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Abstract
Background and aims
High caloric dietary intake is associated with hepatic steatosis and chronic hepatocyte damage leading
ultimately to liver brosis and cirrhosis with organ failure. Although the pathophysiologic process
orchestrating liver brosis is not completely clari ed, pivotal steps are the activation and
transdifferentiation of hepatic stellate cells. In this study, we aim to assess the direct interplay between
hepatocytes and hepatic stellate cells under normal and steatotic conditions and hypothesize that
extracellular vesicles (EV) isolated from hepatocytes can directly manipulate the phenotype of stellate
cells.

Methods
By high speed centrifugation, EV were isolated from conditioned media of the hepatocellular carcinoma
cell line HepG2, under baseline conditions (C-EV) or after induction of steatosis by linoleic and oleic acid
for 24 hours (FA-EV). Migration of the stellate cell line TWNT4 towards respective EV as well as sera of
NASH patients was investigated using Boyden chambers. TWNT4 phenotype alterations after incubation
with EV was determined by qPCR, western blotting and immuno uorescence staining.

Results
HepG2 cells released more EV after treatment with fatty acids. Chemotactic migration of TWNT4 cells
was increased speci cally towards FA-EV. Prolonged incubation of TWNT4 cells with FA-EV induce
expression of proliferation markers and a myo broblast-like phenotype. Whereas the expression of the
collagen type 1 1 gene did not change after FA-EV-treatment, expression of the myo broblast markers
e.g. -smooth muscle cell actin and TIMP1 were signi cantly increased.

Conclusion
We concluded that EV from steatotic HepG2 cells can in uence the behavior and phenotype of TWNT4
cells as well as the expression of remodeling markers and guides directed migration. These ndings
imply EV as operational, intercellular communicators in the pathophysiology of steatosis associated liver
brosis.

Introduction
Non-alcoholic fatty liver hepatitis (NASH) is the leading cause of liver disease in the western world [1].
Obesity, dyslipidemia and type 2 diabetes mellitus are the main pathogenic triggers [2]. NASH is clinically
de ned by atypical aspects during imaging and an increase in transaminases and cholestasis
parameters. It leads to liver brosis and with long-term progression to cirrhosis [3, 4], which is associated
with numerous potentially lethal complications such as gastrointestinal bleeding, coagulation disorders
and ultimately, the development of hepatocellular carcinoma [5].
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The emergence and progression of NASH at the cellular level is the subject of many current research
projects. Although the diverse aspects of the pathophysiology of NASH remain to be completely
characterized, it becomes increasingly clear that in ammation plays a pivotal role [6]. For example,
altered microbiota and gut permeability during obesity may result in low grade systemic in ammation
contributing to the development of NASH [7-9]. In addition, dyslipidemia and adipocytokines from visceral
adipose tissue are considered to initiate and propagate liver in ammation [3]. Subsequent drivers are
fatty acid-, cytokine- and cholesterol-induced stress responses in Kupffer cells and hepatocytes, leading
to the release of brogenic factors e.g. transforming growth factor beta (TGF- ) [10], platelet-derived
growth factor (PDGF)[11, 12] and chemokines e.g. CCL2 and CCL5. These factors consecutively promote
activation and differentiation of hepatic stellate cells into myo broblasts and the recruitment of
additional in ammatory cells e.g. classical monocytes into the liver [13-17].
Hepatic stellate cells are central in the pathophysiology of liver brosis by responding to the brogenic
and morphogenic signals mainly derived from in ltrated bone marrow-derived macrophages and resident
Kupffer cells [4, 18]. Transdifferentiation of stellate cells is associated with the expression of
myo broblast markers e.g. -smooth muscle cell actin ( -SMA), matrix metalloproteinases (MMPs),
vimentin and glial brillary acidic protein (GFAP) and extracellular matrix components e.g. collagen types
I and III [19, 20]. Excessive extracellular matrix production along with ineffective resorption are the key
processes in organ brosis [21].
Extracellular vesicles (EV) are small cell fragments measuring up to 1000nm encased by fragments of
the endosomal or surface membranes of their parent cells [22, 23]. EV are released into the immediate
environment of the parent cells and may be transported through the bloodstream to distal areas of the
organism. Their content is composed of proteins, lipids and nucleic acid sections of the parent cell. EV
can be incorporated by target cells and may thereby in uence the behavior of the recipient cell. Thus, EV
can be considered as a physiologic mechanism for cell-cell communication not requiring direct spatial
interaction. Previous work by us and by others has demonstrated that EV can alter the behavior of target
cells [24, 25]. Also, hepatocytes have been found to release increased amounts of EV after treatment with
fatty acids and these EV were able to activate macrophages [26].
In the present work, the in uence of EV derived from fatty HepG2 cells on hepatic stellate cells is
evaluated. The hypothesis is that hepatocytes stressed by fatty acid excess can transmit signals through
EVs to hepatic stellate cells, which may facilitate the transformation of resting stellate cells to active
myo broblasts and thus promote initiation and progression of the brogenic process during NASH.

Materials And Methods
Patient samples, Reagents and cell lines
TWNT-4, immortalized human stellate cells, kindly provided by Professor Scott Friedman, Icahn School of
Medicine at Mount Sinai, NY, USA [27], and HepG2, human hepatoma cells, were cultured in ltered
DulbeccosM od if iedEag ≤ s Medium (DMEM) with 2% or 10% fetal bovine serum (Pan-Biotech
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GmbH, Aidenbach, Germany) and 1% penicillin and streptomycin (Thermo Fisher Scienti c, USA) at
passages 3-8 in 37°C and 5% CO2 in a humidi ed incubator. For induction of a steatotic phenotype, the
cells were treated with 10% linoleic-oleic-acid (Sigma-Aldrich, USA) for 24h.
Serum was taken from female and male patients with diagnosed NASH (n=5, m:f 3:2, age 43-77 years,
mean 52.6 years) and controls (n=5, m:f 3:2, age 33-56 years, mean 44.8 years) by venipuncture after
informed consent was obtained. The study has been approved by the University Hospital RWTH Aachen
ethics board.

Isolation of EV
EV were isolated from conditioned cell culture supernatants collected up to 300ml as previously
described [25] according to ISEV recommendations [28]. The medium was ltered through 0.8 µm lters
(Sartorius) by gravity ow and subsequently centrifuged at 20,000g for 1h at 16°C. The pellet was
resuspended in Hepes buffer pH 6.6 (10 mM Hepes, 136 mM NaCl, 2.7 mM KCl, 2 mM MgCl2, 5 mM
glucose and 0.1% BSA).

Quanti cation of EV
Concentrations and vesicle size distributions were determined by NTA (nanoparticle tracking analysis,
Malvern NanoSight NS300, Malvern Technologies, Malvern, UK) equipped with a 488nm laser at 1:100 or
1:1,000 dilutions. Every sample was counted for 5 times 1 minute at 20°C. The camera level was set at 16
and traces were analyzed using NTA 3.1.54 software with a detection threshold of 5 as described [25]. To
compare the cellular release of EV between treatments, the absolute counts of EVs in the cell media
samples were normalized to the cell count in the respective culture vessels.

Cell migration by Boyden chamber
Home-made lter chambers were assembled with Whatman Nuclepore™ Track-Etched lters (Sigma
Aldrich, USA), coated with gelatine prior to use. The lower chamber was lled with DMEM/2% FBS and the
chemoattractant or undiluted patient and control sera (800 µl). As a positive control for the TWNT4 cells,
CCL5 at 10 ng/ml was used (PeproTech, Hamburg, Germany). The upper chamber was lled with 2x105
TWNT4 cells in 250 µl DMEM/2% FBS. After 4h at 37°C and 5% CO2, membranes were stained using the
hemacolor quick stain kit (Merck) and cells quanti ed under a microscope. Five view elds were counted
per lter. For every probe three lters were evaluated.

Qualitative and quantitative DNA analysis by RT-PCR
For RNA isolation, peqGOLD TriFast™ was used according the manufacturer's instructions (VWR
international, Darmstadt, Germany). RNA-containing pellets were resuspended in nuclease free water and
concentrations were determined using a NanoDrop spectrometer (Thermo Fisher, Darmstadt, Germany).
cDNAs were generated using Maxima First Strand cDNA Synthesis Kit (Thermo Fisher, Darmstadt,
Germany) as described [29]. Quantitative RT-PCR analysis was performed using GoTaq®, qPCR
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Mastermix (Promega, Madison, WI) with primers for PLIN2, KI67, PCNA, ASMA, COL1A1, TIMP1, TGFB1,
18S, and MMP2. The cycler program was 2 minutes at 50°C, 10 minutes at 95°C, and 1 min at 60°C for 40
cycles using a qPCR system Applied Biosystems 7300 (Thermo Fisher, Darmstadt, Germany). DeltadeltaCT values were calculated relative to the housekeeping gene 18S and results were normalized to
controls.

Protein determination by bicinchoninic acid assay (BCA)
Protein concentrations were determined using the BCA method (Bio-Rad, Hercules, CA). Cells were
cultured in 6-well plates and washed for 2 times with PBS, lysed in 300µl RIPA-buffer, incubated with
reagents and absorbance was measured at 560nm in a microplate reader. Concentrations were
calculated using a standard curve prepared with BSA.

SDS-PAGE and Western Blot
For protein analysis, NuPAGE 4-12 % Bis-Tris Gel SDS-PAGE was performed in MOPS-SDS running buffer
(Thermo Fisher, Darmstadt, Germany) for 60 minutes at 160 V and proteins were subsequently
transferred to nitrocellulose (Whatman, GE Life Science) for 1 hour at 100V. The membranes were
blocked using 5% BSA and incubated with primary and peroxidase-conjugated secondary antibodies prior
to detection using enhanced chemiluminescence.

Cell viability
TWNT4 cells were added at 50.000 per well in a 96-well microplate and cultured overnight under the
conditions described above. Media were replaced with fresh medium containing EVs at 300 per cell and
cultured for further 12h. Then, 25ng CCL5 was added and culture was continued for 24h. As positive
control, cells were treated with 30% H2O2. Cell-Titer-Blue-reagent (Promega, Fitchburg, USA) was added
for 2h followed by measurement of the uorescent signal at 560 em/ 590ex nm.

Oil-red-O and phalloidin staining
Cells were seeded in 4-well chamber slides at 50,000 cells per well. After 24h, the cells were stimulated
overnight with EVs (300 per cell) and CCL5 (10ng/mL).
To investigate lipid uptake, linoleic-oleic acid (300 µM) was added to HepG2-cells and culture was
continued for further 24h. Medium was removed, cells were washed with PBS, xed with 4%
formaldehyde for 5 minutes and washed again. Intracellular lipid vacuoles were stained in ltered 0.12%
Oil-red-O in 20% isopropanol for 1h. Cells were washed with water. After staining of nuclei for 25 seconds
in Mayer's hematoxylin solution (Sigma-Aldrich), cells were washed again and covered with a cover slip
treated with glycerine-gelatine. Evaluation of Oil-red-O uptake was performed by light microscopy.
To visualize the cytoskeleton in TWNT4-cells, medium was removed, and cells were washed with PBS,
xed in 4% formaldehyde and washed again with PBS prior to permeabilization by 0.1% Triton-X100 in
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PBS for 15 minutes. After washing with PBS, cells were blocked in 1% BSA-PBS for 1h. Anti-collagen
antibody (Thermo Fisher Scienti c) was given to the cells for one hour. Fluorescein-conjugated phalloidin
(1U in 1% BSA/PBS) was added for 30 minutes. The cells were washed with PBS and nuclei were colored
by DAPI. Evaluation of cytoskeletal staining was performed by uorescence microscopy at 490/530 nm.
Corrected total cell uorescence (CTCF) was calculated using Image J 1.5 as described in [30].

Cell proliferation measurement
The 5-bromo-2'-deoxyuridine (BrdU) assay (Invitrogen) was used for quanti cation of proliferating cells
according to the manufacturer's instructions.

Flow cytometry analysis of CCR5 surface expression
TWNT-4 were seeded at 100,000 cells per well in a 96-well plate and were allowed to rest overnight. Cells
were treated with 10ng/ml CCL5 or 300EV/cell for 24h. Cells were detached, ltered using a cell strainer,
washed in PBS and stained in the dark with rat anti-human/mouse CCR5 FITC-conjugated antibody
(clone HEK/1/85a from Thermo Fisher) for 1h at 4°C. The cells were subsequently stained with Fixable
Viability Dye eFluor450 (eBioscience, cat. 65-0863-18) for a further 30min. A negative control only
contained viability dye. Cells were gated according to FSC and SSC parameter and live cells using a
FACSCanto II (Becton Dickinson). Data were processed and analyzed using FlowJo 7.6 software (LC
sciences).

Statistics
All authors had access to the study data and have reviewed and approved the nal manuscript. All data
generated or analysed during this study are included in this published article. Experiments were
performed at least 3 independent times. Experimental data were represented as mean ± SEM. Statistical
analysis of the data were performed by two-tailed t-test or ANOVA with Bonferroni post-hoc test as
indicated in the gure legends. A P-value below 0.05 was considered signi cant. Statistical analysis was
performed with Graphpad Prism 8 software (San Diego, CA, US)

Results
HepG2 cells release increased amounts of EV under steatogenic conditions.
The hepatocellular carcinoma cell line HepG2 was treated without or with a mixture of linoleic and oleic
acid (fatty acids, FA) and the release of EV by HepG2 cells under baseline conditions (C-EV) and after
treatment with FA (FA-EV) was assessed in conditioned culture media collected over 24 hours.
Characterization of the EV derived from those HepG2 cells by NTA showed that the average size of 0.17
µm was comparable between EV isolated after either treatment (Figure 1A,B). The HepG2 cells were
found to constitutively release extracellular vesicles (EV) in the culture media (Figure 1C). Interestingly
and in line with previous studies, the number of EV released per cell was signi cantly pronounced after
treatment with FA (Figure 1C). The steatotic phenotype was con rmed by enhanced staining with Oil-redPage 7/19

O (Figure 1D) and increased cellular triglyceride content (Figure 1F). In addition, the expression of the lipid
droplet-associated perilipin (PLIN-1) and fatty acid binding protein 1 (FABP1) were increased (Figure
1F,G).

EV from HepG2 modulate migration of stellate cells.
Steatotic hepatocytes have been shown to secrete several factors, including distinct cytokines and EVs,
which could be measured in the sera of individuals with fatty liver disease [26, 31]. These factors might
directly impact biological features of hepatic stellate cells such as their migration to sites of release and
thereby modulate the distribution of hepatic stellate cells and brotic response in the tissue.
In a Boyden chamber setup, TWNT-4 cells, a human hepatic stellate cell line, were allowed to migrate
towards the established chemoattractant CCL5, serum from healthy individuals and those with clinically
diagnosed NASH. Interestingly, the sera from healthy individuals did not induce migration of TWNT-4
cells, whereas TWNT-4 cells showed pronounced migration towards sera from NASH patients (Figure 2A).
However, of course, a myriad of factors within the sera might contribute to the enhancement of hepatic
stellate cells migration to a distinct extent. To speci cally address the impact of HepG2-derived EV on
hepatic stellate cell function, we went back to the controlled in vitro setting and assess EV associated
modulation of distinct hallmarks of hepatic stellate cell biology. We started with analyzing C-EV and FAEV induced TWNT-4 migration. Stellate cells are activated by and migrate to various molecular cues. For
example, the chemokine CCL5 was found to trigger migration of TWNT-4 stellate cells and to be involved
in the development of experimental liver brosis [16]. In line with the ndings in the patient sera setting,
FA-EV triggered chemotactic migration of TWNT-4 cells to the same extent as CCL5, whereas C-EV did not
trigger chemotaxis (Figure 2B). In this regard, further analyses were mainly focused on FA-EV.
Interestingly, when the TWNT-4 were co-cultured with FA-EV prior to chemotaxis, the cells no longer
migrated towards CCL5 (Figure 2C). To rule out that the impaired migration was due to the loss of
expression of the CCL5 receptor CCR5 on the surface of the cells, we perform ow cytometry based
analyzed of the surface expression levels of CCR5 on the TWNT-4 cells, which remained unaltered after
co-culture with EV of either origin (Figure 2 D,E).

EV from HepG2 increase the proliferation of TWNT-4 stellate cells.
Activation of hepatic stellate cells leads to mitogenic responses and increased proliferation [3, 4]. We
therefore next assessed the impact of HepG2-derived EV on hepatic stellate cells proliferation. TWNT-4
cells were stimulated with CCL5 and with FA-EV for 24 hours, and proliferation was determined by BrdU
incorporation as well as by the mRNA expression of the proliferation marker Ki-67 and PCNA. Expression
of Ki67 and PCNA were increased in TWNT-4 cells after treatment with FA-EV. The BrdU incorpation was
also signi cantly enhancedFigure 3A-C). The viability of the TWNT-4 cells was not reduced after
treatment with CCL5 or FA-EV, although the combination of CCL5 and FA-EV led to a notable reduction of
cell viability (Figure 3D).
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EV from steatotic HepG2 modulate the expression of matrix myo broblast- and remodeling-markers in
stellate cells.
Stellate cells are crucially involved in brotic liver remodeling and are considered as the central effectors
of liver brosis [3, 4]. Once hepatic stellates are activated, they undergo a process of transdifferentiation
and gain a myo broblast-like phenotype associated with the synthesis and release of collagen and
matrix remodeling factors such as TIMP-1. Since hepatic stellate cells are in direct proximity to
hepatocytes, a possible in uence of EV derived from HepG2 cells under steatotic conditions on
transdifferentiation and collagen production was investigated in TWNT4 cells. After treatment of TWNT4
cells with CCL5 and FA-EV for 24 hours, the fraction of elongated cells that have assumed a
myo broblast-like morphology has signi cantly increased almost 1.5-fold (Figure 4A-D). In addition,
expression levels myo broblast markers -SMA, GFAP and vimentin were signi cantly increased after
treatment with FA-EV (Figure 4E-G).
In contrast, collagen production visualized by uorescence microscopy and mRNA expression levels of
the collagen type 1 1 gene (COL1A1) as well as TGF-ß did not signi cantly change after FA-EV-treatment
(Figure 5A-E). However, expression of the matrix remodeling markers TIMP1 and MMP2 increased
signi cantly after incubation with FA-EV (Figure 5F-H).

Discussion
In this study, the effects of EV harvested from FA-treated HepG2 cells (FA-EV) on stellate TWNT4 cells
were investigated. In accordance with previous observations, treatment of HepG2 cells with lipotoxic
compounds e.g. lysophosphatidylcholine (LPC) or its precursors palmitic and oleic acid leads to an
increase of EV formation [26, 31-33]. Given the important function of hepatic stellate cells in liver
in ammation and the progression from steatosis to brosis, human TWNT4 cells were used as a model
system to investigate mechanisms behind the transition of hepatic steatosis to brosis.
In chemotaxis experiments, TWNT4 cells showed migration solely towards sera of individuals with NASH,
whereas control sera did not induce any effects. Thus, NASH sera may contain increased amounts of
in ammatory factors that induce responses in target cells, e.g. hepatic stellate cells. As previous studies
have identi ed increased amounts of cytokines [26] or EV [31] in sera from NASH patients, it was
hypothesized that EV derived from steatotic HepG2 cells might induce these effects in TWNT4 cells.
Interestingly, TWNT4 cells were found to migrate only towards FA-EV and CCL5 and not towards control
EV from HepG2 cells. A possible explanation is that the lipotoxic effects of the FA-treatment results in an
altered packaging of the EV cargo, with an enrichment of components involved in in ammation or cell
proliferation. For example, Hirsova and colleagues observed an enrichment of the cell death- and
in ammation-related Tumor Necrosis Factor Related Apoptosis Inducing Ligand (TRAIL) in EV isolated
from LPC-treated hepatocellular carcinoma Huh7 cells [26]. In other studies, it was observed that EV from
LPC-treated Huh7 cells were enriched in integrin 1 [31] or CXCL10 [33]. In addition to proteins, also
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bioactive lipids e.g. ceramides might be enriched in EV released from hepatocytes after treatment with
fatty acids [32].
Interestingly, although TWNT4 cells actively migrated towards a gradient of FA-EV, culture of TWNT4 with
FA-EV prior to the chemotaxis experiment abolished chemotaxis towards CCL5, an established
chemoattractant for these cells [16]. This was not due to alterations in the surface expression of CCR5,
which was found to be equal on the cells between all treatments. It might be surprising that the FA-EV
induce chemotaxis on the short term and inhibit this process on the longer term. However, once the
stellate cells are at the site of in ammation, they may be kept in place by migration-inhibiting signals
contained in the FA-EV. In addition to local effects of fatty acid-induced EV release, EVs from damaged
hepatocytes might also attract the stellate cells over a longer distance to the focus of developing disease.
It is tempting to speculate that this might be among the causes of the typical histological brosis image
in NASH cirrhosis, which presents itself as sinusoidal brosis, while others, for example toxic cirrhosis like
alcohol, have a periportal brosis pattern (Figure 6). Thus, a chemotactic effect of the EVs, as suggested
by our experiments, would cause the stellate cells to migrate along the liver sinusoids. The EVs are
incorporated by the stellate cells once in contact at higher concentrations, which might lead to arrest of
migration and production of extracellular matrix to cause the speci c image of the “chicken wire” brosis
– collagen bers along the sinusoids lined by steatotic hepatocytes [34].
Once hepatic stellate cells had arrived at the site of in ammation, proliferation and production of
extracellular matrix are further processes nally inducing the progression to liver brosis. Treatment of
TWNT4 cells with FA-EV led to an increase in BrdU incorporation and of proliferation markers. Cell
viability was not signi cantly affected by FA-EV, although the combination of CCL5 and FA-EV led to a
notable reduction in cell viability. Interestingly, whereas the production of collagen by FA-EV-treated
TWNT4 cells did not signi cantly increase, the cells seemed to change phenotype to an elongated
appearance typical of myo broblasts [19, 35]. In addition, the expression of several markers of a
myo broblast phenotype were found to be increased in TWNT4 cells after FA-EV-treatment. Thus, FA-EV
have the potential to modulate the responses of recipient cells. This phenomenon has been observed by
several studies and supports the concept of EV as mediators of cell-to-cell communication [23]. However,
while most of the studies investigating the effects of EV derived from FA-treated hepatocytes focused on
macrophages as recipients[26, 31-33, 36, 37], this study systematically characterized for the rst time the
functional consequences of FA-EV treatment on hepatic stellate cells.
Two recent studies implementing next generation sequencing have yielded novel mechanistic insights in
the cellular mechanisms governing the development of NASH and liver brosis ([38] and [39],
respectively). Interestingly, unsupervised clustering of single-cell sequencing data revealed the
involvement of a variety of non-parenchymal cell types and their subpopulations. A surprising
involvement of endothelial cells, which exist in distinct subpopulations in NASH and brotic livers and
might control liver metabolism and populate the brotic niche. In addition, a special type of macrophages
expressing Triggering Receptors Expressed on Myeloid cells 2 (TREM2) was identi ed. Although no study
has focused on the role of EV on the development of this macrophage subset has been published so far,
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a role for EV-mediated signaling in this process can be envisioned. The study investigating cell
populations in human and mouse NASH has taken effort to unravel intercellular signaling between the
identi ed cell types[38]. Here, hepatic stellate cells were found to be an important cellular hub, both in
receiving and transmitting signals from and to hepatocytes, macrophages and endothelial cells. Although
a role of EV in the tra cking of these cellular signals has not been explicitly taken into account, the
numerous recent studies that highlighted EV as mediators make a strong case for their integral role in
intercellular signaling leading to NASH and liver brosis.
In this study, an EV-mediated signal transmission from FA-treated hepatocytes to hepatic stellate cells
was investigated. Although other cell types are instrumental in the development of liver disease, hepatic
stellate cells are central in the orchestration of the pathologic responses of non-parenchymal cells in the
liver. An excessive ow of hepatocyte-derived EV to macrophages and stellate cells might facilitate the
development of NASH and liver brosis through their potential to modulate cellular phenotype and
behavior. Thus, future investigation of this process might not only lead to potentially novel options for
therapeutic intervention, but also to improved diagnostic insights through analysis of plasma EV
numbers and content.
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Figure 1
Treatment with fatty acids induces steatosis in HepG2 cells NTA analysis of EV in media of HepG2 cells
collected under (A) resting conditions or (B) after treatment with linoleic-oleic-acid for 24 hours. (C)
Expression of EV release as number of EV per cell. (D) Representative oil-red-o staining after treatment
with linoleic-oleic-acid for 24 hours. Scale bar: 50µm. Fraction of triglycerides in cell lysates (E), antigen
levels of PLIN2 (F) and mRNA expression levels of FABP1 (G) after treatment with linoleic-oleic-acid for
24 hours. *P<0.05, **P<0.01, ***P<0.001 with 2-tailed t-test, mean±SEM (n=3).

Figure 2
Migration of TWNT4 cells towards patient sera and EV released from HepG2 cells. Chemotaxis of TWNT4
cells towards CCL5 or (A) sera from individuals without or with NASH, or (B) EV harvested from HepG2
under resting conditions (C-EV) or after treatment with linoleic-oleic-acid for 24 hours (FA-EV). Five view
elds were counted per lter and normalized to control. (C) Chemotaxis of TWNT4 cells towards CCL5
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without or with pre-treatment with FA-EV for 24 hours. Representative histograms (D) and quantitation (E)
of CCR5 expression of TWNT4 cells after pretreatment with CCL5, C-EV or FA-EV. *P<0.05, **P<0.01 with
ANOVA and Bonferroni test, mean±SEM (n=3).

Figure 3
Proliferation and cell viability of TWNT4 cells after EV treatment. (A) Proliferation of TWNT4 cells
measured by BrdU-incorporation after treatment with CCL5 or FA-EV. (B) Expression of the proliferation
markers Ki67 (B) and PCNA (C) after treatment of TWNT4 with FA-EV. (D) Viability of TWNT4 cells after
treatment with CCL5, FA-EV or a combination of CCL5 and FA-EV. *P<0.05, **P<0.01 with ANOVA and
Bonferroni test or 2-tailed t-test, mean±SEM (n=3-4).
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Figure 4
Morphology and collagen production of FA-EV–treated TWNT4 cells. Representative phalloidin staining
after treatment with vehicle (A), CCL5 (B) or FA-EV (C). Scale bar: 100µm. (D) Quantitation of elongated
cells from the micrographs (n=3). mRNA expression of -SMA (E), and antigen levels GFAP (F) and
vimentin (G) after treatment with vehicle, CCL5 or FA-EV. *P<0.05 with ANOVA and Bonferroni test,
mean±SEM (n=3-5).

Figure 5
Expression of brotic markers in FA-EV–treated TWNT4 cells. Representative phalloidin staining and
collagen staining after treatment with vehicle (A), CCL5 (B) or FA-EV (C), scale bar: 20 µm. (D)
Quantitation of red (collagen) uorescence. mRNA expression levels of COL1A1 (E), TGF- (F), TIMP1 (G),
MMP2 (H), after treatment with vehicle, CCL5 or FA-EV. **P<0.01 with ANOVA and Bonferroni test,
mean±SE (n=3-5).
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Figure 6
Schematic representation of the liver brosis process. Schematic representation of the typical patterns of
pathologic matrix deposition during e.g. alcoholic steatohepatitis (ASH), viral hepatitis and primary
sclerosing cholangitis (left) versus non-alcoholic steatohepatitis (NASH, right) [34].
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