Front. Biosci. (Landmark Ed) 2025; 30(3): 26045
https://doi.org/10.31083/FBL26045

Landmark

Original Research

Effect of HepG2-Derived Exosome with PDGF-D Knockdown on
Transformation of Normal Fibroblasts into Tumor-Associated
Fibroblasts in Liver Cancer

Yan-Yan Wu!®, Liu-Shen-Yan Yu!, Han-Yu Zhou', Jun-Chao Xue®*

I Department of Pharmacy, Tongde Hospital of Zhejiang Province, 310012 Hangzhou, Zhejiang, China
*Correspondence: samxer(@163.com (Jun-Chao Xue)

Academic Editor: Amancio Carnero Moya

Submitted: 7 August 2024 Revised: 12 September 2024  Accepted: 26 September 2024  Published: 21 March 2025

Abstract

Background: It is known that the transformation of liver cancer-mediated fibroblasts into cancer-related fibroblasts (CAFs) is beneficial
to the development of liver cancer. However, the specific mechanism is still unclear. Methods: Human hepatocarcinoma (HepG2) cells
were treated with short hairpin RNA (shRNA) of platelet-derived growth factor-D (shPDGF-D) vector, and the exosomes secreted by the
cells were separated using ultracentrifugation and identified by using nanoparticle tracking analysis, transmission electron microscope,
and western blot analysis. Exosomes were co-cultured with mouse primary fibroblasts, and then the activity, proliferation, cell cycle,
migration, epithelial-mesenchymal transition- (EMT-) and CAF marker-related protein expression levels of fibroblasts were determined
by cell counting kit-8 (CCK-8), immunofluorescence, flow cytometry, wound healing, real-time reverse transcription-PCR, and western
blotting assays, respectively. Co-cultured fibroblasts were mixed with HepG2 cells and injected subcutaneously into mice to construct
animal models. The size and weight of xenograft tumor and the expression of epithelial-mesenchymal transition- (EMT-), angiogenesis-
and CAFs marker-related proteins were detected. Results: The exosomes inhibited the proliferation, migration, EMT, and induced
cell cycle arrest, as well as decreased the expression of a-SMA, FAP, MMP-9, and VEGF in fibroblasts. In vivo, sh-PDGF-D inhibited
tumor growth, reduced the expressions of CD31, vimentin, a-SMA, FAP, MMP9, and VEGF, and promoted the expression of E-cadherin.
Conclusions: Exosomes derived from HepG2 cells transfected with shiPDGF-D prevent normal fibroblasts from transforming into CAFs,

thus inhibiting angiogenesis and EMT of liver cancer.
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1. Introduction

Liver cancer is one of the common tumors with the
highest mortality at present [1]. The metastasis contributes
to poor prognosis of patients with liver cancer, suggesting
that early intervention for liver cancer metastasis is par-
ticularly important. It is found that the tumor microenvi-
ronment (TME) provides a good internal environment for
the occurrence, development, and metastasis of liver can-
cer [2]. Fibroblasts are the classical supporting cell types,
which were activated in response to the process of neopla-
sia. In the TME, the definition of cancer-associated fibrob-
lasts (CAFs) can be simply viewed as fibroblasts that are
located within a tumor [3]. The CAFs in TME can boost the
invasion and metastasis of liver cancer cells by secreting cy-
tokines and reconstructing the tumor microenvironment [4].
Although there are many sources of CAFs, including acti-
vated fibroblasts in the tumor microenvironment, bone mar-
row mesenchymal stem cells, adipose-derived mesenchy-
mal stem cells, vascular smooth muscle cells, etc., CAFs
can be identified by specific markers, such as a-SMA and
FAP [4]. However, the mechanism by which liver cancer
cells mediate the transformation of fibroblasts into CAFs is
still unclear.

Exosomes are small vesicles secreted by cells with a
diameter of 30—100 nm and wrapped by double lipid mem-
branes [5]. They can regulate cell behavior by transmitting
genetic information or functional proteins, so they are im-
portant mediators of communication between cells, such as
tumor cells and CAFs [6]. CAFs are the main mesenchy-
mal cells in TME and an important source of matrix met-
alloproteinases (MMPs), growth factors, chemokines, etc.
[7]. Ttis found that stromal cells can receive exosomes from
cancer cells, help cells to excrete cytotoxic drugs to induce
drug resistance, regulate endothelial cell characteristics to
promote angiogenesis and regulate epithelial-mesenchymal
transition (EMT) to promote invasion and metastasis, thus
creating a microenvironment to promote tumor growth [8].
It has been proven that tumor-derived exosomes can induce
CAF activation and foster lung metastasis of liver cancer
[9].

Platelet-derived growth factor (PDGF)-D belongs to
the PDGFs family, which is overexpressed in multifari-
ous cancers and participates in a series of cellular events,
including proliferation, migration, invasion, blood vessel
growth, etc. [10]. In addition, PDGF-D can also promote
the proliferation and migration of fibroblasts [11]. Of note,
Massimiliano Cadamuro et al. [12] found that cholangio-
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carcinoma cells secrete PDGF-D to recruit liver myofibrob-
lasts to promote tumor lymphangiogenesis in cholangiocar-
cinoma. This suggests that PDGF-D may play a certain role
in mediating the transformation of normal fibroblasts into
CAFs.

Therefore, in the current study, we sought to explore
the role and mechanism of exosomes secreted by HepG2
cells transfected with PDGF-D specific short hairpin RNA
(shPDGF-D) on the transformation of normal fibroblasts to
CAFs.

2. Materials and Methods
2.1 Cell Culture

Human liver cancer cell line HepG2 (HB-8065,
ATCC, Manassas, VA, USA) were cultured in DMEM
(11965092, Thermo Fisher Scientific, Waltham, MA,
USA) containing 10% Fetal Bovine Serum (FBS, 10091,
Thermo Fisher, USA), 1% Penicillin-Streptomycin Solu-
tion (15140-122, Thermo Fisher, USA) in a humidified at-
mosphere with 5% CO5 at 37 °C, and validated by short
tandem repeat (STR) profiling and tested negative for my-
coplasma contamination using MycoSensor PCR assay kit
(Agilent, Hangzhou, China).

2.2 Cell Transfection

Human shPDGF-D (NM_025208.5, target sequence:
5'-ATCAAGAACGAACCAAATTAA-3') lentiviral
vector and its negative control (NC, target sequence:
5'-TTCTCCGAACGTGTCACGTCC-3’) were purchased
from VectorBuilder (Guangzhou, China). In short, the
vector was transfected into 293T cells with Lipofec-
tamine™ 3000 (L3000150, Thermo Fisher, USA), and the
transfection efficiency was assessed using a fluorescence
microscope (BX53, Olympus, Tokyo, Japan) 24 hours
after transfection. The cell supernatant was collected
and filtered, and the filtered virus was then infected with
HepG?2 cells. After 48 hours, the expression of PDGF-D
was detected by quantitative real-time polymerase chain
reaction (qQRT-PCR) and Western blotting.

2.3 qRT-PCR Assay

Briefly, total RNA was extracted by Trizol reagent
(B511311, Sangon Biotech, Shanghai, China). Next, the
PrimeScript RT reagent kit (Takara, Shiga, Japan) was used
to synthesize the cDNA of each sample. The expression of
PDGF-D, a-SMA, and FAP in cells was detected by a Real-
Time PCR system (7500, ThermoFisher, USA) using Probe
qPCR Mix (D7271, Beyotime, Shanghai, China). GAPDH
was used as the internal reference. The relative expression
levels were quantified by the 2722CT approach. The se-
quences of the primers used are displayed in Table 1.

2.4 Western Blotting

Total protein was extracted using RIPA Lysis Solu-
tion (PO013K, Beyotime, China). The extracted protein

Table 1. Primers for quantitative real-time PCR (qRT-PCR)
were used in this study.

Genes Oligonucleotide sequences (5 ~ 3')
PDGFE-D Forward 5'-GAGCAATCACCTCACAGACTTG-3’
Reverse 5'-TTCCAGTTGACAGTTCCGCA-3’
oeSMA Forward 5'-GGCATCCACGAAACCA-3’
Reverse 5'-TTCCTGACCACTAGAGGGGG-3’
FAP Forward 5'-GATTCATGGGCCTCCCAACA-3’
Reverse 5'-CTAACCTCCTGAGCCCTCCT-3’
Forward 5'-GGCAAATTCAACGGCACAGT-3’
GAPDH

Reverse 5'-TGAAGTCGCAGGAGACAACC-3’
PDGF-D: platelet-derived growth factor-D; a-SMA: alpha
-smooth muscle actin; FAP: fibroblast activation protein;
GAPDH:: glyceraldehyde 3-phosphate dehydrogenase.

has gone through the process of electrophoresis. After
incubating with the primary antibody overnight at 4 °C,
the membrane was washed with TBST buffer and incu-
bated with the secondary antibody for 2 hours at room
temperature. The protein bands were visualized by ECL
Western Blotting Substrate (PE0010, Solarbio, Beiijng,
China) and quantified using the Image J software (1.52v,
NIH, Bethesda, MD, USA), with GAPDH serving as the
internal control. The primary and secondary antibod-
ies were as follows: PDGF-D (DF12690, 1:1000, Affin-
ity, West Bridgford, UK); CD63 (1:1000, ab217345, Ab-
cam, Fremont, CA, USA); CD81 (1:1000, ab109201, Ab-
cam); CD9 (1:1000, ab92726, Abcam); a-SMA (1:1000,
AF1032, Affinity), FAP (1:2000, AF0739, Affinity); ma-
trix metallopeptidase-9 (MMP-9, AF5228, 1:2000, Affin-
ity); vascular endothelial growth factor (VEGF) (1:1000,
AF5131, Affinity); GAPDH (1:10,000, ab8245, Abcam);
goat anti-rabbit antibody (1:5000, ab205718, Abcam); goat
anti-mouse antibody (1:5000, ab6789, Abcam).

2.5 Exosome Extraction and Characterization

The separation of exosomes is described previously
by sequential centrifugation [13]. In short, the HepG2
cells were cultured in a DMEM medium containing 10%
exosomal-free FBS. After 48 hours, the supernatants from
cells were centrifuged at 300 g for 10 minutes to discard
cells, and then the supernatant was centrifuged at 16,500
g for 20 minutes to remove cell debris. The supernatant
was filtrated using a 0.22 pm syringe filter and then cen-
trifuged at 120,000 g (Beckman Type 90 Ti) for 70 minutes
to precipitate exosomes. Finally, the exosome pellet was re-
suspended in PBS or lysis buffer before further analysis. In
order to verify the exosomes, a nanoparticle tracking analy-
sis (NTA, ZetaView PMX 120) was carried out to estimate
the size distribution and nanoparticle concentration of the
exosomes, the morphology of the exosomes was observed
by using a transmission electron microscope (TEM, JEM-
1400, JEOL, Akishima, Japan), and the specific markers
of the exosomes (CD63, CD81 and CD9) were detected by
western blot.
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2.6 Isolation of Primary Fibroblasts

BALB/C mice (20-30 g) were acquired from Vital
River (Beijing, China) and kept in a constant temperature
(21 £ 0.5 °C) room with a natural circadian alternation
and 50% humidity. After the mice were anesthetized with
1% sodium pentobarbital (50 mg/kg, P-010, Merck, Ger-
man), the liver tissues of the mice were collected, cut into
small pieces, and digested with type I collagenase (SCR103,
Merck, German) at 37 °C for 2 hours. After centrifugation,
the precipitate was resuspended with a complete medium
and inoculated into 10 cm dishes.

All animal experiments were permitted by the Ani-
mal Experimentation Ethics Committee of Hangzhou Ey-
ong Pharmaceutical Research and Development Center
(Approval number: EYOUNG-20201030-02) and in ac-
cordance with the guidelines of the National Institutes of
Health Laboratory Animal Care and Use Guidelines.

2.7 Co-Culture of Fibroblasts and Exosomes

The fibroblasts were placed in a 6-well plate at a den-
sity of 1 x 10° per well supplemented with 10% FBS-
containing DMEM. After culturing for 24 hours, 50 pL
of HepG2 shNC-exosome or HepG2 shPDGF-D-exosome
medium with a concentration of 400 ug/ul. was added to
the 6-well plate for co-culture for 48 hours. For exosome
uptake assays, the extracted exosomes were labeled us-
ing PKH67 (green) in line with the manufacturer’s meth-
ods and co-cultured with fibroblasts at a concentration of
200 pg/mL for 48 h. Visualization of exosome uptake
was observed using a laser scanning confocal microscope
(LSMS880, Zeiss, Jena, Germany).

2.8 Cell Counting Kit 8 (CCKS8) Assay

Fibroblasts (2 x 103 per well) were added into 96-
well plates, followed by the co-culture treatment with the
exosomes (50 pg/mL) obtained from HepG2 with PDGF-D
knockdown. After co-culture for 24, 48, 72, and 96 hours,
10 uL CCK-8 reagent (C0037, Beyotime, China) was added
to each well and cultured for 2 h at 37 °C. The absorbance
was measured by a microplate reader (ThermoFisher) at a
wavelength of 450 nm.

2.9 EdU (5-Ethynyl-2'-Deoxyuridine) Incorporation Assay

The proliferating fibroblasts were determined by the
EdU Kit (C0075, Beyotime, China). In short, the prepared
EdU working solution was added to the above-mentioned 6-
well plate for 48 hours of co-cultivation and incubated for
2 hours, then the culture solution was removed and 1 mL
of fixing solution was added for fixation for 15 minutes.
Then, after removing the fixing solution, cells were reacted
with the permeating solution for 15 minutes and with a click
reaction solution for 30 minutes. Then Hoechst 33342 solu-
tion was added to stain the nucleus. Finally, the results were
observed under a fluorescence microscope (BX63, Olym-
pus, Japan).
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2.10 Immunofluorescence Assay

To detect the expression of E-cadherin, vimentin,
a-SMA, and FAP, cells or tissues were fixed with 4%
paraformaldehyde (E672002, Sangon, China), permeabi-
lized with Triton-X-100 (A110694, Sangon), followed by
blocking. Subsequently, cells were reacted with the pri-
mary antibody E-cadherin (1:100, ab231303, Abcam, UK),
vimentin (1:200, ab92547, Abcam, UK), a-SMA (1:200,
AF1032, Affinity, USA), FAP (1:200, AF0739, Affinity,
USA) and CD31 (1:500, AF6191, Affinity, USA) overnight
at 4 °C. The next day, cells were reacted with goat anti-
rabbit antibody Alexa Fluor® 647 (ab150079, Abcam, UK)
or Alexa Fluor® 488 (ab150077, Abcam, UK). The nucleus
was stained with DAPI (E607303, Sangon) for 15 minutes.
Finally, the images were captured using the fluorescence
microscope and analyzed by using ImagelJ software v2.0.0
(NIH, Bethesda, MD, USA).

2.11 Cell Cycle Test

Cell Cycle Kit (C1052, Beyotime, China) was used to
detect the cell cycle. In short, the co-cultured cells were
collected and centrifuged at 1000 g for 5 minutes. After
removing the supernatant, the cells were resuspended with
PBS (E607008, Sangon, China) and transferred to the cen-
trifuge tube. Precooled 70% ethanol was added and incu-
bated at 4 °C for 30 minutes. After washing, the configured
propidium iodide (PI) staining solution was added and in-
cubated in the dark for 30 minutes. Finally, the cell cycle
was detected by flow cytometry.

2.12 Wound Healing Assays

A long scrape was created by a pipette, and PBS was
used to remove detached cells on the surface. Afterward,
the cells were incubated with DMEM in the incubator for
24 hours. The wounds were photographed at 0 and 48 hours
by a microscope (BX53M, Olympus, Japan).

2.13 Xenograft Tumor Experiment

BALB/C nude mice (20-30 g) were also purchased
from Vital River, and housed in a constant temperature
(21 £ 0.5 °C) room with a natural circadian alternation
and 50% humidity. Mice can eat and drink freely, and
begin the experiment about 7 days after acclimatization.
Nude mice were randomly divided into 2 groups, three in
each group. Fibroblasts (2 x 10°) co-cultured with HepG2
shNC-exosome or HepG2 shPDGF-D-exosome and HepG2
cells (3 x 105) were mixed in 200 uL PBS and then injected
subcutaneously into mice. The volume of the subcutaneous
tumor was measured with a caliper every three days and cal-
culated using the formula: length x width?/2. Four weeks
later, the mice were euthanized by intraperitoneal injection
of 250 mg/kg sodium pentobarbital [14]. The tumors were
collected for follow-up immunofluorescence staining, qRT-
PCR, and western blot.
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Fig. 1. Identification of exosomes in HepG2 cells with silencing of PDGF-D. (A,B) Relative expression of PDGF-D in HepG2 cells
transfected with specific shRNAs against PDGF-D. Data are represented as mean & SD (n = 3), **p < 0.01, compared with the NC
shRNA group. (C) nanoparticle size distribution. (D) Morphology of exosomes measured by transmission electron microscope (TEM).
Scale bar, 100 nm. (E) Western blot was used to analyze the specific exosome surface markers (CD63, CD81, CD9). (F) A diagram of
the uptake of exosomes in HepG2 cells with silencing of PDGF-D by fibroblasts. Scale bar, 10 pm.

2.14 Statistical Analysis

Statistical analysis was performed by GraphPad Prism
8.0 (GraphPad Software, Inc., San Diego, CA, USA). The
results were expressed by mean + standard deviation (SD).
The comparisons between the two groups were analyzed us-
ing a student’s -test. Differences with p < 0.05 were con-
sidered statistically significant.

3. Results

3.1 Characterization of Exosomes Secreted by HepG2
Cells that Transfected with shPDGF-D

To evaluate the effect of PDGF-D, we transfected
HepG2 cells with shPDGF-D, and the transfection effi-
ciency was shown in Fig. 1A.B (p < 0.01). We de-
termined the diameter and concentration of exosomes
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Fig. 2. Knockdown of PDGF-D in HepG2-derived exosomes inhibited the proliferation of fibroblasts. (A) Fibroblasts were incu-

bated with exosomes in HepG2 cells with silencing of PDGF-D for 24, 48, 72, and 96 h, respectively. Cell viability was analyzed by
cell counting kit-8 (CCK-8) assay. (B) EdU assays of Fibroblasts incubated with exosomes in HepG2 cells with silencing of PDGF-D
were performed to evaluate cell proliferative ability. Scale bar, 50 um. (C) Cell cycle distributions of fibroblasts in PDGF-D knockdown

HepG2-derived exosomes were presented by flow cytometry. Results are represented as mean + SD (n = 3). *p < 0.05, **p < 0.01

compared with Exos-NC shRNA group.

through nanoparticle tracking analysis (NTA) (Fig. 1C) and
observed the morphology of exosomes through a TEM
(Fig. 1D). The NTA showed that the peak diameter of exo-
somes was 110 nm (Fig. 1C). At the same time, the expres-
sion of characteristic proteins of exosomes (CD63, CDS1,
and CD9) was confirmed by western blot. Silencing PDGF-
D did not affect the expression level of characteristic pro-
teins of exosomes (Fig. 1E). The green fluorescence in ex-
osomes was found in the perinuclear region of fibroblasts,
suggesting that PKH67-labeled exosomes could enter into
the cytoplasm of fibroblasts (Fig. |F).

3.2 Regulation of the Biological Behavior of Fibroblasts
by Exosomes Derived from HepG2 Cells Transfected with
shPDGF-D

The exosomes of HepG2 cells with PDGF-D knock-
down were co-cultured with mouse primary cultured fibrob-
lasts, and the effects of exosomes derived from HepG2 cells

&% IMR Press

on the biological behavior of fibroblasts were evaluated
through a series of functional experiments. Compared with
the Exos-NC shRNA group, exosomes derived from HepG2
cells transfected with shPDGF-D inhibited the cell viabil-
ity and proliferation of fibroblasts (Fig. 2A,B, p < 0.01),
induced the prolongation of the GO/G1 phase and the short-
ening of S phase (Fig. 2C, p < 0.01), and reduced the mi-
gration (Fig. 3A, p < 0.01).

3.3 Exosomes Derived from HepG?2 Cells Transfected with
shPDGF-D Prevented the Migration and Activation of
Fibroblasts

The conversion of fibroblasts to CAFs is related to the
EMT process, and activated fibroblasts have the ability to
promote invasion and angiogenesis. Therefore, we eval-
uated the expression levels of EMT-related proteins, CAF
markers, MMP-9, and VEGF. As shown in Fig. 3B, exo-
somes secreted by HepG2 cells transfected with shPDGF-
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cation: x400, scale bar =20 pm). (B) a-SMA and FAP expression levels were detected in tumor tissues by gqRT-PCR. (C) Levels of the
a-SMA, FAP, MMP9, and VEGF protein in tumor tissues were detected by Western blotting. Data are shown as mean + SD (n = 3).

**p < 0.01 compared with the Fibroblasts (Exos-NC)+Hepg2 group.

compared with the Exos-NC shRNA group (Fig. 4A-C, p
< 0.01). In addition, the levels of MMP-9 and VEGF pro-
teins were also inhibited by exosomes secreted by HepG2
cells transfected with shPDGF-D (Fig. 4B, p < 0.05).

3.4 ShPDGF-D Inhibited the Growth of Xenograft Tumors
by Inhibiting the Activation of Fibroblasts

To further verify our conclusions, we carried out
in vivo experiments. The results showed that compared
with the Exos-NC group, the tumor size and volume of

mice injected with HepG2 cells and fibroblasts (co-cultured
with exosomes secreted by HepG2 cells transfected with
shPDGF-D) were significantly reduced (Fig. 5A-C, p <
0.01). Not only that, fibroblasts (co-cultured with exo-
somes secreted by HepG2 cells transfected with shPDGF-
D) reduced the expression of CD31, vimentin, a-SMA,
FAP, MMP-9, and VEGF in tumor tissues, but elevated the
levels of E-cadherin (Fig. 6A-C, p < 0.01).
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4. Discussion

CAFs are mainly derived from activated normal fi-
broblasts and exhibit invasion and migration ability. Stud-
ies have shown that the activation process of normal fi-
broblasts mediated by tumor cells is closely related to ex-
osomes [15]. Exosomes derived from tumor cells can not
only reprogram normal fibroblasts into CAFs by transmit-
ting miRNA but also induce normal fibroblasts to trans-
form into CAFs by transmitting protein [16]. Ringuette et
al. [17] found that the exosomes derived from bladder can-
cer cells carry transforming growth factor beta (TGF-{3) to
participate in the activation of SMAD signal, and then in-
duce the activation of normal fibroblasts. In addition, there
is evidence that fibroblasts activated by exosomes derived
from metastatic cancer cells express more pro-angiogenic
proteins, pro-proliferation proteins, and pro-invasion pro-
teins than fibroblasts activated by exosomes derived from
primary cancer cells [18]. This also further illustrates that
metastatic cancer cells transmit functional proteins through
exosomes, which activate fibroblasts into CAFs and obtain
high invasion and invasion capabilities. In the previous
study, CD63, CD81, and CD9 were used to distinguish exo-
somes and non-exosomal subgroups [19]. We followed this
method and confirmed that transfection of siPDGF-D does
not affect the characteristics of exosomes secreted by liver
cancer cells.

PDGF-D can stimulate angiogenesis and extracellu-
lar matrix deposition, which is closely related to the de-
velopment of cancer. It has been proved that PDGF-D has
crosstalk with multiple signaling pathways such as cell sur-
vival and growth, EMT, invasion, angiogenesis, etc. [20].
Borkham-Kamphorst et al. [21] found that PDGF-D can
activate hepatic stellate cells and myofibroblasts, thereby
promoting liver fibrosis. It is worth noting that both hep-
atic stellate cells and myofibroblasts are sources of CAFs,
and there has been evidence that PDGF-D enables hep-
atic myofibroblasts to promote tumor lymphangiogenesis in
cholangiocarcinoma, which means blocking PDGF-D may
be a way to hinder the cancer-promoting effect of CAFs
[12]. Consistent with the previous studies, we found that
exosomes shPDGF-D regulated the viability, proliferation,
migration, and cell cycle of fibroblasts, thereby hindering
the activation of fibroblasts.

Common downstream effectors of PDGF-D include
EMT-associated proteins (E-cadherin, vimentin), MMP-9
and VEGF, etc. [20], and the activation of fibroblasts is
also related to the occurrence of EMT [22]. The acquisi-
tion of invasiveness by liver cancer cells through the pro-
cess of EMT is a key driver of the malignant progression
of hepatocellular carcinoma [4,23]. EMT down-regulates
the expression of the epithelial marker, E-cadherin, and
up-regulates the expression of the mesenchymal epithelial
marker, Vimentin, which results in the acquisition of a mes-
enchymal phenotype by the epithelial cells and confers on
the hepatocellular carcinoma cells the ability to detach from
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the primary tumor site and metastasize to a distant location
[23]. Therefore, the phenotype of hepatocellular carcinoma
cells as epithelial or mesenchymal can be determined by the
levels of E-cadherin and Vimentin, which can help to un-
derstand the degree of EMT of tumor cells. Additionally,
MMP-9 is an important factor for cancer cell invasion. It
has been found that down-regulation of PDGF-D in renal
cell carcinoma cells and gastric cancer cells reduces the in-
vasion and angiogenesis of cancer cells by inhibiting the
expression of MMP-9 in cancer cells [24,25]. VEGF reg-
ulates the process of angiogenesis, and it has been shown
that down-regulation of PDGF-D inhibits the expression of
VEGF in gastric cancer cells and thus affects the develop-
ment of gastric cancer [25]. In addition, Fan et al. [26]
reported that exosomes derived from lung cancer cells in-
creased the expression of VEGF and MMP-9, thereby pro-
moting the transformation of fibroblasts to CAFs. These ev-
idences showed that PDGF-D can promote the transforma-
tion of fibroblasts into CAFs by regulating the expression
of E-cadherin, vimentin, MMP9 and VEGF, which is con-
sistent with our research results. Moreover, the decrease of
a-SMA and FAP expression meant that exosome shPDGF-
D inhibits the transformation of fibroblasts into CAFs.

Tumor cells stimulate fibroblasts to transform into
CAFs by secreting exosomes, while CAFs secrete cytokines
like MMP and TGF-$ and induce EMT in cancer cells, so
as to promote the development of tumors [27]. Liu et al.
[28] found that CAFs promoted the metastasis of hepato-
cellular carcinoma by secreting chemokines to activate the
TGF-j pathway. Jia et al. [29] reported that CAFs induced
EMT of liver cancer via the Interleukin 6 (IL-6)/STAT3
axis. However, Yamanaka et al. [30] believe that inhibit-
ing the activation of fibroblasts can hinder the promotion
of CAFs in intrahepatic cholangiocarcinoma. In our in vivo
experiment, ShPDGF-D inhibited tumor growth by inhibit-
ing fibroblast activation. Furthermore, after PDGF-D was
silenced, angiogenesis-related proteins (CD31, VEGF), vi-
mentin, CAFs markers and MMP9 in tumor tissues were
down-regulated, while E-cadherin was up-regulated, which
on the one hand verified that the activation of fibroblasts
was blocked, on the other hand, indicated that the EMT and
angiogenesis ability of tumor decreased.

Studies have shown that cardiotrophin-like cytokine
factor 1 (CLCF1), which is derived from CAFs in liver can-
cer, causes cancer cells to secrete more chemokine ligand
6 (CXCL6) and TGF-8. CXCL6 promotes cancer progres-
sion by activating PI3K/Akt or NF-xB signaling [31,32].
Follistatin-like protein 1 (FSTL1) is a pro-inflammatory
factor mainly secreted by CAFs. FSTL1 binds to the TLR4
receptor on liver cancer cells and promotes cancer stem-
ness by affecting the AKT/mTOR/4EBP1 signaling path-
way [33]. Another study showed that exosomes secreted
by CAFs release TUG1, which promotes glycolysis in liver
cancer cells through the miR-524-5p/SIX1 axis [34]. In
this study, the results showed that the sShPDGF-D exosomes
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significantly inhibited fibroblast transformation into CAFs.
However, there are some shortcomings in this study. It
would be beneficial to provide more detail on how shPDGF-
D exosomes specifically impact EMT-related pathways.
The role of other PDGF-D-related target genes and the clin-
ical implications of the exosomes from shPDGF-D HeapG2
cells needed further investigation.

5. Conclusions

In summary, our research proves that exosomes de-
rived from HepG?2 cells transfected with shPDGF-2 prevent
normal fibroblasts from transforming into CAFs, thus in-
hibiting angiogenesis and EMT of liver cancer.
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