) at the wavelength of 490 nm
was determined using a microplate reader (Thermo Fisher
Scientific, Inc.). Relative cell viability of each group was
determined.

Transwell assays. RCC cell invasion was assessed according
to the passage of the number of transfected cells through
Transwell chambers (8-micron chamber; Corning Inc., Life
Sciences). The Transwell chambers were pre-coated with
100 ul Matrigel (BD Biosciences) at 37°C for 5 h until gelling
was visible. Next, 1x10° A498 and ACHN cells that underwent
a 24-h starvation in 500 ul serum-free MEM medium were
seeded in the apical chamber, respectively (3 technical repli-
cates for each group). The basolateral chamber was filled with
700 ul MEM with 10% FBS. Following a 48-h incubation at
37°C, Matrigel and non-invaded cells were removed from the
upper surface of the filters. Cells that adhered to the lower
surface of filters were fixed using 4% paraformaldehyde and
stained with crystal violet. Finally, the cells were counted and

photographed using a Nikon digital camera (magnification,
x100). Three independent experiments were repeatedly set.
The method for the migration experiment was the same as that
of the invasion experiment, without utilization of Matrigel.

Immunofluorescence. The cells were seeded on 24-well plates
and received different treatments. Next, the cells were fixed
for 15 min in 4% paraformaldehyde, permeated for 10 min
with PBS containing 0.1% Triton X-100, and sealed for 30 min
using the 3% plasma blocking solution (all performed at room
temperature). Subsequently, the cells were subjected to over-
night incubation at 4°C with the diluted primary antibodies
E-cadherin (dilution 1/200, ab1416, Abcam) and N-cadherin
(dilution 1/200, ab76057, Abcam), followed by a 1-h incuba-
tion regimen with the secondary antibody goat anti-mouse I1gG
H&L (Alexa Fluor® 488) (dilution 1/200, ab150117, Abcam)
in conditions devoid of light at room temperature. Finally,
4'6-diamidino-2-phenylindole (DAPI) was added for nuclear
staining. After resting at room temperature for 1 min, the cells
were observed under a fluorescence microscope (Olympus
Optical Co., Ltd.).

Fluorescence in situ hybridization (FISH). MALAT] subcel-
lular localization was observed using FISH assay in strict
accordance with the provided instructions of the Ribo™
IncRNA FISH Probe Mix (Red) (C10920, RiboBio Co., Ltd.).
The cells (6x10* cells/well) were seeded into 24-well plates.
Upon achieving 60-70% confluence, the cells were fixed
using 4% paraformaldehyde, rinsed and permeabilized. The
plates were sealed using the pre-hybridization solution. After
elimination of the pre-hybridization solution, the cells were
subjected to overnight hybridization at 37°C using the probe
hybridization solution supplemented with anti-MALATI1
nucleotide (Wuhan Genecreate Bioengineering Co., Ltd.) in
conditions devoid of light. Next, the cells were eluted, stained
with DAPI, rinsed, and fixed using nail polish for observation
under fluorescence microscopy (Olympus). Five different
fields were selected, and the cells in these fields were observed
and documented.

Dual-luciferase reporter gene assay. To explore the effect
of MALAT1 on TFCP2L1 promoter activity, overexpressed
(0e)-NC,o0e-MALAT1,shorthairpin (sh)-NC,and sh-MALATI
were co-transfected with the TFCP2L1-2 kb luciferase reporter
plasmid respectively into 293T cells. After 48 h of transfec-
tion, the cells were collected and lysed. The dual-luciferase
reporter gene assay was performed using a luciferase assay
kit (K801-200, BioVision Inc.) and a dual-luciferase reporter
gene analysis system (Promega Corp.). Renilla luciferase
was adopted for internal reference. The activation degree of
the target reporter gene was measured using the ratio of the
relative unit of firefly luciferase to that of Renilla luciferase.

RNA immunoprecipitation (RIP). A RIP kit (Millipore Corp.)
was utilized to assess the binding of MALATI to the ETS1
protein. The cells were lysed in an ice bath, and then subjected
to centrifugation. Next, the supernatant was collected. The
cell extract was incubated with the corresponding antibody for
co-precipitation. Following a rinse and re-suspension in RIP
wash buffer, the magnetic beads were supplemented with the
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appropriate antibody for binding. After a rinse, the magnetic
bead-antibody complex was resuspended in RIP wash buffer,
incubated overnight at 4°C with the cell extract, and harvested.
The RNA content was extracted from the sample for subse-
quent PCR detection after detachment with proteinase K. The
antibody used above was ETS1 (dilution 1:200, ab225868,
Abcam), with IgG (dilution 1:100, ab172730, Abcam) as the
control.

RNA pull-down. Biotinylated RNA sequence probe in the
TFCP2L1 promoter region and its negative control (NC) probe
were dissolved in washing/binding buffer at room tempera-
ture and incubated with the streptavidin-coupled magnetic
beads for 2 h. Then, the cell lysate was added and incubated
for 2 h. The protein complex conjugated to magnetic beads
was washed. ETSI content in the complex was determined by
western blot analysis.

Ethics statement. The experimental procedures were approved
by the Ethics Committee of The Second Affiliated Hospital of
Harbin Medical University. Significant efforts were made in
order to minimize both the number of animals used as well as
their respective suffering.

Subcutaneous tumorigenesis in mice and lung metastasis
model establishment. A total of 48 BALB/C nude mice (male,
aged 4 weeks, weighing 15-18 g; 6 each per group) used for
animal experiments and xenograft collection were supplied
by Beijing Wantai BioPharm Co., Ltd. [Beijing, China;
SYXK (Jing) 2017-0041]. Each nude mouse was housed
in a separate cage and provided with free access to food
and water. All mice were fed with clean grade maintenance
feed and kept at a temperature of 26-28°C and humidity at
40-60% with 10/14 h light/dark cycle. The nude mice were
subcutaneously injected with the 786-O cell suspension
(5x10° cells), and treated with the blank, EVs, EVs/si-NC
or EVs/si-MALATI1-1 (20 nM) using Entranster™-in vivo
Transfection Reagent (Engreen Biosystem Co., Ltd.) after
acquiring a tumor volume greater than 100 mm?® (n=6) in
each nude mouse. Xenografts were determined weekly. The
nude mice were euthanized via intraperitoneal injection
of 800 mg/kg pentobarbital sodium after 5 weeks and the
tumor was dissected and weighed. The Ki67-positive rate
was observed and counted.

The grouping of the lung metastasis model was the same as
the subcutaneous tumorigenesis. Then, 6 nude mice from each
group were injected with the ACHN cells (2x10° cells) via tail
vein. After 42 days, the mice were euthanized by an intraperi-
toneal injection with 800 mg/kg pentobarbital sodium. The
lung tissues were extracted and stained using hematoxylin and
eosin (H&E) (JRDUN Biotechnology Co., Ltd.).

Histological analysis

Immunohistochemical analysis. The removed tumor sample
was fixed using 4% paraformaldehyde and embedded in
paraffin, which was then sectioned, dewaxed, and hydrated
independently. The Ki67 antibody (dilution 1:500, ab15580,
Abcam) was used for immunohistochemical staining.
The Ki67-positive rate was observed and counted under a
microscope (BX53M, Olympus; magnification, x200).

48 H&E staining. The extracted lung tissue was fixed using
4% paraformaldehyde and embedded in paraffin. Then, the
tissue was sectioned, dewaxed and hydrated independently.
The sections were stained using the hematoxylin solution
for 10 min and decolorized in 70 and 90% ethanol after a
rinse with distilled water. Subsequently, the sections were
stained with the eosin solution for 2-3 min, dehydrated with
pure ethanol, cleared with xylene, sealed with neutral gum
and then observed under a microscope (BX53M, Olympus;
magnification, x200).

Statistical analysis. SPSS 21.0 (IBM Corp.) software was
used for data analysis. The experimental data were in normal
distribution as verified by Kolmogorov-Smirnov test, and
expressed as mean + standard deviation. Comparison between
two groups was conducted with the independent sample t-test.
The comparison among groups was analyzed using one-way
analysis of variance (ANOVA), followed by the Tukey's
multiple comparisons test. The P-value was obtained from a
two-sided test and a value of P<0.05 was indicative of statistical
significance.

Results

786-0-EVs were successfully extracted. After a 48-h culture
regimen of 786-0 cells in EV-free FBS, the EVs were sepa-
rated by ultracentrifugation. NTA confirmed the size of the
EVs as ranging between 30-150 nm (Fig. 1A). Consistently,
TEM revealed that the EVs were oval with a diameter of about
100 nm (Fig. 1B). Next, according to the WB results, the EV
symbolic markers (CD63 and CD81) were positively expressed
in the 786-O-EVs (Fig. 1C). From the aforementioned findings,
the separated granules were identified as EVs.

786-0-EVs promote RCC cell invasion and migration. An
existing study reported that the tumor-derived EVs elicit nega-
tive effects on habitual cellular functions (24). Therefore, we
speculated that RCC cell-derived EVs may have similar effects
on the biological behaviors of RCC cells. To ascertain this
speculation, we labeled the EVs with PKH?26 red fluorescence
dye after which these EVs were co-cultured (10 pg/1x10° cells)
with the A498 and ACHN cells for 48 h. Under fluorescence
microscopy the A498 and ACHN cells elicited red fluorescence
in their cytoplasm (Fig. 2A), indicating the internalization of
786-0-EVs by the RCC cells. Next, the A498 and ACHN cell
viability was investigated to explore the effect of 786-O-EVs
on A498 and ACHN cell functions. CCK-8 assay verified that
the A498 and ACHN cell viability increased significantly
after treatment with the 786-O-EVs (Fig. 2B) (both P<0.05).
Meanwhile, Transwell assays revealed that 786-O-EV treat-
ment significantly increased A498 and ACHN cell migration
and invasion (Fig. 2C) (all P<0.05). Next, the A498 and ACHN
cell epithelial mesenchymal transition (EMT) was detected
by immunofluorescence, which was evidently promoted after
786-0O-EV treatment (Fig. 2D). Briefly, 786-O-EVs promoted
RCC cell invasion and metastasis.

786-0-EVs are the communication mechanism of MALATI
in RCC. From the preceding results, it is evident that the
786-0-EVs promoted RCC cell invasion and metastasis. To
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explore the underlying mechanism, we referred to previous
studies. For instance, EVs were found to release and carry
IncRNAs into the target cells to manipulate cellular func-
tions (25). MALATI1 was also found to promote RCC cell
malignant biological behaviors (26). Therefore, we searched
RCC-related IncRNAs through the IncDisease database
(http://www.cuilab.cn/Incrnadisease), and found the involve-
ment of IncRNAs such as MALAT]1 in the regulation of RCC
(Table SI). Furthermore, the expression of these candidate
IncRNAs in the EVs was searched through the exoRBase data-
base (http:/www.exorbase.org/) (Fig. 3A), which revealed that
MALATI1 was expressed in various tumor-EVs, suggesting
that MALATI1 may also exist in RCC cell-derived EVs.
Hence, we speculated that 786-O-EVs carried MALATI1 and
perhaps were internalized by the A498 and ACHN cells, thus
inducing RCC cell malignant biological behaviors. MALAT1
expression pattern in the A498, ACHN and 786-0O cells was
determined by qPCR with no distinctive difference indicated
by the results. Subsequently, the MALAT1 expression pattern
in the A498 and ACHN cells before and after EV treatment
was initially detected, which revealed a significant increase
after EV treatment (Fig. 3B) (both P<0.01). RNase treatment
did not affect the MALAT]1 expression pattern in the culture
medium of ACHN and A498 cells; while RNase and Triton
X-100 treatment showed a significant decreased MALAT1
expression pattern in the culture medium of ACHN and
A498 cells (Fig. 3C) (all P<0.01). These results indicated that
MALAT1 was membrane-encapsulated over direct release.

786-0-EVs promote RCC cell invasion and migration via
transferring MALATI. From the preceding results, we estab-
lished that 786-O-EVs were the communication medium of
MALATI1 between RCC cells. To further validate the mecha-
nism, we silenced the MALAT]1 expression pattern in 786-O
cells, and then extracted the EVs (EVs/si-MALATI1-1/2). We
found that the MALAT]1 expression pattern in the 786-O-EVs
was significantly decreased after inhibition of MALAT1 in the
786-0 cells (Fig. 4A and B). Similar reduction in the MALAT1
expression pattern was evident in RCC cells treated with
786-0-EVs after treatment with EVs/si-MALAT1-1/2 (Fig. 4C)
(all P<0.01). In addition, the biological behavior changes of
cells in each group were evaluated. EVs/si-MALATI1-1/2
weakened the explicit effect of simple 786-O-EVs on RCC
cell viability, invasion and migration and EMT capacity
(Fig. 4D-F) (all P<0.01). Collectively, 786-O-EVs transferred
MALAT! to induce RCC cell vitality, invasion and migration
and EMT.

786-0-EVs carry MALATI to regulate transcription factor
ETS1 and reduce TFCP2LI activity. For a comprehensive
understanding of the regulatory mechanism of MALATI, we
predicted the downstream regulatory transcription factors of
MALATI in KIRC and KIRP through the IncMAP database
(Table SII). Intersection of the predicted transcription factors
in the two diseases was evidently intersected (Fig. 5A), from
which four candidate transcription factors were chosen.
Subsequently, the genes relevant to RCC were retrieved
through the DisGeNET database (https:/www.disgenet.org/)
(Table SIII), where the genes with scores higher than 0.3 were
selected for subsequent analyses. The interaction between the

retrieved known genes and the predicted four transcription
factors was analyzed, after which the gene interaction network
diagram was constructed (Fig. 5B). It was evident that ETS1
had the most interactions with known genes, suggesting the
superior vitality of ETSI relative to others. In a previous
work, ETSI1 served as an oncogene in RCC with intimate
relations with a low survival rate in a large number of RCC
samples (27). Meanwhile, a RCC microarray GSE16441 was
obtained through the GEO database (https:/www.ncbi.nlm.
nih.gov/geo/), where 406 differentially downregulated genes
were identified by differential analysis of the GSE16441 chip.
Concurrently, the ETS1 downstream regulatory factors were
predicted through the JASPAR database (http://jaspar.genereg.
net/), where the intersection between the downregulated genes
in the chip and JASPAR prediction results was engaged,
and five genes were identified to be present in the respective
intersection (Fig. 5C). Their differential expression levels in
the GSE16441 chip were further studied, where TFCP2L1
was regarded as the most notably downregulated gene
(Table II). As previously highlighted, TFCP2L1 is a critical
developmental transcription factor in normal kidney develop-
ment (28). Meanwhile, JASPAR database predicted a number
of binding sites between ETS1 and the TFCP2L1 promoter
(Table SIV). Therefore, we speculated that 786-O-EVs
transferred MALATI, to subsequently regulate the transcrip-
tion factor ETS1 to modulate TFCP2L1 expression, thereby
affecting RCC development.

Subsequently, FISH revealed nuclear subcellular local-
ization of MALAT] in the cell (Fig. 5D). Dual-luciferase
reporter gene assay verified that the MALATI overexpression
remarkably reduced the TFCP2L1 promoter activity, while
MALATI1 knockdown dramatically increased the TFCP2L1
promoter activity, indicating the negative regulatory effect of
MALATI on the TFCP2L1 gene expression pattern (Fig. SE)
(both P<0.01). Next, RIP was applied to further elucidate the
underlying mechanism of MALAT] to negatively regulate the
TFCP2L1 gene expression pattern, and we observed that ETS1
would bind to more MALAT] than IgG (Fig. 5F) (P<0.01),
indicating that the ETS1 protein could specifically bind to
MALATI.RNA pull-down showed that ETS1 could bind to the
TFCP2L1 promoter region (Fig. 5G). The binding of ETS1 and
the TFCP2L1 promoter in the A498 and ACHN cells treated
with EVs was enhanced whereas the binding of ETSI and
TFCP2L1 promoter was weakened after silencing of MALAT1
in EVs (Fig. 5SH). As shown by qPCR results, 786-O-EV treat-
ment significantly decreased the TFCP2L1 mRNA expression
pattern. Following knockdown of MALATT in the 786-0 cells,
the downregulation effect of EVs on TFCP2L1 was alleviated
(Fig. 5I). The above results indicated that IncRNA MALAT1
would bind to the transcription factor ETSI and identify the
fundamental complex in the sequence of TFCP2L1 promoter
to inhibit transcription. Namely, MALAT1 could specifically
bind to ETS1 and inhibit TFCP2L1 expression.

786-0-EVs promote RCC cell growth and metastasis in vivo
through MALATI. To confirm that 786-O-EVs promote RCC
cell invasion and migration through MALAT1 in vivo, we
conducted tumor xenograft formation assay, and measured
the tumor volume weekly for 5 weeks. We observed that
786-0O-EVs had notably promoted tumor growth in vivo
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Table II. Differential expression of candidate genes in the chip
GSE16441.

Symbol logFC P-value adj.P-value
TFCP2LI -5.698466882 6.02E-17 3.09E-14
ESRRB -2.343714182 4 .84E-12 3.05E-10
PLAGI -2.789086764 7.98E-12 4.73E-10
KLF5 -2.069653766 8.88E-10 2.59E-08
TP63 -2.593375572 1.91E-06 1.60E-05

TFCP2LI, transcription factor CP2 like 1; ESRRB, estrogen related
receptor 3; PLAGI, pleomorphic adenoma gene 1; KLF5, Kruppel
like factor 5; TP63, tumor protein p63.

(Fig. 6A). Five weeks after EV injection, the mice were eutha-
nized, and the xenografts were dissected and weighed. The
results revealed that 786-O-EV treatment apparently increased
the average tumor weight (Fig. 6B) (both P<0.01). In addition,
immunohistochemical staining revealed that the 786-O-EVs
resulted in noticeably increased Ki67-positive rates, while the
tumor growth-promoting effect of 786-O-EVs was weakened
after inhibition of MALAT]1 in the 786-0O cells (Fig. 6C) (both
P<0.01). Moreover, the lung metastasis model was established
via tail vein injection. According to H&E staining results, nude
mice exhibited increased lung tissue lesions after 786-O-EV
treatment, while the lung tissue lesions were reduced after
silencing of MALAT1 in the 786-0 cells (Fig. 6D). In conclu-
sion, 786-0O-EVs released MALATI1 to promote RCC cell
growth and metastasis in vivo.

Discussion

Renal cell carcinoma (RCC) ranks as the second most
prevalent cause of fatality associated with urinary tract
tumors, owing to its intricate diagnosis illustrated by several
asymptomatic characteristics (8). Research has solidified the
vital contributions of tumor-derived extracellular vesicles
(EVs) in facilitating tumor progression and metastasis via
promoting pre-metastatic niche preparation, which is induced
by their accommodating capacity of multiple molecules,
including IncRNAs (29). In this study, our findings confirmed
that 786-0O-EVs promoted RCC invasion and metastasis via
transport of metastasis-associated lung adenocarcinoma tran-
script 1 (MALATY) to facilitate the binding of transcription
factor ETS proto-oncogene 1, transcription factor (ETSI)
and transcription factor CP2 like 1 (TFCP2LI1) promoter and
downregulate TFCP2L1 (Fig. 7).

Tumor-derived EVs are vital modulators for intercellular
communication and essentially participate in promoting
primary tumor growth and metastasis (30). As elicited by
our results, after exposure to 786-O-EVs, the A498 and
ACHN cells showed evidently increased cell viability,
improved migration and invasion abilities, and promotion
of epithelial mesenchymal transition (EMT). Consistently,
an existing study flagged the significant contributions of
autologous cancer cell-secreted EVs in promotion of the
malignant behaviors of cancer cells (31). Tumor-derived EVs

induce cancer cell invasion and metastasis, and promote
EMT (32,33).

Research has extensively established the ability of
IncRNAs to be packaged into EVs and then transferred to the
recipient cells, possessing considerable aptitude for cancer
treatment (34). LncRNA MALATI has been indicated to serve
as an oncogenic mediator in RCC with an aberrant overexpres-
sion (35). Our study documented a notably elevated MALAT1
expression in A498 and ACHN cells after treatment of
786-0-EVs, which elicited a profound reduction after silencing
of MALAT!I in the 786-0 cells, with membrane-encapsulated
release of MALATI over direct release. Consistently, as
evidenced by numerous studies, MALAT1 shows a predomi-
nant expression in EVs secreted by multiple cancer cells,
such as thyroid cancer and epithelial ovarian cancer, which is
transported to the recipient cells to manipulate the progres-
sion of cancers (18,36). Altogether, 786-O-EVs can radically
mediate the intercellular communication in RCC via delivery
of MALATI.

To further validate the communicative ability of 786-O-EVs
of MALATI in RCC, we silenced the MALAT]1 expression
in 786-0 cells to extract the EVs. Our data validated the
weakening effect of MALAT] depletion in 786-0 cells on the
promotive effects of 786-O-EVs on RCC cell viability, inva-
sion and migration, as well as EMT. In consistency, numerous
studies have confirmed that the high-level MALATI is tightly
bound with enhanced viability, migration and invasion, and
EMT of RCC cells (17). MALAT1 knockdown helps suppress
the malignant biological behaviors of RCC cells (37). Similarly,
the role of 786-O-EV-carried MALAT1 was further verified
in nude mice in vivo, as evidenced by inhibited tumor growth
and alleviated lung metastasis after inhibition of MALAT1 in
the 786-0 cells. The depletion of MALATI exercises inhibi-
tory effects on tumor metastasis to vividly suppress xenograft
growth in nude mice with RCC (38). Briefly, 786-O-EVs
transferred MALAT1 as a facilitator of the viability, invasion
and migration and EMT of RCC cells, as well as RCC tumor
growth and lung metastasis in vivo.

For a comprehensive understanding of the regulatory
mechanism of MALATI, we retrieved several databases, and
performed FISH, dual-luciferase reporter gene assay, RIP
and RNA pull-down to identify the downstream factors. Our
findings identified the ETSI gene as a solemn regulatory tran-
scription factor of MALATI alongside TFCP2L1 as the most
significantly downregulated gene in the RCC expression chip
GSE16441. JASPAR database supported the transcriptional
regulation of TFCP2L1 by ETSI. Moreover, our data verified
that the TFCP2L1 gene promoter possessed multiple binding
sites with ETSI1. The effect of MALAT1 on TFCP2LI activity
was verified by the dual-luciferase reporter assay, and it could
be speculated that the MALATI/ETSI axis exerts a malignant
phenotype, such as proliferation and invasiveness. As previously,
ETSI as an oncogene is identified in close association with poor
survival in multiple RCC specimens (27). Elevation of ETSI
via IncRNA-mediated regulation fosters the cell malignant
behaviors and tumor growth in clear cell renal cell carcinoma
(ccRCC) (39). Deregulated TFCP2L1 is intimately bound with
various cancers, including ccRCC (40). Furthermore, our data
demonstrated that MALAT1 negatively regulated TFCP2L1
via specific binding to ETS1; 786-O-EV treatment enhanced
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the inhibition of ETSI transcription and evidently reduced
the TFCP2L1 level in RCC cells, which were reversed after
knockdown of MALATT1 in the 786-0 cells. LncRNAs partici-
pate in epigenetic modification via chromosome remodeling,
transcriptional regulation via transcription factor modulation
and post-transcriptional regulation via mRNA alternative
splicing respectively (41). LncRNA CASC19, as a competitive
endogenous RNA, was found to upregulate ETSI expression by
sponging miR-532 (39),a participant of post-transcriptional regu-
lation. The current study explored the direct interaction between
RNA and certain transcription factors. LncRNA MALATI1
localized to the nucleus, bound with the ETS1 protein and
participate in transcriptional regulation by complex formation
and localization to specific gene sequences. In consistency with
the preceding finding, TFCP2L1 was proposed to be essential
in normal renal development (28), with abnormal downregula-
tion in ccRCC (42). However, the interplay between IncRNA
MALATI1 and ETSI1, and the relationship between ETS1 and
TFCP2L1 have not been elucidated yet, which, conversely,
validates the novelty of this study. Briefly, we concluded that
mechanically 786-O-EVs shuttled MALATI to downregulate
TFCP2L1 expression by promoting the binding of transcription
factor ETS1 and TFCP2L1 promoter in RCC.

Collectively, our study demonstrated that 786-O-EVs
promoted RCC cell invasion and metastasis via transporting
MALATI and regulating the ETS1/TFCP2L1 axis. These
results identified a novel tumor-derived EV-based therapy for
RCC patients, where the development of a blockade of the
MALATI1/ETS1/TFCP2L1 axis might serve as a promising
therapeutic approach for RCC. Although the present study
provided therapeutic value for RCC treatment, the experimental
results and clinical application need further verification.
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