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Abstract

Background: Cancer-associated fibroblasts (CAFs) are of considerable importance in tumor progression by interacting with the tumor
microenvironment. However, the hidden mechanism explaining how tumor cells interact with CAFs in the tumor mechanical microenvi-
ronment remains largely unknown. Methods: We highlighted exosomes as the mediator modulating the interaction between liver cancer
cells and CAFs under mechanical conditions. The normal hepatic stellate cells LX2 were exposed to the medium or exosomes from
the HepG2 cells with or without fluid shear stress subjection, and the CAFs activation markers were checked. To further explore the
potential role of PI3K, which is active in liver fibrosis, the PI3K inhibitor was used. Results: The specific markers of CAFs, FAP, and
α-SMA, increased in LX2 with subjection to the fluid shear stress-induced exosomes from HepG2 cells. In turn, the enriched IGF2
in the exosomes activated the IGF2-PI3K signaling pathway in LX2 cells. Conclusions: These findings reveal that fluid shear stress-
induced liver cancer cells possess a stronger capacity to convert normal fibroblasts to CAFs than statically cultured liver cancer cells,
and tumor-derived exosomes mediated the intercellular cross-talk between liver cancer cells and fibroblasts.
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1. Introduction
The tumor microenvironment (TME) is composed

of the surrounding fibroblasts, immune cells, cytokines,
chemokines, as well as the extracellular matrix (ECM) [1–
3]. Cancer-associated fibroblasts (CAFs), the amplest fi-
broblasts in the cancer stroma, is a continuously activated
subpopulation of fibroblasts, playing a crucial role in pro-
moting tumor progression [4,5]. CAFs exhibit a high de-
gree of heterogeneity because of the diversity of sources
and expressed different specific markers for identification.
In the liver and pancreas, the static stellate cells activation is
the main source of CAFs [6]. Thereinto, α-SMA, FAP, and
PDGFR-β are well-known markers for identifying CAFs
[7,8]. It has been found that cytokines, inflammation, hy-
poxia, autophagy cause the activation of CAFs [9–11]. On
the other hand, increasing evidence showed that the can-
cer cells are the most crucial factor for educating normal
fibroblasts (NFs) to CAFs [12]; those research suggested
that there was cellular cross-talk between CAFs and cancer
cells [13,14]; however, the potential candidate activating
fibroblasts is far from clear.

There are various biological and physical abnormali-
ties in the TME. Among these, biomechanical properties al-
terations of the TME are a new hallmark of cancer [15,16].
Here, in the tumor biomechanical environment, due to the
recruitment of leaky blood vessels and deficiency of func-
tioning lymphatic vessels, there’s a rise in the interstitial

fluid pressure (IFP), causing an abnormal interstitial flow
which induces elevated fluid shear stress (FSS) [15]. 0.1–
2 dyn/cm2 FSS has been identified to enhance cancer cells
migration and invasion, as well as tumor-associated angio-
genesis [17]. Our previous studies had also validated the
catalytic effect of FSS on the migration of liver cancer cells
[18,19]. On the other hand, the potential contributing role of
cancer cells subjecting to FSS in the interaction with CAFs,
has not been deeply studied.

Exosomes, a kind of extracellular vehicle with a di-
ameter between 30 nm and 160 nm, are widely involved
in cell-cell communication [20]. Exosomes secreted from
cancer cells could be absorbed by fibroblasts and reshape
the biological functions of the recipient cells, finally result-
ing in the CAFs activation [21,22]. Therefore, the altered
bioactive components, which are contained in the exosomes
released from FSS-induced liver cancer cells, may activate
CAFs.

IGF2, playing a critical role in regulating cell prolif-
eration and migration in solid tumors, is found to be upreg-
ulated in a variety of human malignancies, including liver
cancer, and is associated with poor prognosis [23]. In liver
cancer, though the loss of imprinting, loss of heterozygos-
ity, or reactivation of IGF2 transcription [24] could par-
tially explain the upregulation of IGF2 in cancer, the de-
tailed functions and mechanisms about IGF2 release in the
TME still remain unknown. Whether the aberrant expres-
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sion of IGF2 in exosomes derived from FSS-induced liver
cancer cells could mediate the interaction of tumor cells and
CAFs needs to be elucidated.

Here, we hypothesize that the medium from liver can-
cer cells with fluid shear stress subjection is more capable
of activating fibroblasts through the bioactive substance in
exosomes. Therefore, we investigated the activation of nor-
mal hepatic stellate cells LX2 treated with the medium or
exosomes from liver cancer HepG2 cells in the absence or
the presence of fluid shear stress. Furthermore, we explored
the molecular process of IGF2 in exomes activating the re-
cipient fibroblasts.

2. Materials and Methods
2.1 Cell Culture

The human liver cancer cell lines HepG2, QGY-7703,
and hepatic stellate cells LX2 (Institute of Biochemistry and
Cell Biology, Shanghai, China) were cultured in an incu-
bator with 5% CO2 at 37 ◦C. RPMI-1640 (Gibco, Grand
Island, USA) was used to culture HepG2 and QGY-7703
cell lines. The high glucose DMEM (Gibco, Grand Is-
land, USA) was used to culture LX2 cell lines. The culture
medium was supplemented with 10% fetal bovine serum
(Gibco, Grand Island, USA) and 1% penicillin- strepto-
mycin (Gibco, Grand Island, USA).

2.2 Fluid Shear Stress Loading

The fluid shear stress loading system and HepG2
cell loading conditions were described previously [18,19].
Briefly, a parallel plate flow chamber with a peristaltic
pump system (Masterflex model 7518-10, Cole-Parmer In-
strument Company, Vernon Hills, IL, USA) makes up the
shear flow loading system, which can produce a directed
steady flow for this study. The loading shear stress is de-
termined using the formula below.

τ = 6
µQ

H2W
(1)

where τ is the fluid shear stress applied to the cells; µ is the
viscosity of the circulating medium; Q is the fluid velocity;
H is the chamber height;W is the chamber width.

The shear flowwas determined according to the veloc-
ity of the circulation medium using the chamber parameters
(H = 0.3 mm, W = 95 mm) and the viscosity of the circulat-
ing medium (0.83 mPa∙s). Liver cancer cells were seeded
on a 25 × 75 mm glass slide as a monolayer, and then the
slide was placed into the flow chamber when cells with 90%
confluent and exposed to a stable 1.4 dyn/cm2 fluid shear
stress (fluid velocity: 14.96 mL/min) for 8 h. The same
RPMI-1640 culture medium with 10% fetal bovine serum
was supplied to this shear flow loading system and kept at
37 ◦C in an incubator.

2.3 Condition Medium Collection

To ascertain the effects of soluble factors secreted by
liver cancer cells on LX2 activation, we collected differ-
ent culture mediums of HepG2 cells. Firstly, static condi-
tion medium (CM) means the medium extracted from the
HepG2 cells after cell starvation overnight without expo-
sure to fluid shear stress, and then the medium was col-
lected and centrifuged at 3000 g (Centrifuge 5804R; Ep-
pendorf, Hamburg, Germany) at 4 ◦C for 20 min to remove
dead cells and cell debris. Secondly, the fluid shear stress-
induced medium (FM) means the medium extracted from
the HepG2 cells after exposing to the fluid shear stress, and
the medium in the loading system was collected and cen-
trifuged at 3000 g, 4 ◦C for 20 min. The process of collect-
ing condition medium was diagrammed in Supplementary
Fig. 1.

2.4 Antibodies and Reagents

The detailed information about antibodies used for
Western blot analysis and immunofluorescence staining are
shown in Supplementary Table 1.

2.5 Western Blot Analysis

When the cell growth density reached 80%, the cells
were lysed, then the total protein was collected and quanti-
fied. Afterward, protein electrophoresis was performed us-
ing SDS-PAGE. Following that, transmembrane was con-
ducted to transfer proteins to polyvinylidene difluoride
(PVDF) membranes. After that, the membranes were
blocked for 3 h in TBST buffer containing 5% BSA at room
temperature. The membranes were then treated with pri-
mary antibodies overnight at 4 ◦C and secondary antibodies
for 2 h at room temperature. Finally, the bands were visu-
alized by ChemiDocTM XRS+ system, the quantification
was performed by Image Lab, and the data were analyzed
as well as plotted by GraphPad Prism. All the Western blot
analysis were conducted triplicates independently.

2.6 Immunofluorescence Staining and Confocal
Microscopy

LX2 cells were treated with CM and FM, respec-
tively for 5 days. And then, the cells were fixed with
4% paraformald ehyde for 10 min, blocked, and permeabi-
lized with 5% BSA (Solarbio, Beijing, China)/0.2% Triton
X-100/PBS at room temperature for 60 min. Next, cells
were incubated with primary antibodies (FAP, 1:100, di-
luted in PBS) overnight at 4 ◦C. After that, fluorescence
labeling secondary antibody (1:800, diluted in PBS) was in-
cubated at room temperature for 80 min. Follow that, cells
were incubated with phallotoxin (Thermo Fisher Scientific,
Waltham, USA.) for 1 h. In the end, the nucleus was stained
with DAPI (1:800, diluted in PBS) for 5 min. Olympus
confocal microscope (FV1000, Tokyo, Japan) was used to
obtain images.
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2.7 q-PCR
The method performing qPCR was described previ-

ously [19]. The primer sequences were as follows: FAP,
5’-CCAGCAATGATAGCCTCAAG-3’ (forward) and 5’-
GACCGAAACATTCTGGACTC-3’ (reverse); ACTA2,
5’- TCCTTCATCGGGATGGAGTC-3’ (forward) and 5’-
GGCAATGCCAGGGTACATAG-3’ (reverse); PDGFR-β,
5’-TGCGGGACTCGAATTACATC-3’ (forward) and
5’-TGGTGTAGAGGCTGTTGAAG-3’ (reverse); and
GAPDH, 5’-GGATGCAGGGATGATGTTC-3’(forward)
and 5’-TGCACCACCAACTGCTTAG-3’(reverse). Gene
expression was normalized by GAPDH using the 2−∆∆Ct

method.

2.8 MTT Assay
The proliferation ability of LX2 was tested using the

MTT assay. Firstly, LX2 cells were grown in CM and FM
until 5 days, respectively. The media was then removed,
and each well of LX2 cells was treated with 20 µL MTT
(5 mg/mL). After that, the 96 well plates were placed in
a 37 ◦C incubator for 4 h. 150 mL/well dimethyl sulfox-
ide (DMSO) was added to stop the reaction, and the optical
density at 490 nm was measured using a microplate reader
(Bio-Rad, Hercules, CA, USA).

2.9 Exosome Isolation and Purification
Exosomes were isolated utilizing a combination of

centrifugation, ultracentrifugation, and filtration as previ-
ous study [25]. Briefly, LX2 culture medium, HepG2 static
condition medium, and HepG2 fluid shear stress-induced
medium were collected. Then exosomes were isolated by
gradient centrifugation as: 300 g × 20 min, 3000 g × 20
min, 10,000 g × 30 min, 100,000 g × 2 h. All the proce-
dures were at 4 ℃. Finally, 50 µL PBS was used to resus-
pend the exosomes. The process of exosome isolation is
diagrammed Supplementary Fig. 2.

2.10 Transmission Electron Microscopy (TEM)
Exosomes suspended in PBS were dropped on the

golden grid. Then, exosomes were negatively stained by
2% phosphotungstic acid for 3 min, following air-drying
for 15min. Finally, TEM (H-600IV, Japan) at 80 kV was
used to observe the exosomes.

2.11 Nanoparticle Tracking Analysis (NTA)
After being diluted in PBS, exosomes were analyzed

using the Zeta View (Particle Metrix GmbH, Meerbusch,
Germany). To get reliable results, exosome samples were
diluted by PBS, ending with approximately 20–100 parti-
cles in a field of view.

2.12 Exosome Uptake Assay
The PKH26 (Thermo Fisher Scientific, Waltham,

USA) is a kind of red lipophilic dye that could be integrated
into the exosome membrane. In this study, freshly isolated
exosomes were stained in PKH26 and PKH linker mixture

in the dark. Then the labeled exosomes were washed with
PBS and purified as the step of 2.9. Finally, labeled exo-
somes were incubated with cells to verify the exosome up-
take.

2.13 Exosome Co-Culture with LX2 Cells

To determine the role of exosomes in activating
LX2 cells, exosomes derived from HepG2 static condition
medium (CM) and fluid shear stress-induced medium (FM)
were isolated and used to treat LX2 cells, respectively. And
the exosomes derived from LX2 culture medium were set
as control. All the exosomes were added with same con-
centration (10 µg/mL) to the LX2 cells and co-cultured for
5 days.

2.14 Statistical Analysis

The data was represented as the Mean± Standard Er-
ror ofMean (SEM) in this study, and GraphPad Prism 6 was
used to analyze it. A one-way ANOVA was used to com-
pare multiple groups, followed by Tukey’s test. Statistical
significance was defined as p < 0.05.

3. Results
3.1 Medium from Fluid Shear Stress-Induced Liver Cancer
Cells Promoted CAFs Activation

Cancer cells’ supernatant contains bioactive compo-
nents that can influence the activity and phenotypic of re-
cipient cells [1]. Therefore, we hypothesized that the sub-
stance released by tumor cells after flow subjection has
greater capability of activating fibroblasts through bioac-
tive components. Initially, we collected the conditioned
medium from HepG2 cells in the absence or presence of
fluid shear stress (FSS) subjection (the medium for HepG2
cells without fluid shear stress was referred to as static con-
dition medium (CM); while the medium for HepG2 cells
with fluid shear stress subjection was referred to as fluid
shear stress-induced medium (FM)) to study their effect on
the activation of hepatic stellate cell LX2. Western blot
analyses were conducted to measure the expression of ac-
tivated fibroblast markers. A slightly increased expression
of FAP and α-SMA was observed in LX2 with CM expo-
sure, while the LX2with FMexposure showedmarkedly in-
creased expression of FAP andα-SMA (Fig. 1A). Addition-
ally, it exhibited the same trend of expression for FAP, α-
SMA, together with PDGFR-β at the gene level (Fig. 1B).
Furthermore, the locations and expressions of FAP were in-
vestigated by immunofluorescence assay. In line with the
data from Western blot analysis, FM markedly increased
the FAP expression, while a mild elevates at CM group
(Fig. 1C). Moreover, the proliferation of LX2 cells under
CM and FM conditions was examined by MTT assays. It
was confirmed that FM activated the LX2 cells and elevated
their proliferative ability (Fig. 1D). Collectively, LX2 cells
cultured with FM, yielded more robust activation than cells
cultured with CM and negative control.
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Fig. 1. Fluid shear stress-induced cancer cell medium promoted the activation and proliferation of CAFs. (A)Western-blot analysis
of the expression of FAP and α-SMA in LX2 cells after subjecting to static condition medium (CM) or fluid shear stress-induced medium
(FM) (n = 3). (B) q-PCR analysis of FAP, α-SMA, and PDGFR-β under the condition of CM or FM (n = 3). (C) Immunofluorescence
staining of FAP in LX2 cells treated with CM or FM. Scale bar = 100 µm. Red: FAP; green: phalloidin; blue: DAPI. (D) MTT assay
showed the effect of CM or FM on the proliferation of LX2 cells. *p < 0.05, **p < 0 .01 versus Control group.

3.2 Exosomes Derived from Fluid Shear Stress-Induced
Liver Cancer Cells Promote CAFs Activation

The condition medium contained various bioactive
substances, such as exosomes, cytokines, and proteins
[26,27]. To determine whether exosomes in medium acti-
vate CAFs, exosomes derived from HepG2 static condition
medium (CM) and fluid shear stress-induced medium (FM)
were isolated and used to treat LX2 cells, respectively. And
the exosomes derived from LX2 culture medium were set
as control. First, the classical methods were used to isolate
and identify exosomes in each group [25]. After differential
centrifugation and ultracentrifugation, the exosomes from
each group were resuspended in PBS, and then validated
by transmission electron microscopy (TEM). As shown in
Fig. 2A, the exosomes were characterized by the cup-like
structure of the membrane, and exosomes with a size range
of 50–160 nm were confirmed using nanoparticle tracking
analysis (NTA). Furthermore, the vesicles tested positive
for exosome markers CD63, Alix and Hsp70 (Fig. 2B).

Next, LX2 cells were incubated with PKH26-labeled
exosomes (10 µg/mL) from each group. The PKH26 lipid
dye could be observed in each group (Fig. 2C), suggesting
that exosomes could be absorbed by LX2 cells. Further-
more, 10 µg/mL exosomes derived from different medi-
ums were added to the LX2 cells and cultured for 5 days.
And then we detected the activation of LX2 cells by using

Western blot, q-PCR, and immunofluorescence assays after
co-culture with CM-exosome (CM-exo) and FM-exosome
(FM-exo). All the markers of activated CAFs were upregu-
lated in LX2 cells treated with FM-exo (Fig. 2D–F). The
results indicated that LX2 cells cultured with fluid shear
stress-induced medium-derived exosomes yielded stronger
activation than cells cultured with static condition medium-
derived exosomes or negative control-derived exosomes.

3.3 High Level of IGF2 were Detected in Exosomes
Derived from Fluid Shear Stress-Induced Liver Cancer
Cells

Although IGF2 was upregulated in many cancers as
reported previously [23], it generally promotes cancer de-
velopment in a ligand-receptor way [24,28], and few stud-
ies focused on IGF2 delivered by exosomes. We found that
the FSS upregulated the expression of IGF2 (Fig. 3A,B)
in two liver cells (HepG2 and QGY-7703). Consistently,
the significantly increased IGF2 was observed in liver can-
cer cells exposed to FSS as shown by immunofluorescence
(Fig. 3C). Furthermore, the high expression of IGF2 was
also detected in the exosome derived from fluid shear stress-
induced medium, suggesting that the exosomes from FM
contained more IGF2 (Fig. 3D). In addition, recombinant
human IGF2 could effectively activate LX2 by upregulat-
ing FAP and α-SMA (Fig. 3E).
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Fig. 2. Exosomes derived from sheared medium promote CAFs activation. Exosomes were isolated from LX2 culture medium (Con-
trol), HepG2 static condition medium (CM-exo) and HepG2 fluid shear stress-induced medium (FM-exo), by differential centrifugation
and ultracentrifugation, followed NTA and TEM (A) to identify the size and structure of the exosome in each group. Scale bar = 100
µm. (B) Western blot bands of CD63, Alix and Hsp70 in exosomes. (C) Images showing the delivery of PKH26-labeled exosomes (red)
to LX2 cells. Scale bar = 100 µm. (D) Western blot bands of FAP and α-SMA level in LX2 cells under the condition of exosomes (10
µg/mL) derived from static condition medium (CM) and fluid shear stress-induced medium (FM) (n = 3). (E) q-PCR analysis of FAP,
α-SMA, and PDGFR-β under the condition of exosomes (10 µg/mL) derived from CM and FM (n = 3). (F) Immunofluorescence stating
for FAP in LX2 cells when treated with Control, CM-exo and FM-exo (10 µg/mL exosomes). Red: FAP; green: phalloidin; blue: DAPI.
Scale bar = 100 µm. *p < 0.05, **p < 0.01 versus Control group.

3.4 IGF2-PI3K Axis Participated in CAFs Activation

The PI3K/AKT signaling pathway is critical for cell
proliferation, differentiation, apoptosis, and mobility [29,
30]. Increasing evidence has identified that PI3K/AKT
pathway could promote the differentiation of various cells
into CAFs. IGF2 was identified as a key factor that inter-
acted with PI3K pathway to promote carcinogenesis [31].
We previously demonstrated the high level of IGF2 in exo-
somes derived from fluid shear stress-induced liver cancer
cells (Fig. 3D). To investigate the molecular mechanism of
flowed-exosome inducing LX2 activation, we examined the
IGF2-PI3K-AKT signals in LX2 cells.

As shown in Fig. 4A, exosomes derived from fluid
shear stress-induced medium significantly upregulated the
expression of IGF2, p-PI3K, and p-AKT in LX2 cells, com-
pared with the static condition medium group (Fig. 4A).
PI3K inhibitor was used to study the role of PI3K in CAFs
activation; as expected, the expression of FAP and α-SMA
both downregulated, suggesting that PI3K signaling par-
ticipated in CAFs activation (Fig. 4B). Furthermore, IGF2
is one of the growth factors/cytokines that can activate
PI3K/Akt. IGF2 inhibitor, Xentuzumab, was also used

to inhibit the activating function of IGF2 in PI3K signal
pathway. After inhibiting IGF2, a decreased expression
of CAFs activation markers was observed in each group
(Fig. 4C).

4. Discussion
Primary liver cancer is a highly fatal disease with high

mortality, which has become one of the most malignant
tumors and threatens human health [32]. Recent studies
strengthened the conception that cross-talk signaling be-
tween malignant cells and the liver cancer microenviron-
ment contributed to tumor progression and the pathogen-
esis of liver cancer [2,33]. As well known, cellular com-
munication in the tumor microenvironment plays a pivotal
part in carcinogenic processes; therefore, it necessitates the
study of the cellular communication between liver cancer
cells and CAFs, especially in the tumor microenvironment
(TME).

In recent decades, the physical traits in TME gained
more attention. The tumor physical microenvironment, par-
ticularly the liquid microenvironment, is particularly cru-
cial in tumor progression because of the pervasive fluid
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Fig. 3. The expression of IGF2 was upregulated by fluid shear stress in liver cancer cells and exosomes. (A) Images showing the
expression of IGF2 in HepG2 and QGY-7703 cells with or without shear flow stimulation, measured by Western blot (n = 3). (B) Graphs
showing the expression of IGF2 in HepG2 and QGY-7703 cells, measure by qPCR (n = 3). (C) Images showing the expression of IGF2
in HepG2 and QGY-7703 cells with or without shear flow stimulation, measured by immunofluorescence staining. Scale bar = 100 µm.
(D) Image showing the expression of IGF2 in exosomes derived from LX2 medium and CM/FM of HepG2 cells, measured by Western
blot. (E) Western blot analysis of the FAP and α-SMA level in LX2 cells with or without recombinant human IGF2 stimulation (n = 3).
*p < 0.05, **p < 0.01 versus Control group.

Fig. 4. IGF2-PI3K axis participated in CAFs activation. (A) The expression of key factors in IGF2-PI3K-Akt axis of LX2 treated
with exosomes derived from CM or FM (n = 3). (B) The expression of CAFs marker proteins in LX2 cells treated with PI3K inhibitor (n
= 3). (C) The expression of CAFs markers in LX2 cells treated with Xentuzumab (n = 3). *p < 0.05, **p < 0.01 versus Control group.
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flow in our bodies [15]. The fluid shear stress affects the bi-
ology and function of TME in several ways, including facil-
itating angiogenesis and lymphangiogenesis [34], regulat-
ing matrix metalloproteinase activity as well as cell motil-
ity [35], and enhancing cancer cell ability of migration and
invasion [36]. Our previous studies have confirmed that el-
evated fluid shear stress greatly promoted the migration of
liver cancer cells [17,18]. In this study, we first analyzed
the CAFs activation markers expression both at gene and
protein level when typical liver fibroblast cell line LX2 co-
culture with condition medium from static HepG2 cell and
1.4 dyn/cm2 fluid shear stress-induced HepG2 cells. Our
data demonstrated that the FM could significantly promote
LX2 transform to CAFs, and promote the activation and
proliferation ability of LX2 cells (Fig. 1).

Exosomes widely exist in body fluids and are signif-
icantly associated with the progression of tumors. Exo-
somes served as mediators in intercellular communications
between various cell types by transporting information car-
gos, such as nucleic acids, proteins, and lipids, to the recipi-
ent cells and changing the recipient cells’ behaviors. There-
fore, we further investigated if the bioactive substance rests
in exosomes and is absorbed by LX2 cells. So, we iso-
lated the exosomes from HepG2 static condition medium
and fluid shear stress-induced medium, characterized the
exosomes by transmission electron microscopy, nanopar-
ticle tracking analysis and Western blotting, and then they
were used to co-culture with LX2. The results showed that
the expression of CAFs markers FAP, α-SMA and PDGFR-
β in the LX2 increased significantly after being treated with
FM-exosome, suggesting that exosome from a flowed con-
dition can induce the activation of LX2.

IGF2, a mitogenic peptide hormone regulating various
physiological functions, which is over-expressed in many
cancers and is associated with poor prognosis [23]. In the
present study, high expression of IGF2 was detected in liver
cancer cell lines HepG2 and QGY-7703 cells when treated
with 1.4 dyn/cm2 shear flow. Additionally, exosomes de-
rived from the fluid shear stress-induced HepG2 medium,
are also up-expression IGF2. Interestingly, after uptake ex-
osome from FM, LX2 also exhibited elevated IGF2 expres-
sion. In addition, blockage of IGF2 downregulates the ex-
pression of CAFs activation markers. Plenty of work has
shown that PI3K/Akt pathway could promote the differen-
tiation of various cells into CAFs, and upregulated IGF2
could further activate PI3K/Akt signaling [31,37]. Our re-
sults further confirmed the participation of PI3K/Akt sig-
naling in CAFs activation. Moreover, the CAFs activation
is reduced by PI3K inhibitor.

5. Conclusions
In conclusion, tumor cells in the flowed condition re-

leased exosomes are more capable of activating normal fi-
broblasts to CAFs through transporting IGF2 to the recipi-
ent cells and activating the PI3K/Akt signaling. These find-

ings illustrated the fundamental role of intercellular com-
munication in the tumor physical microenvironment and re-
vealed a new molecular mechanism elucidating the activa-
tion of CAFs in liver cancer.
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