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ABSTRACT

INTRODUCTION

Hepatocyte growth factor (HGF) is a complete hepatic mitogen and is believed to play a
role in liver fibrogenesis. Liver sinusoidal endothelial cells (LSEC) can recruit
inflammatory cells by releasing angiocrine signals in the process of liver fibrogenesis,
but the precise contributions of HGF from LSEC to hepatic fibrosis remains

unelucidated.
METHODS

To investigate the effects of hepatic angiocrine HGF on liver fibrogenesis, Stab2-Cre"
HGF"! (HGF-SES-KO) mice, in which HGF is specifically switched off in LSEC, were
used. Carbon tetrachloride (CCls) injection was performed in these mice and the
kinetics of the liver to body weight ratio, immunohistochemistry for liver fibrosis,
Western blot and RT-PCR for fibrotic markers, HGF/c-MET related pathways, and cell

cycle-associated genes were determined after initiation of fibrosis.
RESULTS

We found that HGF-SESXO mice showed no difference in the relative liver weight
alteration after early-stage CCls treatment. HGF-SESKO mice exhibited a higher
expression of collagen 1A1 and alpha-SMA and the proliferation of hepatocytes was
significantly impaired in HGF-SES-KO mice. In addition, the LSEC-specific HGF
deficiency reduced the c-met level and thus deactivated the PDK1 (3-phosphoinositide-
dependent protein kinase-1)/Akt pathway while hepatic angiocrine HGF did not alter
immune cell infiltration. Noteworthy, Aquaporin-4 (AQP4) is strongly expressed in the

setting of HGF deficiency in LSEC.



CONCLUSIONS

The hepatic angiocrine HGF signalling pathway plays a crucial role in the early stages
of liver fibrogenesis, and the PDK1/Akt axis are mostly influenced by the deletion of

LSEC-specific HGF.
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1 INTRODUCTION

1.1 Pathogenesis of liver fibrosis

Liver fibrosis is a repair response after liver injury, characterised by excessive
deposition of extracellular matrix (ECM), which results from abnormal ECM increase
and decreased matrix degradation (Aydin and Akcali 2018). Hepatic fibrosis is mainly
related to persistent liver injury, inflammatory response, and activation of hepatic
stellate cells (HSCs) (Friedman 2003; Parola and Pinzani 2019). There are many factors
can induce liver injury, such as viral or parasitic infections, biliary stasis, metabolic
diseases, nutrition, parasite, genetics, and long-term excessive alcohol intake. The
pathophysiological mechanisms of liver fibrosis are complex, which consist of a variety
of cellular and cytokine factors. Usually, hepatocytes in the liver in response to injury
factors can trigger the release of a series of cellular contents and cytokines, among
which the injury-associated molecular pattern activates blast cells to produce
inflammatory cytokines, which in turn activate HSCs (Figure 1) (Bao, Wang et al. 2021;
Zhangdi, Su et al. 2019). Among them, quiescent hepatic stellate cells (QHSCs) are
activated into myo-fibroblast-like cells (MFBLCs) that produce a large quantity of ECM,
named as activated hepatic stellate cells (aHSCs). aHSCs are central events in the
formation and development of liver fibrosis (Hernandez-Gea and Friedman 2011).
Studies have revealed that the occurrence and development of liver fibrosis is a dynamic
process, including multiple cells (such as HSCs, hepatic sinusoidal endothelial cells,
macrophages), multiple molecules (such as NF-«kB, TGF-B1, TNF), and multiple
signalling pathways (such as NF-kB, TGF-B1/Smad, PI3K/Akt, Hedgehog, Wnt/B-
catenin) (Bataller and Brenner 2005). Even though considerable studies have shown that

liver fibrosis is reversible (Campana and Iredale 2017; Ebrahimi, Naderian et al. 2018;
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Zoubek, Trautwein et al. 2017), as a common pathological stage of chronic liver disease,
persistent liver fibrosis can further progress to cirrhosis, liver failure, or hepatocellular

carcinoma, ultimately leading to the death of the patient (Duspara, Bojanic et al. 2021).
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Figure 1. Pathogenesis of hepatic fibrosis

Liver injury can be caused by a diversity of factors, including viruses, drugs, nutrition, parasites,
genetics, and others. The injured liver cells can produce DAMPs that stimulate Kupffer cells to
release inflammatory cytokines. In the injured sites, the permeability of blood vessel increases.
With the cytokines, it exhibited high recruit capability for inflammatory cells. HSCs were next
activated by the cytokines and can produce the ECM. The persistent injury and inflammation
can lead to the ECM deposition and liver fibrosis (Bao, Wang et al. 2021).

1.2 HSC activation in liver fibrosis

HSCs, also known as vitamin A storage cells, fat storing cells, and Ito cells, are a kind
of interstitial cell of the liver, located in the Disse cavity between hepatocytes and
hepatic sinusoidal endothelial cells, accounting for 5%-8% of all liver cells (Sufletel,
Melincovici et al. 2020). Activation of HSCs is now recognised as a key event in the
progression of liver fibrosis (Zhangdi, Su et al. 2019). aHSCs further promote the
production of pro-inflammatory and pro-fibrotic factors, activate qHSCs step by step,

and activate signalling pathways such as NF-kB, and positive feedback regulates the



formation of liver fibrosis (Higashi, Friedman et al. 2017). Normally, HSCs exist in a
non-dividing quiescent form and have various physiological functions (Friedman 2008;
Geerts 2001; Senoo, Yoshikawa et al. 2010; Yin, Evason et al. 2013), such as (1) uptake,
storage, and release of vitamin A, and storage of lipid droplets; (2) release of matrix
metalloproteinases (MMPs, such as MMP2, MMP3, MMP10, MMP13, MMP14) and
their inhibitors by secreting an appropriate amount of ECM molecules (mainly collagen
type 11, collagen 1V, laminin)—tissue inhibitors of metalloproteinases (TIMPs, such as
TIMP1, TIMP2) involved in the formation, remodelling, and degradation of ECM; (3)
regulation of hepatic sinusoidal blood flow (Geerts 2001); (4) secretion of a variety of
cytokines (Friedman 2008) and participation in liver regeneration (Yin, Evason et al.
2013) and immune regulation. When the liver is stimulated by damage, under the
activation of paracrine and autocrine signals, HSCs are activated and transformed into
aHSCs (Tsuchida and Friedman 2017). This activation process mainly includes two
stages: “initiation” and “perpetuation”. During the “initiation” phase, the injured liver is
more responsive to cytokines and other local stimuli, and factors such as paracrine
stimuli from various adjacent cell populations and changes in ECM composition greatly
stimulate HSC activation (Puche, Saiman et al. 2013). As to the “perpetuation” stage,
the stimulation from autocrine, paracrine, and the acceleration of ECM remodelling
continuously activates HSCs. Subsequentially, the structure and function of HSCs
greatly change (Puche, Saiman et al. 2013; Schuppan and Popov 2002), manifesting
mainly in (1) a mass decrease or disappearance of lipid droplets and vitamin A in the
cytoplasm, (2) high expression of a-smooth muscle actin (a-SMA, HSCs activation
marker), vimentin, and desmin, (3) an increase in the secretion of ECM, producing a
large amount of ECM proteins (such as collagen type 1, collagen type IlI, laminin,
sulphated proteoglycans, glycoproteins), (4) acquired contractile properties, increased
proliferation ability and fibre formation ability, and enhanced chemotaxis, and (5) the
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increased synthesis and secretion of TIMPs and inhibited activity of MMPs, resulting in
massive deposition of ECM (Tsuchida and Friedman 2017). This series of changes

eventually leads to massive deposition of ECM and the formation of liver fibrosis.

1.3 Therole of LSECs in liver fibrosis

Liver sinusoidal endothelial cells (LSECs) are single-layer and flattened endothelial
cells that line the hepatic sinusoids. This particular structure was first proposed in
1970 (Wisse 1970). As a special type of vascular endothelial cells, LSEC has many
fenestrations without septa, the cell membrane is sieve-like, and there is no intact
subendothelial basement membrane. The intercellular junctions of LSEC are loose and
mainly composed of typical endothelial cell adhesion proteins (such as VE-cadherin, (a-
/B-)p120-catenin, and plakoglobin) and atypical endothelial cell tight junction proteins
(such as JAM-A, JAM-B, JAM-C, and zonula occludens proteins ZO-1 and ZO-

2) (Geraud, Evdokimov et al. 2012).

The highly permeable structure of LSEC greatly promotes the material exchange
between hepatic sinusoidal blood and hepatocytes, selectively filters substances of
different molecular sizes, and is essential for the maintenance of hepatic sinusoidal
homeostasis. In liver fibrosis, the LSEC fenestration disappears and an intact
subendothelial basement membrane forms, a phenomenon known as “LSECs
capillarisation” (Xing, Zhao et al. 2016). Concurrently, HSCs are activated to become
myofibroblasts, secrete a large amount of ECM, increase the tension of hepatic
sinusoids, and dissolve the microvilli of hepatocytes (Poisson, Lemoinne et al. 2017). In
patients at any degree of chronic active hepatitis, or in laboratory liver fibrotic models,
the capillarisation of LSECs precedes the occurrence of hepatic fibrosis (Bardadin and

Desmet 1985; Deleve, Wang et al. 2008b; Pasarin, La Mura et al. 2012). This provides



a clue that the capillary vascularisation of hepatic sinusoidal endothelial cells may

trigger liver fibrosis.

The normal differentiation state of hepatic sinusoidal endothelial cells is important for
the homeostasis of hepatic sinusoids. Co-culture of fenestrated state LSECs and HSCs
can maintain the quiescent state of HSCs, while capillarised LSECs promote HSC
activation and differentiated LSECs can reverse the activation state of HSCs (DeLeve,
Wang et al. 2008b; Xie, Wang et al. 2012). Besides, the maintenance of the normal
differentiation state of LSEC mainly depends on vascular endothelial growth factor
(VEGF). Hepatocyte and HSC-derived VEGF maintains the fenestrated state of LSEC
through endothelial nitric oxide synthase (eNOS)—mediated NO-independent
pathway (May, Djonov et al. 2011; Xie, Wang et al. 2012). Based on the study of
Hedgehog signalling pathway inhibitors and Hedgehog ligand neutralising antibodies, it
is revealed that Hedgehog signalling induces capillary vascularisation in
LSECs (Chapouly, Guimbal et al. 2019). In mice with specific smoothened gene
knockout, inhibiting the activation of the Hedgehog signalling pathway can reduce the
expression of LSEC capillary-related genes (Xie, Choi et al. 2013). Another study
showed that liver X receptors (LXRs) can inhibit Hedgehog signalling, thereby
suppressing the capillary vascularisation of LSECs (Xing, Zhao et al. 2016). Some
studies have shown that statins can improve portal hypertension caused by liver fibrosis
in rats, mainly by inducing the expression of eNOS and the phosphorylation of eNOS,
which has a protective effect on LSECs (Abraldes, Rodriguez-Vilarrupla et al. 2007).
Additionally, statins can also promote the high expression of Kruppel-like transcription
factors (KLF)-2 in HSCs. Researchers proposed the role of the lipid rafts-cribriform
hypothesis in the formation and regulation of the fenestration of LSECs. Lipid rafts are
regions of the cell membrane that are rich in sphingolipids and cholesterol responsible

for membrane stabilisation, provide binding platforms for various cell membrane
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proteins (such as caveolin), and anchor the cytoskeletal actin protein to maintain
stabilisation and integrity. When the role of actin and lipid rafts in stabilising the cell
membrane is weakened, the non-lipid raft region on the LSEC membrane begins to form
a fenestrated structure (Cogger, Roessner et al. 2013; Svistounov, Warren et al. 2012).
Many factors such as inflammation, excessive dietary fat, vasoactive cytokines, and
hormones, including those factors that can affect the actin cytoskeleton, such as
cytochalasin D, latrunculin A, calcium ion concentration, VEGF, and the Rho-like
GTPases protein family, can affect the number and size of LSEC fenestrations (Cogger,
Roessner et al. 2013). Subendothelial basement membrane formation is another major
feature of LSEC capillarisation. Studies have shown that collagen type IV, laminin,
fibronectin, and other cell basement membrane components participated in patients with
alcoholic liver disease and chronic active hepatitis or CCls-induced rat liver fibrosis
model. The expression of the above constituents in the mid-sinusoidal space was
significantly increased (Hahn, Wick et al. 1980; Nakayama, Takahara et al. 1993). Co-
localisation of collagen type IV with laminin may suggest the formation of the basement
membrane of hepatic sinusoidal endothelial cells during liver fibrosis (Mak, Chen et al.
2013). The expression of type I, IlI, and IV collagen and laminin mRNA can be
detected in normal rat LSECs, while the expression increased in CCls-induced liver

fibrosis (Maher and McGuire 1990).

Furthermore, the 35S probe for laminin Bl detection demonstrated that normal human
liver bile duct epithelial cells, portal interstitial cells, and LSECs can express laminin
protein. The expression of laminin in the liver tissue of patients with liver fibrosis or
cirrhosis is significantly increased (Milani, Herbst et al. 1989). Perlecan, an important
heparan sulphate proteoglycan secreted by LSEC, can bind to cell basement membrane
components (Rescan, Loréal et al. 1993). When the liver is damaged, LSEC can secrete

fibronectin isoform EINIA (fibronectin EDA), which can promote the differentiation of
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HSC into myofibroblasts (Jarnagin, Rockey et al. 1994). In the process of liver fibrosis,
capillary LSEC secretes transforming growth factor-beta (TGF-f), which can directly
activate HSC, and TGF- can promote LSEC to secrete fibronectin alternative splicing
of extra domain A (EIlIA) to further activate HSC (George, Wang et al. 2000). These
studies indicate that the increased secretion of basement membrane proteins by
endothelial cells during capillarisation of LESCs is the main reason for the formation of

subendothelial basement membranes.

In addition to synthesising cell basement membrane and extracellular components,
LSECs are essential in the deposition of ECM in the Disse space and the metabolism
degradation of ECM. Some studies have found that NO derived from vascular
endothelial cells can reduce the content of type | and Il collagen in vascular smooth
muscle cells (Myers and Tanner 1998). The differentiation of HSCs into myofibroblasts
requires not only ECM, but also ECM-mediated mechanical tension and adhesion to
matrix proteins (Olsen, Bloomer et al. 2011). With the increase of matrix hardness,
there is more activation of primary HSCs. When HSCs were implanted in high-hardness
and high-elasticity polytetrafluoroethylene polymer materials, HSCs were not activated
due to the inability to conduct mechanical tension. RhoA regulates cytoskeleton
organisation and cell migration through non-receptor tyrosine protein kinase (c-SRC) in
a variety of cells. As the ECM deposits, the expression of RhoA in HSCs increases
accompanied by inhibiting c-SRC and promoting its transformation into myofibroblasts,

which promotes the progression of liver fibrosis (Liu, You et al. 2017).

The communication between LSEC and other liver cells is another vital factor in the
development of liver fibrosis (Marrone, Shah et al. 2016). In the process of chronic liver
injury, hepatocytes damaged are always accompanied by capillary vascularisation of

LSECs, hepatocyte necrosis, HSC and Kupffer cell (KC) activation, and inflammatory



cell infiltration (Aydin and Akcali 2018). Among them, the expression of fibroblast
growth factor receptor 1 (FGFR1) in LSECs increases, which leads to the expression of
chemokine receptor 4 (CXCR4) and CXCRY7 in LSECs. The increased ratio eventually
leads to the transformation of the microenvironment of liver regeneration mediated by
CXCR7 of LSECs to the microenvironment of hepatic fibrosis mediated by
CXCR4 (Ding, Cao et al. 2014). As a transmembrane glycoprotein, CD147 is also a key
factor in the progression of liver fibrosis. The expression of CD147 in LSECs was
significantly increased in patients with hepatitis B virus (HBV)-related hepatic
fibrosis (Zhang, Zhao et al. 2012). CD147 can induce the secretion of VEGF-A in
hepatocytes through the PI3K/Akt pathway, and simultaneously promote the expression
of VEGFR2 in LSECs and promote angiogenesis during liver fibrosis (Yan, Qu et al.
2015). The application of CD147 antibody could inhibit VEGF-A/VEGFR-2-mediated
hepatic angiogenesis and thus alleviate liver fibrosis. In addition, HSCs and bile duct
epithelial cells can secrete Hedgehog ligand-rich exosomes during liver fibrosis to
promote capillary vascularisation of LSECs (Witek, Yang et al. 2009). LSEC-derived
sphingosine kinase 1 (SK1)-rich exosomes can promote HSC activation (Wang, Ding et
al. 2015). Programmed cell death-1 (PD-1)-positive Kupffer cells lead to sepsis-induced
LSEC injury by binding to PD-L1 of the surface of LSECs (Hutchins, Wang et al. 2013).
Moreover, in septic liver injury, Kupffer cells secrete considerable interleukin-1 (IL-1)
and tumour necrosis factor-o (TNFa), which mediate the expression of Molecules-1
(intracellular adhesion molecule-1, ICAM-1) in LSECs. Whereas ICAM-1 promotes

leukocyte adhesion to LSEC (Arii and Imamura 2000).

Angiogenesis during liver fibrosis induces collagen fibre remodelling, wherein collagen
fibres are more tightly cross-linked and denser. Vascular remodelling during liver
fibrosis has increasingly been spotlighted in fibrosis research since pathological

angiogenesis is closely related to liver fibrosis, and it can promote the development of
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liver fibrosis, and eventually progresses to liver cirrhosis or liver cancer. Vascular
remodelling during liver fibrosis mainly includes capillary vascularisation of LSECs
and formation of a portal-systemic shunt (Zhao, Amevor et al. 2023). Taking the
formation of chronic liver cirrhosis as an example, after fibrosis develops to a certain
degree, it’s always accompanied by the remodelling of vasculature. The fibrous septum
connects the portal area and the central venous area, where the new vascularised fibrous
septum communicates directly between the portal tracts and central veins (Schuppan
and Afdhal 2008). The blood that normally flows through the hepatic sinusoids and
hepatocytes for nutrient exchange will bypass the lobules and flow directly into the
central vein via these new blood vessels. The hepatic lobules without blood supply will
die out successively and eventually lead to liver cirrhosis or liver failure (Ma, Reiter et

al. 2020).

Inflammation and hypoxia are additional key factors promoting pathological
angiogenesis during liver fibrosis. With persistent liver injury, immune cells in the
blood of liver sinusoids are rapidly recruited to the damaged site to resist damage and
remove necrotic substances (Fernandez, Semela et al. 2009). Persistent liver injury and
inflammatory response lead to increased hepatic vascular permeability and enhances
chemokine-mediated recruitment of inflammatory cells. Inflammatory cells secrete
many angiogenic factors and growth factors to promote the proliferation and migration
of vascular endothelial cells. In addition, chronic inflammation and deposition of
fibrous tissue leads to a hypoxic environment in liver tissue. The increased production
of hypoxia-inducible factors (HIFs) further promotes hepatocytes and HSCs to secrete a
profusion of VEGFs, PDGFs and other factors that promote angiogenesis (Cannito,
Paternostro et al. 2014; Paternostro, David et al. 2010). In animal models of liver
fibrosis induced by bile duct ligation, CCls and high-fat feeding, the expression of

VEGF was significantly increased in the hypoxic area of liver tissue (Moon, Welch et al.
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2009).

1.4 The role of HGF in liver disease

The A chain contains four Kringle domains, and there is a hairpin-like structure at the
N-terminus of the A chain. The pro-HGF, an inactivated precursor, is a single
polypeptide that is bound to hepatic ECM (Mohammed, Pennington et al. 2005). As the
processing of ECM remodelling, the ECM-bound HGF releases the store of growth
factors (Lamszus, Joseph et al. 1996; Liu, Mars et al. 1994; Masumoto and Yamamoto
1991). An in vitro proliferation experiment shows the single-chain HGF is inactive in
hepatocytes in the presence of serine protease inhibitors, whereas the two-chain form of
HGF is activated via proteolytic cleavage, creating a two-chain peptide (Miyazawa
2010). HGF was discovered as a substance that can stimulate the proliferation of
hepatocytes, which acts on hepatocytes and can promote the growth and regeneration of
hepatocytes (Yu, Chen et al. 2021). Given liver is the metabolic centre of the body, and
studies have confirmed that HGF can affect liver metabolism. Besides, HGF is an
evolutionarily conserved multifunctional protein, and studies over the past decade have
confirmed that it is involved in cellular stress, proliferation, cycle regulation, DNA
damage repair, transcription and post-transcriptional regulation, and other biological
events (Tatsumi 2010). HGF mainly comes from liver Kupffer cells, endothelial cells,
fibroblasts, fat storage cells, lung endothelial cells, and malignant tumour cells. Many
studies have shown that HGF is the strongest mitogen of hepatocytes. It originally exists
in the form of an inactive single-chain, and next acts on c-Met to form the HGF/c-Met
signal transduction system after being converted into an active heterodimer (De Silva,
Roy et al. 2017). After binding to HGF, c-Met can affect transcription in the nucleus by
activating the receptor tyrosine kinase pathway, thereby affecting cell proliferation,

differentiation, and apoptosis, and playing an important role in the regeneration of
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hepatocytes (Zhao, Ye et al. 2022). Besides, HGF has been shown to participate in liver
regeneration and initiating liver regeneration after liver injury and alleviating liver
fibrosis (Seo, Sohn et al. 2014). However, the specific role of HGF located in LSECs in
liver fibrogenesis has not yet been discussed. In the current study, we focused on the
crosstalk between LSEC and HSC in the hepatic vascular niche and the specific
regulatory mechanism of HGF affecting HSC activation, which is essential for

scrutinising the therapeutic methods in liver fibrogenesis.
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2  AIMS OF THIS STUDY

HGF belongs to the Kringle protein family with a three-leaf dimer ring structure. HGF
originally exists in the body in the form of an inactive single-chain, after being cleaved
by various proteases, it can be converted into an active heterodimer that acts on c-Met to
form the HGF/c-Met signal transduction system. HGF is a potent mitogen for
hepatocytes and has the function of initiating liver regeneration after liver injury.
Nevertheless, the LSEC-specific contribution of HGF in liver fibrogenesis is not well

elucidated.

The aims of the study are from the following aspects:

1. To determine whether there is a difference of HGF protein expression in normal and
fibrotic human LSECs and what the relationship is between LSEC-specific HGF and

fibrotic level.

2. Consider whether LSEC-specific knockout impacts liver fibrosis in a mouse model

and in which period the most significant impact is exhibited.

3. To investigate which molecular mechanisms are influenced by the deletion of LSEC-

specific HGF during liver fibrosis.

4. To evaluate whether a HGF LSEC-specific knockout contributes to fibrogenesis and

the function of HGF in LESCs in it.
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3

MATERIALS AND METHODS

3.1 Materials

3.1.1 Chemicals and reagents

Table 1: Chemicals and reagents

Name

Source

2-Mercaptoethanol C,HgOS

4', 6-Diamidino-2-phenylindole (DAPI)
Acetic acid (C2H40z2)

Agarose

Albumin from bovine serum (BSA)
Ammonium Persulphate (APS)
Bromphenol blue

Calcium chloride (CaClz2)

D (+) - Glucose CgH1,04

DAB System

Deoxynucleotide (ANTP) solution mix
Dimethyl sulphoxide (DMSO) C,HsOS
DirectPCR Lysis Reagent Tail

dNTP Set (10 mM)

Dulbecco’s
(dPBS)

ECL detection reagent

Ethanol (EtOH) 50%, 70%, 96%, 100%

Ethidium bromide (EB)

Ethylene
(EDTA)

Fetal Bovine Serum Superior (FCS)

diamine

Gel loading dye, purple (5>

Glacial acetic acid
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phosphate buffered saline

tetra-acetic  acid

Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
AppliChem, Germany
Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
Dako, USA

New England Biolabs, Germany

Sigma-Aldrich, Germany
PEQLAB, Germany
ThermoFisher, USA

Sigma-Aldrich, Germany

Amersham, USA
Carl Roth, Germany
Carl Roth, Germany

Sigma-Aldrich, Germany

Biochrom, Germany
ThermoFisher, USA
Sigma-Aldrich, Germany



Glucose (CsH1206)

Glutamine

Glycerol (CsHsO3)

Glycine (C2HsNO2)
Haematoxylin

Heparin sodium salt

HEPES (4-(2-hydroxyethyl)-1-piperazine-
ethanesulfonic acid))

HEPES buffer

Hydrochloric acid HCI
Hydrogen Peroxide (30%)
Magnesium chloride (MgCl2)
Magnesium sulphate (MgSOQOa4)
Medium DMEM (1%
Methanol (CHsOH)

MgSOa4

Milk Powder (Blotting-Grade)

N, N, N’, N’ - Tetramethylethylenediamine
(TEMED)

Oligo (dT)18 Primer

Olive oil

Paraformaldehyde (PFA)
Penicillin/Streptomycin (Pen/Strep)
Permanent Mounting Medium
Peroxidase Suppressor
Potassium chloride (KCI)
Potassium-bicarbonate (KHCO3)
Propanolol (C3HsO)
Recombinant Human HGF
Recombinant Mouse HGF
RiboLock RNase Inhibitor

RNA free water
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Sigma-Aldrich, Germany
Invitrogen GmbH, Germany
AppliChem, Germany

Carl Roth, Germany

Merck, Germany

Sigma-Aldrich, Germany
Sigma-Aldrich, Germany

Sigma-Aldrich, Germany
Carl Roth, Germany

Carl Roth, Germany

Carl Roth, Germany
Sigma Aldrich, Germany
Gibco, USA
Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
Carl Roth, Germany

Biorad Laboratories, Germany

ThermoFisher, USA
Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
Biochrom, Germany
Vector laboratories, USA
ThermoFisher, USA
Carl Roth, Germany
Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
R&D Systems, USA
R&D Systems, USA
ThermoFisher, USA
ThermoFisher, USA



Roticlear

Sirius Red Solution

Sodium acetate (CoH3NaOy)

Sodium bicarbonate (NaHCO3)
Sodium chloride (NaCl)

Sodium dodecyl sulphate (SDS) Pellets
Sodium hydroxide (NaOH)

Sodium phosphate dibasic (Na;HPOa)
($Mercaptoethanol

SYBR Green 1 Master Kit

Tris  (Triphenylphosphine) rhodium (1)

chloride (Tris-Cl)
Tris Base

Tris-HCI
Triton X100
Trypan blue
Trypsin
Tween 20

Trypsin-EDTA

Carl Roth, Germany
Sigma-Aldrich, Germany
AppliChem, Germany
Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
Carl Roth, Germany
Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
Merck, Germany

Roche, Germany
Sigma-Aldrich, Germany

Merck, Germany
Sigma-Aldrich, Germany
Carl Roth, Germany
ThermoFisher, USA
Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
Sigma-Aldrich, Germany

3.1.2 Enzymes and enzyme buffers

Table 2: Enzymes and enzyme buffers

Name Source

5xGreen GoTaq reaction buffer
DNAase |

Promega, Germany

GoTaq G2 DNA polymerase

Pronase E
Proteinase K (20 mg/mL)

DAB substrate solution

Sigma-Aldrich, Germany
Promega, Germany
Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
Dako, USA
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3.1.3 Primers

Table 3: Primers
Name Sequence
Mouse Vimentin-F CGGCTGCGAGAGAAATTGC

Mouse Vimentin-R
Mouse TIMP2-F
Mouse TIMP2-R
Mouse CTGF-F
Mouse CTGF-R
Mouse Colla2-F
Mouse Colla2-R
Mouse ACTA2-F
Mouse ACTA2 R
Mouse MMP1-F
Mouse MMP1-R
Mouse MMP2-F
Mouse MMP2-R
Mouse MMP9-F
Mouse MMP9-R
Human SMC4-F
Human SMC4-R
Human SLC6A1-F
Human SLC6A1-R
Human Pactin-F

Human Pactin-R

CCACTTTCCGTTCAAGGTCAAG
CTGGACGTTGGAGGAAAGAAG
CTGGGTGATGCTAAGCGTGTC
GACCCAACTATGATGCGAGCC
CCCATCCCACAGGTCTTAGAAC
GTAACTTCGTGCCTAGCAACA
CCTTTGTCAGAATACTGAGCAGC
GTCCCAGACATCAGGGAGTAA
TCGGATACTTCAGCGTCAGGA
CTTCTTCTTGTTGAGCTGGACTC
CTGTGGAGGTCACTGTAGACT
CAAGTTCCCCGGCGATGTC
TTCTGGTCAAGGTCACCTGTC
GGACCCGAAGCGGACATTG
CGTCGTCGAAATGGGCATCT
TTGTCATGCACTGGACTACATTG
TTTTTCGCCCATACAGCCATC
GGGTATGGAAGCTGGCTCCTA
AGGGGTTGTCGCACTGTTTC
GGGAAATCGTGCGTGACATTAAG
TGTGTTGGCGTACAGGTCTTTG

All oligonucleotides were purchased from metabion international AG

16



3.1.4 gRNA oligonucleotides

Table 4: gRNA oligonucletides

Name

Sequence

HGF-fl Forward
HGF-fl Reverse
Stab2Cre Forward
Stab2Cre Reverse

TGACTACGCTGTTCATTCAAGTGC
CCATTTCTTCAGAGGCAGATGC
AAGCTGAACAACAGGAAATGGTTC
GGAGATGTCCTTCACTCTGATTCT

All oligonucleotides were purchased from metabion international AG

3.1.5 Nucleic acid and protein ladders

Table 5: Nucleic acid and protein ladders

Name

Source

Ribo Ruler high range RNA ladder ThermoFisher, USA

Page Ruler Pre-stained Protein ladder ThermoFisher, USA

GeneRuler DNA 10 kb ladder ThermoFisher, USA

1 kb DNA ladder
100 bp DNA ladder

New England Biolabs, Germany

New England Biolabs, Germany

3.1.6 Antibodies

Table 6: Antibodies

Name

Source

Anti-CD31 (Ms, Sw) from Rat (SZ31) Dianova, Germany

Donkey Fab anti-Rabbit 1gG (H+L)-Alexa Fluor

488

Dianova, Germany

Donkey Fab anti-Rat 19G (H+L)-Alexa Fluor 594 Dianova, Germany

AQP4 (D1FSE) Rabbit mAb

Rabbit Anti-Mouse Lyve-1
Mouse Anti-Human CD31

Cell Signaling Technology,
USA

Dianova, Germany

Dako, USA
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Rat anti-Mouse Fc gamma RIIB/CD32b
HGF Antibody (7-2) - BSA Free
anti-CD11b microbeads

anti-stabilin-2 (FITC) antibody
anti-cd11b (Pacific blue) antibody

R&D Systems, USA
Novas Biologicals, USA
Miltenyi Biotec, Germany
MBL International, USA
BioLegend, USA

phospho-Smad-3 antibody Abcam, UK
total-Smad-3 antibody Abcam, UK
. Cell Signaling Technology,
TIMP1 antibody USA
Phospho-PI3 Kinase antibody Cell Signaling Technology,
USA
] : Cell Signaling Technology,
MMP-2 antibody USA
Phospho-Akt antibody Cell Signaling Technology,
USA
Dil-Ac-LDL Cell applications, USA
Phospho-PI3 Kinase p85 (Tyr458)/p55 (Tyr199) Cell Signaling Technology,
Antibody USA
3.1.7 Culture media and supplements
Table 7: Culture media and supplements
Name Source

Cell culture water

DMSO

Dulbecco’s Modified Eagle’s Medium
(DMEM)

GlutaMax

MEM non-essential amino acids 100>
Opti-MEM

Phosphate-buffered saline (PBS)

Sigma-Aldrich, Germany
Sigma-Aldrich, Germany

Sigma-Aldrich, Germany

Gibco, UK

Sigma-Aldrich, Germany
Gibco Life Technologies, USA
Sigma-Aldrich, Germany
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3.1.8 Laboratory equipment

Table 8: Laboratory equipment

Name

Source

Real-Time PCR System

Autoclave Systec

Automated Microtome

Automated Vacuum Tissue Processor
Axio Observer Z1 Microscope
Axiovert 100

Bioruptor Ultrasonic device

Cell incubator

Corning Stripettor Plus Pipetting Controller
for 2-25ml pipettes

Eppendorf Centrifuge

Glass ware (Beaker glass, Erlenmeyer
flask, graduated cylinder)

Heating Block

Ice Maker

LightCycler 480 11

Microplate Reader

Microplate Washer

Microwave Oven

Multifuge 3S-R (for Falcons and Plates)

NanoDrop 1000 Spectrophotometer

Optimax  X-Ray Film Processor
(Developing machine for Western Blot
films)

PH Level | (pH-meter)
Purelab (for ddH20)
Sterilgard Hood
Tissue Embedder

Trans-Blot SD Semi Dry Transfer Cell
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Applied Biosystems, Germany
Systec, Germany

Leica, Germany

Leica, Germany

Carl Zeiss Jena GmbH, Germany
Carl Zeiss Jena GmbH, Germany
Diagenode, Belgium

Eppendorf, Germany
Corning Inc., USA
Eppendorf, Germany
Schott Duran, Germany

Kleinfeld Labortechnik, Germany
Ziega, Germany

Roche, Germany

Berthold Technologies, Germany
Tecan, Switzerland

Siemens, Germany

Heraeus Kendro, Germany

ThermoFisher, USA
Protec, Germany

WTW inoLab, Germany
Elga, UK
ThermoFisher, USA
Leica, Germany

Biorad Laboratories, Germany



Vortex-Genie 2

Scientific Industries, USA

3.19 Kits

Table 9: Kits and equipments

Name

Source

20G needle: Neolus
7500 fast real-time PCR cycler

Accu-jet pro pipetting robot

ALT Elisa Kit

Automated Vacuum Tissue Processor
Axio Observer Z1 Microscope

BCA Protein Assay Kit

Blue light table

Camera AxioCam MR (Axiovision)

Cell counting chamber: Neubauer

improved
Centrifuges

DNeasy Blood and tissue kit

Electrophoresis  system
chamber, gel trays, combs)

Electroporation generator

(buffer,

Freezer -20<C

Freezer -80C

Gel documentation imaging system
Quantum ST5

Gel electrophoresis chamber + power
adapter

Hera Safe clean bench

Ice machine

Incubator Steri-cycle CO>
LightCycler 480 Probes Master
Microwave oven

Mini centrifuge “perfect spin mini”
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Becton and Dickinson Company, USA
Life Technologies, USA

Brand, Germany

Sigma-Aldrich, Germany

Leica, Germany

Carl Zeiss Jena GmbH, Germany

ThermoFisher, USA

Serva, Germany

Carl Zeiss Jena GmbH, Germany
Brand GmbH, Germany
Eppendorf, Germany

Qiagen, Germany

Biorad Laboratories, Germany
Biotechnologie GmbH, Germany
ThermoFisher, USA
ThermoFisher, USA

Vilber Lourmat, Germany
Biorad Laboratories, Germany

Heraeus Instruments, Germany
Ziega, Germany
ThermoFisher, USA

Roche, Germany

Siemens, Germany

Peglab Biotechnologie, Germany



Mr. Frosty freezing container

Orbital shaker

PCR cycler “DNA Engine DYAD,
PTC0220”

PCR cycler “pegStar”

Pipettes “Pipetman 10 pL, 200 pL,
1000 pL”

QuantiTect Reverse Transcription Kit
RNeasy Mini Kit

Refrigerator 4°C

Rocker shaker

Syringe filter (0.22 V1)

Table centrifuge

Vortex mixer

Water bath

ThermoFisher, USA
ThermoFisher, USA

Biorad Laboratories, Germany
Peglab Biotechnologie, Germany
Corning Inc., USA

Qiagen, Germany

Qiagen, Germany

Beko, Germany

Uniequip, Germany

Berrytec, Germany
Sigma-Aldrich,Germany
Scientific industries, USA

Memmert, Germany

3.1.10 Buffers and solutions

Table 10: Buffers and solutions

Type Components Amount
Electrophoresis buffer 10> Tris 30¢

C2HsNO- 144 ¢g

SDS 10g

ddH20 FilluptolL
SDS 10% SDS 10g

ddH20 Fill up to 100 mL
TAE 10% Tris 242 ¢

0.5 M EDTA 100 mL

C2oH402 57.1 mL

ddH O Fillupto5L
TBE 10x Tris 545¢

H3BOs 2759

EDTA 39.2¢

ddH O Fillupto5L
TE buffer 1x Tris-HCI 0.158 g

EDTA 0.029 ¢

ddH20 Fill up to 100 mL
Loading Buffer 5x Trisma base 150 g

Glycine 720 g

SDS 25¢

ddH20 Fillupto5L
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Transblot Buffer 10x Trisma base 58.15¢
Glycine 29.28 ¢
ddH20 FilluptolL

SDS lysis Buffer 1x Glycerol 7.5mL
10% SDS 15 mL
0.5 M Tris-HCI pH 6.8 6.25 mL
0.5% Bromophenol Blue 1mL
14.3 M p-ercaptoethanol 2.5mL
ddH20 Fill up to 50 mL

Tris Buffered Saline (TBS) |/iSmabase 1219
ddH20 800 mL
Adjust pH to 7.4 with 5M HCI
ddH20 Filluptol L

Citrate Buffer 20 Citric acid (Monohydrate) 219
Adjust pH to 6.0 with 5M NaCH
ddH20 Fill up to 500 mL

TBSA 1x 10 xTBS 100 mL
BSA 1lg
ddH20 Filluptol L

Phosphate Buffered Saline | Phosphate Buffered Saline 955¢

(PBS) 10x ddH20 FilluptolL

Hank's Balanced Salt | NaCl 8¢

Solution (HBSS) NazHPO4 12H20 0.126 ¢
NaH2PO4 2H20 0g
KCI 049
KH2PO4 0.06 g
MgSO4 0.098 ¢
CaCl; 0.14¢
D-glucose 19
NaHCOs 0.35¢g
ddH20 FilluptolL

Enzyme buffer solution 1x NaCl 8¢
KCI 049
NaH2PO4 H.0 0.08817 ¢
Na:HPO4 0.12045 g
HEPES 2.38¢
NaHCO3 0.35¢g
CaClz 2H20 0.56 g
ddH20 Filluptol L

Gey’s Balanced Salt Solution | NaCl 8¢

B (GBSS/B) KCI 0.37¢g
MgCl. 6H.0 0.21¢g
MgSO4 7H20 0.07g
Na2zHPO4 0.0596 g
KH2PO4 0.03g
Glucose 0.991¢g
CaHCOs 0.227 ¢
NaHCOs 0.225¢
ddH20 Filluptol L
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Washing buffer (TBST) 10 <xTBS 100 mL
Tween 20 0.5mL
ddH20 Filluptol L

Gey s Balanced Salt Solution | KCI 0379

A (GBSS/A) MgClz 6H.0 0.21g
MgSO4 7H20 0.07¢g
NazHPO4 0.0596 g
KH2PO4 0.03¢g
Glucose 0.991¢
CaHCOs 0.227¢g
NaHCOs 0.225¢g
ddH>0 Filluptol L

3.1.11 Consumables

Table 11: Consumables

Name

Source

Carbon dioxide gas cylinders, 200 bar
(CO2)

Cell culture plates

CellStar tubes (15 mL and 50 mL)
Cloning rings

Cover slips

Cryo-vials

Filter pipette tips “Fisher brand Sure One”
Glass Pasteur pipettes

Micro loader Tip

Nitrogen gas cylinders, 200 bar (N>)
Oxygen gas cylinders, 200 bar (O2)
PCR tubes 0.2 ml 8-strip PCR tubes
Petri dishes

Pipette tips

Plastic pipettes “Costar Stripette” (1- 50
ml)

Reaction tubes (1.5 mL and 2 mL)
Sterile filter 0.22 M

Syringes
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Westfalen AG, Germany

Corning Inc., USA
Greiner Bio-One, Germany
Brand, Germany

Menzel, Germany
Corning Inc., USA

Fisher Scientific, USA
Brand, Germany
Eppendorf, Germany
Westfalen AG, Germany
Westfalen AG, Germany
Starlab, Germany

Greiner Bio-One,Germany

Brand, Germany
Corning Inc., USA

Starlab, Germany
Berrytec, Germany

BD Bioscience, France



Tissue culture plates (10 cM, and 6-, 12-,

24-well)
Tubes (15 mL, 50 mL)

Corning Inc., USA

Corning Inc., USA

3.1.12 Software and online tools

Table 12: Software and online tools

Name

Source

R (programming language)
Genome database “Ensembl”
Microscope software “Axio Vision”
GraphPad Prism Version 8.4.3

ImageJ

Primer bank

Primer blast

https://www.r-project.org/
https://www.ensembl.org/index.html

Carl Zeiss Jena GmbH, Germany

https://www.graphpad.com/scientific-
software/prism/

https://imagej.nih.gov/ij/download.html

https://pga.mgh.harvard.edu/primerbank/

https://www.ncbi.nlm.nih.gov/tools/primer
blast/

3.1.13 Veterinarian medicinal products and equipment

Table 13: Veterianarian medicinal products and equipement

Name

Sequence

Disposable scalpels

Needle holder, Matthieu, 20 cM
Surgical drape

Surgical gloves, Peha-taft latex
Surgical instruments

Cellulose swabs

Carbon tetrachloride (CCls), 100 mL

B. Braun AG, Germany

Omega Medical, Germany

B. Braun AG, Germany

Omega Medical, Germany
HBH Medizintechnik, Germany
B. Braun AG, Germany
Sigma-Aldrich, Germany

Syringes (1 mL, 5mL, 10 mL, 20 mL)  B. Braun AG, Germany

Olive Qil

Collagenase D

Sigma-Aldrich, Germany
Sigma-Aldrich, Germany
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http://www.ensembl.org/index.html

3.2 Methods
3.2.1 HGFLSEC-KO mouse model

HGF knockout in LSECs (HGF-SECKO: HGF" and Stab2-iCre9™ or HGF" and
Stab2-iCre'99) was achieved by crossing Stab2-iCre'99 with HGF"! mice (Phaneuf,
Moscioni et al. 2004). The animal experiments were approved by the animal ethics
committee (Regierungspraesidium Karlsruhe) and institutionally by the District
Government of Upper Bavaria and performed under institutional guidelines (ROB-55.2-
2532. Vet_02-18-64). All animals were housed and bred under specific pathogen free
(SPF) conditions in the animal facility (Zentrum fUr Pr&linische Forschung, ZPF —
TranslaTUM). The mouse experiments performed abide by federal animal regulations.
For this study, we were allowed to breed HGF-SE¢XO mice for all the mentioned

experiments.

3.2.2 Mouse liver fibrosis model

Carbon tetrachloride (CCls) (Tetrachlorkohlenstoff, 289116, Sigma-Aldrich, Inc, SAFC,
diluted in olive oil, 1:7) was used in this part. Male mice aged at 10 weeks, weighing
from 20 to 26 g, were given 0.5 mg/kg CClsor control phosphate buffered saline (PBS)
solution by intraperitoneal injection (i.p.). Mice were injected twice a week for 4, 6, and

8 weeks, respectively. Mice were sacrificed 24 hours after the last CCls administration.

3.2.3 Sample harvest and processing

Mice were euthanised by isoflurane and cervical dislocation. Cardiac puncture was used

to obtain blood. Liver samples were collected in liquid nitrogen and kept at -80<C for
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subsequent protein and RNA extraction, and another portion of liver tissue was
collected in fixed in 4% paraformaldehyde for 24 hours at room temperature. For
paraffin blocks, samples were transferred into PBS, dehydrated in a series of graded

alcohol solutions, embedded in paraffin, and then sectioned into 3 uM slices.

3.2.4 Genotyping

. The primer was diluted to 20 uM. Buffer A and buffer B were prepared for

following experiments.

Type Components | Amount

Buffer A NaOH 0.05¢
EDTA 0.0038 g
ddH20 Fill up to 50 mL

Buffer B Tris 0.24228 g
5N HCI Adjusted to 5.5
ddH20 Fill up to 50 mL

. Mouse biopsy and 150 pL Buffer A were put into an EP tube, which was then

placed in a metal bath at 100<C for 60 minutes with a constant flick (350 rpm). After the
tissue dissolved completely and the solution cooled down to room temperature, 150 pL
Buffer B was added and mixed gently, then centrifuged at 4,000 rpm for 3 minutes,
where supernatant was collected and stored at 4<C. Next steps are per the following

protocols.
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PCR amplification mix system (10 pL):

Tagq mix 5uL
Upstream primer 0.5 uL
Downstream primer 0.5 uL
DNA template 2 uL
ddH20 2 uL

PCR amplification program:

95°C 5 minutes

95°C 30 seconds

58°C 30 seconds 40 cycles
72°C 45 seconds

72°C 10 minutes

4°C Forever

3.2.5 Agarose gel electrophoresis

1.5 +0.5% agarose supplemented with 4 uL ethidium bromide (EB, Gel staining, 5 pL
per 100 mL, ThermoFisher) was prepared. It was then diluted with 100 mL 1< TAE and
heated in the microwave oven for 5 minutes at high heat. After the gel cooled down to
room temperature, DNA fragments were loaded and run by agarose gel electrophoresis
(10 pL/well, 200 V constant voltage for 25 minutes). Subsequent imaging of DNA
fragments was illumination under UV light (254-366 nm) with the referred

documentation system. The positions of the imaging bands in HGF mice are as follows:
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HGF-fl target mutant: 500 bp
target wild type: 430 bp
Stab2-iCre target: 400 bp

3.2.6  Western blot

. Extraction of cell and tissue proteins.

For cells, before digesting the cells, the supernatant was discarded, and washed three
times with 1x PBS. Next, corresponding RIPA lysis solution was added (add 1:100
protease inhibitor) according to the size of the culture dish and placed on ice for 1-2
minutes. The cell scraper was performed to hang the cells in the culture dish. The final
solution was transferred to a 1.5 mL EP tube, placed in ice for 30 minutes of lysis, and
centrifuged at 12,000 rpm for 10 minutes at 4<C. Then the supernatant was aspirated to

a fresh 1.5 mL EP tube.

For tissue, it was cut into pieces the size of soybeans. An appropriate amount of RIPA
lysis buffer was added and ground completely with the shaking apparatus. Then it was
placed in ice for lysis for 30 minutes and centrifuged at 12,000 rpm at 4<C for 10
minutes. Finally, the precipitation was discarded, and the supernatant was aspirated to a

fresh 1.5 mL EP tube.

. The BCA Protein Assay Kit was employed to detect the above protein
concentration. The BCA reaction reagent was diluted into a working solution according
to the instructions (solution A: solution B, 50:1), mixed thoroughly and placed in ice,
protected from light. Then, 5 pL of protein solution was diluted with 100 uL RIPA lysis
buffer, where the diluted protein and BCA standard samples were added to the 96-well

plate, mixing with 200 puL of BCA working solution in each well. The 96-well plate was
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incubated and protected from light at 37 <C for 30 minutes. The OD value of each well
was detected in the microplate reader instrument (the wavelength of absorbed light set
to 562 nm). Based on absorption values, the standard curve was drawn, and the protein

concentration in each well was calculated according to the formula.
. Separation of protein electrophoresis steps.
1. Protein denaturation

The final calculated protein solution was balanced with RIPA lysis buffer and the equal
volume of protein SDS-loading buffer (2x). It was next denatured in a metal bath at
100<C for 5-10 minutes, and quickly cooled down in ice. After centrifugation, the

samples were either stored in a -80<C freezer or proceeded to the following steps.
2. Polyacrylamide gel preparation

The glass plate was fixed on the gel rack according to the required concentration of
separating gel (10 mL). It was then added to the two-layer glass plate after mixing
evenly (10 mL of ddH.O was used for leak detection). An appropriate amount of
isopropanol is used to flatten the separating gel (6 mL). The glass plate was kept at
room temperature for about 15 minutes until the separation gel was completely
solidified and the upper layer of isopropanol was discarded (filter paper was used to
absorb residual isopropanol). After preparing the stacking gel, it was transferred to the
top layer of the solidified separation gel. The protein loading comb was next inserted

into the gel, leaving it at room temperature for about 10 minutes to solidify completely.
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Separating gel (10 mL) 8% 10% 12%
Acrylamide 30% 2.7 mL 3.3mL 4 mL
Tris-HCL 1.5M pH8.8 3.8 mL 3.8 mL 2 mL
10% APS 100 uL 100 uL 3.8 uL
10% SDS 100 pL 100 pL 100 pL
TEMED 6 uL 6 uL 100 uL
ddH20 3.3mL 2.7 mL 2 mL
Stacking gel (6 mL) 5%

Acrylamide 30% 1.0 mL

Tris-HCL 1.5M pH6.8 0.75 mL

10% APS 60 pL

10% SDS 60 pL

TEMED 6 uL

ddH20 4.1 mL

3. Protein electrophoresis

electrophoresis was stopped.

Western blotting

The above gel glass plate was put into the electrophoresis tank, filled with the 1x
protein electrophoresis solution prepared in advance. After the sample loading comb
was removed, 40 ug of protein was added to the protein lane by using a pipette. Next,
electrophoresis adapters were assembled, where electrophoresis was started at 80 V for
around 20 minutes. When the protein markers were separated, the voltage was adjusted

to 120 V. When the protein markers were close to the bottom of the glass plate, the

1. After carefully removing the glass plate from the electrophoresis tank, the black end
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were put in an order in the transfer plate according to the “sandwich” principle—filter
paper, gel, NC membrane (or PVDF membrane—requires methanol activation), filter

paper—white end and air bubbles must be removed carefully between the layers.

2. The transfer rack, the film, and transfer tank were assembled correctly and filled with
the blotting buffer. Then the entire transfer tank was kept in a blotting of 300 mA
constant current and placed in an ice environment, while the immunoblotting and

blotting times were adjusted according to the molecular weight.
. Antigen blocking, antibody incubation and chemiluminescent detection

After the NC membranes obtained above were trimmed, they were washed three times
with 1< TBST and placed in the prepared protein blocking solution (5% non-fat milk)
for 1 hour at room temperature on a shaker for blocking. Next, they were immersed in
the antibody diluent (according to the antibody instructions) and shaken at 4<C
overnight. The second day, the NC membranes were washed three times with 1< TBST
on a shaker at room temperature (10 minutes for each), then incubated with the
secondary antibody (dissolved in 5% non-fat milk) at room temperature for 1 hour.
After that, they were washed with 1> TBST three times (10 minutes for each) on a
shaker. The NC membranes were covered with the working solution directly, which is
provided by the chemiluminescence kit (A solution: B solution, 1:1 volume preparation),
and an imaging instrument (Analytik Jena) was applied to capture the target protein.
Finally, Image J software was used for grey value quantification and the following

statistical analysis.
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3.2.7 RNA extraction, reverse transcription, and quantitative real-time PCR

(QRT-PCR)

. For cells, the medium in the culture dish was completely discarded, an
appropriate amount of Trizol (for example, add 200 pL Trizol to 6 cm diameter culture

dish) was added. Then the cell lysate was transferred into a 1.5 mL EP tube.

. For tissue, the frozen tissue was removed from the -80<C freezer, cut into
soybean-size and placed in a 1.5 mL EP tube. Together with corresponding Trizol (100
mg of tissue is dissolved in 1 mL of Trizol) and steel balls, the EP tube was placed in a
tissue grinding apparatus for 90 seconds. After a complete lysis, the supernatant was

aspirated and transferred to a new 1.5 mL EP tube.

. Around 1/5 Trizol volume of chloroform (about 100 uL) was added to the tubes
and kept for another 3 minutes. After centrifuging at 12,000 rpm at 4 <C for 10 minutes,
the upper colourless aqueous phase (the RNA components were located) was pipetted
into a new 1.5 mL EP tube. An equal volume of isopropanol was mixed in this tube
completely and kept at room temperature for 3-5 minutes. After centrifuging at 12,000
rpm at 4<C for 10 minutes, the supernatant was discarded, and a small amount of white
insoluble precipitates were retrieved from the bottom of the tube. 1 mL of pre-cooled 75%
ethanol was used to wash the white precipitate and shake it gently three times. Next, it
was centrifuged at 8,000 rpm at 4<C for 5 minutes. After discarding supernatant, the EP
tube was inverted on absorbent filter paper for 3-5 minutes. Pre-cooled DNase/RNase-
Free water (range from 60-80 pL) was used to completely dissolve the insoluble
precipitates at the bottom of the tube. Nano Drop 2000 was applied to detect the

concentration of purified RNA, and then reverse transcription reaction was performed.
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Finally, RNA was frozen at -80°C.

. The RNA reverse transcription reaction was next. For the removal of the genome
DNA contamination, 1 pg template total RNA was mixed with DNase solution (2 pL 7x
gDNA wiper Mix, adjusted with RNase free ddH-O to 14 pL) and placed in a constant
temperature metal bath at 42<C for 2 minutes. Next, for preparation of cDNA reverse
reaction mix, 14 uL of the above-obtained mixed solution was added with 1 uL RT
primer mix, 4 pL 5> Quantiscript RT buffer, and 1 puL Quantiscript Reverse
Transcriptase. This reaction mix was then put through 50°C for 15 minutes, 85°C for 2

minutes, and 4°C forever.

Note: For templates with high GC regions, the reaction temperature in step 1 can be set
to 55<C, which can improve the yield of cDNA. The final cDNA product should avoid
repeated freezing and thawing. If it is not used temporarily, it can be stored in a freezer

at -80C.

. After that, the following reaction mix system was made for real-time fluorescent

guantitative PCR detection of target genes.

gPCR reaction system mix

ChamQ SYBR gPCR Master Mix (2% 5 uL

ddH20 3.5ulL
Primer Forward (10 pM) 0.25 uL
Primer Reverse (10 pM) 0.25 uL
cDNA product template 1 uL
Total reaction volume 10 uL
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Next, the reaction system mix was processed in a real-time PCR reaction program as

follows:
Step 1 Denaturation  Repeat: 1 95°C 30 seconds
Step2 Cycle reaction Repeat: 40 95°C 10 seconds
60°C 30 seconds Reading
Step 3 Melting curve  Repeat: 1 95°C 15 seconds
60°C 60 seconds
95°C 15 seconds

Note: If the structure of the cDNA template is complex, the time of Step 1 can be
extended to 3 minutes, which can improve the denaturation effect. If the amplicon
exceeds 300 bp, the extended time in Step 2 can be increased to 60 seconds, which can
improve the yield of DNA. Quantitative real-time PCR (qRT-PCR) was finally
implemented under the LightCyclerTM480 system with the SYBR Green 1 Master Kit
(Roche Diagnostics, Germany). The calculation of amplification results is based on the
final Ct value obtained, which is calculated by using the relative internal parameter

quantification method (2-AACt).

3.2.8 Immunohistochemical staining (IHC)

. Tissue was immersed with PBS and fixed in 4% paraformaldehyde for at least
24 hours before the dehydration procedure. Then it proceeded to paraffin-embedded

sectioning.

. After obtaining the paraffin tissue sections, they were placed on a 70<C baking
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oven for 30 minutes and quickly moved to roticlear for complete dewaxing.

. For dewaxing and hydration steps, sections were immersed in roticlear | for 20
minutes, roticlear Il for 20 minutes, absolute ethanol for 5 minutes, 96% ethanol for 5
minutes, 70% ethanol for 5 minutes, 50% ethanol for 5 minutes, and tap water for 10

minutes.

. Antigen retrieval solution was obtained by diluting 20 sodium citrate retrieval
solution with 1xPBS in advance (0.01 M, pH 6.0). The sections were immersed in 1x
antigen retrieval solution and placed in a microwave oven on high for 2 minutes until
fully boiled and at medium-low level for 15 minutes. After cooled to room temperature,

the sections were washed three times with 1xPBS (5 minutes each time).

. Next, deactivation of endogenous peroxidase blocking agent, containing 3%
hydrogen peroxide, was used to immerse the sections for 15 minutes. Then it was

washed three times with 1xPBS (5 minutes each time).

. The tissue sections were incubated with blocking buffer (10% BSA solution or
10% goat serum) at room temperature for 1 hour, then the blocking solution was thrown
off without washing. Primary antibody was diluted with 1% BSA solution (dilution ratio
according to the antibody instructions) and used to incubate the sections in a dark box at

4<C overnight.

. The next day, the tissue sections were washed three times with 1< PBS (5
minutes each time secondary antibody diluted with 1% BSA added dropwise. Together
with the sections, they were incubated for 1 hour at room temperature, and washed three

times with 1<PBS (5 minutes each time).

. Next, the sections proceeded with DAB chemiluminescent detection. DAB
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working liquid was prepared according to the instructions, it was dripped on the sliced
tissue, which was observed under an optical microscope to control the colour

development time. It was rinsed with tap water for 10 minutes.

. The sections were stained with hematoxylin for 30-60 seconds and rinsed with
tap water for 10 minutes. Next, they sere dehydrated with 50% ethanol for 1 minute, 70%
ethanol for 1 minute, 96% ethanol for 1 minute, absolute ethanol for 1 minute, roticlear

| for 3 minutes, and roticlear 11 for 3 minutes, respectively.

. Sections were finally mounted with permanent mounting medium.

3.2.9 Cell culture, passage, and cryopreservation

. For resuscitation of frozen cells, the cryopreserved cells in liquid nitrogen were
quickly placed in a 37<C constant temperature water bath. Then 5 mL of cell culture
medium was added and transferred to 15 mL tube. After centrifuging at 1,000 rpm for 5
minutes, the supernatant was discarded and an appropriate medium was added to
resuspend and seed in the dish.

. The cells used in this experiment were cultured in DMEM medium (10% FBS,
1:100 streptomycin/penicillin double antibody) and placed in a 5% CO2, 37 <C incubator.
The medium in the culture dish was discarded and washed three times with 1< PBS
before digested with trypsin for around 3 minutes. Then cells were transferred to a 15
mL tube and centrifuged at 1,000 rpm for 5 minutes. The supernatant was discarded, the
cells were resuspended in complete medium, and a cell counter was used to calculate
the cell number before seeding.

. For cell cryopreservation, after digesting with trypsin, cells were centrifuged at

1,000 rpm for 5 minutes. The supernatant was discarded, and cells were resuspended
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with cell freezing medium (10% DMSO, 90% serum), transferred to cryopreservation
tubes, sealed with parafilm, and placed in a cell cryopreservation box (4<C for 30
minutes, -20 <C for 1 hour, -80 <C overnight, and then transferred to a liquid nitrogen

tank for long-term storage after 48 hours).

3.2.10 Protein co-immunoprecipitation (CO-IP)

. Firstly, an appropriate IP Lysis Buffer was added to the tissue protein. After the
tissue was completely lysed, the protein was placed in a 1.5 mL EP tube, kept on ice for
30 minutes, and centrifuged at 12,000 rpm for 10 minutes at 4<C. A BCA kit was used

to balance the protein concentrate and volume to the same level.

. Then a certain amount of antibody (according to the antibody instructions) was
added to the sample tubes. For the positive input control tube, a part of the protein was
mixed with the equal volume of 2x protein loading buffer and kept in a metal bath at
100<C for 5 minutes. For the negative control tube, an appropriate anti-lgG antibody
(according to the antibody instructions) was added to a part of the protein. All samples
and negative tubes were then sealed with parafilm and placed on a rotating windmill at

4<C overnight.

. For protein A/G conjugated antibody step, 50 uL Protein A/G (ThermoFisher)
was added to each tube (shake well before adding) and sealed with parafilm. Then it

was put back into the rotating windmill at 4<C for 3 hours.

. All the EP tubes were centrifuged at 5,000 rpm for 5 minutes at 4<C, the
supernatant was discarded, 300 uL. IP Lysis buffer was added, then centrifuged at 5,000

rpm for 5 minutes at 4 <C. This step was repeated two more times.

. Next was protein denaturation. An equal volume of 2x protein loading buffer
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was added to the precipitation, put in a metal bath at 100 <C for 5 minutes, and placed on
ice immediately. Then either protein electrophoresis was performed or stored in a -80C

freezer.

3.2.11 Hematoxylin eosin staining (H&E)

. The tissue was fixed in 4% paraformaldehyde for 24 hours, followed by
dehydration, paraffin embedding, and paraffin-embedded sectioning.

. The paraffin tissue sections obtained were placed in a baking oven at 70<C for
30 minutes. After the paraffin completely melted, they were quickly immersed in
roticlear for dewaxing.

. Slices were next immersed in roticlear for 20 minutes (>3), absolute ethanol for
5 minutes, 95% ethanol for 5 minutes, 85% ethanol for 5 minutes, 75% ethanol for 5

minutes, and tap water for 10 minutes, respectively.

. Cell nuclei were stained with hematoxylin for 30—-60 seconds.

. The sections were rinsed with tap water for 5 minutes to remove residual
hematoxylin.

. The tissue sections were stained with alcoholic eosin staining for 60 seconds.

. The sections were proceeded with 96% ethanol | for 30 seconds, 96% ethanol Il

for 30 seconds, 100% ethanol | for 30 seconds, 100% ethanol Il for 30 seconds, roticlear
| for 30 seconds, and roticlear 11 for 30 seconds.

. The sections were finally mounted with mounting medium.

3.2.12 Sirius red and Masson blue

1. Sirius red staining

. The paraffin sections were deparaffinised in the heating oven at 75<C for at least

38



30 minutes.

. The sections were immersed with roticlear for 10 minutes (three times), ethanol
series (100%, 100%, 100%, 96%, 70%, and 50%, at 3 minutes each), tap water for 3
minutes, hematoxylin for 1 minute, and tap water for 2 minutes. Next, they were stained
with Sirius red solution for 60 minutes.

. The tissue sections were immersed with 30% acetic acid for 1 minute (two
times), 96% ethanol for 1.5 minutes (two times), isopropanol for 1.5 minutes (two
times), and roticlear for 3 minutes (two times).

. Finally, the slides were mounted with mounting medium.

2. Masson blue staining

. The sections were rinsed with distilled water for 30—60 seconds before staining.

. The sections were stained in hematoxylin for 30-60 seconds and rinsed with
washing solution for around 30 seconds.

. An appropriate amount of acid fuchsin slurry was added to the slides for 30-60
seconds of dying and rinsed with cleaning solution for around 30 seconds.

. The sections were immersed with phosphomolybdic acid colour separation
solution for colour separation for 6-8 minutes.

. The sections were stained with aniline blue counterstain solution for 5 minutes
and rinsed with absolute ethanol.

. The sections were finally mounted for following microscopy.

3.2.13 Hepatic stellate cell (HSC) isolation

. Mice should be at least 6 months old. The following solutions were prepared

freshly, including (A) EGTA solution (10 mL per mouse), (B) enzyme solution added
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with 0.5 mg/mL pronase E (10 mL per mouse, Merck), (C) enzyme solution added with
0.5 mg/mL collagenase D (20 mL/mouse, Roche), (D) enzyme solution added with 0.3
mg/mL pronase E and 0.3 mg/mL collagenase D and 0.01 mg/mL DNase | (40 mL per

mouse, Roche). All the solutions were incubated in a water bath (40<C).

EGTA-solution pH 7.38 Enzyme-solution pH 7.38

10xHSC-stock solution 1:10 1:10
EGTA 190 mg/L /
Glucose 900 mg/L /
CaClz 2H20 / 560 mg/L
. Mice were anesthetised with isoflurane and the abdomen was opened. The

indwelling baby catheter (purple) was inserted into the inferior vena cava and the portal

vein was cut.

. It was perfused (5 mL/min) with enzyme solution (A) for 2 minutes, enzyme

solution (B) for 2 minutes, and enzyme solution (C) for 3-4 minutes.

. The liver was taken out and stored on ice in HBSS with foetal bovine serum
(FBS) and penicillin/streptomycin. Then the liver was transferred to a petri dish and

minced.

. The primary liver cells were transferred into a 200 mL flask and the rest of
solution D was added. It was incubated at room temperature with stirring (400 rpm) for

3-5 minutes.

. The digested liver was filtered through sterile nylon mesh sheet (100 pm) and
transferred to Falcon tubes (50 mL), centrifuged at 500 g for 7 minutes at 4<C, and the

supernatant discarded.

. Each pellet was resuspended in 10 mL of HBSS with 10% FBS and
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penicillin/streptomycin containing 30 |4 DNase I. Cell suspensions were collected into

two Falcon tubes (50 mL).

. HBSS with 10% FBS and penicillin/streptomycin was added up to 50 mL and

centrifuged at 500 g for 7 minutes at 4<C.

. Supernatant was discarded and 10 mL HBSS with 10% FBS and

penicillin/streptomycin containing 30 |l DNase | was added into the Falcon tube.
. The pellet was resuspended, then HBSS with 10% FBS was added up to 34 mL.

. 13.5 mL Nycodenz solution (8 9/27.5 mL of GBSS/A) was added and mixed
well (for 5-6 minutes). Then 11.5-12 mL of the above solution was transferred into four

tubes (15 mL).

. 1 mL of HBSS with 10% FBS was laid onto the solution and centrifuged at
1,400 g for 24 minutes at 4<C with no break. Under the layer of clear HBSS is the white

layer (stellate cells).

. Stellate cells were transferred to 50 mL tubes and HBSS with 10% FBS was

added. The tubes were centrifuged at 500 g for 7 minutes at 4<C.

. The pellet was then resuspended in DMEM, containing 10% FBS,

penicillin/streptomycin, and glutamine.
. Cells were counted and seeded in 6-well-plate.

Stock solutions contained 50 mg/mL pronase E, 50 mg/mL collagenase D, 10 mg/mL

DNase 1, and the 10xHSC stock solution, prepared as follows.
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10x<HSC stock solution pH 7.38 (stable at 4<C)

NaCl 80 g/L

KClI 4 g/L

NaH,POs H,0 0.882 g/L

Na:HPO4 1.2 g/L (1.5 g/L Dihydrate)
HEPES 2.4 g/lL

NaHCOs3 3.5¢g/L

3.2.14 LSEC isolation

LSECs were first magnetically labelled with CD146 MicroBeads (Miltenyi Biotec) and
the cell suspension was loaded onto a MACS® Column, which was placed in the
magnetic field of a MACS Separator. The magnetically labelled LSECs were retained
within the column. The unlabelled cells were run through the separator, which was thus
depleted of LSECs. After removing the column from the magnetic field, the

magnetically retained LSECs can be eluted as the positively selected cell fraction.

3.2.15 RNA sequencing (RNA-seq) and analysis

The RNA-seq was supported by Thomas Engleitner, Rupert Ollinger, and Roland R.
Rad (Institute of Molecular Oncology and Functional Genomics, Department of
Medicine Il and TranslaTUM Cancer Center, Klinikum rechts der Isar, Technical
University of Munich, Germany). Raw count matrices were imported into R and a
differential gene expression analysis was conducted using limma. Dispersion estimates
were calculated setting the option fitType to parametric using all samples available. A
Wald test was conducted to detect differences between genotypes for all available time
points. A gene was called significantly regulated if the p-value was below 0.05. Genes

regulated in HGF"" mice are shown as a heatmap together with the HGFL-SEC-KO
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samples.

3.2.16 Statistical methods

This study mainly used statistical software such as GraphPad Prism 8.4 (San Diego, CA)
for analysis. Image pro plus V6.0 (Media Cybernetics, Inc. MD) was applied to make
quantification of the positive area of staining images. Unless otherwise stated, there
were at least three biological replicates for each experiment in this experiment and were
expressed as mean =standard deviation (SD). Unpaired t-tests were used to assess the
statistical significance of differences between groups. Pearson's correlation coefficient (r)

was calculated to assess correlation.
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4 RESULTS

4.1 Establishment of murine liver fibrosis model

A genetically modified HGF ablation in mouse LSECs was achieved by crossing LSEC-
specific Stab2 promoter-driven Cre mice (Stab2-iCre) (Koch, Olsavszky et al. 2017)
and homozygous HGF®5 flox (HGF") (Phaneuf, Moscioni et al. 2004). HGFLSEC-KO
embryos did not exhibit any developmental defects and survived healthily to late
adulthood (Geraud, Koch et al. 2017). Besides, our former study demonstrated that, in
the mice of HGF ablation in LSECs, there is no influence on the liver damage or
fibrosis by routine histology staining (H&E, Periodic acid Schiff, and Sirius red) (Zhang,
Olsavszky et al. 2020). Thus, it’s convincing to perform the subsequent experiment on
these mice for liver fibrosis investigation. Carbon tetrachloride (CCls) was
administrated in male mice aged 10 weeks, weighing from 20 to 26 g, given 0.5 mg/kg
CCl4 by i.p. injection (Figure 2). Mice were injected twice a week for 4, 6, and 8 weeks,
respectively, and sacrificed 24 hours after the last CCls administration. After the CCla,

injection at dynamic time periods, we got a series of multiple degrees of liver fibrosis.
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Figure 2. Graphical illustration of genetic modified mouse for this study

HGF"Stab2iCre® mice, whose HGF is specifically knockout in LSECs, were achieved and
injected with CCl, to establish the liver fibrosis model. Compared with the normal mice whose
LSEC can express the HGF, HGF-SESKO mice were investigated whether there is a difference in
fibrotic severity, fenestration of LSEC and immune cell infiltration.

4.2 HGF ablation in LSECs does not impact severity of liver fibrosis
in the late stage, but in the early stage

Based on the frequently used mature establishment of mouse fibrosis model, HGF"f
and HGF-SECKO mice were i.p. injected with CCla for the above-mentioned time points.
At the 6-week time point, it was found that no impact of HGF deficiency in LSECs on
liver fibrosis both in liver tissue morphology and protein level, by fibrosis score of the
combination of these two collagen markers. As to the severity of liver fibrosis, it’s
expectedly found that there is no alteration in liver fibrosis after the deletion of HGF in

LSECs (Figure 3A). Similarly, as it comes to the 8-week time point, it was found that
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there is still no statistically significant difference between the WT and HGF-SECKO mice

(Figure 3B).
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Figure 3. Hepatic angiocrine HGF does not alter severity of liver fibrogenesis in the late
stage

(A) All mice were intraperitoneal injected with CCl, for 6 weeks (n = 5). H&E staining, IHC
staining for aSMA, COL1A1, and western blotting for aSMA. (B) All mice were intraperitoneal
injected with CCl, for 8 weeks (n = 8). H&E staining, IHC staining for aSMA, COL1A1, and
western blotting for aSMA. (scale bar = 500 uM. ns. means no significant)

Next, we shorten the CCls-stimulated period to 4 weeks. Interestingly, it was found that
the phenotype was significantly located in the liver to body weight ratio (Figure 4A) and
liver damage (Figure 4B) after liver fibrosis. In the untreated control groups, there is no

difference between HGF and HGF-SEC-KO mjce.
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Figure 4. Liver-to-body weight ratio and liver damage among control and liver fibrosis

(A) liver to body weight ratio and (B) serum aminotransferase (ALT) level in HGF" and
HGFSEC-KO with untreated control and CCl,-stimulated liver fibrosis. (ns = no significance, * p
<0.05)

As it comes to the liver fibrosis level, one hallmark of this pathology is the deposition of
collagen in liver parenchyma. We applied the routine staining method for these
experimental mice. By the routine fibrotic staining, intriguingly, for the murine liver
fibrosis model, it presented a more severe fibrotic level in the setting of LSEC-specific
HGF deficiency (Figures 5A and B). It reveals there is significant morphological

changes in inflammation, or depositions of collagens after deletion of HGF in LSECs.
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Figure 5. Histological analysis between HGF"" and HGF-SE¢-XO mice
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The staining of (A) Sirius red, (B) Masson blue, (C) COL1A1 and (D) aSMA in CCls-induced

liver fibrosis. (n = 10, scale bar = 500 uM, * p < 0.05)

Consistent with histological results, there is significant protein elevation of collagen

accumulation and HSC activation in the ablation of LSEC-specific HGF group (Figures

6A and B).
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Figure 6. Collagen and HSC activation analysis after CCls-induced hepatic fibrosis in
HGF"" and HGF-SES-KO mice

(A) Protein expression of COL1AL in liver after CCls-induced liver fibrosis analysed by
Western blot. (B) Quantification of each protein relative level in the representative samples. (n =
10, * p < 0.05).

4.3 Angiocrine HGF does not influence the immune
microenvironment in liver fibrosis

It is reported that inflammation and fibrosis are associated inextricably in liver disease,
whereby liver injury induces inflammation and the continuous liver inflammatory
response facilitates liver fibrosis (Hernandez-Gea and Friedman 2011). Immune cells,
especially liver-residing Kupffer cells and recruited macrophages, have been
demonstrated as vital factors of liver inflammation that are essential to the progression
or resolution of liver fibrosis (Koyama and Brenner 2017). On the other side,
macrophage or neutrophil recruitment may participate in alleviating liver fibrosis (Rao,
Wang et al. 2022). Persistence of the chronic liver injury during liver fibrosis may
trigger the innate immune cells and activate pro-inflammatory cascade reactions (Del
Campo, Gallego et al. 2018). Therefore, whether there is a link between inflammatory
and angiocrine HGF, neutrophils, and macrophages in fibrotic liver of HGF" and

HGFSEC-KO mice was analysed. However, staining the markers of MPO and CD11b did

49



not reveal significant morphological changes of neutrophils and macrophages,
respectively (Figures 7A and B). Those helps to conclude that neutrophils and

macrophages do not contribute to the influence of angiocrine HGF in the process of

liver fibrosis.
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Figure 7. The deficiency of angiocrine HGF does not impact liver immune cell infiltration
(A) Representative MPO and CD11b staining of HGF"" and HGF-SE¢X© mice in CCls-induced
liver fibrosis. (B) Quantification of positive staining of MPO and CD11b in liver tissue. scale
bar =500 uM. (ns = no significance)
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4.4  Angiocrine HGF mitigate the activation of HSCs in liver fibrosis
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Figure 8. Collagen accumulation and HSC activation in isolated HSCs
Relative mRNA expression of (A) TGFB1, (B) aSMA, (C) CTGF, (D) COL1A1l, and (E)
COL3AL. (ns = no significance, * p < 0.05)

HSCs are activated and contribute to the collage production consequentially following
chronic injury. We selected the well-established isolation protocol for HSCs (Grunwald,
Harant et al. 2016). HSCs may be transdifferentiated to myofibroblasts, producing the
main parts of ECM, which include collagen and aSMA as shown in Figure 2.
Furthermore, transforming growth factor (TGFB1) secreted by activated HSCs could
initiate a feedback, activating quiescent HSCs, to positively accelerate fibrogenesis (LI,
Deng et al. 2021). In this study, after knockout of the expression of HGF in LSECs, it

was found that, besides aSMA, TGFp1, and COL1AL, connective tissue growth factor
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(CTGF) is also elevated in the HGF-SE¢-X© mice (Figures 8A, B, C and D). This is also
considered as an important fibrotic mediator in this pathological process (Makino,
Hikita et al. 2018). But there is no difference in the mRNA level of COL3A1 (Figure

8E).

Meanwhile, regarding the degradation and deposition of ECM, tissue inhibitor of
metalloproteinase (TIMP)-1 and TIMP2 also serve as signs of HSC activation. Among
the TIMPs, TIMP1 is a pivotal one, initiating MMP inhibition and the following ECM
accumulation. TIMP2 could inapparently increase and inhibit the level of
MMP2 (Hemmann, Graf et al. 2007). Moreover, TIMP1 and TIMP2 are mainly
provoked from HSCs in the CCls and bile duct ligation model (Herbst, Frey et al. 1997;
Iredale 1997; Roeb, Purucke et al. 1997). Herein, it was found that TIMP1 shows an
elevated level in the HGF-SESKO mice, indicating this may participate in the function of
HGF in attenuating liver fibrogenesis. Vimentin is another marker elevated in liver
fibrosis and most mesenchymal cells express vimentin, which maintains the structure of
the cytoskeleton (Wang, Wu et al. 2019), though vimentin does not show any significant

difference related to angiocrine HGF.

Next, in the presence of severe fibrosis, MMP1 is increased in the liver (Hemmann,
Graf et al. 2007) and inhibited by TGFp (Overall, Wrana et al. 1989). MMP2 is another
factor increased with the fibrosis process and TIMP1 is able to inhibit the protein level
of MMP2 (Iredale 1997; Iredale, Benyon et al. 1996). The upregulation of MMP9 has
been confirmed both in protein and mRNA levels in the early weeks of recovery from
fibrosis, and may indirectly contribute to HSC apoptosis (Hemmann, Graf et al. 2007).
At present, we first focused on the role of TIMPs and MMPs in the pathological process
of liver fibrosis in the different background of angiocrine HGF. Intriguingly, only

TIMP1 and MMP2 were statistically elevated in the HGF-SECKO mice (Figures 9A and
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E), which is consistent with the severity of liver fibrosis. Whereas vimentin, TIMP2,
MMP1, and MMP9 do not show any differences in HGF-S5¢-X© mice compared to the

WT group (Figures 9B, C, D, and F).
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Figure 9. The alteration of metalloproteinases and tissue inhibitors of metalloproteinases
impacted by angiocrine HGF

Relative mRNA expression of (A) TIMP1, (B) TIMP2, (C) Vimentin, (D) MMP1, (E) MMP2
and (F) MMP9 in HGF" and HGF-SEc-K® mice. (ns = no significance, * p < 0.05)
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45 The status of LSECs capillarisation is altered in HGF-SE€KO mice
with liver fibrosis
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Figure 10. Angiocrine HGF alters capillarisation of LSECs in liver fibrosis
(A) Representative IF staining of LYVEL and CD31 in liver tissue and (B) quantification of the
colocalised positive area in control and HGF-SECKO mice. (* p < 0.05)

It was reported that the reversal of capillarised LSECs prevent the ongoing progression
of fibrosis and the activation of HSCs (Xie, Wang et al. 2012). LYVEl was
demonstrated as a terminal differentiation marker of LSECs (Geraud, Koch et al. 2017),
whereas CD31 was regarded as a marker of capillarisation and was highly expressed in
vascular endothelial cells (Su, Yang et al. 2021). In patients at any degree of chronic
active hepatitis or in laboratory liver fibrotic models, the capillarisation of hepatic
sinusoidal endothelial cells precedes the occurrence of hepatic fibrosis (Bardadin and
Desmet 1985; DeLeve, Wang et al. 2008b; Pasarin, La Mura et al. 2012). This indicates
that the capillary vascularisation of hepatic sinusoidal endothelial cells may trigger liver
fibrosis. Co-immunofluorescence (CO-IF) of LYVEL and CD31 was used to evaluate

the capillarisation of LSECs in the current study (Figures 10A and B). Quantification of
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colocalisation analysis of LYVE1 and CD31 with Image] revealed the obvious
reduction of the colocalisation area in the HGF-SE¢-KO group. Thus, it can be concluded

that angiocrine HGF increases the capillarisation level of LSECs.

4.6  Angiocrine HGF is negatively correlated with the severity of liver
fibrosis in patients

To further verify the role of angiocrine HGF in patients, we collected liver tissues from
10 patients with surgical hepatectomy. VE-cadherin (also known as cadherin-5, CD144)
locates in EC junctions and is regarded as an endothelial marker (Schrage,
Loddenkemper et al. 2008; Su, Yang et al. 2021). As a major determinant of endothelial
cell contact integrity, VE-cadherin is implicated in EC processes in the vascular
development and in controlling the permeability of the vessel wall to cells and
substances (Claesson-Welsh, Dejana et al. 2021). Nevertheless, fluorescence in situ
hybridisation (FISH) of both HGF (Cy3) and VE-cadherin proteins shows the
expression of HGF and the morphology of LSEC (Figure 11A). Combined with fibrosis
score, HGF levels in LSECs in all of the patients with chronic liver injury were
negatively correlated with the severity of fibrosis (Figure 11B), which is consistent with
our results in the mouse model. Taken together, the above results suggest that the level
of HGF in LSECs can be used as a potential target for clinical treatment of patients with

chronic liver fibrosis.
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Figure 11. Correlation of angiocrine HGF and hepatic fibrosis in patients

Representative images of the patients with higher- (patient A) and lower- fibrosis score (patient
B) stained with (A) H&E, (B) Sirius red (bar = 300 uM) and (C) FISH for Cy3 and Cdh5/VE-
cadherin (bar = 100 uM) in the fibrotic liver tissues from surgical hepatectomy patients (n = 10).
(D) value in liver tissue. Pearson correlation analysis between HGF in LSECs and fibrosis score
and the quantification of HGF (white) and LSEC (red) protein level, which is represented in
integrated optical density (I0D).

4.7 Ablation of HGF in LSECs activates the PDK1/Akt axis in CCly-
induced liver fibrosis

3-Phosphoinositide-dependent kinase 1 (PDK1) is a molecular kinase involved in the
phosphoinositide-3-kinase (PI13K) signalling pathway, which acts as a major molecule
participating in a variety of cellular functions. It has been demonstrated that Akt may
facilitate PDK1-dependent phosphorylation of Akt, and the activation of Akt regulates
many downstream targets (Fyffe and Falasca 2013). Meanwhile, the PDK1/Akt axis
was reported as associated with fibrosis (Jia, Agarwal et al. 2018), and HGF regulates
the PISK/PDK/Akt signal by initiating the G protein-coupled receptor, which
contributes to cell growth and cell protection (Okano, Shiota et al. 2003). Therefore,
investigation of the most correlated signalling pathway may implicate the regulation of
angiocrine HGF in liver fibrogenesis. The levels of Akt present a similar tendency in all
the mice livers (Figure 12A and B). However, comparison of HGF"" and HGF-SEC-KO
mice revealed a significant increase in phosphorylated Akt and phosphorylated PDK1 in
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the ablation of HGF in LSECs. These results indicate the impaired role of angiocrine

HGF in the PDK1/Akt axis after fibrosis.
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Figure 12. Deletion of HGF in LSEC increases p-Akt expression and the downstream
regulators in CCls-induced liver fibrosis

(A) Representative western blots and (B) quantification of Akt, phosphorated-Akt, phosphrated-
PDK1 in fibrotic livers from HGF"" and HGF-SE¢-K° mice. Results are normalised to GAPDH.
(mean £S.D., ns = no significance, * p < 0.05)

4.8 Angiocrine HGF attenuates collagen formation and activation of
HSCs in vitro

Transforming growth factor (TGF)-B, derived from various cellular type such as HSCs,
LSECs, platelets, macrophages, and hepatocytes, is activated in the ECM deposits
during chronic hepatic injury. TGF then induces HSC activation and ECM deposition
by binding TGF- type II receptor (TBRII), phosphorylates the downstream substrates,
and thereafter regulates target genes such as connective tissue growth factor (CTGF)
and oSMA (Dewidar, Meyer et al. 2019). Besides, it primarily establishes the
mechanism of angiocrine HGF in the process of liver fibrosis in vivo and clinic
patients (De Angelis Rigotti, Wiedmann et al. 2023). Additionally, HS-173, the
inhibitor of the PI3K/Akt signalling pathway, verified both in vitro and in vivo,

exhibited a suppressed function in liver fibrotic responses, including obviously
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suppressed phosphorylation of Akt, and decreased expression of collagen I, TIMP-1,
and MMP-2 in CCls-related hepatic fibrosis (Son, Ryu et al. 2013). Therefore,
integrated with our findings, the isolated HSCs were subdivided to four groups,
including untreated, TGF-f stimulation (10 ng/mL), TGF-p (10 ng/mL) and HGF (10
ng/mL), and HS-173 (50 mM), to verify the potential relationship between angiocrine
HGF and Akt-related mechanisms. CTGF and COL1A1 (Figures 13A and B) were
consistent with the results of the in vivo experiment (Figures 8C and D). HGF could
mitigate the TGFpB-stimulated activation of HSC. Nevertheless, there is no effect of
HGF on TIMP1 and MMP2 (Figures 13C and D), and the activation of Akt contributes
to TIMP1 and MMP?2 in vitro (Figures 13E and F). There is an intriguing correlation of
Akt pathway participation in angiocrine HGF in vivo (Figures 9A and E) but not in vitro

(Figures 13E and F).
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Figure 13. The role of recombinant HGF for the in vitro HSCs
Relative mRNA expression of (A) CTGF, (B) COL1A1, (C) TIMP1, (D) MMP2, (E) TIMP1,
and (F) MMP2. Three replications for each group. (mean =S.D., * p < 0.05, ** p < 0.01)
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4.9 Aquaporin 4 is downregulated by angiocrine HGF in liver
fibrosis

Finally, to best investigate the regulatory pathway of angiocrine HGF in pathological
liver fibrosis in the mice, RNA sequencing was applied to whole liver RNA from
untreated and 4-week CCls injected mice, post-liver fibrosis. Based on the raw
generated RNA sequencing FPKM data matrix, limma package was performed to
identify the angiocrine-related altered factors among the groups. Aquaporin 4 (AQP4)
was found to be the most upregulated gene in the mice where HGF is ablated in LSEC
(Figures 14A and B). AQP4 functions as a water channel protein and is demonstrated as
an essential factor in brain-water regulation in a hepatic encephalopathy (Dhanda and
Sandhir 2018; Rama Rao, Verkman et al. 2014). However, AQP4 could affect the
abnormalities of collecting duct water transport in chronic common bile duct
ligation (Fern&dez-Llama, Turner et al. 1999), though it has not been well investigated

in liver fibrosis.

[ | . B
1
| | | | VWA3B
‘ | EEE.. = | KIF4 2
b ' el T B ((AQP4
- ' .- = { | | F1B
= ! _ ol | 1T M GMEB1
g ! _mm ST . W ZcwPwi1 1
o - ' | ® I B T STARD13
= ! [E] | | PLCD3
B ' = | BB BN N W cNG7
S e ' [ | ccoeso-ps 0
. 7 =1 ) ooo0Oo0OO0COOTMMMMMTMTMIMTITITINITINTM
> | - 4549595555359 88%
v SESEXRAKRT 3003933389 =) o
o SSSSAAAXD22222¢ L9992 LY -4
IR ' ARRXRXXXXXX
: - A33250005535535500685585
' DO 0AD DD DDDDDDD DD
" T SRORERETR3283332882483238 2
= M P

-2

LogFoldchange

Figure 14. Identification of key regulators by RNA-seq

(A) Volcano plot and (B) heatmap of RNA-seq in the enrolled untreated and CCls-injected mice.
Blue colour refers to downregulated genes and red colour refers to upregulated genes in the liver
sample. The colour scale means z-scaled gene expression level.

To further wverify the protein level of the RNA sequencing results,
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immunohistochemistry staining was implicated for AQP4 and found it was significantly
increased in the HGF-SE¢-XO mice compared to WT mice in fibrotic liver tissue (Figures
15A and B). Therefore, AQP4 is upregulated in HGF-SE¢-X© mice, which provides a

clue that AQP4 may be involved in the regulation of HGF.
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Figure 15. Verification of AQP4 in control and fibrotic liver tissue

(A) Representative immunohistochemistry staining of AQP4 and (B) quantification of positive
area from fibrotic liver tissues of HGF" and HGF-SE¢-XO mice. (n = 10, scale bar = 200 uM,
results are represented as mean £S.D., ** p < 0.01)
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5 DISCUSSION

5.1 LSEC-specific HGF knockout mice model and liver fibrosis

LSECs, like the other ECs, express CD31 (PECAM) but CD31 is restricted to the
cytoplasm in normal LSECs (DelLeve, Wang et al. 2004). As a kind of specialised
capillary ECs of the liver to deliver blood, they are essential for liver metabolism and
fibrosis (DeLeve 2013; Leibing, Geraud et al. 2018; McConnell, Kostallari et al. 2023;
Rafii, Butler et al. 2016). Despite that HGF is critical in liver growth and essential in the
protective role of injured liver or other organs (Nakamura and Mizuno 2010), there is
still an unmet demand to reveal the specific role of angiocrine HGF in liver fibrosis. For
animal research, there are many kinds of methods that were used to proceed with the
research. For example, notch activation in LSECs, reducing the HGF and other critical
hepatocyte mitogens and enhancing the fibrotic level induced by CCls (Duan, Ruan et al.
2018). Meanwhile, tamoxifen-caused EC-specific deletion of HGF does not lead to
pathological alteration in metabolic or liver development (Cao, Ye et al. 2017). Besides,
though it was previously demonstrated that the inducible EC-derived HGF can mitigate
transplanted parenchymal reconstitution in acute injured mouse liver (Cao, Ye et al.
2017), the inducible EC-specific knockout mouse model is a transient deprivation of
angiokines, and the constitutive ablation of the HGF model is better to investigate

fibrogenesis in long-term development.

Cre-loxP-mediated conditionally genetic modification technology has been well
established in LSEC-specific knockout mice. For example, incomplete stab2-icre-driven
GATAA4 deficiency in LSECs causes perisinusoidal liver fibrosis (Winkler, Staniczek et

al. 2021). Here, we got the conditional HGF deletion in LSECs by crossing stab2-icre
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with HGF" mice. And our previous study revealed a reduced organismal growth but
healthy liver development in such an endothelial-selective HGF deficiency (Zhang,
Olsavszky et al. 2020). In the current study, a lower liver to body ratio in normal
HGF-SECKO mice was found, even though there is no statistical significance. Similarly,
the histological study also did not reveal any obvious inflammation, or morphological
changes according to H&E, Sirius red, and serum test for liver functions. Collectively,

HGF-SECKO mice embrace healthier liver development and function.

5.2 The deletion of HGF in LSECs enhances liver fibrosis at the
early stage of hepatic fibrosis

HSCs are one of the components of liver non-parenchymal cells, and they activate in the
occurrence and development of liver fibrosis. HSCs can synthesise ECM, regulate
sinusoidal blood flow. and synthesise metalloproteinases. In the setting of liver damage
after various stimulators, HSCs differentiate to trans-smooth muscle alpha-actin
containing myofibroblasts and generate related inflammatory cytokines (Hazrati,
Malekpour et al. 2022). Recently, numerous mechanisms of hepatic fibrosis were
investigated and remarkable progress has been made in elucidating the pathophysiology
of liver fibrosis, but there is still an unmet demand to discover new therapeutic targets.
CClgs-induced mouse hepatic fibrosis was used in this study since the CCl4 could induce
persistent liver damage, inflammation, and HSCs activation (Dong, Chen et al. 2016),
and the pathogenesis of fibrosis is closely associated to proliferation of connective
tissue (Guo, Xu et al. 2013). There are many reports focused on HGF in the liver,
though its specific role derived from LSECs in liver fibrosis remains unknown. For
example, HGF could promote cell survival, liver regeneration, and alleviate chronic

inflammation (Jangphattananont, Sato et al. 2019; Michalopoulos and Khan 2005).
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Here, focused on a dynamic period of CCls-induced liver fibrosis, we found there is no
difference in fibrotic level between the HGF" and HGF“SES-KO groups after 6 or 8
weeks of CClsinjection. However, it presented a statistically significant phenotype after
4 weeks of CCly injection in the HGF-SECKO mouse compared to the HGF" group. It
may cause other signals that compensate for the mitogenic function of LSEC-specific
HGF ablation if exposed to a long period of liver injury, which needs to be investigated
in the future. It is previously reported that the liver/body weight ratio was decreased,
and AST and ALT were both elevated significantly in CCls-treated group (Dong, Chen
et al. 2016). And a similar result in HGF-SE¢XO mice treated with CCls was found,
which presented with a lower liver/body weight ratio and higher liver damage level.
Meanwhile, staining like Sirius red, Masson blue, and COL1A1, as well as a-SMA,
showed angiocrine HGF attenuates collagen deposition and HSC activation. All these
results suggest angiocrine HGF can alleviate the pro-fibrotic response and suppress the
progression of liver fibrogenesis. Here, for the first time, we conclude that the ablation
of HGF in LSECs fundamentally promote fibrotic progression in the early stages after

CCls injection, but not in long-term fibrosis (extended to 6 or 8 weeks).

Additionally, immune system cells, such as KCs, circulating macrophages, or
neutrophils, are key cells for the activation of TGF-B1-mediated HSCs and then
promote their NF-xB-dependent survival probabilities in liver fibrogenesis (Gandhi
2017; Hazrati, Malekpour et al. 2022). But our results indicate that angiocrine HGF
does not influence immune cell infiltration in CCls-induced liver fibrosis, indicating the

potential mechanism of angiocrine may lay on other signalling pathways.

Besides, in the process of hepatic fibrosis, LSECs transferred the phenotype to proceed

with fibrosis, otherwise called capillarisation. In the rat model, it was found that the
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reversal of capillarised LSECs prevented the progression of fibrosis (Xie, Wang et al.
2012), whereby this type of LSEC loses the function to mitigate activated HSCs. The
active endothelial cells can be protective in liver parenchymal inflammation in the
initiation of perisinusoidal fibrosis by prohibiting noxious agents from the blood into
liver parenchyma (Bardadin and Desmet 1985). In patients at any degree of chronic
active hepatitis or in laboratory fibrotic models, the capillarisation of hepatic sinusoidal
endothelial cells precedes the occurrence of hepatic fibrosis (Bardadin and Desmet
1985; DeLeve, Wang et al. 2008b; Pasarin, La Mura et al. 2012). In the situation of
persistent liver damage—chronic inflammation—LSECs lose the function and get
involved in the onset and progression of the whole liver disease, including sinus
capillary formation, angiogenesis, alteration of angiocrine signals, and reconstruction of
vessels (Cogger, Arias et al. 2008). Nevertheless, differentiated LSECs contribute to the
maintain quiescent HSCs in former experimental in vivo models (Deleve, Wang et al.
2008a), and restoration of differentiated LSECs alleviates regression of mild
fibrosis (Xie, Wang et al. 2012). In this study, by applying the CO-IF staining of
LYVE1 and CD31 on the established mouse fibrosis model, we found that angiocrine
HGF attenuates the status of LESCs capillarisation. This suggests that the capillary
vascularisation of hepatic sinusoidal endothelial cells participated in triggering liver

fibrosis.

In conclusion, the pathological remodelling of hepatic sinusoids plays an important role
in the occurrence and development of hepatic fibrosis. Capillary vascularisation of
hepatic sinusoidal endothelial cells not only mediates the microenvironment of hepatic
fibrosis, but also promotes the activation of HSCs and promotes the progression of

hepatic fibrosis. At present, our understanding of hepatic sinusoidal endothelial cell
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capillarisation remains to be further elucidated.

5.3 The role of angiocrine HGF in patients with liver fibrosis

Though the genetically altered animal model is the currently accepted method for
deciphering the specific gene function in vivo, compensatory mechanisms are still
possible in adult liver tissue development. The staining analysis of some liver biopsies
of fibrotic liver tissue from patients with hepatitis C revealed that capillarisation of
LSECs persists even with the regression of fibrosis (D'Ambrosio, Aghemo et al. 2012).
And the source of HGF is mostly derived from LSECs, especially in the setting of liver
injury (DeLeve 2013; Poisson, Lemoinne et al. 2017). As attested by the mutual
therapeutic effects of these two pathological processes, hepatic fibrosis promotes
angiogenesis while angiogenesis aggravates fibrosis in turn (Taura, De Minicis et al.
2008; Thabut, Routray et al. 2011). Noteworthy, in chronic liver disease, the therapeutic
drug strategies targeting LSECs, such as statins, can improve liver fibrosis and portal
hypertension (Abraldes, Albillos et al. 2009; Abraldes, Villanueva et al. 2016; Marrone,
Russo et al. 2013). Indeed, the exact mechanism of HGF derived from LSECs in the
mild stage of hepatic fibrosis in patients remains unknown. There are no unique markers
for LSECs identification, though some markers, including CD31 or CD144 (VE-
cadherin), are being discussed as to delineate the location of LSECs in liver
tissue (Geraud, Koch et al. 2017; Poisson, Lemoinne et al. 2017). In the present study,
we applied combined HGF with VE-cadherin for locating HGF in LSECs in patient
liver tissue, which is the first to reveal the negative correlation between specific

angiocrine HGF and fibrotic level in a dynamic development of liver fibrosis.
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54 The deletion of HGF in LSECs impacts the PDK1/Akt axis in
hepatic fibrosis

3’phosphoinositide-dependent protein kinase-1 (PDK1) is an upstream kinase for the
activation of Akt. It was previously demonstrated that HGF-elicited migration of
mesenchymal stem cells (MSCs) was associated with the downstream activation of
PDK1 and Akt (He, Wang et al. 2018). Previous studies report that the activation of
PDK1/Akt signalling can be triggered by some growth factors and some
ECM (Dimmeler and Zeiher 2000; Lamalice, Le Boeuf et al. 2007), having a pro-
fibrotic role in various organ fibrosis (Paik, Kim et al. 2009). Phosphorylated PDK1
increases the activation of Akt and subsequently reduces the phosphorylation of
GSK3p (Han, Wang et al. 2022). PDK1/Akt signalling activates the downstream PI3K
expression, which is important for various cellular functions such as fibroblasts and
endothelial cells (Gagliardi, Puliafito et al. 2018). Additionally, PDKZ1-induced
phosphorylation of Akt in endothelial cells is necessary for angiogenesis (Park, Lee et al.
2015). HGF, depending on the PDK1/Akt pathway, can alleviate the inflammatory
response in renal injury, as well (Gui and Dai 2020). However, previous studies on the
cellular function of HGF have mainly focused on the parenchymal cells in various
organs, and the mechanism of HGF in mesenchymal cells is rarely reported. In this
study, we focused on the PDK1/Akt pathway and first revealed the potential
relationship of angiocrine HGF to mitigate phosphorylated PDK1 and thus decrease the

activation of Akt to alleviate liver fibrotic severity.

66



5.5 Angiocrine HGF impacts the balance of MMPs/TIMPs in liver
fibrosis

Furthermore, regardless of the causes, HSCs increase in early fibrosis and regulate with
the severity of fibrosis (Jindal, Jagdish et al. 2022), and normal LSECs can prevent HSC
activation and inactivate the activated HSCs (Deleve, Wang et al. 2008a). Pro-HGF is
released from ECM, whereas MMPs can degrade ECM (Fujiyoshi and Ozaki 2011).
Signals of persistent liver injury and inflammation are synthesis of ECM components
and the imbalance of MMPs/TIMPs (Zhang, Hua et al. 2022). MMPs are critical for a
variety of inflammatory diseases and mediate the “turnover” effect of the remodelling
process of ECM. Some MMPs play an anti-fibrotic role but others have the opposite
effect, among them, MMP2 and MMP9 are primarily produced to increase fibrogenesis
but not fibrolysis (Robert, Gicquel et al. 2016). Additionally, the synthesis and function
of MMPs are regulated not only by the transcriptional activation, but also the tissue
inhibitors of metalloproteinases (TIMP1) (Robert, Gicquel et al. 2016). It is reported
that TIMP1 is significantly correlated with the severity of liver fibrosis (Yata, Takahara
et al. 1999), whose production may be caused by Kupffer cells and hepatocytes in the
early stages of liver damage, and is demonstrated in other animal
experiments (Bergheim, Guo et al. 2006; Iredale, Benyon et al. 1996; Kossakowska,
Edwards et al. 1998). Though TIMP1 itself does not cause the fibrosis (Yoshiji,
Kuriyama et al. 2000; Yoshiji, Kuriyama et al. 2002), a previous study revealed that
TIMP-1 can not only increase MMP activity, but also serve as a negative regulator of
HGF, which impacts HGF bioactivity and therefore shifts the cell cycle during hepatic
regeneration (Mohammed, Pennington et al. 2005). Additionally, TIMP1 can induce the

activation of PI3K and the subsequent PDK1 by binding to CD63 and 1 integrin in
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melanoma (Toricelli, Melo et al. 2017), which provides a clue to the association
between TIMP1 and PDK1. Besides, TIMP/MMP axis is a novel upstream of HGF
signalling during liver regeneration and fibrosis (Mohammed, Pennington et al. 2005),
acting as a preventor in the activation of HSC and the subsequent MMPs and collagen
synthetisations (Han, Zhou et al. 2004). In the present study, when the HGF is ablated in
LSECs, it was found that the level of MMP2 and TIMP1 were elevated after CCls4
induction in the whole liver. It was reported that Pien-Tze-Huang alleviates the level of
MMP2, MMP9, and TIMP1 in CCls-induced live fibrosis (Zhang, Hua et al. 2022). And
MMP1 were negatively associated with the severity of fibrosis but TIMP1 embraces the
opposite function (Grunwald, Schoeps et al. 2019). MMPs such as MMP1, MMP2, and
MMP9 are known to process collagens in fibrogenesis (Shan, Wang et al. 2023), but no
obvious changes were found in MMP1 and MMP9. Taken together, we show that
angiocrine HGF, in turn, affects the upstream TIMP1 and MMP2 expression during

hepatic fibrosis.

As to the in vitro experiment, TGFB1 can promote activity of MMP2, which conversely
suppresses collagen type | expression. Besides, MMP2, as well as TIMPs in fibrotic
tissue, were increased by o-SMA-positive myofibroblast-like cells (Roeb 2018).
Additionally, HS-173, the inhibitor of the PI3K/Akt signalling pathway, can suppress
Akt activation, decrease expression of collagen I, TIMP-1, and MMP-2 in CCls-related
hepatic fibrosis (Son, Ryu et al. 2013). HS-173 also improves stability of endothelial
vessel structure and vascular maturity, as well as notch signalling in ECs (Kim, Jung et
al. 2017). As to the results shown in this study, by using TGFp1 on HSC in vitro, the
different roles of HGF for TIMP1 and MMP2 were found in the cell experiments when

compared to the in vivo results, indicating the changes of other mechanisms, such as
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notch signalling in LSECs, may serve as a factor that makes the difference between in
vitro and in vivo findings. These need to be further verified in the future. Integrated with
the current study, however, it shed light on the mutual tuning of HGF and TIMPL1 in

liver fibrosis.

5.6 AQP4 is downregulated by angiocrine HGF during liver fibrosis

By RNA-seq, we screened the most significant gene, AQP4, which is remarkably
elevated in the HGF-SESKO mouse liver fibrosis model. Given there is little research
reporting on the role of AQP4 participation in liver fibrogenesis, the activation of the
PDK/Akt pathway can weaken the following AQP4 expression, which consequently
reduces brain oedema, Alzheimer’s disease, and acute lung injury (Chen, Deng et al.
2020; Guo, Wu et al. 2019). Concurrently, Glycyl-I-histidyl-I-lysine (GHK) alleviates
the inflammatory reaction in intracerebral haemorrhage by upregulating the expression
of AQP4, and the activation of the PDK/Akt pathway, and also relieved the MMP2,
synchronously (Zhang, Wang et al. 2020). Here, we performed verification experiments
to confirm the protein level of AQP4 both in mouse and human tissues. The higher
severity of fibrosis caused by the deficiency of HGF generated by LSECs may be
associated with the level of AQP4. To this end, this topic firstly used bioinformatics
analysis as the breakthrough point to find the relationship between HGF expression and
different clinical liver disease stages, and to observe the role of HGF protein through

CCls-induced liver fibrosis in a transgenic mouse model.
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6 SUMMARY

Facing the potential reversible status of liver fibrosis, it is an effective method to
elucidate the pathological development and thus help to terminate the progression to
cirrhosis, liver failure, or HCC. In the present study, the new fibrotic model of LSEC-
specific HGF knockout mice (HGF-SE¢X©) was used to comprehensively investigate
mechanisms during liver fibrogenesis. In fibrotic liver tissue, HGF-SECKO expressed
more severe liver damage, HSC activation, and liver fibrosis, but not immune
infiltration at the early stage upon CCls administration. Meanwhile, it presents the same
HSC activation and collagen accumulation in primary isolated HSCs. The ablation of
HGF in LSECs can also reduce the capillarisation status of LSECs. In the fibrotic liver,
the PDK1/Akt axis is mostly influenced by the deletion of LSEC-specific HGF. In
addition, there is a negative correlation between LSEC-specific HGF and fibrotic level
in clinic patients with fibrotic liver. Furthermore, AQP4 was screened as the most
regulated gene in the deficiency of angiocrine HGF by RNA-seq and statistical analysis.
Taken together, angiocrine HGF and the related molecule could be regarded as targets
in liver fibrosis treatment. All in all, it is expected that in-depth research on the
interference and level alteration of angiocrine HGF and related signalling components

may pave the way for anti-fibrotic therapy in liver disease.
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