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Abstract

Background: Exosomes are deemed to be an important tool of intercellular communicators in cancer cells. Our
study investigated the role of PRR34 long non-coding RNA antisense RNA 1 (PRR34-AS1) in regulating exosome secre-
tion in hepatocellular carcinoma (HCC) cells.

Methods: Quantitative real-time polymerase chain reaction (RT-gPCR) analyzed the expression of PRR34-AS1. We
assessed the function of PRR34-AS1 on the biological changes of THLE-3 cells and HCC cells. The downstream interac-
tion between RNAS was assessed by mechanistic experiments.

Results: PRR34-AST expression was upregulated in HCC cells in comparison to THLE-3 cells. PRR34-AS1 depletion
repressed HCC cell proliferation, migration and invasion as well as EMT phenotype, while PRR34-AS1 up-regulation
accelerated the malignant phenotypes of THLE-3 cells. PRR34-AS1 recruited DDX3X to stabilize the mRNA level of exo-
somal protein Rab27a. Moreover, PRR34-AS1 facilitated the malignant phenotypes of THLE-3 cells by elevating Rab27a
expression to promote the exosome secretion of VEGF and TGF-3 in HCC cells.

Conclusions: The current study revealed a novel function of PRR34-AS1 in accelerating exosome secretion in HCC
cells and offered an insight into INncRNA function in the regulation of tumor cell biology.

Keywords: Hepatocellular carcinoma, PRR34-AS1, Exosome, Rab27a

*Correspondence: zhileiliuxiang@163.com

Department of Hepatobiliary Surgery, Fourth Hospital of Hebei Medical
University, No. 12 Jiankang Road, Shijiazhuang 050011, Hebei, China

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12967-022-03628-9&domain=pdf

Zhang et al. Journal of Translational Medicine (2022) 20:491 Page 2 of 14
Graphical Abstract
HCC cell R Cytoplasm
-ﬂ'“y T Exosome
p—
PRR34-AS1 D b\
P
E. TGFy THLE-3 cell
\ \ Exosome
DDX3X N\
; = @EcD N
g @ TGF-8
= TGF-B [\\ TGF-p @D
.*’v‘/\-AAA 4 "
T Rab27a — TGF[
Proliferation Proliferation
Migration EMT Migration EMT

Background

Hepatocellular carcinoma (HCC) is one of the most com-
mon malignancies worldwide, with a high morbidity and
mortality rate [1, 2]. Surgical resection is identified as
the most effective therapy for HCC treatment, but high
recurrence and distant metastasis after surgery result in
poor prognosis of HCC [3, 4]. Exosomes play important
roles in multiple aspects of HCC, which include angio-
genesis, chemoresistance and metastasis [5]. Moreo-
ver, some exosome biomarkers are used for the early
diagnosis and prognosis of HCC patients [6, 7]. Cancer
cell-secreted exosomes were considered as important
messengers in intercellular communication, thus many
studies have unveiled the function of exosome in tumor
microenvironment [8]. Nevertheless, few studies have
addressed the underlying molecular mechanisms of
tumor cell secretion of exosomes.

Exosomes are 30—150 nm nano-sized vesicles contain-
ing various types of nucleic acids, such as proteins, RNAs
and lipids [9]. Exosome biogenesis is formed by the bud-
ding of multivesicular body (MVB) membranes inwards
to shape intra-luminal vesicles, ultimately maturing
and contained within MVBs [10]. Multiple effectors
and molecular mechanisms are involved in regulating
the intracellular trafficking steps such as MVB move-
ment, docking, and integration of exosomes with the
plasma membrane before release [11]. Rab GTPases are

responsible for regulating MVB motility and plasma
membrane docking [12]. The Rab family contains many
subtypes, and some Rab GTPases are crucial mediators
in modulating exosome secretion, such as Rab27A and
Rab27B. Rab27A and Rab27B have been reported to be
the primary components of vesicle trafficking in exosome
secretion and play critical roles in tumor progression and
metastasis [13]. Nevertheless, the mechanisms by which
Rab GTPases control the secretion of exosome in HCC
cells remain to be further investigated.

According to global gene expression data in mamma-
lian species, the majority of the genome is transcribed
into non-coding RNAs (ncRNAs) [14]. Long non-cod-
ing RNA (IncRNA) is a class of ncRNAs greater than
200 nucleotides in length, and has been emerged as piv-
otal regulators in cancer progression [15]. LncRNAs can
regulate gene expression through transcriptional regula-
tion, post-transcriptional regulation, chromatin modi-
fication as well as genomic imprinting [16]. Aberrantly
expressed IncRNAs can participate in HCC progression
as oncogenes or tumor suppressors [17]. MCM3AP-
AS1 exerts an oncogenic role in HCC progression via
interacting with miR-194-5p to elevate FOXA1 expres-
sion [18]. MAGI2-AS3 impedes cell proliferation and
migration in HCC via the miR-374b-5p/SMG1 axis [19].
LncRNA PRR34 long non-coding RNA antisense RNA 1
(PRR34-AS1) regulates HCC cells malignant phenotypes
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through miR-296-5p/SOX12/E2F2 axis [20] or miR-498/
TOMM20/ITGAG6 axis [21].

In this study, to further reveal the effect of PRR34-AS1
in HHC, we probed into the role of PRR34-AS1 in HCC,
and investigated the mechanism between HCC cells and
THLE-3 cell by exosome secretion. Our study might offer
a novel sight for HCC treatment.

Methods

Cell culture

HCC cells including HLF, Huh-7, SNU-449, HepG2 and
LM3 were obtained from COBIOER (Nanjing, China).
HLF, Huh-7 and LM3 cells were grown in DMEM. SNU-
449 cells were grown in RPMI-1640 medium. HepG2
cells were grown in MEM. All mediums were obtained
from Gibco (Grand Island, USA). Human liver epithelial
cell (THLE-3) was obtained from ATCC (Manassas, VA,
USA) and kept in BEGM (Lonza/Clonetics Corporation,
Walkersville). Cells were left to grow at 37 °C under a
humid environment with 5% CO,.

Quantitative real-time PCR (RT-qPCR)

Total RNAs were extracted with the application of Tri-
zol reagent (Invitrogen, USA). For the evaluation of gene
expression, cDNA was synthesized with the application
of PrimeScript RT master mix (Takara, Japan). Next,
SYBR Green PCR Master Mix (Applied biosystems) was
utilized to conduct qPCR with 2~ ALCT calculation.
GAPDH served as control.

Cell transfection

Specific ShRNAs targeting PRR34-AS1 (sh/PRR34-AS1),
as well as DDX3X (sh/DDX3X), Rab27a (sh/Rab27a) and
negative control (sh/NC) were synthesized by Genechem
(Shanghai, China). Besides, NC or PRR34-AS1 or Rab27a
were obtained from RiboBio (Guangzhou, China). Cells
were collected for further experiments after 48 h of
transfection.

5-Ethynyl-2’-deoxyuridine (EdU)

Cell proliferation was assessed with the application of
EdU kit (RiboBio, Guangzhou, China). Cells in 96-well
plates were incubated to 90% confluence, and then cul-
tured with 100 pL of 50 uM EdU diluent for 2 h. After fix-
ation with 4% paraformaldehyde and 0.5% Triton X-100
treatment, cells were incubated in the dark with 100 pL
of 1x Apollo® staining reaction. DAPI was applied for
nuclear redyeing. Images were acquired by a laser confo-
cal microscope.

Colony formation
Cells were planted into 6-well plates (600 cells/
well) for 2 weeks, followed by the treatment of 4%
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paraformaldehyde and 0.5% crystal violet. Finally, the
number of colonies (> 50 cells) was counted.

Wound healing

Cells were planted into 6-well plates until completely
adhered to the wall, and then cells were scratched for
cell culture. Images of wound healing were obtained at
0 h and 24 h after scratching, and the relative wound
width was calculated.

Transwell

Transwell chambers (8-um pores, Corning, USA) pre-
coated with Matrigel (BD, USA) were used for invasion
assay. Cells were planted into the upper chamber, and
the bottom chamber was filled with medium containing
10% FBS. After 24 h of incubation, cells were removed
from the upper surface, and the invaded cells were sub-
jected to the fixation with 4% paraformaldehyde for
10 min at room temperature, and stained in 0.5% crys-
tal violet. The average number of invaded cells per field
was assessed using a microscope.

Western blot

Cells were cultured in RIPA buffer (Beyotime) for the
extraction of proteins. BCA protein assay kit II (Beyo-
time) was performed for determining protein concen-
trations. The extracted proteins were subjected to the
separation on 10% SDS-PAGE and then transferred
onto PVDF membrane (Invitrogen), followed by being
blocked with 3% BSA. Blots were incubated overnight
at 4 °C with antibodies against E-cadherin (1/1000),
N-cadherin (1/1000), Vimentin (1/1000), Slug (1/1000),
Twist (1/1000), GAPDH (1/1000), CD9 (1/2000), CD63
(1/2000), HSP70 (1/1000), TSG101 (1/1000), DDX3X
(1/1000), VEGF (1/1000), TGE-B (1/1000) and Rab27a
(1/1000) and all these antibodies were procured from
Abcam. Next, blots were incubated with horseradish
peroxidase (HRP)-labeled secondary antibodies. The
blot signals were measured through enhanced chemilu-
minescence reagents.

Immunofluorescence staining

Cells were treated with 4% paraformaldehyde and
0.5% Triton X-100 for fixation and permeabilization,
and then blocked in 3% bovine serum albumin. Sub-
sequently, cells were cultured overnight at 4 °C with
primary antibodies and cultured for 1 h at 37 °C with
specific secondary antibodies. After washing, DAPI was
utilized for nuclear redyeing. The images of Immuno-
fluorescence staining were obtained under a confocal
microscope.
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Exosome isolation

Exosomes were separated from cells using Ribo exo-
some isolation reagent (RiboBio, Guangzhou, China)
based on the user manual. Cells were centrifuged at
2000x g for 30 min, and mixed with Ribo exosome solu-
tion reagent. The mixtures were refrigerated at 4 °C
overnight, followed by centrifugation at 1500xg for
30 min. Exosomes were obtained after removing the
supernatants.

Exosome labeling

PKH67 (1 pM, Sigma-Aldrich) was commercially
obtained to label the exosomes according to the sup-
plier’s protocol. Cell nuclear was double-stained by
DAPI. Images were observed under a laser scanning
microscope.

Nanoparticle tracking analysis (NTA)

The concentration and distribution of exosome size was
measured using ZetaView PMX 10 (Particle Metrix, Ger-
many). Exosomes were re-suspended in granular PBS and
added to the instrument. Each sample was recorded in 5
videos to confirm the numbers and size distribution of
exosomes.

Transmission electron microscopy (TEM)

Cells were centrifuged and treated with 2.5% glutaralde-
hyde and then treated by osmium tetroxide. Next, cells
were embedded with epoxy resin and cut into sections at
a thickness of 100 nm, followed by the treatment of ura-
nyl acetate and lead citrate. The images of microscopic
samples were captured using a transmission electron
microscope.

Fluorescence in situ hybridization (FISH)

Cy3-labeled PRR34-AS1 probe was synthesized (RiboBio,
Guangzhou, China). A FISH Kit (RiboBio) was applied
for assessing the subcellular localization of PRR34-AS1
base on the manufacturer’s instructions.

Subcellular fractionation

Subcellular isolation of RNAs was performed with the
application of Cytoplasmic and Nuclear RNA Purifica-
tion Kit which was procured from Norgen (Thorold, ON,
Canada). Nuclear and cytoplasmic fractions were meas-
ured via RT-qPCR.

Luciferase reporter assay

For Rab27a promoter analyses, the sequence of Rab27a
promoter was firstly sub-cloned into pGL3-basic
reporter vectors (Promega, Madison, WI, USA). After
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the co-transfection of downregulated PRR34-AS1 and
plasmids, the activity of Rab27a promoter was evaluated
using a luciferase assay kit (Promega).

RNA-binding protein immunoprecipitation (RIP)

Magna RNA-binding protein immunoprecipitation
kit (Millipore, USA) was utilized to assess the bind-
ing between RNAs. Cell lysates were cultured with RIP
buffer and antibodies (anti-Ago2, anti-SNRNP70 and
anti-DDX3X) conjugated with magnetic beads for 1 h.
The enrichment of RNAs was evaluated by RT-qPCR.

RNA pull down assay

Pierce Magnetic RNA-Protein Pull-down kit (Thermo
fisher scientific) was used in this assay in the light of
supplier’s instructions. PRR34-AS1 sense and PRR34-
AS1 antisense were in vitro transcripted and labeled.
Biotin-labeled PRR34-AS1 (50 pmol) was cultured with
streptavidin magnetic beads (50 puL) with rotation, and
then hatched in cell lysates. The eluted proteins were
measured by western blot after mass spectrometry.

Actinomycin D assay

After reaching 80% confluence, cells were treated with
actinomycin D (4 pg/mL, Sigma-Aldrich, USA) to
inhibit transcription. The relative mRNA levels were
analyzed by RT-qPCR at the indicated time points.

Statistical analysis

Data were processed by GraphPad Prism 6.0 Software
and displayed as means =+ standard deviation of three
replicates. The Student’s t-test and two-way ANOVA
were used to analyze differences between two groups or
more than two groups. Data were defined as statistical
significance if P <0.05.

Results

PRR34-AS1 overexpression enhances the capacities

of proliferation, migration, invasion and EMT of THLE-3
cells

First, GEPIA 2 (http://gepia2.cancer-pku.cn) database
was applied to assess PRR34-AS1 expression in liver
hepatocellular carcinoma (LIHC) tissues. PRR34-AS1
exhibited a markedly high expression level in LIHC
tissues (Additional file 1: Fig. S1A). Consistently, RT-
qPCR analysis indicated that PRR34-AS1 was highly
expressed in HCC cells including HLF, Huh-7, SNU-
449, HepG2 and LM3 in comparison to THLE-3 cells
(Fig. 1A). Since HepG2 and LM3 cells presented the
highest PRR34-AS1 expression among the selected
cells, both HepG2 and LM3 cells were selected for
subsequent assays. We stably silenced PRR34-AS1
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Fig. 1 The overexpression of PRR34-AS1 facilitates the malignant phenotypes of THLE-3 cells. A PRR34-AS1 expression in HCC cells (HLF,
Huh-7, SNU-449, HepG2 and LM3) was analyzed via RT-gPCR. Number of replicates (N) = 3. Data were analyzed via DGP PCR quantification. B
The expression of PRR34-AS1 was analyzed by RT-qPCR in THLE-3 cells with PRR34-AS1 overexpression. N = 3. Data were analyzed via DGP PCR
quantification. C, D EAU and colony formation assays were implemented to in THLE-3 cells after PRR34-AS1 overexpression. N = 3. Data were
analyzed via ImageJ-win64. Scale bar= 100 um. E, F THLE-3 cell migratory and invasive phenotypes was analyzed by wound healing and transwell
assays after PRR34-AS1 overexpression. N = 3. Data were analyzed via ImageJ-win64. Scale bar=100 um. G, H The EMT process of THLE-3 cells was
assessed by western blot analysis and immunofluorescence staining after PRR34-AS1 overexpression. N = 3. Scale bar=50 um. *P <0.05, **P <0.01

expression via transfecting two shRNAs targeting
PRR34-AS1 into HepG2 and LM3 cells (Additional
file 1: Fig. S1B). As shown in EdU and colony forma-
tion assays, PRR34-AS1 depletion reduced the percent
of EAU positive cells and the number of colonies (Addi-
tional file 1: Fig. S1C, D). Meanwhile, the relative wound
width was obviously increased when PRR34-AS1 was
knocked down, suggesting that PRR34-AS1 silencing

inhibited cell migratory ability in HCC (Additional
file 1: Fig. S1E). Additionally, the number of invaded
cells was also decreased in PRR34-AS1-silenced HepG2
and LM3 cells (Additional file 1: Fig. S1F). Moreover,
we also used western blot to evaluate the role of PRR34-
AS1 depletion on EMT in HCC cells. It turned out that
PRR34-AS1 absence caused an upregulation in the level
of epithelium marker (E-cadherin) whereas diminished
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the levels of mesenchymal markers (N-cadherin and
Vimentin) and EMT transcription factors (Slug and
Twist), implying that PRR34-AS1 silencing suppressed
the EMT process in HCC cells (Additional file 1: Fig.
S1G). Collectively, PRR34-AS1 enhances cell prolifera-
tive, migratory, invasive and EMT phenotypes in HCC.

We next up-regulated PRR34-AS1 expression in
THLE-3 cells (Fig. 1B) and found that the EAU positive
stained cells were sharply increased in THLE-3 cells
after PRR34-AS1 overexpression (Fig. 1C). Likewise,
PRR34-AS1 overexpression led to an augment on the
number of colonies (Fig. 1D), suggesting that PRR34-
AS1 up-regulation facilitated the proliferation abil-
ity of THLE-3 cells. Besides, we found that the relative
wound width was shorter in PRR34-AS1 groups com-
pared to NC group, implying that up-regulated PRR34-
AS1 promoted the migratory capacity of THLE-3 cells
(Fig. 1E). Simultaneously, transwell assays disclosed
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that PRR34-AS1 overexpression enhanced the invasive
capacity of THLE-3 cells (Fig. 1F). Additionally, we also
assessed the influence of PRR34-AS1 up-regulation on
EMT in THLE-3 cells. E-cadherin level was obviously
reduced whereas the levels of N-cadherin, Vimentin,
Slug and Twist were enhanced in PRR34-AS1-up-reg-
ulated THLE-3 cells (Fig. 1G). Similarly, the intensity of
E-cadherin was weakened whereas N-cadherin intensity
was strengthened in THLE-3 cells when PRR34-AS1 was
overexpressed, implying that PRR34-AS1 overexpres-
sion accelerated EMT in THLE-3 cells (Fig. 1H). Taken
together, PRR34-AS1 up-regulation facilitated the malig-
nant capacities of THLE-3 cells.

Enhanced cell proliferative, migratory, invasion and EMT
abilities are observed in co-cultured HCC and THLE-3 cells
Then, we wondered whether HCC cells could secrete
exosomal PRR34-AS1 and transmit them to THLE-3
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transwell assays were performed to assess the migration and invasion of THLE-3 cells co-cultured with HCC cells. N=3. E, F The EMT process of
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**P<0.01, n.s. meant no significance
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cells, leading to the promotion of cell proliferation,
migration, invasion and EMT in THLE-3 cells. After the
co-culture of HepG2 or LM3 cells with THLE-3 cells, we
performed functional assays in co-cultured cells. Cell
proliferation ability was enhanced in co-cultured cells
relative to THLE-3 cells (Fig. 2A, B). Consistently, the
potential of cell migration and invasion was markedly
promoted in co-cultured cells (Fig. 2C, D). Moreover, we
found that E-cadherin level was reduced while the level
of N-cadherin, Vimentin, Slug and Twist were elevated
in co-cultured cells (Fig. 2E). Meanwhile, the data from
immunofluorescence staining also uncovered that the co-
cultured cells had a stronger EMT capacity than THLE-3
cells (Fig. 2F). However, PRR34-AS1 expression had
no marked change in co-cultured cells (Fig. 2G), which
excluded the hypothesis of exosomal PRR34-AS1 in HCC
cells. Collectively, the increased cell malignant pheno-
types were observed in co-cultured HCC and THLE-3
cells.

HCC cell-secreted exosomes promote cell malignant
phenotypes

Then, we speculated the existences of other exosome
transmitted from HCC cells to THLE-3 cells. Exosomes
from HCC cells were isolated and labeled with PKH67
dye (green). The result showed that PKH67-labeled
exosomes dispersed in HCC cell cytoplasm (Fig. 3A).
Besides, we found that exosomes ranged from 50 to
150 nm in diameter (Fig. 3B). Moreover, we found that
the exosomes under TEM had the typically round or cup-
shaped morphology (Fig. 3C). Additionally, western blot
analysis further confirmed that HCC cells had abundant
exosomal proteins (CD9, CD63, HSP70 and TSG101) and
extracellular vesicle proteins (CD81, ERBB2 and HLA-
A) (Fig. 3D). All above results validated the existence of
exosomes in HCC cells. Subsequently, we treated HCC
cell-secreted exosomes into THLE-3 cells to observe the
changes of their cellular phenotypes. As shown in Fig. 3E,
E, the proliferation ability was obviously increased in
THLE-3 cells (Fig. 3E, F). Meanwhile, the capacities of
migration and invasion were apparently enhanced in
THLE-3 cells treated with HCC cell-secreted exosomes
(Fig. 3G, H). Moreover, we found that the EMT process
was also accelerated in THLE-3 cells treated with HCC
cell-secreted exosomes (Fig. 3I). Expectedly, the expres-
sion of PRR34-AS1 had no significance change in THLE-3
cells treated with HCC cell-secreted exosomes (Fig. 3]).
Collectively, HCC cell-secreted exosomes enhanced cell
proliferation, migration, invasion and EMT.

PRR34-AS1 regulates exosomal protein Rab27a in HCC cells
We extracted the exosomes secreted from HCC cells and
found that the level of total exosomal protein, exosome
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markers (CD9, CD63, HSP70 and TSG101) and extracel-
lular vesicle proteins (CD81, ERBB2 and HLA-A) was
obviously decreased when PRR34-AS1 was downregu-
lated (Fig. 4A-D). Therefore, we speculated that the level
of HCC cell-secreted exosomal proteins might be regu-
lated by PRR34-AS1. We then analyzed the level of exo-
somal proteins in HCC cells treated with downregulated
PRR34-AS1. The level of Rab27a was substantially inhib-
ited in HCC cells after PRR34-AS1 silencing and other
exosomal proteins had no marked changes (Fig. 4E).
Taken together, PRR34-AS1 regulated exosomal protein
Rab27a in HCC cells.

PRR34-AS1 interacts with DDX3X to regulate Rab27a
mRNA stability

To uncover the regulatory mechanism of PRR34-AS1 in
HCC cells, we firstly assessed the cellular distribution of
PRR34-AS1 in HCC cells. As shown in Fig. 5A and Addi-
tional file 2: Fig. S2A, PRR34-AS1 was primarily distrib-
uted in cell cytoplasm, indicating that PRR34-AS1 might
post-transcriptionally regulate Rab27a in HCC cells.
Meanwhile, luciferase reporter assays further confirmed
this point, as indicated that PRR34-AS1 could not affect
the luciferase activity of Rab27a promoter (Fig. 5B). It
is well-acknowledged that IncRNA acts as a ceRNA to
regulate cancer progression at post-transcriptional lev-
els. We wondered whether PRR34-AS1 existed in the
RNA-induced silencing complex (RISC) to bind to miR-
NAs and thereby regulated Rab27a expression. However,
the outcome from RIP assays dispelled this hypothesis,
as indicated that the enrichment of PRR34-AS1 had no
significant change in Anti-Ago2 groups (Fig. 5C). Thus
we further treated protein synthesis inhibitor (actino-
mycin D) into HCC cells to assess Rab27a mRNA level.
The half-life of Rab27a mRNA was obviously declined
after PRR34-AS1 silencing, indicating the regulatory
effect of PRR34-AS1 on the stability of Rab27a mRNA
(Fig. 5D). Then, the electrophoretic gel indicated that
one specific band appeared at approximately 73 kDa and
we finally identified it as DDX3X protein (Fig. 5E). Fur-
thermore, the combination between PRR34-AS1 and
DDX3X was confirmed by western blot and RIP analy-
ses (Fig. 5F, G). Intriguingly, we also found the combina-
tion between Rab27a and DDX3X in HCC cells via RNA
pull down assays (Fig. 5H). Moreover, we found that
the combination of Rab27a and DDX3X was lessened
in HCC cells after the downregulation of PRR34-AS1
(Fig. 5I). Thus we conjectured that PRR34-AS1 might
interact with DDX3X to regulate Rab27a mRNA stabil-
ity. We knocked down the levels of DDX3X and revealed
that the levels of Rab27a were markedly decreased in
HCC cells after DDX3X depletion (Additional file 2: Fig.



Zhang et al. Journal of Translational Medicine (2022) 20:491 Page 8 of 14

A PKH67 DAPI Merge B
4 4
o
£
=] —_— —_—
E E
g B 3 ;,2‘ 3
? % =
k : g
— g 24 o 24
50pum ¢ g
5 s
k] bS]
o S 14 5 14
g 0 1 T 1 T 0 1 T T T
a 0 50 100 150 200 0 50 100 150 200
SOum size (nm) size (nm)
D
THLE-3 THLE-3
HepG2/exosome LM3/exosome CD63 - 26 kDa 60 - 200+
5 *k
CD81 25kDa  E 8 P
o z 150 ol
SP70 &40 é
HSP7 70kDa = < 1004
o o}
2 °©
oo [JRN 45100 = 201 :
2 Z 50
100nm 100nm :
e s ERBE2 E 7ka 3
0- 0-
» ) > &
- Q& & &
LA E| i S +°%0\ 4 ’ S & o
6\0 '1}@ ,‘.}\6 0,1,\2; &\@
$ Q@Q A% Q‘QQ A%
,L\Qa
Q@Q
G H I THLE-3 J
THLE-3 THLE-3 . — THLE-3
1.5 50 E-cadherin 97 kDa Cé) 1.5
= ok i ns
= T 404 ko N-cadherin _ 100 kDa & n.s
& 1.0 = LI & 1.0
=8 ° o . . -
[=fhst S 304 Vimentin 54 kDa -
33 z S
N =
& 3 20 sl ¢
5 ]
2 £ 0.5+ 5 ug 30 kDa £ 0.5
s .2 Rs) %
32 g E 10- o
=~ 2 Twist 21 kDa =
=
0.0- 0- 2 0.0-
«® @19%0 +°%° o +°r°o +°%0 & & ° * e:*p% 0@%
N 2 6,1,\@ &\@ 00\ +°%o A‘.%o C;’\ )
Q@Q A% Q‘QQ A% Oq,\e' )& ‘3‘29 A%
Q@Q A%
Fig. 3 HCC cell-secreted exosomes facilitate cell malignant phenotypes. A PKH67 staining labeled HCC cell-secreted exosomes (HepG2/exosome
and LM3/exosome). N = 3. Scale bar=50 um. B NTA measured the number and distribution size of exosomes. N=3. C The images of HCC
cell-secreted exosomes were observed under TEM. N = 3. Scale bar=100 nm. D The levels of exosome-related proteins (CD9, CD63, HSP70 and
TSG101) and extracellular vesicle-related proteins (CD81, ERBB2 and HLA-A) in HCC cell-secreted exosomes was measured by western blot. N=3.
E, F proliferation assays were conducted to assess the proliferative ability of THLE-3 cells treated with HCC cell-secreted exosomes. N=3.G, H
Wound healing and transwell assays were implemented to assess the migratory and invasive abilities of THLE-3 cells treated with HCC cell-secreted
exosomes. N=3.1,J Western blot and immunofluorescence staining were implemented to analyze the EMT process of THLE-3 cells treated with
HCC cell-secreted exosomes. N = 3. Data were analyzed via DGP PCR quantification. **P <0.01, n.s. meant no significance




Zhang et al. Journal of Translational Medicine (2022) 20:491

Page 9 of 14

Whole cell lysate HepG2/exosome

A HepG2 B DY 25 kDa
44 Kk
= CD63 26 kDa
g 3k
E 34 CD81 25 kDa
=
3 HSP70 70 kDa
2 24
£ TSG101 45kDa
g A
g 1 ERBB2 137 kDa
=
€ HLA-A 41kDa
0_
0 30 @ 3
@0 R %\ O
rab«' Q&Bw?’ X ﬂ)u
@3' & @3“
S
E @ sh/NC
1.5 HepG2 m sh/PRR34-ASl#a
n.s. n.s. n.s.
o
3
<
Z
o
g
I
E
=
&

C LM3 *k D CD9

Fig. 4 PRR34-AS1 regulates exosomal protein Rab27a in HCC cells. A Total exosomal protein in HepG2 cells was analyzed using RT-gPCR after
PRR34-AS1 silencing. N=3. B The level of exosome markers and extracellular vesicle-related proteins in HepG2 cell-secreted exosomes was
analyzed using western blot after PRR34-AS1 silencing. N = 3. C Total exosomal protein in LM3 cells was analyzed using RT-gPCR after PRR34-AS1
silencing. N=3. D The level of exosome markers and extracellular vesicle-related proteins in LM3 cell-secreted exosomes was analyzed using
western blot after PRR34-AS1 silencing. N = 3. E Relative mRNA levels of exosomal proteins in HCC cells were analyzed using RT-gPCR after
PRR34-AS1 silencing. N=3. Data were analyzed via DGP PCR quantification. **P <0.01, n.s. meant no significance

Whole cell lysate  LM3/exosome

25 kDa

CD63 26 kDa
25 kDa
70 kDa

%
CD81
2_
HSP70
TSG101
1_
ERBB2 | SR &5 &% an «= == 3
HLA-A | == omm amm wew = == | 4] kDa
0-

45 kDa
137 kDa
‘&\: %\% X @ K %\%’

Total exosomal protein (mg/ml)

cafcy 2T T
2 S FL
8 S S
® sh/NC
1.5+ LM3 W sh/PRR34-ASl#a
n.s.
n.s. n.s.

Relative mRNA level

S2B, C). Meanwhile, the stability of Rab27a mRNA was
also reduced when DDX3X was silenced in HCC cells
treated with actinomycin D (Fig. 5]). Collectively, PRR34-
AS]1 interacted with DDX3X to mediate Rab27a mRNA
stability.

PRR34-AS1 facilitates THLE-3 cells proliferation, migration,
invasion and EMT via elevating Rab27a expression

to increase the exosome secretion of VEGF and TGF-f3
Next, we investigated the role of Rab27a in THLE-3 cells.
We overexpressed Rab27a expression in THLE-3 cells

and observed that the proliferation ability was obviously
enhanced when Rab27a was up-regulated in THLE-3
cells (Fig. 6A—C). In parallel, the capacities of migra-
tion and invasion were promoted in THLE-3 cells after
Rab27a up-regulation (Fig. 6D, E). Moreover, we found
that Rab27a overexpression elevated the EMT process
in THLE-3 cells (Fig. 6F, G). It has been reported that
Rab27a promotes tumor growth via increasing VEGF
and TGF-f secretion in vitro [22]. Herein, we also found
that the protein concentration of VEGF and TGEF-§
in THLE-3 cells as well as their protein levels in HCC

(See figure on next page.)

Fig. 5 PRR34-AS1 interacts with DDX3X to regulate the stability of Rab27a mRNA. A The localization of PRR34-AS1 was assessed through FISH assay.
N =3. Scale bar=>50 pum. B Luciferase reporter assay was implemented to detect the activity of Rab27a promoter with PRR34-AS1 silencing. N=3.
CThe combination between PRR34-AS1 and Ago2 in HCC cells was assessed by RIP assay. N=3. Data were analyzed via DGP PCR quantification.

D Actinomycin D treatment was implemented to evaluate the stability of Rab27a mRNA in HepG2 and LM3 cells via RT-gPCR after PRR34-AS1
silencing. N=3. E, F RNA pull down assay was conducted to analyze the protein partner of PRR34-AS1, and the combination of PRR34-AS1 and
DDX3X via western blot. N=3. G The combination of PRR34-AS1 and DDX3X was evaluated via RIP assay. N=3. Data were analyzed via DGP PCR
quantification. H RNA pull down assay detected the combination of Rab27a and DDX3X. N =3.1The combination of Rab27a and DDX3X in HCC
cells was assessed by RIP assays after PRR34-AS1 silencing. N = 3. Data were analyzed via DGP PCR quantification. J The stability of Rab27a mRNA in
HepG2 and LM3 cells was analyzed via RT-qPCR after DDX3X silencing. N=3.**P <0.01, n.s. meant no significance
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cell-secreted exosomes was increased after Rab27a up-
regulation (Fig. 6H, I). All above results suggested that
Rab27a increased VEGF and TGF-p secretion in HCC
cells and transmitted them into THLE-3 cells to elevate
cell proliferative, migratory and invasive phenotypes as
well as EMT.

To explore the effect of PRR34-AS1 and Rab27a on the
malignant phenotypes of THLE-3 cells, rescue experi-
ments were arranged after the verification of the knock-
down efficiency of Rab27a (Additional file 3: Fig. S3A). As

indicated in Additional file 4: Fig. S4A, B, Rab27a silenc-
ing reversed the enhanced proliferation ability in THLE-3
cells after PRR34-AS1 overexpression. Besides, it was
found that the enhanced migration and invasion capaci-
ties induced by PRR34-AS1 up-regulation were abolished
by co-transfection of sh/Rab27a#a (Additional file 4: Fig.
S4C, D). Moreover, the decreased protein level of E-cad-
herin and the enhanced levels of N-cadherin, Vimentin,
Slug and Twist in THLE-3 cells transfected with PRR34-
AS1 overexpression was overturned by co-transfection
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of sh/Rab27a#a (Additional file 4: Fig. S4E). Meanwhile,
the data of immunofluorescence assays further con-
firmed that Rab27a depletion abrogated the increased
EMT process in THLE-3 cells after PRR34-AS1 augment
(Additional file 4: Fig. S4F). Taken together, PRR34-AS1
facilitated THLE-3 cells proliferation, migration, invasion
and EMT via elevating Rab27a expression.

Discussion

In this research, we verified that IncRNA PRR34-AS1
recruited DDX3X to stabilize Rab27a mRNA and thereby
promoted cell proliferative, migratory, invasive and EMT
phenotypes in HCC. Meanwhile, PRR34-AS1 up-regu-
lated Rab27a expression to increase the exosome secre-
tion of VEGF and TGEF-p in HCC cells and transmitted
them into THLE-3 cells to accelerate the malignant phe-
notypes of THLE-3 cells. Our study revealed a novel
function of PRR34-AS1 in regulating exosome secretion
from HCC cells to THLE-3 cells, which provides a prom-
ising method for HCC treatment.

In recent years, IncRNAs have emerged as a pivot in
the field of cancer research. LncRNA-D16366 is lowly
expressed in HCC and might be an independent diagnos-
tic and prognostic indicator for HCC [23]. RGMB-AS1
plays as a tumor suppressing role in HCC and is an inde-
pendent favorable prognostic factor for patients with this
disease [24]. All above studies demonstrated the anti-
cancer effects of IncRNAs in HCC. In our research, we
proved the oncogenic effect of IncRNA PRR34-AS1 in
HCC. Furthermore, PRR34-AS1 exhibited a high expres-
sion level in HCC. PRR34-AS1 knockdown inhibited
HCC cell proliferative, migratory, invasive and EMT abil-
ities. Taken together, IncRNAs play an important role in
the regulation of HCC progression.

Our study also found that PRR34-AS1 overexpression
facilitated THLE-3 cell malignant phenotypes, suggesting
the possibility of exosomes in HCC cells. Exosome-medi-
ated communication in the tumor microenvironment
contributes to HCC progression [5]. Exosome-transmit-
ted IncRNA SENP3-EIF4A1l inhibits cell migration and
invasion in HCC [25]. High expression of exosomal H19
enhances the proliferation and motility of HCC cells [26].
All these evidence suggested the regulation of exosomal
IncRNA in HCC progression. In our study, we confirmed
that the capacities of proliferation, migration, invasion
and EMT were increased in THLE-3 cells co-cultured
with HCC cells as well as in THLE-3 cells treated with
HCC-secreted exosomes. However, PRR34-AS1 expres-
sion was not affected in THLE-3 cells co-cultured with
HCC cells as well as in THLE-3 cells treated with HCC-
secreted exosomes, which ruled out the existence of exo-
somal PRR34-AS1 in HCC.
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As we all know, exosomes are a type of secretory
membrane vesicle with the structural and biochemi-
cal characteristics of multivesicular endosomes [27].
Several Rab GTPases, including Rab27a, Rad27b, and
Rab35, were previously found to play a crucial role
in regulating exosome secretion and influencing cel-
lular process [28]. It has been reported that IncRNA
HOTAIR motivates exosome secretion via mediat-
ing RAB35 and SNAP23 in HCC [29]. In our study,
we demonstrated that PRR34-AS1 silencing obviously
reduced the expression of Rab27a. It has been reported
that KIBRA modulates exosome secretion via repress-
ing the proteasomal degradation of Rab27a [30]. All
above results uncovered that PRR34-AS1 regulated
Rab27a to affect exosome secretion in HCC cells.

Moreover, our study found that PRR34-AS1 inter-
acted with DDX3X to regulate the stability of Rab27a
mRNA. In line with our study, HHIP-AS1 inhibits HCC
progression through recruiting HUR to stabilize HHIP
mRNA [31]. FAM83A-AS1 expedites HCC progres-
sion by interacting with NOP58 to increase the mRNA
stability of FAM83A [32]. After confirming the regula-
tory mechanism between PRR34-AS1 and Rab27a, we
revealed that Rab27a accelerated cell malignant pheno-
types in THLE-3 cells. More importantly, Rab27a up-
regulation also promoted exosome secretion of VEGF
and TGEF-B, suggesting that PRR34-AS1 regulated
Rab27a to promote the exosome secretion of VEGF and
TGEF-P and thereby transmitted them into THLE-3 cells
to accelerate cell malignant phenotypes.

However, our study had some limitations. We didn’t
unravel the detailed mechanism of Rab27a on regulat-
ing exosome secretion of VEGF and TGEF-f, which will
be addressed in the future.
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Additional file 2: Figure S2. DDX3X positively regulates Rab27a expres-
sion in HCC cells. A The cellular distribution of PRR34-AS1 in HCC cells
was confirmed by subcellular fractionation assay. N=3. B, C The mRNA
and protein levels of DDX3X and Rab27a were analyzed in HCC cells
transfected with sh/DDX3X#a/b. N=3.**P <0.01. Data were analyzed via
DGP PCR quantification.

Additional file 3: Figure S3. Transfection efficiency of Rab27a in HCC
cells. A Rab27a levels in HCC cells was detected by RT-qPCR and western
bot analyses after Rab27a silencing. N=3.**P <0.01.

Additional file 4: Figure S4. PRR34-AS1 enhances THLE-3 cell malignant
phenotypes via elevating the expression of Rab27a. A-F Rescue experi-
ments were carried on in THLE-3 cells transfected with NC, PRR34-AS1,
PRR34-AS1 + sh/Rab27a#a to assess cell proliferative, migratory and inva-
sive as well as EMT phenotypes. N=3. Scale bar =50 pm. **P <0.01.

Acknowledgements
We appreciate all supports.

Author contributions

ZZ wrote article and in charge of the whole study, YZ and YJ designed the
experiment, CW and MZ analyzed data, ZX contributed to the resources. All
authors read and approved the final manuscript.

Funding

This study was supported by Project of Hebei Provincial Finance Department

under grant (No. 201716).

Availability of data
Research data are not shared.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 14 February 2022 Accepted: 7 September 2022
Published online: 27 October 2022

References

1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018,68(6):394-424.

2. ElJabbourT, Lagana SM, Lee H. Update on hepatocellular carcinoma:
pathologists' review. World J Gastroenterol. 2019;25(14):1653-65.

3. Tsoulfas G, Agorastou P, Tooulias A, Marakis GN. Current and future chal-
lenges in the surgical treatment of hepatocellular carcinoma: a review. Int

Surg. 2014,99(6):779-86.
4. Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma. Lancet.
2003;362(9399):1907-17.

5. WuQ ZhouL, Lv D, Zhu X, Tang H. Exosome-mediated communication
in the tumor microenvironment contributes to hepatocellular carcinoma

development and progression. J Hematol Oncol. 2019;12(1):53.

6. Sasaki R, KandaT, Yokosuka O, Kato N, Matsuoka S, Moriyama M.
Exosomes and hepatocellular carcinoma: from bench to bedside. Int J
Mol Sci. 2019;20(6):1406.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 13 of 14

Sohn W, Kim J, Kang SH, Yang SR, Cho JY, Cho HC, et al. Serum exosomal
microRNAs as novel biomarkers for hepatocellular carcinoma. Exp Mol
Med. 2015;47(9): e184.

Li C, Xu X. Biological functions and clinical applications of exoso-

mal non-coding RNAs in hepatocellular carcinoma. Cell Mol Life Sci.
2019;76(21):4203-19.

Wortzel |, Dror S, Kenific CM, Lyden D. Exosome-mediated metastasis:
communication from a distance. Dev Cell. 2019;49(3):347-60.

Alenquer M, Amorim MJ. Exosome biogenesis, regulation, and function in
viral infection. Viruses. 2015;7(9):5066-83.

. Hessvik NP, Llorente A. Current knowledge on exosome biogenesis and

release. Cell Mol Life Sci. 2018;75(2):193-208.

Colombo M, Raposo G, Théry C. Biogenesis, secretion, and intercellular
interactions of exosomes and other extracellular vesicles. Annu Rev Cell
Dev Biol. 2014,30:255-89.

Koh HM, Song DH. Prognostic role of Rab27A and Rab27B expres-

sion in patients with non-small cell lung carcinoma. Thorac Cancer.
2019;10(2):143-9.

Nigita G, Marceca GP, Tomasello L, Distefano R, Calore F, Veneziano D, et al.
ncRNA editing: functional characterization and computational resources.
Methods Mol Biol. 2019;1912:133-74.

Kopp F, Mendell JT. Functional classification and experimental dissection
of long noncoding RNAs. Cell. 2018;172(3):393-407.

Sun Q, Hao Q, Prasanth KV. Nuclear long noncoding RNAs: key regulators
of gene expression. Trends Genet. 2018;34(2):142-57.

Pan W, Li W, Zhao J, Huang Z, Zhao J, Chen S, et al. IncRNA-PDPK2P
promotes hepatocellular carcinoma progression through the PDK1/AKT/
Caspase 3 pathway. Mol Oncol. 2019;13(10):2246-58.

Wang Y, Yang L, ChenT, Liu X, Guo Y, Zhu Q, et al. A novel IncRNA
MCM3AP-AST promotes the growth of hepatocellular carcinoma by
targeting miR-194-5p/FOXAT axis. Mol Cancer. 2019;18(1):28.

Yin Z,MaT,Yan J, Shi N, Zhang C, Lu X, et al. LncRNA MAGI2-AS3

inhibits hepatocellular carcinoma cell proliferation and migration by
targeting the miR-374b-5p/SMGT1 signaling pathway. J Cell Physiol.
2019;234(10):18825-36.

Qin M, Meng Y, Luo C, He S, Qin F,Yin Y, et al. IncRNA PRR34-AS1 promotes
HCC development via modulating Wnt/B-catenin pathway by absorbing
miR-296-5p and upregulating E2F2 and SOX12. Mol Ther Nucleic Acids.
2021;25:37-52.

Yang X, Song D, Zhang J, Yang X, Feng H, Guo J. PRR34-AS1 sponges miR-
498 to facilitate TOMM20 and ITGA6 mediated tumor progression in HCC.
Exp Mol Pathol. 2021;120: 104620.

Feng F, Jiang Y, Lu H, Lu X, Wang S, Wang L, et al. Rab27A mediated by
NF-kB promotes the stemness of colon cancer cells via up-regulation of
cytokine secretion. Oncotarget. 2016;7(39):63342-51.

Chao Y, Zhou D. IncRNA-D16366 is a potential biomarker for diagnosis
and prognosis of hepatocellular carcinoma. Med Sci Monit Int Med J Exp
Clin Res. 2019,25:6581-6.

Sheng N, LiY, Qian R, Li Y. The clinical significance and biological function
of INcRNA RGMB-AST1 in hepatocellular carcinoma. Biomed Pharmacother
= Biomedecine & pharmacotherapie. 2018,98:577-84.

Wang J, Pu J, Zhang VY, Yao T, Luo Z, Li W, et al. Exosome-transmitted long
non-coding RNA SENP3-EIF4AT suppresses the progression of hepatocel-
lular carcinoma. Aging. 2020;12(12):11550-67.

Wang D, Xing N, Yang T, Liu J, Zhao H, He J, et al. Exosomal INcRNA H19
promotes the progression of hepatocellular carcinoma treated with
propofol via miR-520a-3p/LIMK1 axis. Cancer Med. 2020;9(19):7218-30.
Sung BH, Weaver AM. Exosome secretion promotes chemotaxis of cancer
cells. Cell Adh Migr. 2017;11(2):187-95.

Ostrowski M, Carmo NB, Krumeich S, Fanget |, Raposo G, Savina A, et al.
Rab27a and Rab27b control different steps of the exosome secretion
pathway. Nat Cell Biol. 2010;12(1):19-30; sup pp 1-13.

Yang L, Peng X, LiY, Zhang X, Ma Y, Wu C, et al. Long non-coding RNA
HOTAIR promotes exosome secretion by regulating RAB35 and SNAP23
in hepatocellular carcinoma. Mol Cancer. 2019;18(1):78.

Song L, Tang S, Han X, Jiang Z, Dong L, Liu C, et al. KIBRA controls exo-
some secretion via inhibiting the proteasomal degradation of Rab27a.
Nat Commun. 2019;10(1):1639.



Zhang et al. Journal of Translational Medicine ~ (2022) 20:491 Page 14 of 14

31. BoGC, LiX Hel, Zhang S, LiN, AnY. A novel long noncoding RNA HHIP-
AS1 suppresses hepatocellular carcinoma progression through stabilizing
HHIP mRNA. Biochem Biophys Res Commun. 2019;520(2):333-40.

32. HeJ,Yu J. Long noncoding RNA FAM83A-AST facilitates hepatocellular
carcinoma progression by binding with NOP58 to enhance the mRNA
stability of FAM83A. 2019. Biosci Rep. https://doi.org/10.1042/BSR20
192550.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1042/BSR20192550
https://doi.org/10.1042/BSR20192550

	PRR34-AS1 promotes exosome secretion of VEGF and TGF-β via recruiting DDX3X to stabilize Rab27a mRNA in hepatocellular carcinoma
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Cell culture
	Quantitative real-time PCR (RT-qPCR)
	Cell transfection
	5-Ethynyl-2′-deoxyuridine (EdU)
	Colony formation
	Wound healing
	Transwell
	Western blot
	Immunofluorescence staining
	Exosome isolation
	Exosome labeling
	Nanoparticle tracking analysis (NTA)
	Transmission electron microscopy (TEM)
	Fluorescence in situ hybridization (FISH)
	Subcellular fractionation
	Luciferase reporter assay
	RNA-binding protein immunoprecipitation (RIP)
	RNA pull down assay
	Actinomycin D assay
	Statistical analysis

	Results
	PRR34-AS1 overexpression enhances the capacities of proliferation, migration, invasion and EMT of THLE-3 cells
	Enhanced cell proliferative, migratory, invasion and EMT abilities are observed in co-cultured HCC and THLE-3 cells
	HCC cell-secreted exosomes promote cell malignant phenotypes
	PRR34-AS1 regulates exosomal protein Rab27a in HCC cells
	PRR34-AS1 interacts with DDX3X to regulate Rab27a mRNA stability
	PRR34-AS1 facilitates THLE-3 cells proliferation, migration, invasion and EMT via elevating Rab27a expression to increase the exosome secretion of VEGF and TGF-β

	Discussion
	Acknowledgements
	References




