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states, ranging from si mdlceo hotihteap agdiidgsa ts
( NASH) . NASH i s characteri zedq,ibbyr oismfsl
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ol angiocyte and hepatodeeyftien erda rakse risi. p h
ITlhhe. | atter are believed to be associ a
patients witilfuptbgressiompuNAFIWDNal a
anscripti®@X4f acwdhri &vbF &, hi ghl y expres
pulaantdi ocnhusi pebéneidal lmyagalli.ls vipali absdtaitcei tty
pot wadisri sypiltatd or ms wer e used i-dhertihviesd t
trahepatic chol angi ociyR®t@goirvgeadn ohdpat(
rough Forward-HEpByt hmmysgemMBoRave pro
e study ofSOXd| lanpl &KdtFiécigtayi.n of funcHt
nducted on-He@®s uamndgFOoPBSwtripvriirsailngVy ¢t
er ex wrass g iox@Cs ,f omher eas KEE&mevépbekpec

t hei pot ent ophiem®I@y peed eE@rdtoltert, t hese
hi ghlai gphottseonlte ad f KLF6 in liver cel/l pl
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A1AT
AFP
ALB
ALT
APOA1l
AST

BA
BMP-7
BSA
CL103/CL109
CYP3A4
CYP3A4
DM

DNL
DPBS
EGF

EM
eNOS
FA
FGF10
FGF-19
FoP
FoP-Heps

FSK
FXR
GAPDH
H&E
HBO
HCC
HFD

U-1-antitrypsin
Alpha-1-Fetoprotein

Albumin

Alanine transaminase
Apolipoprotein Al

Aspartate transaminase

Bile acid

Bone morphogenetic protein 7
Bovine serum albumin

Cirrhotic line 103/109
Cytochrome P450 3A4
Cytochrome P450 3A4
Differentiation medium

De novo lipogenesis

Dulbecco's phosphateuffered saline
Epidermal growth factor
Expansion medium

Endothelial nitric oxide synthase
fatty acid

Fibroblast growth factor 10
Fibroblast growth factor 19
Forward programming
Hepatocytes derived from hiPSCs through Forward
Programming

Forskolin

Farnesoid X receptor
Glyceraldehyde3-phosphate dehydrogenase
Hematoxylin and eosin
Hepatoblast organoids
Hepatocellular carcinoma

High Fat Diet



HGF
hiPSC
HL1/HL6
HNF4A/ HNF 4
HPZc
HSC
ICO

IL

KC
Ki67
KLF6
KRT19
KRT7
LPLC
LSEC
MMP -2/9
MOl
MtS
NAC
NAFLD
NASH
OCA
PBGD
PHH
RECK
RLU
ROS
RPLPO
RPS9
SoXx4
SOX9

Hepatocyte growth factor

Human pluripotent stem cell
Healthy line 1/6

Hepatocyte nuclear factor 4 alpha
Hepatozyme complete medium
Hepatic stellate cell

Intrahepatic cholangiocyte organoid
Interleukin

Kupffer cell

Ki-67 protein

Krueppetlike factor 6

Cytokeratin 19

Cytokeratin 7

Liver progenitorlike cell

Liver sinusoidal endothelial cell
Metalloproteinase 2/9

Multiplicity of infection

Metabolic syndrome

N-acetyl cysteine

Non-alcoholic fatty liver disease
Non-alcoholic steatohepatitis
Obeticholic acid

Porphobilinogen deaminase
Primary human hepatocytes
Reversion Inducin@ysteine RichProteinWith Kazal Motifs
Relative light unit

Reactive oxygen species
Ribosomal protein lateral stalk subunit PO
Ribosomal Protein S9

SRY-Box Transcription Factor 4
SRY-Box Transcription Factor 9



T2DM
TCA

TG
TGF-b
TIMP -1/2
ul

VLDL

Type 2 diabetes mellitus

tricarboxylic acid cycle

Triglyceride

Transforming growth factebeta

Tissue inhibitor matrix metalloproteinase 1/2
Uninfected

Very low density lipoprotein
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1. TOhe vier: a compl ex organ

The |l iver is the | argietsti sollodatoad air
upper gquadrant of the abdonfiAbaiie lsciahv iatnyd
Bl oomstan, t20lon)sti tutes 2. 5%nofhutmae tiad
composed of 3 |l obef ApiMett h rmingthtBl.@amdnsd @

The plaegs a icmarcivatsal obieol d qivod v emdr a
physi ol ogi c,sluclho pamdtedsni ssynt hesi s, det |
(Crispelhe200%)er is composed for 80% of
named hepWMabaykeyg .etLiavle.r, n20m05par enchym

named | iver endotheli al cells (LECs), h

chol angiocyt es, Kupffer cell s, and add

hepatocyt(eBbevb smetamad | tzkovitz, 2019)
The | i ver i s not a uni form mass, a

according to the different subset of C
anat omi cal units,(  Hoehmed elk.i vadh.e,slec2biuH@ets
hexagonal st rd0.tSurnens inne adsiuarsilentgenn iimn  hru noeae
(Teut sch, Hep®O)cytes are arranged in she
(BaMoshe and |ItzBboodzyea@h®}y the | obul e
it enters -déalrloaudy hpdrhtealsonodes, and f1l ow
vein through sinusoidal bl ood vessel s.
by hepatocyt escitn otnhe fappm ¢ihtee cckeinrt r e of
portal nodes, from which tgogB&mahe &andn
l'tzkovi.t z, 2019)
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Pericentral Periportal
N | P ‘ _ Wy
Functions Function
* Glycolysis * Bile acid ¢ Glutamine synthesis ¢ Gluconeogenesis * Cholesterol  * Ureagenesis
¢ Lipogenesis production  * Xenobiotic metabolism * B-Oxidation biosynthesis © Protein secretion

Figure 1.0. Graphical representation (oBfemmsher | o
and |tzkovitz, 2019)

1. Qi Ver cel |l s

During dewhepapmeghel aanddi oenges ari s
common progenitors called hepatobl ast s.
Hepat ac et egledwihdsgéhcr et e serum al bumin
bl ood clotGomngi If lae.tTéhtres aoimaelsi A @t 5pt t he p

the | obule are named periportal hepat oc
centr al vein are called pericentral hep
are teflmédodilmird hPpatet Aegkesrd2mdl)t o t heir
their proximity to portal or central vV e

b
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Y
h

a

P
c

henomenon is(Gebheddtzonda®9®2n JPrgeércmaH
epatocytes carry out functions as gl ut
ci d synt hesjandanxde neoxod rogtiiconmet abol i sm
eriportal hepatocytes are involved in

hol esterol bi osynthesis(Juagdr maant y 1

Approxi mately 75% of the afferent | obul

® N o T T -

C
a
C

c

ntestine; only 25% originates from t he
| ood fl ows from the portal node toward
eicee more oxygen than the pericentral ¢
eriportal hepatocytes while limiting
epatocyte respi-tran(eAdrrn eies epatailal, | yl 9f9i7n
OQ®Yr eover , ehxecpraettoec yladirepsi de®,gr falletds pr ot ei
pical plasma membranes into theBiheric
s drained from the |iverThtue ,t he dga&lIre
nNtestine d®cghwlgzd eetdialg., 2019)

Chol angiocytes, or biliahgt erpadgerredadad
opul ati ons of cdeilnesn stihoantall inneet wohrek tohfr e
iliary tree. This |l atter is divided |
ntrahepatic(8hdaerxabasveopalamtdr aFhaebpra tsi,c 2
ree develops in the intricate system ¢
anals dqfStHarzzahosco .ahd Eabrbabhepatiod)
ncltuihdce common hepatic duct, cystic duc
ommon bile duct, the distal (®lratyiedn edf
l ., . FAGtXM)er more, intrahepatthheepabhob&agi o
el lpurleacrur sor of both <chol angiocyte an:i

hol angiocytes derived from endoderm an

wi t h pancreas (RagnaduudodehTheel . mor20thloll)o g

h
t

eterogeneityab®nghdh a mshidiuces ttygs ttrheee di f f
hpgrform. They drain the Dbile into the

p21
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modi fication of its chemical compositio
solute (@habiwkliten. et al ., 2013)

Liver sinusoi dadEGsn)doftonrenh ital e ceendd ost h(
Si nusLoSE@s. e fenestrated cells which al
bet ween the blood and | iver parenchyma.
to and fromWhepaterydikesce 1986ECs contrib
flow, they were found also involved in
and met ast a(sSRsr egnesneenr.aetti oanl ., 2015)

Hepatic s(tHSdsaphei cche liitGask eo fu pt b | i ver '
found in the Disse space between sinuso
cel(Nen et.Taley, a2@1 3ui escent cell s and c
dropl ets. When t her elcievievre iss ginmajl sr egde,n eH
hepatocytes awhi ¢cdhmmoaeseelilBem to trans

myofi btrobée@dien | st . HBIC.s, a2®13)he primary e

producing cell s: whent heecyt i dap @e@gi tafmatre
extracellular space, causing a scar at
damage. However, during chronic liver i
to severe liver fibrobecsur eavhaloWi npeentt ual
2013)

Kupffer cells (KCs) aarned Ipilvaeyr ar e soil dee
response. They are |l ocalized within th
endot hel i al cell s that ¢ Nogp-ly @fme it vhree bd n
Horuzsk®ue2®@d5)Y heir position in the sin

of the mononucl ear phagocytic system tc

endotoxins, and microbi al rdcalrhiia gfirtace tl
the por(tNglulyetmebvre and .HokQsz sklogy 201569 |
defenaend they are involved in the met
particl es, and | ipids, and in (€Embspeag

2008)t eriant i mme of these function can b
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di seases, among ,whiincthr ashtegaatt d lce pcahtoilteisst a

(Kolios et al., 2006)

1. No#al coholic fatty | iver dis
No-al coholic fatty | iver disease ( NAF

di sorder, characterized by I ipid accumu

do not consume significant amount of al

states ,fromangiimpl e steatasicohéfatcttpgteav

( NASH) . NASH is characterized by infl am
fibrloposoxicity, mitochondri al dysfunct
al terati omn dairtei cmnsh eirmsv acl v e(dN a sns iNrA SH2 rfE2r€o)
NASHs accompanied by I|iver stiffness a
cirrhosti adage elnidver disease, and, in the
carcinonarou®©G)si , 2019)

1.1.1 Origin of NAFLD

Noml cohol i ¢ f amatsy floiuwmedr tdoi sheeasset r o n g
met abol ic <cTdhmorpriedvialience of obesity re
affected with NAFLD, with 51% of NAFLD
di agnosed with NASH, anwa&whkeeis eh,i grheeaf fpierri

obesity i s a significantYooaonssi buwttoralt
Mor eover, NAFLD was reported to be ass
(T2DM) (22.51%), dyslipidemia (69.16%),
syndn(dmnEd2. 6 ¥ Inossi .et al ., 2016)
Obesity is one of the | eddtabgd emarn es
alcoholic fatty Iliver disease, al though
are obese. Moreover, the excessive cons|
has been | inked to various heal tIBH ssue
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|t is interesting toimoaksad hibadfENWNEnLde b
J&@rvinen, 2014)

Genetic mechanisms in NAFLD progress

Noal coholic f &tatsy bleiewne rsetgrios regelsiye tion fble

bwenetwicthh andosnnssequently, among the genet
a rol e i n t he pathogenesi s of -ltihkee di
phospholipase domain containing 3), TN

member 2) and MBOAT-A c(yMearmedesnes rfd maium dc dOn t
are réhed®@mNBLIASOl eucine to methionine s
(PNPLA4 1148M) is thepmosttedl gablkeéeiand
NAFLODongi ovanni et al . ,. 2T0hle5 ;wiRodneyop eet
protein exhibits hydrolase activity to
activity is essenti al for the breakdown

the release of fatty acriodcse sasneds .r eTthi en ogl e n

|l eads odfumcktosse in the enzymatic actiwv
resul t, the 148M substitution impairs
retinyl esters, |l eadi ng tet g hien r haeapgla tuanw

hepatic qtHalalngt etcalll.s 2011; Pingitore

Similarly, g €fn a h § me nBbasruapreen f a minl y me n
(TM6SP2lays aheokaritahmd nttoeadipcdods popr ot ei
the pathwaw dengéty | ifpopr dthei hiepalt pelyit
tglutamidc substi t6é67i opsatlt tposint aohoss of
This |l eads to an increase in triglycerd:i
amount of circUEsatamged i @lopro2@l1@}x

Addi ti dembid gne -dowintdr abisf eoasai mioma i
( MBOATI79 a protenn he nwvalnwed ciycl e' s r
phosphatidyl i nosi tTohrsvei4tCh? $aBrrai cahnitad ocnoi ncm oa

genetic variant associated with downr e
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protein | evels. It is |linkedositobolredont
arachidonic adiLdbuikikohepaf®®bdcwmtieesar i2®drlt6) h
recently asbBecibskdoiwi NAFLD, (Mdhaimmat é
al . ,. 2016)

The i mportancthefr wlbesoft yt mensle genet
progression have <clearllyvest ahblpiighendett
NAFLDher edroder,stt aedicneg | ul ar and mol ecu
contribute to the disr uptpiremeaot lai vmaarj ¢
devel oping new therapies.

1.2No#al coholic fatadlyobhalveburddesrre :

The global prevalence of NAFLD (diag
to be 25%, with higher rates in South /
| ower rates (iYouAforsisc a etllndd%.u,yr 0d@1 6 )NAFLD
ncreased in par &Zl elYown ¢ & s:io biernsdi eael/d., r ahPe

triglycerides |l evels are directly propo
(Kotronen et al ., 2007) . Al t hough the
countries from 5% to 44%, theraper age?2¢g
(Younossi .et al ., 2016)
1 .3No#al coholic fatty | iver di se:
The initial fat accumul ation in the
l i pid uptake and export. I n NAFLD patie
been estimated that 15 % of fatdeg macvas
|l i pogenesis, and 59% from circulation a
the lipidic expombbxmdahaaoansmechanocémas:

|l i poproteins (VLDLSs) for mgtAil dezanda san
Cohen, 2017; Dannelly et al ., 2005)
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De nloivmogenesi s

De nloivpogenesis (DNL) i's a metabol i
acids from excess carbohydrates. The F.
incorporated in triglycerides (TGs) for
and adiposte pliapsea maomldeiin maintaining

DNL first step is the converAsibon AGP ciit
|l yase ( ACYCQA ogynadwlt ase short chain (
respecti v@dA.cdralseex W IACC) eCoonAv eirnttso Amceelt o
CoA and then intbimalimhgatezpwmet hatt gt a
Pal mitate which is further converted i

chains through des a&tsureatiif o rc,a(tAnoenenrg adatic d a

2014)This mol ecul ar cascade is involved
about 26% of free fatty acids in NAFLI
mecha@gbDemnel |l y .Bé albivppo g2e0n0e5s)i s r at e i s
amount of ingested | ipids as well as th
demonstrated a stronger involvement of
|l ow density | ipoprotienntipeodispbpdablread
Nt ambi ., Monlé®dver, DNL rate is affected
ingested: fruct ose, for i nstance, has b
(Schwarz et al ., 2015)

DNL is controlled at the transcripti
activated by the increased concentratio
to lipogenesis activation through the

carbabhgegdmesponse el ement binding prote
el ement binding p r(oFteerirn® lacn d ( SFROEUB RBecl & )e
proteolytically activated, t hey mi gr at

expr esdd ormoywd he s(iHsorgeomeset al ., 2002)
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Lipid droplets formation and | ipopha

Lipid droplets and | i poproteins are
i ver met abol i sm. Li poproteins ar e pro
bl oodstream, whereas |ipid droplets are

role ingpcel kst fr(oSwe elbiapconteor x iedtii fpag p. r, o t2e0i 2n
l i pid droplets are constituted by a c¢
surrounded by a phospholipid monol ayer.
and mi chroosedpiynvestigati ons havel uvildaernt i

trafficking, key signal protein, transc
l i pid droplets, in addition to( Perod ek ears
et al ., 2018; . Kramer et al ., 2018)
Lipid droplet formation and | ipopro
with the other mechani sms involved 1in

correspondence between these mechanism
NAFLD. Thi s phemtolnye nmmaan iffreesqtus i n obesit
tissue surpasses Iits capacity to store
infiltrdtSeetbtae hleirvenr al ., 2020)

Lipid droplets turnover and mobiliza
a phenomenon called |ipophagy, (8i sgbhcéet
al . ,. 2D®®Hhl e membrane structures seques
degra@d8itnoh and .CEerevag, nh0X2)ndi ngs have

nterplay bet ween l i pol ysi s and l' i pop:

onnection between these processes. St L

(@)

demonstrated t hat Il i podyy.si §Speaccitfsi calplky

—*

riglyceride | ipase (ATGL) activity on
roduction of smal | |, newl-gstf @erimfeidc d tiipdr
ewly formed | ipid droplets, rigettdr m,nc
egraded by | ipophagy. Such findings ho
nd treating disorder(sSaledtatt eadt teol .I,i pd A:

QD o S5 T

¢ A
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b-oxi dati on

I n hepatocgphndsautopbbgyi ssork in syn:¢
for degradati on t hrbsouxgihd attwee srhainrd f jr &tah w
ved pavensi ty | i poprotein (VLDL) secretio

Fattyodsyl which are the activated foc
and the outer mi tochonddeéepéndeembr maese
translocation through the outer mi-tocho
CoAs converasc-gobnr nii tnit me by t he i nvol v
pal mitoyltransferase (CPT) 1 eaarymet i nd
fromCadAyland free cearamintiitner.esT hhuss, taayls
i nner mitochondri adc ynemdnr mintei we at camali &
on the inner memharrann d€,i ncecdDobemctksOtreaceald ynls |
mitochon@oAs, ameybr okbkonx i deawn omy ptrioe e s s
CoAsb-oxi dati on mechani sm i mes!l v-EadAy # C
dehydr ogeam@dA, h2drhaytda veCwak yWdlehydr ogenase
oxoakoyA t hiol-@Gehks &Acet yblurther oxidized
(TCA) cycle whenar dAPpHodunde F ADbrwaAmT® a1y d
Cohen,. 2Whle3ntCa ket gl present in excess, i
ketone bodies through a series of- reac
i miting enzyme-hiymd r-Bnkeytsh yg rgddootd s(HHB) 3
synt hase. Acleytabxaycbeuttaytrea,t ebetaand acetone
the | iver during periods of prol onged
strenuous exercise. When glucose |l evels
energy for numer ous {tiMtcsGaurersy, ainndc | Fuodsi tnegr ,

I'n post pbaniddati ernaite,i nhi bited by
has antilipolytic effect on whieséeeadipe
fatty acidsSSitdostshe. eDneal he 4dAO®EéN hand,
stimulate the DNL, upregu(dawagotaedegq
2013)

¢ A
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VLDL generation and secretion

Triglycerides are secreted by the |
transport to peripheral tissues such as
ti ssue. VLDL sr iacrhe Itirp ogp ryocteeriindse wi t h a h

composeidgl gfcetrdes and chol esteryl este
hydrophilic coating composed of phosp
cholesterol . VLDL are delivered in peri
small er and dehispopt opeipnoltiepase pysuch
(LDL) and inter medi at(eKadweannsoi tayn d .i Goohperno,t

VLDL are stabilised by a single mol

100): this is long polypeptide that is |
and translocated through the ER membran

pl asmat wetbi sse spa¢Kawhner amdt CoaAehon?2

1. ANo#al cohol i c fatty Iliver di se:

Mitochondri al oxidative dysfunction

Hepatic TCA cycle is tightly relate:q

producti on. |t is responsible for react

deregul ated, TCA cycle process can | ead

transport chain with a (cSoantsagpdautentZQR6S @
During obesity and hepatic insulin

prolonged activation of mi tochondri al

mechani sm that increases oxidative stre
(Sunny et &lome 2®X7) | ipid intermediat
diacylglycerol s, are generated from a

nor mal oxi(datitwee sronuted h @ $per,d 2ydlids) biyn hi b

transmission in a range of tissues, i nc
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nfl ammat ofyPepayhwaysikcesi0Mel) ROS prod

hepatocell ul ar oxidative stress and th
(Begriche et R@%. ovemON®Pwdducti on i s ass
detoxification and antioxidant product:i

—

hese mechanisms seem not (tkolhb e ks u.fefti cil

I nfl ammati on

During NAFLD progress-apoptonhftampmahe
activated, involving fact oUasnd urcthc laesa rt uf
k aplpiagihtaeinnhnancer of actaByat eod oBiotcieth d s cC «
mechani sms na(@ldo smemae sete lah . par®dl21181 , t he
devel opment al pat hways s dYAH AaZs niNeocthcahn i ssi
can i ndfuicker opdiexl | ceddmmuni cati on bet wee
nei ghboutzimgwg ettl &aBlepaOb2¥Y)je stress and

release of signalling molecules such ac
vesicl es, and, asveoait abédy mo(bdRacoiashealre r p aett
2022)

It has been shown that there is a |

TNH evel s, and mit dchaamdriiesl edy@afl e @ c Ridalr
and hepati cUHaewe | seend dieNFonstrated to b
hi stol ogi cal se(verda $po odt tFule.t,d eXx0@Mals)e ,
oxidized LDL particles may activate Kup
i nfl ammat i onhCuasnid, f2 0ObOr%)si s

J N4 RP1 and-NHEKKK ar e t wo maj or i nflam
i mplicated in the =establishment of t he
(Hot ami slidinl ,bo2M0BV)AFL(DCaaniemadaldnoMAS®EO 5
pat i(eRithsei ro ,tpearsiBstpdArOth WdFly acti vati on
Chronic inflammation and insulin resist
prol onlgBdadfFi vati onCain ehte paalt.o,c y20e0s5)
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During NAFLD progression, i nfl ammaso

of the hepatocytes. I nflammasomes are ¢

c

ontribute to immune a¢Sitvawign.etuphaehs. &l i

mu kptriot ein compl exes play a role in resfg

T OO O 9 Ou

n liver cell s. Il n particudlbatr hr dthgely tnhe
uppression of pacoxivaome PPRAR)eipfdertait e r
cat von -GifndludFed @Mioprtasies. adne, o020 1t0he
haracterized infl ammasomes, i s NLRP3.
emonstrated to be highly expressed in
r-ionf | ammat orl(Kanytrokien.e alL, 2020)

Fi brosi s

Fi brosis is pathological feature tha
patient s. |t is a wound healing respo
production by hepatic stellate cells (1}
i nvol ved liwml a&rx tmaatcrei X homeostasi s, vasor
(Puche et lad .pat2idli3ggi cal conditions, HS
i s related to increased proliferation,
augmented cel l mi gration and adhesi on,
(Puche et al ., 2013)

Transf or mi ngbegtrao-t(jTskGFaa kegr pl ayer i n
is produced in the Iiver mainly by Kupf
it is involved(DbDwmolHSYCsamdctti et Db jsk ep,r e3
di fferent isoforms, but the -®dendéeead, iist
function is related to cell proliferat
(Weng et. al ., 2007)

¢ A
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Gu-ti ver axi s

It is becoming increasingly clear t|
devel opment and pvitahreezsloi éd vegBHAEBDLt i
al ., . 20bhé@ped, advanced I|iver di seases,
cirrhosis, are acCcbme@inc lea. dWh eh .| ccoakF 2 ¢
heal t hy individual s, patients wi t h N A
permeability and a greater incidMinelee of
et al. ,l 20Bb8% been demonstrated that mi
NASH by | owering choline | ev(eSpse nocreri nectr
2011 )Mi crobiota can also play a role in
affect farnesoid X receptor signalling,
as DNL and VLVVDr ggmardailcit iaomd B2 ckhed, 201

Moreover, the pédrtverbatrioerstafl kt hes gu
diet followed. I n fact, high fat diet (
func(tBrorni dge .et al ., 2007)

1 .5Pr-el i modeaell s to study NAFLD

Since ther e ar e not phar maceuti cal
progression b®tbadne.,e e mp v epyr-eee n hnoaddel | s i s
fundament al t oditsreyal steon crigirmeinctn it & & | studi
perfor med wmiswmoawoded s .

Al t hough -cal il oinc aifvmatecel s have been wi
and usendonseo off them rediapé as.didtutnmatrh e eldu 1
mo d e | that displays macroveskhepal acelslt e
bal | @gomind woiuld rdo shiés nheuendaend t he di sease is
with different di sordessurisedhl agi d2 Dl 1
met abolism, yhperettoseidonficult to resem
an i aal mOdefgschl aeSgveerr dd rod5,eyI2i0rai0) model s

¢ A
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expanded our understanding of-oNAELDI pwc
grade inflammation. Alternative model s

information about the fi(bZz.otMc Yoepracd si

2018p»me others were important for test
contoéd x NAFLD(/ HaASzZHeyni .et al ., 2018)

Some alternatives to ani mal model s f
Advanced in vitroaptHdathmeeamsi osakthcabkt tuw
organoids, and I|iver on a chip model s u

for invest i(gRaatmomsg eNARUD , 2022)

Il n ainvoal model s

Thanks to the advancement of geneti
devel op aexvpaerriiemeyntafl Thedsepecimbidel gene

required distinguishes these mice from

al t eMedi.fi ed di et s ar e usually necessa
bi ochemical alterations associated with

Obesiindyuced smye odifett hesmmaNARLD progr es
humaTlnhsee d-besediypmécal model s hawvaeli i ol ed

f osrt udy ipmnag htghreogy essi on, even mfimiee di f
humpnodessad | age At | at . pnfo2dddRlBsk earlyeen deve
over the year s, but the most wsadet¢tagl lued
AWestermhesetddet s drad fdargaah yodhrTahtieeg Bi n't
diets are widely considered as the best
the NABGHC tr dmsiat isdimte of obes{(twym anhdam
2021)

¢
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ob/noibc e

Leptin is a peptide hormone rel ease
adi gosesue that plays an i mportant funct
I'n physiological conditions, |l eptin

adi pocytes, whil e dJaidmiptois & gUtntigles u st o rlhahg. €

ani mal studies, | eptin inhibits hepatic
met abol i sm. Under nor mal settings, |l ep
|l i pogenesi s, providinegtieasd wilsii Mo & 1i ®ictt ia1
2013)

ob/mibcearar ynut ati on resulting in the
functional Thodaoki upcot enal |l eptin | ead
resi tLamadet r.®°nkat20i0s7)redi stributed in t
such as the |liver, due to a deficiency

| i poapoptosis are caused by hepatic | i
l eptin adminiisdceag ate owml tto itrh etsteg Mrod wezrossi
et al .., 2015)

Si noche/mmibce do not (diavpl awy,t N& Sdae s adodd 5 )
i s needed.hebeualnleywd ltsh sapeeciff i c di et t h
NAFLD/ NASH pswgh eassilomhs, MGD()gSha nftahte kdai deut r
2018)

Hi gh FamyDietliaer NASH model

Cl apper and ceod tl aebabghugelhgieAoM 14 Il e-ien d u c e d
mouse model t o r es e(nthlaep pNeA S HMBpl rad g be7sBs0i 10
mi were all owed ad | ibitum access to die
by wt), aonl(d2 % hbofl Reegst@earr c h Di et s, New Bru
D09100A30M)avt diet (10% kcalResvaasr als edi aats
no. D0O9TBAB63MAre were fed with these die

¢ G
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This NASH dietary model resulted to
in humans and replicates many of the bi

NAFLD deveMiacpmaretv.el oped obesity and i ns

natural courseligh tkevelesesabfi hl amsre tra
transami naper (A6T)al inflammati omndball
bridgingCfFappesi.et al ., 20183)

't is possible to admias sitteri & hatsl @i

NASH devel opment without 't hetinmeeddefaofcigee
the use(efgdoxd€knutrient deficiencies

defic(i@mnhayper .et al ., 2013)
I nterestingly, it was &alasno bdee naodmsi tnri a
t @b/ mibclen this case, after 1%i mbnt hdyr ocs

Compared with C57BL/ 6 mice® bdéasdhiodo wendsrteer e d
consi stentdiprearsccu nacfétderre viaés kwee ke®®r oallo. n, g e
exposure to the diet resulted (IClrmnpperf
et al .., 2013)

| n vmotdred s

2D and 3D cultures havienbemetred st ¢ ha
resembl e NAFLD/ NASH progression.

The moststwbl hs haadreo for studying I
monocuStteuateosi s i s routinely induced in
unsaturated and saturated FFA to the gr
pal mitic acid (PA), which are(Hbdsmaostet
al ., MOG®8)complex 2D cultures haveelbleen
types and growi ng Cbceunh t U n érs@ p ant odndoyl t aeyse r
macrophages have clarified itnheNAFUD aonn
NASHZhong etMoarleov €r0,1 7NAFLD and iNASH tcram

A Y
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by wusing a coculture of primary human

ceddlesi ved KPpatadayti.eet al ., 2018)
3D cultureel al liowecaltl i(olrseyaerd amndl IM
201BhHhey can improve our under staonndp lngx of

physiol ogi cal pat hway s( Raindo sp oetteAnrddinagl 2 @
thei 8BDeystems, it is worth to mention s

Spheroids arceo ndpD ssetdr wdt Uurhees same cel |
or absence ofrasermliCiMe th@ame cfamnctTloa al a
cells that are part of the sphersouicdh caas
i mmortalized cel-bbtl aineasde plkiinafriyvo ¢ Stsesm e
induced pluripotEehRdmesd eant Ccagllan,e i AGEPB)Ca Bt
t hrde ane n ssitamuelt ures composed by differen
primary tissue3hey feqmirPS&€s ECM-to gr
|l i ke spati@KamgganTalaiti d@0& LNAFLDe ep hfeantot!t

acids supplementation is required.

- FFA
Salf-aggregatic
inwmortsised esl s L. SuFesestic =
Differentiated culture

Livar spheraids | pioooiarign  MAFLD spheroids

Heterogeneity
If/aggrega!es in NAFLD
ESCa/ESCs PEC culture [ Complexity
Basament matrix
W Self- erganisation
. ¥
FrA 18 Life-span
- e x_'\\ E/
S 1% N
¢ Basement matrix T
MAFLD murine mode! o
a Differentiated organoids 1

e = f x
R S pecmat Growh factors .
t o/ | Callisolation 2 Liver argancids NAFLD organoids

Liver with NAFLD

FigurRedresentative figure of obtai n(nfeanmo so fe ts pale
2022)

Ay
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l12Farnesoid X Receptor

Farnesoi d( KXiRge cneepmmboerr of nuc( kae eec
al ., . NuGkde)ar prleacyepat orrosl e i n transcriptio
| i popshiignathdliemgéibes exampl e endocrine h
xenobiotics armdaeceydibetnar ys pleicpifds portions
expressi oinnvoofl veelneisn a Y&Maingeysobr fpabahg

1995)

FXRvas initially identified as a nu
met aboFdDt man et kAUt ,sUu®OEQquent research
mai abiyl e acede(pMadkjyi shi ma et al ., 11919 9 ; \Y
i s activated by specific bile acid me
(CDCA), cholic acid, deoxycholic acid (
glycine -andj ungeatt eldpcsWa n g set. al ., 1999)

I n mammaod smembers of theaEXRi gamilewye
the liver, intesti ne,hakigdredy BHRd HFIXRSH a
FXRi spaeudogerhaumans ,andghernraimat PXRsent
i sof orms i rMJdh4Boaersg:esFXR al ., 2014; Zhan

FXR pl ays rae kreggysgiodge dm activating t ¢
in lipid and ¢Fuioosecmerabali sm20009; L e
Edwar ds, 2008)

1. FaXInesoid X receptor: struct

FXRresents four dif,feademnedtuend tthy nal
1) a ligand independent transcriptional
bi ndiomm iBD)3,)D -aerCmi nal l'igand binding do
dependent activati 0fWei komtebnabdomakRalg8A

The AF1 domain can interact with cor
give rise to differ ente AgFeln eirsadfi mrnmso,f |
i sof or &.ndFFR Re me thto ntgeerrmiNnusU hd nFR RR

AA
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i sof or ms 3)((Riegurest .lalThNeA 2006 Y i nigs dhoingahilny
conseamndcdi,t oOme laii oss t wcall ed H1 and H2
nucl eatedDevdubksnda €thealhi ,ng2002)gi on
flexible megisom,s whildiDBPr a b eAtF2B Bdno mfaF 1In s
FXBland UFARsphay sagqeehoambdho (MYITiBsh et

hi ngen( Zbgihg etThal .L,BDOG&Oedd)s ono FXR | i gan
the interacti olnhiwsi tdho ntao rne gi usth anladdres .s1 pt od t
into 3 parallBHeliay egandwiad hhryadnrdo pchoonbt i aci |
bi ndiocdggetthe base of t heitrsecléiypaogd st al
201R8F2 is in the LBD region and contain
undergoes dynamic ¢okleer mdthieananlucd keamg e

modi fies AF2 orientation to promote in
(Laffitte et al., 2000)
A
1 134 221 261 486

AF1 hinge LBD AF2

FXRal AF1

S DBD
M
\
S DBD
FXRa2 AF1 - hinge LBD AF2
M
X
DD
CDBD

hinge LBD AF2

FXRa3 AF1 hinge LBD AF2

FXRo4 AF1 hinge LBD AF2

AA
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Fi gur3®r dphical

repr EXBnfancoamdadt dhonaa peset al .,

FXR can regul ate gene expression bot
retinoid X rUeacredptirndsRXtRg specific DNA
response el eph€hsasddlFXREn)abal i 2dDrO@me s {
repetitions with varying numbers of nu
FXREs contain two monomeri eAGGTtCAs. oThe h
beshown asaf@fmosty FXRE mot ioff itG@RBEA i nv
consensus seguences separated by one
coact-bivmdiomg site (H10/11) wundergoes al
resul t of di meri zati on wi t h RXR, and
transcr ivpittiyonaol baVatdig FXREal ., 20.18; Zher

The FXR/RXR heterodi mer binds DNA s
repeats (I R) separdtedanlhy came breualcd o tviad
bot h receptor-sirseBA®soidaXRAacexdh)9.bi t s conf
changes in response to |igand binding,
cagepressor) to be rel edskRelds (aenrd@eicdmtcd ri
coacti)vaPtROMI 1 pr ot ei n argini nle(,R) CAMRM1h y
(coachaseatont ed arginsde¢( RGO tpeyloxi s m
prol i-fecapoog ¢CPRAIRY)v aad a0 D R( ¥-rteacneipnt o r

nt e rparcoti2 énifyp

be (Ecobuwuuted. et al ., 2007)




Corepressor

; Histones
Acetylation/Methylation

Histones
deacetylation

Bile acids
O
-
& FXR AXA
AGGTCA n TGAGGT SHeishi
Ac Ac Ac Ac Ac Ac
Figuderaphi cal representatiomaofi vdteorrmpalreds sdo a
complexes involved in FXR act(iFviaotrivuocncianed raep.r,e s2sl

Nucl ear receptors perform effector f
i ncl udi-anggt itvrad n ©9-me parneds st mansact i-vp & ¢ iefsi cu
|l igand binding. Nuclear séegeplatihavgqagasn tad
change the receptormooul ahei s, tirahkboceno
and fu(hRawlommks et al ., 2012)

1. En@ogenouefl Fx&Knddil e acids

The endogenous | igands of FARI byeot
atypical steroi dsi Igee mech adtsa chtrasmainp hepht e
nature, which is owing Ufoacteh e cpornecsaevnec el
and a hydfapkobicongex TUlp@ehydrnamphi Isiicde
provided by the hydroxyl gr tbspde whdch
carboxyl i cThsei drey dcrhoapihno.bi ¢ +h&t hayll® ) oCraoruep s
oriented boiwgdadrst ¢ het.l al addkO00DO®&hm to th
di stinctive form, the FXR Iligand bindi

amphipathic characteristics(tM0 e@itv.al add
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Its possible to divide thg)bihe pci noh
bile aci e caon d2ey achieds. The primary bil
chol eaimnéer alhbey are the <cholic acid (CA
(CDCAhe secondary bile acids are the 1
acid (DCA), that are genera(EBdorfuoemi CAt
202R9t al |l of them have the sa@PCpoitent
most potent one, followed pWabDgAet.LELIA. &
Bil e aci dssingayarohlcencgud s s, regulating th
influencing a variety of bi ol ogical a
regeneration, proapoptoti ¢ Chinadngpr od hi 3
Sut phti ml .., 2019)

CA CDCA LCA

FigubBille acids strudqtliraensg redp rads. g n t2a0t2ilon

The primary bile acids are generate
enzymeo | eddhgdobxyl asewhTCHR7ARmtendyimd t i n
t he cl assi WalptaetrhsBa 2 ®IWYWJRExyl ase (CYP2
mi tochondrial cytochrome P450 enzyme th
macrophages, initiates the acidic path
reports, the acidic r olud et antagyl cooyrttrh it
i n human (PpabhecghdsJavitt, 1999)

AA
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1. DbEticholic acid: a semi synt

6@t icyhlenodeoxy CEECDICA)naowind as obetich
( OCA)a, s emi saynnatl hoegtupechiemar y bil e aci d cher
(CDAE OCA, as wWé] |l i asakgD@gonMosrte oovfert he t|
demonstriast eal mdirag pot ent a g(oPe Islti cocfi aF X F
2002)

Figure 1.6. Graphical represent

strugtlurmaemg et al ., 2021)

OCA

OCA is characterized byl iat veod manet od |
compound i s Dblotunids t©®o mpjrwdaetidnd-toaviertdn chbV ¢
adi, hedgut microbiota again transfor ms
recir dRoat iednTahi.s, Q@A 2i)s either expelle
mostly eliminated in the form of feces
its maxi mal pl asma concentr at-iaomd it &uaD:

obeticholic acid (nkaoypn lteatk.e2 Wp2)X o 10 hour

Obetichwas cappyhaFoed DawAg mi ni strati on
for the treatment of piiinma&kOp 6dni malk y ma d
OCA showed t-se hsvei-stinesagt] ciitairicl,ia mmaatnedr ya n t |
fibroti(iRogfkeects., 2022)

One of the first studies on the effe
performedcaby Yedlabd@04ad6or $hey demonstr a
be decreased by mearmotdf i @CA i aaidriorhiatt ira
caslers . ¢ittudd es on the( HEGhpwe dstt eFIXIRa taec td €

AR
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isqui ck:l yt Hesadmini stration of FXR agoni
i n human andFumutrh ememadPepsii es on rats adr

OCAs howed a decreased HSC activati on ar

col lvmmgem OCA (t\Veerabtenkeentet al ., 2016)
Recent !l vy, two different clinical tri

efficacy of OCA on NAFLD/ NASH patients:

trial s. FLI NTwestkydyp hmase &2b72 andomi zed

comprised 283 IpatTlkay scomp &r eNAA St hves e f f ¢
pl acebo on hepatic histology in NASH pe
noeteterioration of the fibrosis were p
REGENERATE trial was a 4MBMa sea b3 etcrtisalwitth
fibrosis with no cirrhosis. The patient
cenor bi dity, such as T2DM, i ncreased boc
l evel s. Two different OCA dobsoa.geThwee rfei bur
i mprovement was one of the considered e
the FLINT and the REGENERATE studies t h
of fibrosis and the key compofORaoysebf al
2022)

Pruritus, is a severe side effect of
in the FLINT trial compared t-deBédmndantd:’
this characteristic was pointed out by

reveaiaedrehsese in | ow densi t(yRolyi peapradt.ei

13Li ver regeneration

When daimhblgievder has a remaglaklirat capes

intricate tasks of the Iiver can stild]l
variety of evo(MaooewrJilmead 2flué)yIldisver f
cruci al f or hhmamed sati and ingg, brouWmer apPp erag g d o

exi(Michal opoul os .ahdm8hetshiamds 2@ 1t) he h ¢

A E
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s el itmmauged surgicdli vieepategethemyat i on
ignificantly sl owed. This is I|likely b
upport bofMighaluaopbubos .ModttBhbet dhare,r 2r

s recove& edayws tfhdlInl owi ntghiar d® nwpa&mtii @lnah

" on

in rodents, and the remaining portion
(Michal opoul os alnd hBumesshisaonr,at2 @2l )of t he
compl eted after 3 mon(mmasu sftroomett hal .he p:
According to numerous investigations, r
often chacaetteprt pbkplhfeeryoattyipoinc afniddel i t y: F
atocytes, as do chol angiocytes, hep:
ch |l iver sinu¢LcSEasinldeerpddti lte Imaaclr opélal
wn as Kudiféc¢lkeal cpdblisdgs .and Bhushan, 2
Even though |l iver hepatectomy is a ¢

—
(7]
O C T

—

the I|iver's compensatory growth, it

nditions in many human | iver tthiroseagsbe s

o O O

oni canidnjturey concomitant i nduction o

® =S O
-

-

spdMsgajima.et al ., 2014)

I n ani mal model s, t he ability of a
xtensively studied, and functional stu
ave demonstratedl| ehdt tdri &@f éd eomvicite sjs @S|
Barker et al ., 2007 ; RaTvheen eexti satlenc & Odlf

regenerati ve mechanissinmsc er etnnaeiyn sa rceo ndtirfofv

technical and ethical reasons

Di fferent model s have been propose.
regenerative proclkiksgeTwhibdd ccapneastcieavses es h
been identified t hriojuhgeh fainrisnta |l moidnevle sptriog
whi chvoswvepr ogeniatsorceddlullsar source for
Mi yajima andugpddtecaaduebe exi stence of
popul ation not nor mal ( Mi wyhjsiemaedbhéab nor

cell s, whichstaereel Ic | paospsuilfaiteidom,s of t en exh

AC
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intermedi ate between hepatocytes and <ch
and expression (dFfaugemet i2000mhar kRéoisk amh e e
secomaocess siuepsgeesitieud artegylpbasween chol an

hepatocytes. When ihaueetdhepabéehthymal

and reathcleDdehnegr et al . , 2018; Manco et
Russell et al ., 20189 )Eddaeflu bhheeptadtail c. ,r e2g0e
i nvodecisf f er hretpiad toicyrt eagf amtho fc & e emdnagtii occ y
progenitor cell, which & xHuichhi tet Hilgh Rr0
al .,. 2019)

However, since the aforementioned m
humans, it whsi cshitisakfe genet af rovwec upg rooltirecsmsiecs

l i ver (Puseaamsde Zhou, 2022)

13. Mol ecul ar mevooH areilds m®ri regene|

Wnttatenin signalling pathway

bcatenin is a transcsa pctriuvocniadl crooalcet i
I n physiological conditions, hepatocyte
toitrhd ocation in the hepatic | obul e: t
pat hways and markers are invol bedtienilni:
(Yang et: ailt.s |2d0ciayinzaddldihoaiasnndal t er ed up
i nj(uMoynga, 2015)

b-catersi m compomdéntgnaf | t Wh eWwatclawmay.i c
Wnotéatenin signabdatngniirst mehtimahichil Wety si
trans dkieedr a | ow | evel byThdhees tdreuscnmdoaixi o
i's forfmewr dtye iArxs n adenomatous polypos
synthasée GiSiKiB)Jagsed 8B8aseUE@KE)Thaes e ompl ex me
t he phos pohfloa aytl eartii ro,nr eancho gcnhibziesh nbguci ng r

containi MHRPR oTireiisn I(att er is a compone

A Y
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mpl ex, whi ch i ndwictetsi nt hteh e dbd@éue &t U mntaiba

[
d

g uibtcian aetmedde rpgoasce @aegmaldati en al ., 201
Monghhe 20rl @teecaysoblmesc o mp | & xbegcbayt €dheignr a d

al., 2012)

't is inter exssttiermgl tod motte ptilcatl, aict i v

r ouigrhv a lheement of a second nbesad emdaear,

d, in absence of endogefi&imelWmansagd:

6)

Wnbdatenin sighal acngvaaetwalrough W
secr et ed( Rylsysced plr oad redWirgto nlg ibg aF@dst & ) e d

egpntdo rt he ¢ edreencseipttyo rl il poemperl catt eeidn prreoct eep ti

6. Thi st dithbéic aWreth/e adsi gnal |l i(mRgspat hw
MongaThux(Ql18Dbi shevell ed (Dvl) prot

sphorwhat Ad ({ MTamagagedal ., 2004)

l tnaotsewtolmdathyt he-spamidiw sfcReted prot

nalyl iimg er acti nrgi ovhi tclroenptesadtnli &@ o iGp lper do t

ceptors LGR4 and LGR5. Thesleepeadept c

sphoryl atdieon aauf et RRRE ., 2011)

Addi ti enmdndyi,n Rl i ga nsdisg nidnyd ri cnegmo wMnn g
nsmembrane E3 wubiquitin |igases zinc
g finger 43 (RNF43), which wubiquitin
teasoma(Haesetr ualti on2012)

b-catenin, when not tpthlwe phwcHyetraes, e d,t n
omplex with T cell factor/ |l ymphoid
d DNA and medi at e t(h®a ckixgpanr san.d nNws s ¢
I nt er ebsctaitrmegsliygx pressed thrppegéapotutath
I surface ofi hephdt oicermigm!| | Ypbihon as

gnal |l i tdh apaveonvwgaay,. ErRdDdAt5hH e luinadle r ¢c eslhlesa r ¢

duce Wnt Ffcoatagdii vvaay Wi tZoeup aat nodc yPtaersk ,

Ag
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Negative feedback

RNF43/
ZNRF3 Wit

LRPg

Fzd

LRPE

Fzd

E Lysosomal
Q', ‘.‘ degradation
N T
ﬁr e
Ubiquitin-mediated y _ % ;
proteolysis B-catenin MVB Y

pse—

No gene transcription Gene transcription \

Figdr.d Graphical r eprbesadrretndatni osni gmfaCWhinfgz dpabd hda K
2021)

ThHi ppat hway

Thidi ppo signaplanwg pathwayval isekze in
(Camargo atmmdal t,viaddibiese n nev o | vceenhe n tf aitne |
regendryatmlamai .et al ., 2014)

I n ma midiaplpso, si gnalilshendi dyeetddiva f er ent
prot®ammal i an-l dtker ill/le2 20MST1/ 2, al so ca
( SAV1) ,t ubmesrwgpepr essor homol og 1/ 2 (LATS1.
1A/ B (MOBlaabjlocaatiedeprot ei rac(tYiAPat/ adrr aw

AA
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PDZ binding motif (TAZ, a(dal ¢dald | @add WW3
2011)

The main kinase cascade of the Hipp:

controlled by a variety of u p sHtarl edeem iam,
Johnson, 2011)

By controlling gene transcription,
bi ol ogical actions (&t ehe aMAR/PDAZM &9 rhen
transcr rapcttiiovmatlorso t hat , i n order to co

together-bwhtdhnBNAranscription factors,
dirdcywul yt .aEAD 2@mb)y transcription fac
YAP/ TAAs de mozZnhsator aatnedd choyl (| 2laaga eest. i anl 2,0 0%

Oncaecti vated, the Hippo pathway | ead
i nhi biThios irnehs ulitsssoien gr owt h aOnd tcheel lo tphr
handenwt he Hippo pathway is of fabl $2AR/oT/
mi griantteo t he nucl eus, where they bind 1
pat tneercnes§ ®ar el | survival , (nmMagreatt i.aoln.,, a
The transcriptional activity VefstYAQK/aTAZ
family membeWGULAL VGompetes with amblAD f
represses tar@gdi agerée akpregildn Zhang

AA
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a Hippo OFF b HippoON
__® MST1/2
[msmis2 MAP4Ks SAVI
Ml SAVT | \ /
LATS1/2
[LATSUZJ l MOE1
[ mos1 | ® [14_3_3 ]m
T =3 IYAPITAZ| <«— [YAPITAZ] —» [YAP/TAZ]
Degradation Cytoplasmic
CYTOPLASM l ) L retention
NUCLEUS YAP/TAZ e
[TMPHTAE] [YAPTAZ| Target genes VGLL4
[ TFs ] TEAD ’_' expression m )Kb
WA DD

Figar@®raphical representation OMatbae &I ppo28Llgha

ThHEda ch pat hway

Numerous biological processes, i ncl
survival, and | ineage commitment, ar e
signang known as (BeaWoN@RtOOHplaplhawasy a r ol
homeostasis in adult organs asi nwerldasisn

evidsenggest thetaaNedeh ni slamaged organs
activation of ot her mor phogenilNotpcaht hwa:
cruci al to kiwere bitolpdbgys a rol eChan met
et al .SSomx0X%t)udi es have proposed that N
medi ahtedr repair and in reparaGevel mmpr p
Strazzabosco, 2015)

I n mammalssi,gnhddlmgpirg ses four Neat ch r
throdilghand five | igands bei29npirng ot a hteh
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l i ke -3 Dasdd ,f akopwpn and .Cé-bheh| 26009 pact
interactions between Notch receptors an
turn actiwviagre&IBldionggghef e an.diwOs walod,eo2 @
cleavage events are promoted by the Not
The ADANMI |y of met all oproteases <cataly
second cl eavageseicsr emadgieat eadn beynzy me co

presenilin, nica(sBrrawy,Th2OEON)t chnd nAPIHL el
(NI'CD) is released by the second cl eav:
nucl eus where it functions absi mditmagnsrcat

RBRB and NICD heterodi merifzegedmesstwimuH a
bindi ngBoriggersef e an.d nOstwhael da b s2e0R0BIE) o f
represses Notch target genegsBorggreiei n

Oswal d,No2G&W9 )si gnallintgr gamnscridet |l eadsef to
target genes, such as the Hairy and Er
transcripltnonhd actwes, hepatocyte-nucle

related HGM box transcription factor 9

biliary destiny specificati o(nkso d aamae eetx ps
2004 ; Zong. et al ., 20009)

Ligands

DIt

(D“a) y-secretase

DIl4 cleavage S3/S4

Jagged 1

Jagged2 Receptors NicD
\% Notch 1-4 g M
/ \ Nucleus
ADAM cleavage S2 W

Cell membrane

Target gene :

RBPJ

W)

Figar® Graphical representati(©OMalodndNodtc hals.i ,gnza016
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13 . Cedllplr ast bhdhiet yawvwiemalof model s

There are growing evidence cell pl a:
could be a central procepatiorcykiesemwer ec
ddi fferentiate -liinkem ddlvles (plbhPlg@s)i,t oaxpr
and biliary epithelial mar kers, such as
has been considered(dapiumiaziveé&oXX®Lgs i
rel ated hi ghbomxo bg drnse¢ ya9 )onreombpe r of the S
characterized by the presenmdée sofhaan 58/

homol ogy to the sex det eY(MS cnhH enme rge.neet Sa l

I't is a transcription factor known as e
organs throughout (eAkbiryeoma,c 2d00v&;l ohmtemnt
Stol't et al ., 2Mo6BeoVedal i ethak. bhbe@fOfg
plays a role in the |iver( Alretvendiopumeatt al

It is interesting to note that hepa

for 20% of newly ignengeLrvacteetd . ahlE.pae®lyT)e E P
can di fferentliiaktee cienltlos bwhleen dui$wer yian jauwl
Suzuki , 2014; Tanimizu etThé.pragdmit da
of LPLCs were further supported by ktehe

NS

of fspringeoew advhealnt WliTthinwantied .et al . |,
Recent studi es riache | eair deepedheéehaal

converted i ntDe nlge pat o @ayDemnsg 2 ®AIN&) hi s g
demonstrated that when biliary epitheldi
duct s, no LPLCs mar kers were found i n
biliary epithelial cel |l ' sobtarbalnys ftoranan e ©
direct transdi { DengnteitataiFaum t pRolc8gxp | or .
perfor med by usi ng zebrafish as ani ma
I nterestingly, biliary epithelial cel | s
hepat oqyCheil cests al ., .2014; He et al ., 2 C

AR
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These dat a collectively s usgegveesrta | t Iy
comproamics etdheir capacity to proliferate

epithektbaaliddo e t & bBheeopraet coocnyptaer. t me n t

LPLC

o
/)8 %,
<F* .g&?} o,
Q
Transdifferentiation _
Hepatocyte - — > @EE Bile epithelial cell

Figadar&0Graphical represent atiimducdd cleil e(rhliraeegte nce
al .,. 2020)

Ani mal studies dmrviei vyelveiail pwWoWntmmd et
Hi ppo, asidg nNeoltlcihng pat hways in the reg
dedi ffe(®@khabateobnal . , 2016 ; Yanger et a

I mi cneor mall i ver s, hepatocyte dedi ff
hepatoxegdiefi ¢ overexpression of NI CD,
Notchl,(Yang¥apet al ., 20Am ;t hvye nmd tahmeari hedan
induced hepatocyt e daeadirfofuegrhe nYtAiPa toir o NI V®
hepat p¥gn@gsr eltt ails ,hyYy@dt3dlesi zed t hat th
hepatocyte dedifferentiati®oingnalrloiomgdt hhb
Notch pathway is a functional (eYfifnel catnoari
et al .Add2aid)nal stulbi esghotn the cleisd gtmat b
pat hewayi vian i bhver( Pli #ja&s ye't alnt er2e®1a)n
hepatobiliary repair following cholesta
toathepatocyt e speci f ibc atoewa Inesxigee®atsd @yt €
dedi ffef®@nabatebnal ., 2016)

I n recent yewirdseabeceeanrdaeamdagi faeiregti
and transdifferentiation i nThhee prad olcaynties

AR
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involved in |iver regeneration in ani ma
Zhang and «chadpernadtemrts idaetdiidrf et enfconve
hepatocytes to aepaekpahsipomgeapgtbiowstd
primary humdrZ hhraenpgatedc yatles 2018)

133 In v imordee | modeéli verbi o¢édoigds cel |

pl astiincdiutcyed pl uri potent stem c

The road to the discovery boefeni mou dked

byseveni dlestones in the understanding of
of stem cells were first described in
di scovered a type of <cell from the mous
di fferen@Ticlell l and pMcSuubl sl eogcuhe, n t119y6,1)i n 196
published the first exampl e of cel l re
somatic cel |l nucl ear transfer, by which

an enucleated egg to whicdad thee nmnuichterus
(Gurdon.,, Thegeé2)di scoveri etso wehhre winded gnt,
Waddi ngton epigenetic | andscape model ,
prcet ermndedopt possi Waeddion dtdvarhd d/d, 9 5t &)k

ani meahenatreodigh somatic c¢cloning of ma mm

more than three decades | ater, accordir
(Wil mut et al ., 1997)

The greatest di dabes0 @6o,i hw ktehh ass hfii ed
Yamansakaceeded i nmobaeppmgt atmonicelgd rsi pot en

They achieved this goal by the addition
(Takahashi andTWembolkawi 20%¢ar they s
pl uripotent cell( Taloanh &amialne ffti & .oshd A& Q B¢
same discovery was al so achi(eYwe@tbywlthe

These cells were named human induced pl

A E



+r~"8®k? ¢, x 7| ®*~i g®s~| x

I n 2tOhle2 ,Nobel Prize in Physiology or
Sir John B. Gurdon and Shinya Yamanaka
reprogrammed to bfrdhesme apmlvamicpanteenits. ha
revolutionized the field of biomedical

and devel opment .

I nduced pluripotent stem cells: char

Human induced pluripotent stem cell s
cel |l t hat have numerous cruci al gual it
various applications i n moelgé hearmd | We u
devel opmenoef the most i mportant <charact
pluripotent, so they canrgenecthocdercm| | ®
and endoderm. This property all ows hiPS
cell( Xayeprei sch anhi Fra@sangar € 09i8mi | ar t o hi
cells in many aspects, such as morphol o
mar ker s, gene expression, promat evri t ao

di fferentiation, ( haaldah &9 hlaitloataa d tbir tma@ 6 ®d 1

charact er irzeende Whd k ashaalsfh i and aYhadna a a kgar,e a
versatility: they can be djffeckntdinaged
(Ebert efcaaldi,omybeIyh &lsi ,etanad .agl s200 1§ p
(Davidson.et al ., 2015)

Des miltle t he good features, the wuse o

et hi cal and Haeenaumr ietmb r iy ® s(theEsSECIs ¢ memwte k b §
et hi caldeli stsdade stdo si ntegrati Wntbf htalPiBDar
problem has bBeowevewer tbme.unl i mited dif
i PSCs, which can be employed in human r
concerns about the possibility of creat
humani mal chi mer ag , s evhii d les ad afoe tpyo sd aanc e

di fferentiation an@Veclaceviocasetrahsf o2

AC
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Functional demonstration of the plur
sever al di( fAfoer, e r2tON®Gdygh t he gémerdtvipon
demonstrating their ability to form ch
through tetraploid compl ement aitn owi tarsos
di fferentiatiohnasesaher (Aase, 20h&)eabili

typfersom al | three embryonic | ayers is Kk
i PSCs.
| nduced pluripotent stem cells: cell

Takaha¥Yadmaamaaka di sc ofvaecrteodr s4, ensesceenstsi aal
pluripotency ikeyyotmwadhfeactcep d isaivianndema kvan
facdaonrds t hey ar eM@®Pct 3/ad(dl akdthzh,s hi and Y
2006)

Al t hough it has previously been s h
transcription factor s Oct 3/ 4 and Sox?2
pl uri p(oBoeynecry et, adlt. ,wax00f50und di spensahb
Yamanaka( Tank 200 Hh i and Yamanaka, 2006)

Numer ous downstreaMmct prgpdates npf whhe
proliferation and transformati on, may |
Furt hecMyaer g,r ot ei n may i n(dFuecren agnldoebza |e ta cae
thus allowing Oct3/4 and SoMdreovbrirndKt
has been desnpmepsbgdatwwvedchoin turn has be
Nanog during ES(lkiehletdidferea®@®aYi on

Numer ous theories have been put f o
circumstances that cause the cel3i ncoe be
the reprogrammiing lodw sefnfaitdicé mcleil g sso me ¢ €
been proposed to explain how the whole
only elite cells, such as progenitor an
can be reprioB8&@yvameadn aknbitfo @89 been hypot

A Y
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the induction off/ 4, h esex2pr ace d ulets 6 & n Oe x B«
of a subpgopuleant/ipamgenitor (cYalmasn aikma, s @l

The alternative model to explain how r e|]
Aistochastihe Mmodalepbobogr amnal | tr&nsedecec
the reprogramming process is extremely

do not corulretneg itthe prsoocnees sc rsuocnea | c esltlesp
the coll apse of t(hYea neamtaikrag r2e0p0r9ggr a mmi n

557
Y S
o =

+ —

Oct3/4, Sox2, Klf4, c-Myc

OO — 357

| Ssrami —4m%
Sxtey— Ler—Sur— @)
;? —- iPSC

Figur.ell Graphical representation of elite and
reprogr §mragi annis et al ., 2019)
Reprogramming of somatic cells requli

sustained expression of r(eJpareongi rsacnhmi anrgd 1
2008) n additi onepreogrnmimueaitr gangf a diteoyr have
intended purpose is a c¢r udiuaradesvtee po pinme nlt
(Schlaeger, 2018)

Numerous techniques have been devi se
cells (iPSCs) since the(TakahadhideanmwoasY
200&nd humbhnobTakalsas hi et al . ,ma¥0 Ob7e; \

reprogrammed to become i PSCs by viral
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f actTdires.ori gi nal met hod of re@mrchigreammdi M
t he r ettrraonvsidruaclt i on of Dytc4d ,i n$ ox 2mo ukslef 4e |
fibroblast -t(iMEFfsi)broorbTa&ealsa s(hTiTFgnd. Yama
Since retrovirus cannot infect nondivid
becoamepr eferenti al met hod for ¢ Ye gtnal
200N9nintegratinsghodsuwesebased mxplore
(Eggenschwil erramthdSE€malizs vi2m@WOagAstt hey,

are-imdregrative, their use as viral vec!H
of the genes they <carry, being elimina
(Schl aegerT,he301a8&)e widely wused for the
because they |l ead to high efficiencies

making them one of the besf{Soptaeger fo?

Mor eowevri,r an met hods have been studi
trans{watiem et miItRNANZ§ Bapb-Repmso et, al .,
Pi ggyBac( Wod dtjaerms eri ndlc.i,r c@edr3eicntho rest al
epi somal( @Wiatsanidts al ., 2008)

l nduced pluripotent stem cells: appl

hi PSCs applications highlight the v

cells in advancing our under standing of
novel therapi es amidl ittryeattoneoaapt urfdet he
individuals and model di seases in a dis

medi cine and drug discovery.

Di sease modelling and drug screening

Establai <cteildAg |l i ne cardeofiagt ¢ hef Is&a me at
first step for modeinl ienigt h&r hduiman udids ¢

di fferenti ated condition, these cell s a
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and various approaches can be used to ¢
i nnovativeAvirermatentenals., 2016)

To create model s t hat as precisel.)
characteristics of each disease, rigoro
to target cell t(yPewe maursd [DaT bdgerveed oipée)da
exi sti-mgsedPSBodel s ,elucimamy Al & hedsossessi 'ng
et al,and2muSs)ul @Pi ggsetr ophy, 2019)

PatidemnihvRr8SCs have been shown to be h
familial dye@euttormnamd. Re200Mymdmeimeo. et a
Yamasdnadoal | eraggaueerst | y demonstrated with
known medication for high blood pressur
chondrogenically differentiated thanato
i PS(C¢6amashita et al., 2014)

Cebbhstelder apy

Since its debut in 2006, i PSCs have
pat hogemfesa variety of illness disorder.
As pointed out blyKiKmnmtanhala.clodd ahluebser

interventional clinical trials wusing iP
a minority of them invoDwe bDPSCheamoshe
approach was the one wused by Mandai a

submacul ar transplantati omRP&El) rcetlilmsalprpm
from induced pl gMapdaenttlisndéem ecmdl@IbhB) v,
clinicecplonsoirald by Kobe Cihtayd Bwe cldespi the
dericvoerdneat r acresdlsaont at-f e h aatgeed macul ar d
(Takahas Moy e @@iédkeu)c hi and c alelmeoangsut dnsat ierd
human idPeS icveeldl dopami nergic progenitors
treat ment ohrpgpansenKidk welmbe®t al ., 2017
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l nduced pluripotentl isktegne ectdlalts :onhepa

Hepatocytexcedrle ttylpee m&di n heyl aweount
volume and carry out a wiidbgi piach gmetod b e
macronutrient storage, pl asma protein
(Gordill o.Eentdtealg.e, T20xIMs) of di seases t ha:
fatal and requi MDa el itsweatrddedrtdyp apl ant anl gn
thembeanafit from this therapy. However,
have beeinnedepobhedi n relbaseéedywrdeng ppgruicnma
hepat 0ODhawan etOnalt.h,e 200rZi0gjrartyarhdu,mam hep

(PHH=a)n be obtained from subopti aaidn I i ve
vi t,rot hey al so exhibit a brief l'i fespan,
functi(dwm alriyt efThal abpbs2@02) of reliabl e so
has a significant negative impact on th
and toxicity tests. Al t er natitvhee heelpav e
menti onedoredshadarmrs.reason, thd PeStCsc yhtaevse  dk

considered.a good option

hi PSIGsr i ved hRipraBiatd yetreexmeé i ao d on

hi Pa@g i ved keamatbec ygteenser at ed t hr ough
met hod, whichrogmihdsatghaite t hei ndiviifvea e
di fferémManaahomrt al ., 20H8pafTouhoek gkt
with this method exhibit key hepatocyte

met abol i sm, gl ycogen storage,arandnour efau
mat ure:r daosdhmyi are indi ddtked BeLEheyat oc
consistentl y efxdédlthddte aomeinmmgper ea/nd | ac

functions proper(Baxmatuete akpatdCydess

>
>
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hi PSIGsr i ved hFegraw &radgtr ea:nma tnihgo d

Gener atiinonhietprad @ sy tcehsal | engimond elbet auw ¢
mechani sms that drive the cellular matu
yeODverexpression of transcription fact
developing lkxpéoredlitm vwialprabdbenceés onal i
(Nakamori .Addati pnabDLg) oeerexpedssians
factors (LETFs) in mouse and human fi br
somatic cell Raoambautl i estborvadeveeir!,20f2ull)l y di
cells have a I|limited transditfrfoenrge netpiiagtei
restrictions. Furthermore, their restri

pr

Ci

oducti qomtemd itaHeiurse a¢ Tomarzapéeutlc, st
Direct overexpression of essenti al
rcumvent ed :t htensedshlodmawessd i 6 ps war d pro

(Mor eau et. Ba¢ayse20iltt) combi nes t he ber

- @ T
> T o — oS

N 0
o oD -

=]

To
he
ch
de

programming and hPSC differentiation,
|l arge quantiti es( 4hanfgretnMadhau,nea?r0dt 2 )l
ogrammi hgr @erlbased!l en | entTihvisr unse tthroadn s
ditional pguwr iofbidaasticiesktl Estitlydpdese r mor e, t he
proach | eads to random inserunwarst e@d

terference with the endogenpBawktowsaki

al .To 2d0vliefr)come these | imitations, Pa
e -OR(JToptimised i nducglbdtef PBawd roems[kri e sesti
l7nanscription factors controlled by
to genomic safe harbour sites in the
otect the integrity of the cell and t

maz abdr atodrilsa devel oped a nmRSGxodi rntoo
patocytes by t akiOXg pa &vTdomrasmg ee tdfladt.h, e 2
oOi ce of transcription factor s, comb

vel opment and regulators of adult hep

>
p2



+r~"8®k? ¢, x 7| ®*~i g®s~| x

this giToambegetFadwar 0@2r2kcrdasmmiongt he ger
hepat(oFcdye mshr ouigrhd a hfebtomawowécri pXxipomsfsa ot
HNF1A, HNF 6, FOXATheapdoROKRs must be s

utilization of a culture MmMmeRdms spurpEdU A8 (
overexpressing the four transcription f
exhibited functional characteristli-cs of
antit(AYypApSearetion, basal CYP3A4 activit
enzymes, gluconeogenesis and | ipid met &
and fatty acids, as cwmp b.u mkbewreesrs ¥ R3 A4
expression is shivhduaeasubhi of ebhhj sagdne

The newly developed forwaveddplaonogageas

i fferentiation byhdanfact odi(bTfoenmagzixt datteot a
022)
Hepat deytieesed ftbmohghW SEer ward Progr

over traditional direcTomaz dé tf Tfheilrse hrt 21@i2 |
t wot ep approach avoi dsttipe diddqeireame at i
frequentl y -tl sntkeeld W Aod dbiatiiicohin alyl y, f or war c
faster than direct di fferentiati on, pro
3@B5 dhlalyes .cel | yield is also appropriat
demonsthatedorward programming increas
d

2

onsideredfargadhaed maedaly A predMviuduas!| ypl e
ri mary human hepdatandptees cat dbedirf sihoult

T T O

rol i fer a(Miotnr } aglaoccamiymi @ 00Ré pl asticity
i n -emalge | iver cell s, h egoraet o yv &lIsi dl eali tv
pri maryheyldsach maturation around day
on can be considered as subenithees feoa
Heps wer e iempwiogyed tac el uci date cell ul al

this project.
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13.4n vmddel moddl verbi o¢doigds cel |
pl astoircgiatnyo:i d s

St ecneh & speldat t@amod e | devel opment , exanm
di seansde ,cr eat e vHmwd we rt,r efadrmetia gyhegme a e ¢ |
t ec hnhagwe $loccaurs ed on pur e popudeartiivoends coef
typesather than on the full (rLeamgesdferce
Knoblichpn ebédhtelcrdandneynsanoswal cultures o
have beenaaeadt mblieshhaed mor3dd aoptlitmirzed.ar"
or ganQxigdasn.oi d bi ol ogy has advanaeaedisieglni

ntestinal or ga(noitdasn iweerte agle.n,e r2ath0e@l; i $a
ow aewtedbl i shed and broatdi keeB® efrsestu
e produced from a growing range of sou
es| deft a | and adult primary tissueKi msetwe
| ., .@0g2an)oi ds of various sorts exhibit
eatures, compl exMatrys, e ea nedt aaplp.l,i c2a®2 U)i t vy

- o O T >

By a consensuar gdaenfoiindi -dii sme@ a s iadhm &le st
reated from (pluripotent) stem cel |l s,
rgani ze tcheridugbmalt et &I i nteractions t C
haracteristics ofr et haendn aftuinvcet itoins siune aarc
Marsee etlnalpast20pdacresl,l sondleyri seedm str
onsi dered torigtandisdsnowbucl ear t hat t he

o o —~ O O O

i fferentiated cel(lSampsawdibtds weholadngi @

Marsee and coll eaguesofproorpgbaansod dd & o rc |
defining chaepct drei $ nludtdiisysanes i alrsg a-nai)ds
organ oOEgpanbieds al organoids represent
typlfehhese strucrtamrew wmherseddi table cult
produced from a single germ | aydresgend
orgamgeinegradm the clonal ekiansei oal of 20
et al .Cel20s15po0l arize and speciagndwet as
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replicate features(9dtdad het.Caltlug aRe@ &dy rn e
reorganize and proliferate to form org:
di ssm¢Hathoet al ., 2015 MuéStaiinpsawe odri gga red
genefaténdc clotouresl | s dermoreae dgeiomak aperos
et al .or 20dleA)cer enti aODuohi okt MBIHEIIisSs RO 1C
organoids in the contexts of the |iver,
with mesoder mal anCdo nd mdao d/e rtnoa le pa rtihgeil n sa.
tissue organoedsew,cansotthsel fwoul d nece

expansion of supporting and parenchymal

reach aldd vee l of developm@Owdechiangt falnhcti 0
al ., . MbOleD)v et | soemugkatnioi ds are usef ul for
cedél | i ntthewdeiautri tomes n(@Takveeb & iests Mall .g,an201

orgasiwstdem h ase sbteaehd rigelsecdby b &di ke and co
(Koi ke et. Tali s, p2@t9%rm i s usebdbuganfor
devel apmepmt hways and patterns. The orga
coul d be imaicrutlaiumréedkdioke 98t dalys, 2019)
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Organoid

Three-dimensional structure derived from (pluripotent) stem
cells, progenitor and/or differentiated cells that self-organize
through cell-cell and cell-matrix interactions to recapitulate
aspects of the native tissue architecture and function in vitro

Reproducibility

Epithelial Organoid

- Single germ layer constituent of single organ
- Epithelial self-organization

Multi-tissue Organoid

=

i@
@!ﬁ - Multi-germ layer constituent of single organ
[ 33 y - Intra-organ self-organization

Multi-organ Organoid

- Interconnectivity between organ domains
- Inter-organ self-organization

Complexity

Figdara2Graphical represeanltaddiofni cmdt itches rtohdree e tgs auat
2021)

Organoids from primary tissues

As previously mentioned, orgaamdds c
pri mar yHumdsnmydEs et al ., 20 ]lp8;nckicamuet ea
et al, ,ardléxtrahé¢Pampazbiotimgrigmdnyget i

can be used-otemewuhgurpi sbBledi gr owtrlyandi
orgamaisdg wstbei ned by a man rixddevdne oc &8i oh an
extracel |l ul By pieanali Iry,n ntedmrd . tmta it sEinpguend {soa sket hi
Hol-Swar m -b&si&idl hydrogel, . allTéde veméd Kate
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embeddedtat aingdhepl emented with medium co
and smal L.Thraol3dbc sgeametanedhe passed repea
course of JeBreoruali emoretthsal . |, 2016 ; Hend
2019)

Alt hdhhegplmt ocytes have demonvsidyydbaitceat iac
potefMi ahal opoulthhavye 2r0d sti)esrtne de Xl ppanngs i on i
(MitakaJp 199 8)apes si bl ¢ stna adlptiaghi-dne nt v e d
hepat ocytcal | dHogveenvoa rdHa ks @Of e oceopnse o ut  wi t
paper deberdéoédvalgopine ehteaploaft oncuymmaen omTfganoi d
' i mitation of the method is that the st
ulture is the fodhdta®@mgnemdi dofc uhlunuarnes o f
epatocytes wildl make much easier to st
ecause oofgetmestalbbi |l ity, they might si

etermine the hepatlemdi ick ¢ Mento f2a0lrR.e2,d | DNaeds
nd col delveldadfpeceudst ur e Py $ neemrpya too bglraosw s i

The derivation of primary hepatobl ast o

O O T T O

—

ully mature cells is a promising tool
production of <cel |(sWefsolre yc |eithoieckavle ra2p0Op2 tiic

to demonstrate the ability of HBOs to d

chol angiocytes after cl onal i solation a
Foal |l rtehasspoeni mary hepathawyyet éeemg arepild

pri naroyl angi ocybe bhganardsnt project.

Chol angiocyte organoi ds

The biliary tree is a composed of d
called choliasngiimitywi ded [Into twoanondmpar
eXtr ahTehpeatiimct.r ahepatic compartment is f

whi he e€&xtroanheeapnatbhec di sti ngui shed in dif

including the common hepatic duct, gal |

A Y
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pancredtCiactcdudithe 200gahoad bel genlkisaerd

bi opsies to obtain intrahe(ptautcihc ecth odla.n,g
i ifyremtrahepatibocebthbl dbbt eddmiahegadi gar
( EDORi ml and et al ., 2021lii iSampraaiiohi ish ie:
case they -daeri cadl edqg(&nodrieodksa (eBD@&)I ., 201

For pumeosesheoedntegrhalsepati ¢ chol angi oc
considered.

I ntrahepatic chol amgpotcgntei @lr gtamoli dfs

plasticity

The devel opmnrieenrtm opf@trd eledng i ver cul tu
year s.

Adul t mo u s ed elriievegnda nt d & lsluwee rodutl & iumreeds wh
cell s weme Maulrtisgrgdpdl ®&ime e pdt we y he Gr owt

(HGF) , Endothel i al Growth FactoranldeGF)
Rspo#didfiHach et. aHuch 2a0nd3)col | aborators h
cells produced through this method expr

mar k(eHrusc h et. aFleew, y2e0alr3s) | ater, Huch succe
to human pfHmamyet.dmlsd,ea20 b5) apdruilnarmi c
humael | s requi r efdsirgengaulllaitn go na nod €eTAANFAN act
expandHuacam et. al ., 2015)

Over tilmecame evident t hatn hidopgeatomnmyt
happen natwurally, in contrast to the ex
cul t(wBrreosut i er. eltn adat, h 2M@dwse and human o
and coll eagues discovered that Not ch i
mor phogenesi s, together -lwi aihd thlee r @ dodwv
Dexamet hasone and BMP maides itto edisfi feer ef
hepatloickya(dded h set. allh.e, are@3’ Suanthies@ @fo mp o n ¢

has beei hamednt idatdiomc aneidti uiitnduces t he
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chol angiocytes i nto hepatocytes when C
struoMhemegs.he cultures were switched to
l ed to increasing expression of tradit
al bumiUl-anwoirt, bypsiali so gave the <cells t
hepatocytes by producing al bymiurc,h oyt oac
201Bhe cells obtained through the proto

bipotent cell s, since they express a mi
hepatocyt @eo.t efihe va glainoi ds coul d be emp
pl astici tny cthhreotnioccdurveir injuries.
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The
i nv
di s
I n
obe
wi t
pat
NAF
cel
tra

The
1

mai n taiemicWatstrhog eedtuci dati on of t he

ol veal d mhmloinc 6NASHDYOhEmpaddmsitrage | i v e
eastated with NASH

dleit wé 1 )hfaisb rbceseins eval haet pdofasEXRDAgani
ti ch(oOCA) ,acda dbi |l e ac.Adi aamnbbofed, fion
h flatghdi et wer ¢ hesed@Aatd 91¢ fuid otnr at i o
holfogiircoasli s Mpatelowasytsagend i ver di seas
LD progression was also studied to

I s plasticity. Two pl asticity fact
nsdifferentiation oft ecslvalo®@n gieo syt es

main objectives of this Ph.D. proje

.Thel uci dati on of t he mol eOQA aa - sne mih ¢

synthetic FXR agonisand almepii @& ria¢ € s mi
adi-eduoédnoobumed el oof NASH

.The denti 6f cathieconRECKinmbmbedmadasot ei n

i nnovtaatrigveet fiinthridg aninog pNAcScHe s s e s

.The geneirmt amptprrm fa cthhees cfloar i fi cati on

pl asticity mechani s ms t hat occur [
NAFL/ NASH

.The i dent icfainadad pdliaa setf iaafitttayast can dri v

regeneration pr oesetsasgewhiicvherosccur i n

.The overexpressfimnttolwrfso uglhasgadicri t yf

experi mentisn ipi @tthbeo rthmwso gener at ed.

p21
p2
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3.AIni mall mo d e |

6 wecelkds -BEPV(ob/ ob) male mice (Charles F
were used and housed in standard&i zgdl e
Mi ce were bdmve élsistelr eldi gh f at di-ebd( HFD
D09100301) or with control di et fcod.
Dot tPorcici oni (ltaly). Diets compositions
the 10th week, a group bBFDasumpl emd mt=d
obeticholic acid 30 mg/kg.

Component HFD(D09100304 Controldiet(D 091003
Fat 20% 4.3 %
Carbohydrates 44% 67%

Protein s 22.4% 19%

Mineral s 5.5% 4.7%

Fibers 5.5% 4.7%
Cholesterol 2%

Table 3. 1. Diet composition.

Ani mal s wereerdperdmdnti alt ogfBeodu pmi: ef e€ @ RHF D
mice, and-fd@DmMOCA (Figure 3.1).

21 weeks

@ CTRL diet

21 weeks
4 .

gl HFD
9 weeks 12 weeks =
A A gg g 1o

HFD HFD+OCA

A\ 4

Figure 3.1. Experimental .groups employed in the

AC
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Al l procedures involving ani mals were &
and by the University CommissionPRdr An|
Ti ssue samples (liver 1l eft | obes and se
pent obard4d0i trag/ kg i-f.rpo.z)e nweirne |singaupi d nit
evaluations.

3.2 Biochemical analysis on n

Bi ochemical parameters were evaluated t
Bl ood was drawn from the vena cava and
wasecovercehtafithamyg3000 rcf for 10 minute
Aspartate transaminase, al anine trans:
phosphbaitlaess,eaandstriglycerides |l evels we
aut omated Beckman Coulter AU 5820

3.3 Mice tissue sections: mo r
Bi opsies were collected after the sacr.i
p/v for 24 hours. Afterwards, tissues \

spring water to completely remove the f|
i otethanol 70% for 24 hours, then trans:
the biopsies were washed twice with eth
|l iver pieces were embedded in paraffin
Liver sections were observed at microsc
using thde0XPaad FUPX ambFjLect i ves.

A Y
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3.3.1 Haematoxylin and Eosin st
The slices were stained with haemat ox)
explorations. The following protocol we
Solvent Concentration Time

Xylene 100% 7 minutes

Xylene 100% 7 minutes

Ethanol 100% 5 minutes

Ethanol 95% 5 minutes

Ethanol 80% 5 minutes

Ethanol 70% 5 minutes

Deionized water - 5 minutes

Hematoxylin 100% 10 minutes

Spring water - 30 seconds

Deionized water - Wash

Eosin 100% 30 seconds

Deionized water - Wash

Ethanol 70% Wash

Ethanol 80% Wash

Ethanol 95% 5 minutes

Ethanol 100% 5 minutes

Ethanol -Xylene 50% 5 minutes

Xylene 100% 5 minutes
Table 3.2 Protocol foll owed for H&E | iver sectio

A
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3.3.2 Sirius red staining

Met hod per fbirmPdstpya DrCel | ul ar and Mol ecul ar Ph

University of Pavi a, Pavi a, I'taly.

Sirius red staining i s one of t he b e
hi stochemistry. I n t he procedur e foll
haematoxylin.

Solvents used for this method are repor

Solvent Concentration Reference
Direct Red 80 59 Sigma Aldrich, 365548
Picric acid 500 ml Sigma Aldrich, P6744
Acidified water with acetica cid 0.5% viv

Tabl e 3.mMeeShbdd efndar Sirius Red staining.

The paraffi n -waexcetdi oanrsd whey der adtee d . The sl

Sirius Red for 1 hour. Then, the sectio
the | atter was removed with vigorous s
passing3 twaetulganol 100 %. The sections w
mounted in resinous medi um.

3.4 Mice |iver tissue protein

Liver tissue samples (aboudl £®emg)
CelLytic Buffer (Sigma Aldrich) supplem
el /' ml) and centrifuged at 15000 rcf for
di vided istogldederteubuesed to quantify the
of the Lowry method (Paragraph 3.4.1).

AA
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3.4.1 Lowry protein assay

The Lowry -&@seawgl (€0) i ns a colorimetric
the protein content in a specific sampl
the spectrophotometer at 550 nm.

Two reagents, A and B (Table 3.4), were

of B, making a final solution C (A+B= C

duplicate. Folin reactive was then add:
sampketein content, a calibration curve
used for serial dilutions. Both standar
of C solution (Table 3. 4), stirred, and
Thensel 180 Folin reactive (D solution) w
of incubation, the absorbance was detec

Solutions Components

Solution NaR68 mgxiR23Na g/ |, Na C

Solution B CuSO4 at 1.56 % in dist

Solution C Solution A + Solution B

Solution D 5 ml Folin reactive + 9

Tabl e 3. 4. Lowry Solutions.

3. Polyacryl ami de gel el ectrc

Bl otting

3.5.1 Gel ©preparation

Polyacryl ami de gel electrophAMGE)Siwas nud

to separate the proteins in preparation

AA
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PAGE owvarsr i ed OW®RROWIEAN -RhdMl dh@amber s. 88xE
1 mm thick were used.

3% v/v acrylamide stacking gels and 7.5
prepared following the table reported b
and outer glass plates were joined toge

wee poured between them.

Components Running2& Running. §(Stacki 8§ ¢«

Acryl amide 32400 15 0e0 188l
Tris HCI 1. 51500 15 0e0 -

Tris HCI 1. 72 - - 18 ml
SDS 10% 6 Cel 60 le 1 aml
MilliQ water 168D 2538 l¢ 12 2 4l
TEMED 1% 30 le 30 le 188l

APS 10% 60 Ile 60 le¢ 1 &l
Total Vol ume 6000 ¢ 6000 ¢ 18 0e0
Table 3.5. Polyacrylamide gel solutions.

3.5.2 Electrophoresis and Weste

Samples were reduced with DTT -Rad) .M T2hxe
vials were incubated at 70AC for 10 min
i ncubated for 30 seconds. This ther mal
prot emmlses Smere spun at 14,000 rcf for
20 Ol of sampl e preparation and a stan
mar kers (Precisi RmdP|l wer#£168 oxa3led, iBi dh

electrophoresis was performed for about
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room temperature in running buffer (25
adjusted to pH 8. 3.

For the Western BBllottt iTrug bsot elp ,aftst e r W eSsy/ 16
empl oye8l ofrd@daasbo RTA Mini 0.2 Om PVDF

procedur e.

The PVDF membranes were incubated for ¢t
5% BSA in TBS (20 mM Tris/ HCI, -$9&c imMi &:
sites. Afterwards, the membranes were w
incubaté&dd ,owedeirgmi Il d stirring, with sp

the PVDF membranes were washed every 5
and at room temperature with washi-ng bu
H20 2 mM, NaCl 14% Tve enp H207)..4,ThOus, t he
i ncubated for 1 hour at r o o m -ct cenmnjpueg aatt eud
secondary antibody. The membranes were
20. The signals were eva-Radted with Che

The primary and secondary antibodies us

PRI MARY ANTI BODI ES

ANTI BODY DILUTI O REFERENCE

Mouse monockounbaull 1: 1000 Sigma ATI3026& h,
Mouse monamHAENCK | 1: 1000 Cel | signaling te

Rabbit pol yeNO®a 1: 500 Santa Cruz Bb eéthelc

SECONDARY ANTI BODI ES

ANTI BODY DI LUTI OO REFERENCE

Goat -maude 1: 2000 Santa Cruz BB at0e0c

Mo us e -raanbthii t 1: 2000/ Santa Cruz BB e&t3eci

Table 3.6. Primary and secondary antibodies wused
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For the signalandletClcatriiotnyy MaxarECGCly W
Substr aRad) (wBeiroe used. Eventually, t he
with Chemi Do-RadXRSH*he Bimtensity quantif|
performed with | mRagde Lab software, Bi o

3.6 ELI SA assays

Serum | e-¥alngd GWEdFl & eval uated using ELI S
procedures were followed to perform t he
Table 3. 7.

Kit Reference
IL-1 b Il nvit,BM§E&aO?2
TGF-b Abcam, abl1955

Table 3.Ki.t s ELUSSAAd for serum analysis.

3.7 Gelatin zymography

Met hod performed by Dr. Pall adini, Fondazione |R

After sacrifice, medi an hepatic | obes w
buffer (30 mM Histidine, 250 mM sucrose
Liver was weighed and subsequently cut
i80eC ent Hepasi c MMPs were ext-JactRAd b
TURRAX T10) of frozxzerd dl iewxdrr acit $ ome biufh f
containing-10%, TrhiotOonkmMd |,/ L2 0Or insmo | / L N a ¢
mmol / L CacCl 2, pH 7. 6n cTehnet rhiofmoggeednh a(t3e0 wnai
at 4 AC) and the protein concentration
Lowry met hod. The homogenate sample pro
concentr ateg/oml oifn 4t00e sampl M T4d&sd,i n4g % b L

AA
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sucrose w/ v, 10% SDS w/ v, and 0.1% br om
the samples were | oadedPA®HE)o, edcarcttaiomihm
undefrr edaurci ng conditions followed by zy

i ncuba@aeéel ®nwere stained with Coomassie I
activity, by densitometer analysis (GS
USA) was expressed as optical density (

38RNA extraction and quantita

Tot al RNA was isolated fr &nretalyeenk i eSri
Al drich) according to the method of Chc
Mackey 1995). <cDNA was generated®RADSIi ng

according to the supplierés instruction
Adaanced Sybr GreRBRADPFhepepmi mef 8l Osed wer
Bi-kad. The genes considered for the eva
amplicon are |isted in Table 3. 8.

Ri bosomal Protein S9 (RPYD)spdhane adredydlr
( GAPDH) gene were considered as houseke

Gene Uni que as Amplicon sequence

CAGTGGAAAATTATTGTGCCTCTATCAGTCCACHA
RECK gMmuCl DOO1 GTGAATAATTACACCCAGTCTTATCCAATGAGAA
TTATATTGCTGTGACAGAGCTGAAGACC

GAAGCCAAGATGTGGCAACCCAGATGTGGCCAA(
MM R2 gMmuCl DOO2| CCCCGCAAGCCCAAGTGGGACAAGAACCAGATC,
TTGGTTACACACCTGACCTGG

ATTCGACTTGAAGTCTCAGAAGGTGGATCCCCA(
GTGGATAAGGAGTTCTCTGGTGTGCCCTGGAAC]
TCCAGTACCAAGACAAAGCCTATTTCTGCCATGC
CGTGTGA

ATCTGGCATCCTCTTGTTGCTATCACTGATAGCT
GTAGCTGTGCCCCACCCCACCCACAGACAGCCT]
ACCTGGTCATAAGGGCTAAATTCATGGGTTCCCC
ACCACCTTATACCAGCGTTATAAGATCAAGATGA

MM R9 gMmucCl DOO 2

Tl MP1 gMmuCl D002

ATCTGGTACCTGTGGTTCAGGCTCTTCTTCTGG
Tl MP2 gMmuCEDOOG6| GTCCCAGGGCACAATGAAGTCACAGAGGGTAAT
TCTC

AR
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ACATCTCACACAGTATATATATGTTCTTCAATAC
AAGCAGTGCCCGAACCCCCATTGCTGTCCCGTGH
TGCAGAGATTAAAATCAAGTGTGGAGCAACATGIT
AAATAT

TGH gMmuCEDOO 4

CGTCCAGGCCGAGTGAAGAGGAAGAATGCCAAG,
RPS9 qMmMuCEDOO3| GGGGCTGAGCTGGTGATGATGAGGAAGAGGATTA
CTGAACTGGAGGATTGTCTAGTTTTCC

TGGGAGTTGCTGTTGAAGTCGCAGGAGACAACC
GAPDH gMmMuCEDOO2 TAGCCCAAGATGCCCTTCAGTGGGCCCTCAGAT(
CCTTCTTGATGTCA

Tabl e 3.a8mpllicsoendsof or performing gPCR on mice tis

Al l samples were assayed in triplicate
remained constant i n Leelvlel tsh eo f e xgpeenrei neexnpt
normalized on the average of the expre:

genes and ®Rpressed as 2

39Hu man patientso6 tissue col |

Met hod performed by Dr. GriMm@nCamhr Ddge G&81 amake
Cambridge, UK.

Twaltrasound guided needle core |iver
obtained. Hal f of the secondi ali oprsd f(rl
i mmedi ately wusing liquid nitrogen. For
approximatel gul emd8 was frozen as above
at8 0 AcC.

39.1 Nucl ei i sol ation from humart

Met hod performed by Dr. GriMR@nCamir i iDdge G&81 amatge
Cambridge, UK.

Frozen samples were transferred to a Do
buffer (I GEPAL 0. 1H&£&L NaHC| 7 .150 mivQ mM,r i Mg C|

nucl ease free water supplemented with R

AE
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by performing 5 sti#ldbked rwikteld pvarnth pAad ta

2mi nute incubation on ice in between u:
mi nhutes on ice, sample was mixed using
beforeiwg a further 1 minute on +4weeé¢. Sa
40um cel |l strainer, transferred to a 1.

at 500 g for 5 min at 4 AC. Pellet was
BSA 1%swue c¢tulsture grade supplemented wi
centrifuged at 500 g for 5 min at 4 AC.
and tr daros faetFudaCeS5 and kept on i ce, and sa
DAPflor nucl .ei FA@S exdritoinng was perfor med
cell sorter. Nucl ei were defined by FCS
cells (Il arger events on the FSC). Singl
were sorted ofmMtge at db& monmacning 500 Ol
topped up and centrifuged at 500 g for

wash buffer and kept on i ce, unt il |l oad

39. 2 Singlesrerguleaici RJAon human |

Met hod performed by Dr. GriMB@nCamhbhr Ddge G&81 amatke
Cambri dge, UK.

Singuel eiseBNA i braries were prepared us
Single Cell 3Nj Library & Gel Bead Kit v
Single Cell 3" Reagent Kits v3.1 User (
Genomi cs) . Fb6k eacbl siampéeree | oaded on t

with the expect dteiadrs @emud cli loect iconopt@elni

from the barcoded nucl ei f ofrt reaancshc rdg abnepdl
Cl1000 Touch Th®Rraddd azlylc|l subg¢8B8gqgwent- step
nucl ei l' i braries were performed accordi

PCR cycles in cDNA amplification step.
with Agilent TapeStati 8oarde0Ulapeéel) gaf Sen

AC



30Lntrahepatic

3.011

I ntrahepatic
(Tabl e 3.9)

l ntrahepatic

chol angiocyte

chol angiocyte
‘A40ddapbit Spvetyidg

chol angiocyte

organoi ds

(1

depending on the wel/l confl u8ndy.ysMedi u
Components Initial _ Final _ Final volume
Concentration | concentration 10 ml
Basal Medium \ljgla%f;nal 9 2 400l
B27 w/o Vitamin A 50x 1x 2001
N2 supplement 100x 1x 100!
N-acetyl cysteine 500 mM 1 mM 2001
R-Spondin recombinant protein 100 pg/ml 0.5 Gg/mL 5001
R-Spondin conditioned medium 100% v/v 10 % viv 1ml
Nicotinamide 0.4 M 10 mM 2501
[Leul5] -Gastrin | human 10 uM 10 nM 1001
Epidermal growth factor (EGF) 100 ug/mL 50 ng/mL 501
Fibroblast growth factor 10 (F10) | 50 pg/mL 100 ng/mL 2001
Hepatocyte growth factor (HGF) 50 pg/mL 25 ng/mL 501

A

+rr"g®ka A x 2k®r ~i «x
of materi al was used for gene expressi:
confirmed with Agilent TapeStation 4200
evaluate |library sizes) and Q&bdistDNA. 0 F
HS Assay Kit to evaluate dsDNA quantity
i n equal mol ar concentration. To confi
KAPA Library Quantification Kit on Quar
was se@umernddd mi na edava$Seq6 W0Q hs f ol |l owi |
bp, read 1; 10 bp, i5 index; 10bp, i 7 i

rati o v
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Forskolin 10 mM 10 GV 1001
A 83-01 5mMm 50Mm 1001
Table 3.9. List ofprremagreanttiso mecefd etdh & oex gpehresi on m

3012 I ntrahepatic cholangiocyte

Medi um was aspirated with a vacuum pumj
DPBS once. 400 Ol cold cCell Recovery So
the Matrigel d o me. The dome was scrape
transferradtiubeo @ahtatabes were kept on
Cells in the tubes were mixed by pipett
were then incubated on ice for 20 mi nu
di ssolve the Matubageéel onAf fald cbhetubes
mi nutes at 4 AC. Thus, the supernatant

top of the cells. The tubes were spun a
was removed and e30 (@o/rmdlinlg)o fweMat raidgl e d
Ol domes of cells disperwamrdme ch -PMbattwe Igle |
The plates were incubated at 37 AC, 5%

fresh medi um.

3.013 Transdifferentiati on of
organoibds hiemtwa lylpi @r ganoi ds

Cells were cultured and split foll owing
were covered with expansion mediuthaygspp
organoids were splitl2agaiyrs amd dd ulfteureet
(Tabllte) .3.At the end of the differentiat.i
for RNA extraction or fixed in PFA 4%

staining.

Ae
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Components Initial _ Final _ Final volume
Concentration concentration 10 ml

Basal Medium up to final volume | 9 2 4@

B27 w/o Vitamin A 50x 1x 2001

N2 supplement 100x 1x 100l

N-acetyl cysteine 500 mM 1mM 2001

[Leul5] -Gastrin | human 10 uM 10nM 1001

Epidermal growth factor (EGF) 100 Gg/mL 50 ng/mL 501

Hepatocyte growth factor (HGF) 50 pg/mL 25 ng/mL 501

A 83-01 5mM 50 1001

Dexamethasone 3mMm 30m 1001

DAPT 10 mM 10 v 1001

Fibroblast growth factor 19 (FGF -19) | 100 &g/m 100 ng/ml 1001

BMP-7 25 Gg/ml 25 ng/ml 1001
Table 3.10. List of reagents needed for the prep
3.014 | mmunofl uorescence stain

chol angiocyte

organoi ds

| mmunofl uorescence staining intrahep
on pl ate. Medi um was aspirated and orga
500 Ol PFA 4% were added | the well
temper at uruet efsoor A5 emi n nwd u btha t@foBn§, 0 3mi wmaud
were performed.

Bl ocking solution (Table 3.11) -swasi add:e
binding of antibodies or other reagents
at room temperatur e, and afterward the
wi phi mary anti bodies was added to the w

AA
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4 AcC. The next day, 3 washes, 1 hour ea
solution was added to the wells and the

The third day, the cells were quickIly wi

of 1 &éhweirf owr med. The <cells were then su

the addition of DAPI for nucl ei staini

DAPI and antibodies residues was done.
PBS Donkey ser|Tri #&Xon

Bl ocking s Up to the [10 VA v 0.3 % v/v

Staining s/Up to the |1 % v/v 0.1 % v/v

Table 3.11. Reagents needed for the preparation

PRI MARY ANTI BODI ES

ANTI BODY DI LUTI CREFERENCE

Goat -alnkumi n 1:100 Bet hyl2,29A80

Mouse -caynttokeratin 191: 100 Abcam, ab7754
Rabbi tc yatnotkier at i n 7 1: 100 Abcam, ab68459
Rabbi tS GXnt i 1:100 At |l as, HPAO299

Mo u s e -KalnR 6 1: 100 I nvitrogen, 39

SECONDARY ANTI BODI ES

ANTI BODY DI LUTI CREFERENCE

Donkey-gaati Allawoa E 4/1: 1000 Thermo Fisher,
Donkey-rahbit Al exa 1: 1000 Thermo Fisher,
Donkey-manse Alexa F|1:1000 |[Thermo Fisher,
Donkey-rahbit Al exa 1:1000 [ Thermo Fisher,

Donkeagyimouse Alexa F 1:1000 Thermo Fisher,

Table 3.12. Pri mary and secondary antibodies 1|is

AA
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3lHepatdc kteecel |l s from induce

stem cell s

3111 Seeding of human i1 nduced p

Forward programming protocol is a meth
pluripotent stermidkel Icelilmt  HLeCEgt. o dFytre t

|l i ne was used.

Di fferentiation was performed in 12 wel
Vitronectieg/ MFTMS{ &@thCel | Technol ogi es)
hour . The celll l ine was passaged at | e

di ffeorentiati

The cells were washed with 2 ml DPBS anct
the plate was incubated at 37 AC for 4
they were mixed through pipetting up an
weer col l ected in 15 ml falcon tube cont e

tube was spun for 3 minutes at 300 rcf

resuspended in 1 ml of E8 meldiafm.t ICel ¢t
suspensivadwwEle hTmilyOpan Bl ue. Cell s were
chamber and an automated cell counter w
The appropriate volume of cel | suspens
suppl emented with RECKmMIi nthd balktoai nf24 68&
20,000 cell s/ cm2. At this point, vitron

were washeld DViBS$. 5BWentual ly, 1 ml of ce

wel | s.

3112 Differentiation of human i

i n hep-btkeytell s
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The day after the seeding (Day 0), the

|l et the cells recover. On day 1, the di f
with doxycyclin at e@a/MmMinalTheosaemt rdaatyi,
moved htypoxia at 37 AC. On day 2, the
complete medium (HPZc) supplemented wit
final concentrati on -300f) ,500nrcg/smlat (i e pvr o tC
concentration Dof -OBMB 1NMp/ mland R®oxycycl in
concentregt mbn( 8F gliga),. D989l medi um was na
500 o©of HPZc+OHD were added to the wells
The medium was changed every day wuntil

medi um was c¢changed on day 7 and 9. On

Hepatozyme Low Insulin with HGF (50 ng/
ng/ mi final Thosceedi ami avm)s. necamed Iheld+ Ol
were added to the wells. The HLI +OH was

day 25 the plate was moved at 39 AC in

E6 Medi um VqumF'naI Redr ence
Conc.

DMEM/ F12, HEPES 500 m- Thermo hlelr3 30 (

Il nsullriaan s f-Eealréemi um | 10 mL 1% Therknos h4elI 400

Sodium Bicarbonate3.6 mO0O.70%TherMo hz25080
L-Ascorbi cPracs wh®2t e/5 mL 640g// Sigma AAYI&EEI

Penicillin/ Streptob5 mL 1% Therknos hle51 40|

Table 3.13. List of compounds for preparing E6 m
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Final

E8 Medi um V0|umConc. Redr ence

E6 Medi um 50 mL - -

Zebrafish FGF2 312 €25ng//Thermo Bké&hea,|
TGHB 58.8C02ng/ mMR&D24-B500/ CF

Table 3.14. List of compounds for preparing E8 m

Hepat oZYME compl et Final

( HRY VOIU'TConc. Reference
Hepat o ZSYFME 470mL - Thermo Fishe
: : 17705021
Chemically Def'nEdlo mL 2 % Thermo Fishe

Concentrate. :
MENNorEssentlal Ami 10 mL 2% Thermo Fishe
Solution

. Thermo Fishe
- 0,
L-Gl ut amine 200mM 5 mL 1% 25030081
Penicillin/ Streptoa 0 Thermo Fishe
U/ mL > mbL 1% 15140122
Insulin solution h700L 1€/ ml Sigma Aldric
Human -ARpansferrin, 500 |3@/ mlR&D, RATB®BI1G

Table 3.15. List of compounds for preparing Hepa

Final

HPZ Low I nsulin MeVol um Ref erence
Conc.

He pat o ZSYRMME 470 mL| - Ther mo Fi she]

Chemically Deflnedlo mL 2 % Ther mo Fi she]

Concentrate_. :

MEM N-_Esmsentlal Ami 10 mL 2% Ther mo Fi shel

Sol ution

L-Gl utamine 200mM 5 mL 1% Thermo EbS&BBI

Pen|C|II|n/Strept05 mL | 1% Thermo Fishel

U/ mL

Insulin solution h100a 20g/ ml| Si gma Al dricl

Human -ARpansferrin, 500 3@y/ m R&D, ATB®B1G

Table 3.16. List of compounds for preparing Hepa

AR


https://www.thermofisher.com/order/catalog/product/25030081
https://www.thermofisher.com/order/catalog/product/25030081

+r"g®ka A x 2k®r ~i «x

Dilut|Final
Suppl ements for HFacto Conc. Redr ence

Hepatocyte Growth 1:100 50ng/|Peprotegi, 10
Oncostatin M (OSM1:100 20ng/|R&D, -QM®B1I M

Doxycycline (only 1:200 10g/ mSigma Al dr-Lgh

Table 3.17. Supplements for hepatozyme compl ete

-1 0 1 2 3 4 5 7 9 10 12 14 16 18 20
E8 E8 E6 HPZc HLI HLI
+Y - +DOX +HGF+OSM+DOX +HGF+OSM +HGF+OSM
37/C 37/C 37/C 37/C 39/C
20% 5% 5% 5% 20%
1 2 2 2 3

Figure 3. 2. Graphical representati @epeodop heo For
bottom: Media, Supplementation, Temperature, Oxy

3113 CYP3A4 activityi&kesaelors h

Cytochrome P450 3A4 is a metabolic enz
expressed by hepatocytes, where it play
To validatle khee pcaetldcsy toebt ai ned from t he F
acti vissyeswaesd aat day 20 o®|EnCaytPu3rAadt iAosns.a y
from Promega (#V9001) was wused. The kit
are derivatives of beetle luciferin, a

are not sluucsitfreartaesse fbout ar e converted by

reacts with luciferase to produce | ight
the P450. For the kit used, the su-bstr a:
| PA) . udihfdePrAi ni ncl uded in the kit was d
afterward, the medium present i n-ltPRhe we

AR
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solution was added to the cells. The pl

02. During the incubation period, 50 Ol

was dispensed in a 96 well plate in tri
the i ncubation with the luciferin soluti
i HLCs well were added to the 96 well pl
The plate was incubated for 20 minutes

i ncubation period, GloMax plate reader

assess the enzyme activity, it is neces
the muwmbecell s in the wells. The cell s
(1:1 with the cell solution) and an aut
CYP3A4 normalisation was performed wusin

2, DA DI2A 5 ACADEIOER NI

i ETIARIT O
Results were reported as RLU/ml/Million
3114 I mmunofl uorescencti keacei h

| mmunofl uorescence -Isitkaei nd enlgl so f wahse p@md rofc
Medi um was aspirated and cell s were was
4% were added in the well and the pl at e
mi nut es. Aohercehtcsbwerseg wambed with DP
500 Ol of blocking solution (Table 3.18
specific binding of antibodies or other
for 30 minutes to 1 hour at room tempeil
wi phi mary anti bodies was added to the w
at 4 AC.

A E
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PBS Donkey ser|Tri #&Xon
Bl ocking s Up to the [10 % v/ v 01% v/ v
Table 3.18. Bl ocking solution preparation.
The next day, the cells were washed 3 t
secondary antibody and DAPI 1:1000 wer
pl ates were incubated 1 hour with the s
the inpababvdonthe cells were washed 3 t
wash). The primary and secondary .antibo

PRI MARY ANTI BODI ES

ANTI BODY DI LUTI CREFERENCE
Goat -alnkumi n 1:100 Bet hyl2,29A80
Rab baintHINF 4 A 1:100 Abcaanb 92378

SECONDARY ANTI BODI ES

ANTI BODY DI LUTI CREFERENCE
Donkey-gaati Al exa FI| 1400 Thermo Fisher,
Donkey-rahbit Al exa 1400 Thermo Fisher,

Table 3.19. List of primary and secondary antibo

3.2El ow cytometry

The cells were washed with DPBS and 500
pl ate was then incubated for 5 minutes
pipetting up and down with P1000 tips.
bott chre oofl att e, t hey were transferred int
of HLI1 + OH. The tube was spun at 300 rc

AC
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aspirated and cold PFA 4% added directl)

for 15 minutes. The cells were spun dow
remove. The cells were washed 3 times i
The cells were resuspended with Dblockir
room temperatur e. Then, the cells were
tubes as appropriate to have cells for

Thei mpary anti body was applied at the ¢
solution. The tubes were incubated over
resuspended in 500 Ol blocking solution
tubes wead fiommrmcubahour at room temperat t
washed 2 times with blocking solution a

300 OI. The samples were transferred to
t . { ! {FLR2YAY
f2083Afyd | LJ G2 GK wm 32 noH 3
Table 3.20. List of components of blocking solut

For the staining for flow cytometry exp
were used as reported in Table 3.21.

PRI MARY ANTI BODI ES

ANTI BODY DILUTI CREFERENCE

Goat -alnkumi n 1: 100 Bet hyl2,29A80

Mouse -caynttokeratin 191: 100 Abcam, ab7754

SECONDARY ANTI BODI ES

ANTI BODY DI LUTI CREFERENCE

Donkey-maose Al ex@4F 1400 Ther mo Fisher,

FEYa
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Donkeyganati Al exa6&l 1400 Thermo  RRshév

Table 3.21. Pri mary and secondary antibodies 1|is

33Gain of function experiment

Foraig of function experiments for t he
lentiviral vectors were used (Figures 3
transduction of the viral particles, po
of 1:THOeDOv.i ral titres of the lentivirus

Viral vect Viral titr

SOX4 1.28x10 8

KLF6 1.66x10 8

Control 3.68x10 8
TablevVlB3raR.titres of the |l entiviral vectors used
I n the vectors, EF1A promoter was desi
Besi des of SOX4/ KLF®6 ORF, EGFP cassett
mar ker . EGFP cassette was fused with th
cassettes wewgh | chleadieh®h peptT20feurio2A.
expression was induced by the function

e
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a
RSV promoter
puc 'L TR
Ampi ch] | i_n -\
cPPT
EHA
VB 00020166 % p
PLVIEXp}EGFP:T2APur0...° © ¢
SMGarl Kozak
qu3B'LT
h SO MO 03127
EGFPRAPuU -6
CMV promoter WPRE
b RSV promoter

gs'L TR

Kozak

h K L6[ MO 0 1 36) 0

WP RE
CMV promoter

Figure 3.3. SOX4 (a) and KLFG6 f(ubn)c tlieonnt ievxiprearli nveenc

As control, a vector |l acking the ORF fo
SOX4 or KLF6 sequence, it was designed
cells infected with control vector resu

wel inagreen for EGFP.

/EA
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RSV promoter
puc ari 'L TR
L E

icad i X /—QRR
e <

VB 1000209 & f
EHA
/0, 1008%
SvMearl RP/A' Kozak
quU3B'LT q
mCherry
EGFRAPuU T WP RE

CMV promoter

Figure 3.4. Lentiviral control wvector for gain o

3.311 Gai n of function exper.i
chol angiocyte organoi ds
To perform a successful l entiviral i nfe

The domes of | COs were washed once with
Solution with P1000 tips. Cells were tr:

fo®6 @inutes on ice. Afterward, the tube
supernatant was discarded, and a DPBS v
di scarded again, and 2 ml of accutase

incubated atw8tZeACbami hutes.8After 10 m
medium supplemented with ROCK inhibitor

tubes were spun at 400 recf for 3 minut

aut omated cel | cciotuyntoeefr .i Mithec tmudn ipded t
to 10. The volume of wviral stock to use
foll owing formul a:
AT EE OB GRS Al Al OE)O@S(‘#\@\(Z&'\QAA i
! B A S ORI RS T 2P AN
Mi xes with lentiviral particles, pol ybr

inhibitor Y27632 were prepared. The <cor

[EA
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the tube with the <corresponding miXx (

solutions with the viral particles and
pl ate was incubated for 4 hours at 37
coll eatedd fferent tubes and spun once.

Matrigel added directly in the tube ( as
were then plated into 50 Ol Matrigel do
with ROCKY2Mh:h3IDiwermre added to the well s
On day 3 after the infection, organoids
days, followed by 2 days of selection w

3312 Gain of function -exbkerceakh

Lentiviral i nf-eckéeéeonebhshepatpeyter med
hepatocytes,-l7arofunBordwgr dit 5Pr ogr ammi ng.
MOl equal to 10 was chosen. The <cal cul a
was madédeoing the viral titres (Tabl e

The viruses were mixed with HLI +OH medi

added to the selected wells. The infect
were incubated overnight with the virus
the foll owgng ndren di fferentiation was

i nfection.

3.14 Quanti tiat vwoddreMGR o0 n

Quantitative PCR was perfor med for tr
chol angiocyte markers expressed by intr
hepatloickhg ecel |l s generated through the F
To extract RNA from boEhMalmin@d i amd THLE&$
Mi ni prep Kit (Sigma Al drich, RTN350) wa:
buffer supplied with RNARA Kuntiwldisec pteitdpr m
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foll owing the manufoacttuhree rr' est riontsrtarnuscctriic
cDNA the kiBIISUume:n HBO@PO v4s used, foll
manufacturer's instructions.

To retrotranscribe 500 ng RNA into cDNA

Amount for eac

Reagent Ref erence (500ng RNA)
dNTPs Promega, U15171 Ol
Random Primer:!{Promega, c11870.5 Ol

5 X'saéndrkbuffer Thermo Fisher, /4 O

0.1M DTT Thermo EBeBeD:;2 OI
RNase OUT Themo Fish@&t9 0.5 Ol
Supersdript | | Thermo EBS6BE&B;0. 2 OI

Table 3.23. List of reageonfs RN&ednforcDNA.retrot

Quantitative PCR was performed using K.
Levels of gene expression were normali z
and RPLPO housekeepingCtgenes and expres
The genes considered for the evaluation
reaction are |listed in Table 3.E28. qP(
(Applied Biosystem, A34322).

Gene |[Forward pBidmer (506 Reverse pbdmer (3

ALB CCTTTGGCACAATGAAGTGGGE CAGCAGTCAGCCATTTCACC
CYP3ATGTGCCTGAGAACACCAGAG | GTGGTGGAAATAGTCCCGTC
A1AT |CCACCGCCATCTTCTTCCTGC GAGCTTCAGGGGTGCCTCCT
HNF# | CATGGCCAAGATTGACAACCT TTCCCATATGTTCCTGCATC
KRT7 GATTGCTGGCCTTCGGGGT TCATCACAGAGATATTCACC

KRT19 ACGACCATCCAGGACCTGCGCE TCCCACTTGGCCCCTCAGC(
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SOX9 [ CTCTGGAGACTTCTGAACGACCTTGAAGATGGCGTTGGGG
SOX4 GGTCTCTAGTTCTTGCACGCT CGGAATCGGCACTAAGGAG
KLF6 | GGACCAAATTCATTCTAGCTC AGGCGTCGCCATTACCCTTC
KRT23 GGTGACATCCACGAACTGAACAGCTTGCAGGAGTACCGAG/
PBGD | GGAGCCATGTCTGGTAACGG |[CCACGCGAATCACTCTCATC

RPLPQO GGCGTCCTCGTGGAAGTGAC | GCCTTGCGCATCATGGTGTT

Table 3.24. List of primers used for performing

35%tatistical analysis

GraphPad Prism 10.0.1 was wused for the
data were parametric anmdyt PNOVAs f oi botw
Tukey's test for multiple comparisons w
nor mal TWalulsikaland Dunmhdrs [paismatdbetfrajcuesdacd.
t test was per f-mamaenret Wiidac apadira e de sntomwas
Twot aipvead ue wasCoelhaiwiden®d.al uated accorc

corrml ati o

A
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4. 1 Liver injury

Genetical |/ onbo dreipadee @ e mmo Al g niumald model
NAFLD/ NASH chronic disease. For this p
weeks with high fat diet (HFD). For the
diet and 20 ob/ob mice were fedawith hi
elucidate the effect of obeticholic aci
i nfl ammation after 21 weeks of HFD and

admini stered 9 weeks after the start of

4. 1.1 Liver weight assessment

Th e Iwievi emtetrse as ated he end of the tirmat me
the three expFeori memda ad n alryosuipss, e tghhet raantdi
body weight was calcul ated as percentag
in HFRRH aomimpared t o t he bcwtntirtoli sc oinrdti & ri e
OCA treat ment reduced | iver weight com
statisticall yNosisging nfiifciacnaan tmadninfefrer ences
OCAremied and t heFicgo.nTtdrgodd hgerroupt h(e se da
positive eflfievcetr odé¢ fOghoAt eoahf mi c e .

Liver weight Fi gurke. Li veafmiwedtghtrtee experi ment al
Livers Zblwe&ekdd start offrbmheo exper
l1@ni meelcsm nsifdoeraetd exper iReesrutlals gweo e
reported as perceOhagye/ ANOYA wsti ggthits
analwassi sper*fpoQ0me0ds.; **pO0.005.

%/BW
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4. 1Ef2f ect st rodatO@Ant npar Vi ver

To assess the severiint moabflt NAStHr areg a minn «
|l evel s were explored. During the sacri
obt aRhspda( ASddaami ne tsahAlam) nlaswelby wer €
usiamng aut omat ed Beck.maQo nCsoiudlegeiaanygsh/gITB B 6
di fferent expehagpmantmdt gohoaurpgse accor dir
treat(nreingt.s @n 2) he ot her hand, ALT | evels
HFD suppl em€Afteed miideh -BE0aed gnowWHpE Dt han i n

group. No differences wercatapprge oiupb laen
admi ni stFRuretdh eotnkea.t e neaphosplextpd v elde wailt
statistically significant di fferences
demons(tRiag.ed4. 2) .

AST

Alkaline phosphatase

muU/ml
muU/ml
muU/ml

Figure 4.2. AST, ALT, and al kaline phosSehrastnase |
from thefarmihmalxperi ment al group was collected 2:
FroimaGni meelrsensi dered f or e aRehs uel xtpse rwenreen trad p ogrrtoe
Kr usWadll ifsoltleoswed by Dunnds twads doed mudrnt i pt &t ic®tm
ALTp OO0. 05.

The | evels hofl ebtkroubi bil glweadéedisdwasl, u aa
Bilirubin and chol esterol |l evel s were s

as shown in Figure 4. 3. Consi caemrfifnegc tt r

C%
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in the tiThat edv el seiodnibfiilceanatcliydisdeat eds
mi ce compared wiarnt e chei g(hF éfaate dd.igE)tt h

L Cholesterol . .
Bilirubin Triglycerides

§88 8
0.20+ 400+

* *

1504
=
0.154 3004 n 4
= 1004
'yl L] -

% 0.10+ % 2004 %‘:
€ € S
0.05+ lOO— H 7
0.00- 0- 0=
o/\Qy Q{(OOXOOV C;\Qy Q?Q xoo‘r o/‘Qy Q{‘O xoov
& & &
Biliary acids
5 Fi gur3erum | eivleilrsu bofnelst er ol,, amd gl vy
3 bil eevaildaated in the thSereumxpeommeh
0 " ani mals of each experiment al group w
%0 of the eRpesulmentwere r éportheid i asbi
EZO chol esterol, aneot 7¥iLglf pc eForiocltec riyCe a e i
10 ani mals were considerednkowagadNO¥ADp
o was performed hfodresdleurmds es.t b .s@5;cal
&L & * *p*Q0. 0005 .
ng
Overabl ochemical analysis on the three
i n bilirubi nbi lcehioacensdtseer otlr,e aatnedd wi t h OC/

4, 1.2 Lipid accumul ati on

No-al cohol ic fetity dhareactddarsiezaesd by | i pi
parenchyma ethel wadtfteenag | i piac cdurmud lad b soen
hi st obhonglwearees p e hafeonmamteadnglsi(fiikEst ai ni ng w.

used on | iver sections( Pifg.Qddn#ihtraetei vee ps

Ceé
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were performed by counting the number o
and diiaonmeet edri f f erent groups (Fig. 4.5).

Figure 4.4. Morphological analysverobebiwdhssedt
al | the experimental glrnoutphse weirgeu rset,ailniepdi dwidtrho pH
di spamsad the Segplad spP0e Om.

As it is visible fnombdmd i B&HEH «mdigrien ¢,
|l ivers was increased 4 edc@&mmpetasbyg, tohe
di ameter of I|ipid droplets werce «lescusi
controOCAhrtoupat ment | ed to a significan
demonstrated by a reduction in 4mheier si
(Fig.. 4.5

Number of droplets Droplet diameter

Droplet area s 5%
$s
100 800 30+ 1
=}
° "- M
£ - A,
s 600- "
° A 20
g 607 ~ c
5 E 4004 £
o 10
2 _ 200
g 2
=]
[=4
0- 0= o
& £ &F & O F
& &° ¢ AN °
& &

Figure 4.5. Number, area, and diamewversef &steptido
from all experimentaligiadups opeére scecPhuoThemdgd amar
ani mals were consider e®&r LieWad bl ai tsb Wweedsptey i lenh aé Qe
multiple wamppei 5onmed f orp OOt. at5i;s t*i*cpal0 . &bl y ski*st |
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Overall-hi mbobbgi cal evaluati posiedffifwecitv e
ofOCAn reducing the hepatic |ipid | oad,

field, their area and di ameter.

4, 2 Li ver fi brosi s

4, 2.1 Coll agen deposition

Data geinreratlkedaboriti Pasgquuah O©el |l ul ar and Mol ec

Toxicology Unit, University of Pavia, Pavi a, It a
Coll agen idsep@lsliali am c hersgmoincs el itwer i njur
alteration of extracellul ar matri x hom
|l eads to abnormal coll agen ddépo sviotdiedn b
used for this project, it was seen a re

of mi ce tOCe{aRiegd 4wi6t)h

CTRL HFD HFD+OCA

— % X f— —

Figdreol |l agen depositstomi metd d ivivelh Rreedr c tsiecwris ons of
of all the experimental groups oké g entsd iiam ende w ia e
redicalaa200 Om.

The anal ysipernff ot hedhigwdig aveaairedtdhfe ar ea of
spots in the Iliver parenchyma. The qgqua

Sirrieuds positive arnedast hien reFdurcg hdcowp i gpr U
value comparable to those.fdobeddi hfehen

CA
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positive arearB@RBWweandHHABPD versus the O

statistically significant
Sirius red
P Fi gdr7. Quantification of Sirius

sections from the three.ldiivfdrer eni
150000 SSS
sections of ani mals of al | the e
with Sirius fRe@®. o adim0 mhksgwapé, con:

for each experi m@&allails grestp. f «lrlu

100000
)
Dunndéds test for multiple comparis
anal*%y*sis00.0005.

50000

4. 2.2 RECK evalwuati on

RECK i s antarngneotv aitnihviebi ti ng i nfl ammator
MMPs in QMASH. t at iuse oP CRtlwa®e x pfr eRBREEGKo.n lon
the group of miceA, adrhien insRINAr eedx pwietsts i 0@
compar HE@m otu@ . TWwhriss soe £ Wyt it hrae dpmr alt yed ins
| es®@CAreaumergul apedt RECKt o vaDugsohpagh
(Fig. 4.8)

RECK mRNA expression RECK protein expression
1.5+ $s 34 § 88
c A
- £
g E 27 110 KDa - "smme S8 sy Reck
<>::<. '3 55 KDa - s W wmmm Tubulin
@ =
o) ] ad Q X
2 < & @ S
o4 &
£ S
o0
& LK
& 8
&
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Figur ®RE€CK8gene and prtenmo dX0pnaesi giackcm.nsi dered f
experi menKausWgdlbup. test foll owed by Duwmaés tes
performed for Wetsatteirsnt ibclaolt abnaanidysgrip® 0. *PPoOOEd on

4, 2 . B8t M x metall oproteinases

Data generated Dm.c®hl abdi aii,ofFowidazi one | RCCS F

I'taly.
Hepati c ek hsasabroepreontzymes involved in fi
role in extracellular matrix remodel l in

stude,nztymecttiicvi ty and tr ans2crainpdt-OWkSp r e s
expl ore@. abbPwietssed throughlvealyend gt da@h
treat ment r ks deowdnsitth@icdoynotr el group. Th
bet ween the HFD awdasHBEDaOCAtgraupy si gl
expression eneal uad&tei omsadnfsi found anal ys
di fferences wWéFegmht. gluamit MV eRemtiziyona t ¢ fc
activity and tcamfsicrmed thkxe r-2(sFidg)n g4b. 100
Again, #@nradnyssdrsi pMas not st @dtipsacitteraén g tsh
validated wha2. found for MMP

MMP-2 activity MMP-2 mRNA expression
20094 85 8 2.09 .
c Lhi | 5 .
S 150 A 5 18 R
o
> 1001 5 107
5 S
a X o054 2
o 509 E
04 0.0-
N Q s
& F & F
¢ K >
< &L
X s

Figure 42 9actMMPi ty and mRNA expressi ofr oftmo tlhG t h
ani melrse considered forLewelhs exfpegweneatmpl ggodeo
the aobhopagekeepxmg eRSPdnafld aGAPRHK)presoeredi mar 2
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ongay ANO&/At foTulevesdt bfyor mul wiapl @pec éd mp ameidsdms
anal*pOos*P500. 00 5.

MMP-9 activity MMP-9 mRNA expression

* %
250
‘ | 1.5+
200

A
150 1.0

1004
50 ii
0- N 0.0-
S K <3 N QO
NN cﬁ} &

X

& o
< X

0.D./mg protein
mRNA expression

Figure 491G.ctMMPt yexpmrdesmRNA in the tHreohexper.i
10 anwermad sconsidered forLewelhs exfpegweneeat mpl g3 od @
on theohvesageepixmpg eRSP®Narfd aGAPRM) refsksrewds kassl 2
Wallis test followed by Dunnds test for multipl
*n 00. 05.

4. 2.4, TIMP1 and TI MP2

Il nhi bimedrad | ofp(r DIt MPrs@a siensvol ved in the f i
their expression increased during NASH
i nvestigated i n tshiigsn ilpifGcpaendte dtrhdeh staroaungshe r
expression hef adhMRLstrati on significant
expression, in comparison witlhrtofu gene
4.11)
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TIMP1 TIMP2
1.5+ 1.5+ *
o c *
2 S |
§ 1.0 g 1.0
a s
3 . )
S 05+ n S 05+
[a a4
€ ﬁ E €
0.0- 0.0-
N Q e N Q
&K & &K xooV
& &

Figure 4.11. TIMP1 and TI MP2 mRNA expireesi bhopsi
were homogeni zed forxtphesasvalnuamni @ meofdilhdRidehlesnt e

ofgyene expression were normalized on RBP9 amedag:é
GAPDHNd expr®fdBreodn #&anttomal s were considered for
KrusWadll is test followed by Dunnés test for mul:

anal*poOids 05

4. 3. 3b TGF

TGHlplays a role in chronic liver di sea
(Dewi dar et ldls. ,ro2@®19%as investigated f
fibrogenic meichawbdms wuBedheor this pr
expression wa s eval uated, as -bweRNA as
expression did not show Tahmeye r dimfofliledfen ce
bwer e al soahegi mhrkrae exgreirgil2yednt al groups
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a TGF-B mRNA expression b TGF-B serum concentration
2.0 1500
s
2 154
2 ' 1000 "
2 = A
g 1.0+ un % .
ot a
g 500 I
X 054
0.0- 0!
& £ &F & £ &
& X &° & X0
& &

Figur2eTAFbt ranscri pt expression and serum concen
gr oualsi.ver biopsies were homb@GdmREAdexXpreddieon vi
di fferent experimental groups. eRxrpoenr iSmd oteadle bgri anaj
of gene wameoeassildar ed orfth otuhsee ke e mpe egfesnPedsn a n d

GAPDEHNd expre®<digseram 2ol l ected from the animals
assess the cofbckeonrt rbactti hiKmauysWaahTddFp ) t est f ol | owed b
mul tiple comparbesbneowasapesfocmeddi fferences ca

The reduction of dispersed aoidhagead@dcbi
in metall oprotease actmRNA ye xapurdeest sti@o nDICH
ef freecitndtchrec @ d ®aal mimdtstrati on has a posit
caused by NASH.

4, 3 Liver i nfl ammati on

4, 3. 4b I L

I 1 family cytokines are ondg Dafnatrlked Ilmai
For the curbxmtn cemdalryasgiiso,n liln t he serum
was assessed. No relevant differgeghicgs w
4.)013

CAE
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Figur@& | @b Toncentration énthseeaem

IL-16
8 experi mentSalr ugr cwpd ected from the
4 was analysed to asselsRetstud t s 0 nweea e
69 o8 . expressedrFraost gig6 mani mals were cons
E 4- experimental-Waglrloiup .t Kstuskall owed b
g mul tiple comparisons was perfor med
24 be appreciated among the groups.
O_
Q v
cf\QngXOO
é‘o
4. End ot hel i al nNi ppriotc eoxi deveynt

The emergendptrhelle adf ni (erNiQdb no xihdee rseygrutl ha
i ver vascul ar tone has been described
(Cunningham. &t akppr2éd@0pNOSFiguoeeidn 11}
decreased i n HFD group c o mplhproe@CAwi t h
admi ni satrirrad riiel@N @S e x pwaess sfcoounmpdar ed t o v a
HFDQr oufpi g. 4. 14) .

eNOS
1.5 * S
A
140 KDa - W W cNOS
% 1.0 L et
E 55KDa - e WM WM Tubulin
N g
S 054 & &L &
< i
&
0.0-
QL &K
&R o
&
s
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Figure 4.plrdot ee MOSexpression i n thlei vtelrr ebei ogxsp ersi
homogeni zed f oeNOBreoew@ald eaadiom o the di fferent
4t o 6 animals were consid&eetdeforbkathbaerngser ame
ri githte. results were nor malKrziesitadlbr st hestubol |l owe
test for multiple dompatiasospiOdadsSmpanil gsmesd

The correlation betwegenseNOShproueberex
per ifd edalpi cted in Figure 4. 1®CA |IMmi ghheer
l evel s of eNOS expression correlate widt
correlation value for HFD®OCZARghoapp WVa
i nferi ofrFitgo .04..0155.

eNOS protein expression/number of droplets

1.5
_ CTRL
% ° HFD
5 104 o P05 e~ HFD+OCA
3 r=-0.7024
<
(_\/)/ 0.5 [ ] v. ®
o r=-0.6565
e
o r=-0.5589

0.0 T T T T 1

0 20 40 60 80 100

Number of droplets/field

Figure 4.15. Negative correl atvieams ulse tt heee nn uemMb@S
dropl eteN/Ofsi et din expression i n tahned dtihfef enruemnmbte re xo
dropletenpeéeri stEihalveee dteiemn sForome l4datteod 6 ani mal s wer
experi menAtsaslocgradu m.n bet ween parameters was eval
(nor malslty i buted variabl es) .

Togetthlseer data confirm a positive ,asfectt
reduces | i verchveli egartd r lobllil éev @bchi ieds , al s o b e
shown to be effective as it increases e
accumul ation and cohéagpnefubaeisomdepbsR

been associated with a reducti o®CAf h e

¢ YaYa
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Therseess lUppdrhteed déeae tnmpoatud XaR iroelcyopfda goni st
such as @CA,veododlaod i ail cali mbeedenet opme

i nnovtahteirvagpeemp d..cnhnd s
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5.1 -BRbé&analysis r epvheeanl oetdy p a c |
popul ation in end stage |iver

Data gebnyerirt.edGr i bben and TIMRC Ga mabnraikdi gse, SNed mh c@an
CambriddepulKi shed.

NAFLD is a pathology characterized by
first hit, but more severe conditions ¢
called end stage | iver disease. At. this
To study the regenerative process that
sequencing wasl iple¢gmpsimes Dnomb/ydatientest
NAFLD/ NdiSsSHeaseds severity. Nucsamid wenre ec
by FACS. Awédr ¢ hethjugdeédty coqualoiltwnmuc
were consider eEdvefndruatiHey ,amedk 8i9a encdu.c | e

Disease Num.ber of Percentage of Nunnagleeri of
status patients patients post -QC
Healthy 4 8.5 7,104
NAFLD 7 15 10,388
NASH 27 57 45,530
Cirrhosis 4 8.5 5,297
End stage 5 11 31,490
47 total 99,809 total

Tab3.el1 Representative table of the biopsed4q% that
l'iver biopsies from patients aff eoead kkty ndkiifdfeeres

the study.

Bi oi nf or maagndMA®@rsa Imesieshogen beatgedmupi had
Mohorianu, head of Bioinformatics & Sci
Cel | Il nstitute (Cambridge, UK) . The c
(M9, 426) and chol angiocytes (n=5,412).

¢ YaA
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they mostly overlap independently of th
revealed <clear transcriptiomalfi cimamged
hepatacgttehe cell popul ation mostly aff
When the single nuclei were annotated a
cholangiocyte and WwWep&lihed The chustdgree
charactepheedt ppi bicell s that express b
mar ker s.

By annotating the cells according to th
that the c¢bri dgiembgfé npucpludiatdfonc eddirsgidsd |
cl udgt r1l (b) .

a Cell types b Disease stage

UMAP2
UMAP2

UMAP1 UMAP1

© Hepatocytes @ Endothelial @ Macrophages @ Healthy @NAFLD @ NASH

@ Cholangiocytes @ Neutrophils @ B cells 1 @ Cirthosis @ End stage

@ Stellate @ Lymphocytes @ B cells 2
Figbdrd Singl e snag | @fi NRARLDapMAresswong cell ann
al |l di seasebppMABeshpwat hbpCdi sease stage.

A UMAP including only hepatocytes and c
generated. The presence of a hybrid cel]l
be constituted by an intermediate popul
anadhol angi ocytes.

¢ YuA
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To study which markers are differential
pseudoti me analysis was performed. A tr

cluster was dr awh,2 as sTthdaven ainm ltyhse sFirge.v

strongly expressed by the intermediate
visualize the markers

Pseudotime 1 Mar kers expre
a the pseudotir

Scaleq 3210-1-2
expression

Cholangiocyte
markers

UMAP 2

o 5 a
UMAP 1

@Chol angi ocffé pat ocytes

Cholangiocyte-like-
hepatocyte markers

Hepactocyte
markers

Pssudotime ———
Cell type NEEENI—

Fiug® 2. Singl esenqu cil deeciim oH NAY ¢ eemyatteo cy t ea) PMAaPs toifci t y
chol angiocyte and hepatocytes from end stage NAF
pseudoti me trajectory followed for the identifi

popullaHeanmap representing the changes of the ex

Pseudanhamgsis provided the expression o
These markers were divided into three
hepatocyte markelriskepa)t mehbeasngi onytee es

¢ YaA
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chol anbi-lbeydttocyt e mar ker s resul ted i n
correspondence of the c¢bridginge popul a
Two transcription factordtbeppteoekyitdgadm
were sfedorectedt her ©SOXds ninlghaetkiLdatrise t wo p
plasticity marker t hat could play a k.
chol angiocyte and hepatocyte popul ation

5. Yal i dation of &0OXrde sanido rK LiFr6
| i vers

Data gebnyerirt.edGr i bben and TIMRC GGal nabnraikdi gse, SWNed rh c@an
Cambri dgepulblKi shed.

SOX4 and KLF6 are two transcription fac
cbridging (pFbpa Ma vahé date the presence
end stage I|ivers, i mmunofl uorescence st
stagesddtsiswm@oOnsi dering OEBH§3 hay) htei pauv e N«
is composed al most ex@lresisv elkgR TALIB dhemprad
bile ducts,examrdeddedTswdantadt adaloB. no SOX4 p
in the p@Onenhbkeyma her harcdst aiimmuingo fol nu oe
Il i ver ti ssue shoWwkidg.duSARB &) sr eact ihoomm
expressed,l oaorkdeskiielh ¢ oueldlesl by coll agen. O
the presepherotofpibci -€xeprldesss tAleBndcKRIND.
Regarding KLF6 presence, no spots are o
transcripteaprtasedr wi $hcalLB and KRT19
i ndicating t-hlkepoepriac G&EBlg bb i

o YulE



+r N 8§ BHK « Xz ®«

Healthy liver tissue End stage tissue

FigbriBn viavodati ehodtanddidelpbeocytSeOXmarikmerheal t hy

end stage Ilinveurn osfd autoircerssc.ent st ai m@mdy eomd hsetadgeh y
sect(ibddl.B8 is visible in green, KRT19 in white, S
visible in blue in -plhenotnyapgiec.c cExlalnspl| &rse ofoibnit e

Scalebar=30 Om.

Regarding KLF6 presence, nho spots are o
transcriptieapreascsedr wi shcdlLB and KRT19
indicating t-phrrepoteypine deca@tinlb) i ( Fi g

¢ %G
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Healthy liver tissue End stage tissue

Figbrden vavodati eahodtfanddhelpheocytkd Friari knerheal t hy
end stage llinvmeurn osfdautoireerssc.ent st ail m@mdy eomd hsetadgehy
sect(ibofmlsB i's visible in green, KRT19 in red, KLF
visible in blue in -pthheenoitmapde. cEXdmplaese @foimit ed
Scal ebabssdal &mar =15 Om.

5.083vel opmeint widtdedvd f or the s

cel | pl asticity

Pl asticity is a phenomenon that adachcurs
t wo main population of Iliver cells: cho
organ is injured, these cells transdi f-

Since the direction of the transdi ffere

not been completely clarified yet, in t

¢ ¢ Ya
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For the reason explained above, part 0
di f fiem emibtdred s mhmt c male pl adtaipgiemnysv ipvy @ c
To achieve tihiesigedl i npatahepts i(cl CcOsgl ar
and hdeéesShbeepdat oc\Hepwme( EoPsed.

5.3.1 Transdi fherahepatiocn cbab
organoiadsnodel of <cell pl asticit

I ntrahepatic cho¢l £Ogi)weaengemee s o e pend od idf f er

patients. For this work, 2 cell l'ines d
and Btétl | Il i nes3eddar isvueady ef rpacami ent s6 | i v
welCIL:ZL1,GHhd CLCQ@Q. tiuerxepdansi on medi um ( EN
i nousnpdhesTwi deproduce the cell pl asticit
transdifferentiation following tHachrot
et al. rQaaonbis (trrednfefoe rwintthi (aD N wee d iau
small, dense saplheé c &indeusblsr faphiBegsnv)i .t h

HL1 HL6 cL2 CL103 CL108

Fi§5.5. Transdi fi fna rreaarhteipattii aon cdfo lBan ggihd dy ted do ri grearmgeis
cultured in expansion media (topFromw)l eafntd tdo fifieg
HL6, CL2, CL103, CL109 cell $éamlesharde25%e@mfrom

5.31 h. Giintvresti gation of Dbipotent cel]l

¢éé
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I ntrahepatic cholangiocyte organoids su

di ffe
i magi
wi t h
subj e
prese
demon
obt ai
good

rentiation medium were fixed with
ning. HL1 cell 1 1i ne Owagsa ncoa ndssi dweerreed
ALB and KRThHhehotgppl|l ofe tthiee chiol a

cted to tr anrsrdeiaftfeedr ecnetlilast,i oML B |enx pC
nt: as expected, it was hnEMeadhat
St r aet etdr atnhsadti ftflrer enti ati on protoco.
n bipotent cell organoids by wusing
model for the study of Iliver celll

& A



+r1 N8 AR « Xz ®«

=
Ll
O
T
=
[m)]
O
I
Figure 5. 6. Il mmunofluorescence staining of in
transdi ff &L&8ntsiiagtniadn.i s visible in green, KRT7

Scalebar=100 Om.
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5.3ChoRangiocyte, hepatocghe,enapdeps
i n transdilfCifOsrenti ated

Gene expression of | COs subjected to t
guantitative PCR. Hepatocyte markers we
increasdd eiame®d®Morganoi ds, but the diff
statistically significant. On the other
signi higaetrd yenatDMd c ed ulst uhed Uée mp £dVs BINB 4
is highereamedMcel |l s, condpiot minmg cehé sp

popul mRNAnNNeexspsi on of KRT7, KRT19, and S
interesting to see that KRT7 awundl KRT &€
organoids. SOX9 expression, a marker of
in EM t htamedtnedMcel | s.

CYP3A4 HNF4A
ALB S 88
150 i 80 1 4+
S [ ]
5 5 5
2 1004 u = 2 34
2 - § 40 2
Q o o
a i o 20+ (% i
s 5 107 s 1 .
< < <
Z Z Z
[ 0+ @ 5 X 14
£ £ £
S0t—— 0- 0-
EM DM EM DM EM DM

Figure 5. 7. MRNA expressilom otfr ahlsBl, f C¥P8AH®I a tHeN
chol angi ocytTeh eo rvgasénuneosd ma |l i zed on the average o
expression (PBGD, RPLE'PA)raeddM ¢ rpsxespace §dsome d
stati st iocfalp aareeanideysEdrsa ndeitsrtired bou e s p ewdt & wedd ue was
considp®@do5; ** pO0.005.
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SOX9
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Figure 5. 8. MRNA expression of KRT7, KRT19, S
chol angi ocytTeh eo rvgasenuoedsd mal i zed on the average o
expression (PBGD, RPt'PA)raddtexpsées®edWascaxon |
statistical anal ypdrsamdt rpiac adned trri ick ulathidoerdso,p rveasl puee

considep®@d05; ** pOO0.005.

The heatmap in Figure b5t.#Re pahtooveeydt es onreer ke
are involved in cell plasticity. KRT23,
pl asticity mar ker s and for t his reaso
chol anggaoryitees owas evaluated by qgqPCR. K
DMt reated organoi desulntatrreelr otrlyamoi ds EMT
appreciable for SOX4 transcription fact
expression of tdef frearr kiens adisd aniosti cal
throughout t he experiment al groups. I
considerably higher in organoids cul tur

cultured with expansion medi um.
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KRT23 SOX4 KLF6

0.6 8 31 $S

0.4

0.2

mMRNA expression
mRNA expression
N
1
MRNA expression

0.0- 0- 0=
EM DM EM DM EM DM

Figure 5.9. MRNA expression of KRT23, S0OX4, KLF®6
in the ¢bridglThgevwompebsabi ored on the average o
expression (PBGD, RPE'PA) raddtexpséesoedWasca@axon
statistical anal ymdrsamdt rpiac adned trriick wathiloerdso,p rveasl puee

consi gpedded.5;*P pO0. 005

53 . FR20r wBr dgr ammirngred hepatocyte

|l nducednhpluripotent stem cells can be
cell , typesudi ng Thoe pad lhice/Roes svidfn idg r gammil n g
pr ot(oFcoaFR)s u s e dh e poatodbaydte isr)d Modenet i cal |l y
hi PSCs. The @@r atagycso If rloans tt hTeh ed acye lolfs t aree
as hi PSCBunritng atyhd .f ol | owi ncgr edaatyn® ntohh ey e

around dawnsferemti ati on. Cells oivergre
Fig.), 5ba0 they did not | oseshape-Bepnor ph
cells are visible in the plate.
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Fi grk0. Forward programmed hi PSCs HalPémBhet he t |
white arrows indicate overgrowth spots on the ce

5. 31 8. wiatl ri d aR a-Rep =0 f

To confirm to FHeewe @it atimedernrdP of
i mmunofl uorescence staining was Rer for

expressions were explored. Mipsrtotoefi ntshe

Fiug.&..111 mmunof | uor e sFooePhetpaskt ai nFogwafd Progr ammi
ALB signal i 8 mnrgdeeDAPHNIFdA bl ue. Scal ebar=100

5.3.2.2 mMRNA expresHdeps evaluation o
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Toroweotrect completsidofidelr emnh & idR & @omi nt
Fo-Repsquant iwagdrvfeorPn@eRdh t o check the ge
hepatmaryk®Bdres .val ues were compared with t
l' iver tissue |l ysate (HT).

The transcript expression of hepatocyte
was investigated. Considering ALB expre
similariti eseplsetamedenprFoPary human hepat
pri maryepamaaoythes is not always easy an
than expected. From the graph reported
enormously higheHeps, PWHelexapa elsA P i s
in -AHeps and PHH.

ALB CYP3A4 HNF4A
500 20 1.0
154
S 4004 =2 5 S 08
a g 104 5
2 300+ 2 5 2 06
Q e o 4 o
é = % é ] é
< 2004 < 044 < 044
Z : 2 Z
IS 100+ c 0.2 S 0.2
0 T T 0.0- 0.0-
FoP-Heps PHH FoP-Heps PHH FoP-Heps PHH

Figure 5.12. MRNA expresdliaont ohnaAdlBf FH2MEB idraot neHdN |
hi PSlChse vwadmersmal i zed on the average of housekeep

and expr®'ssed as 2

5.3.2.3 CYP3A4 activity

To evalRioaRepgstheti onal ity, CYP3A4 functi
since it is an important oxidizing enzy

Compared with primary human hepatocytes
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Figure 5.15. CYPBRAA4acadtviitiyt.y

normali sed per <cel lFHenpusmbaefrt e(rmi2 0l i

CYP3A4 activity

4x107
3x107
2x107
1x107+

of forward programming (n=4) and

(n=4) .
2x106 5

| 5 (] I
1.5x106
1x106-
[]
5x105
0 T T

FoP-Heps PHH

RLU/ml/million

5. 80X4 andaKhFéfgfunctoonl EQ9
and -HepPs

Bi oinformatic anal ysi s made us able t«

expressed in the c¢bridginge population
reported in figure 5.2, two transcript
SOX4 andAsKLgFréevi ously shown, their pre
observed by i mmunofl uorescence on tic

demonstrated the expression of these ma
Heps, further valtihdeastei ntgwot hneo dreellsi afboirl ittt
pl asticity process.

To understand mor e i n detail s their
overexpressed i n | @QesriasHbewdslolR harso uigrh Hie

transducti on

54 . 1 Gai n of function exper.i

chol angiocyte organoids

SOX4 and KLF6 gain of function experi me
pl ate using anfoM@lel pquwalr at o vE@t ors to
pol yelwraesn added T The tkReEel mi were selected fc

2 mg/ml, and for more 2 days with purom

¢ ¢ C
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Thanks to the design (0GTRLU)&secroen tfriou o rveese
both in green and red, for the presenc
construct. I't was possible to monitor t
organmifeédst ed owi KhdFSOXHA were fluorescent

red.

5.4.1.1 SoOX4f ugnacitni on expehowmemnthatont

transcription factor is toxic to cho

Organoids were infected wiAé$ iSOXids ovi iT
t fe gau.rle6only faweS8OX4M organoi ds Mamwi ve
more contr ol organd®ohids stehgajte $Fodx 4 no vtehree )

i s not compatireinewailth | COs self
 Brigiifbatiig VU;H:
“-GO"'J' 4-7 -ILT--N ..a
5IERE ¥ 8
£ t e
nl
o : ! .
= F p
O
el
2
Q
[
£
3
o)
w
Figbrkbenti viral infection for th8OXX&ereke@ctisemnc

monitored by theimédraltlienh.cS&rcal elbavets®r Om.

SOX4 gain of function experiment on

| COs, infected with control vector and

have been subjected to transdifferenti

¢ AW
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Huch and c(oHucahb certa tabfr.ts,er2 0l1b5)days of tr ar
treated with DM showed a smalilsebl andr oa
i mages below (Fig4 bnileéyrrieesdwlitCs |t ¢ hlkee S

in green, even if those cells have been
hdbeen sil enaead ian stoheondlilrsn the toxi ci
CTRL-infected SOX4-infected

SOX4 gain of function experiment on

At the end of transdifferentiation, mRN
Thexpressi oMLBf CGOR3 A4, AF RJ KiATO,A 1 KRTHN,
KRT19, SOX9 was estimated by normali zir
genes, PBGD and RPLPWas$®Xdapgpede bupries
any relevant difference between the cel
controllhicsnesh.servation suggests again tfF
Sox4 AbserdedL8d MRNA expression resulted
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subjetcrdaasf erenti ati on. CYP3A4 gene exp
DMtreated cells intcempadi soerswifbh- bloé hl
infected groups, as well as for AFP. B
the gene in CIRK4 IPwWoampd i 8 increased i
corresponding EM grdaps. sTheght ktyrechatgerck r
| COs than in the ones cultured in EM. C
expressi omMcel |l swehannin EO cmodter edRDT
KRT19 markers are increased by the tran
showed a decreasing tr engdr oiulmkde nf ftead ggenttt
these data confirm that Sox4 expression
the toxic effect rendered di fficult t
transdifferentiation.

-

SOX4 Fi gbrd8mRNA expBOX8¥nohCO$ transdu
109 with control vector or SOXM4heector
081 val wesneor mal i zed on the average o

0.6+

expression (PBGD, RPLPO) and expr ¢

0.4+

mRNA expression

0.24

0.0

ALB CYP3A4 AFP
0.008 0.010 0.0008
c c c
5 5 0008 s
2 0006 2 2 0.0006
0 1%] 0
g ©  0.006 <
£ 0004 3 £ 0.0004
[} [} ()
< < 0004 e
4
Z 0002 g £ 00002
€ £ 0002 £
0.000 0.000 0.0000
& & & & & & & S N
& & g G & S S
&P &L &L &L AN SIS

Fi gB®rdemRNA expression of hepatocyt e nlahrekwew asle uddedsB,

normalized on the average of housekeeping genes
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APOA1 HNF4A Ki67
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Figbir 20mRNA expressiofanfd AXRI@B&1ly alHNES wer e nor ma
average of housekeeping genes ex®tession (PBGD,

KRT7 KRT19 SOX9
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Figbr 21 mRNA expression ofi nKRTC/Os KRTaln9,d uS@Xl9 wi t h
or SOX4 vector and hter vyvwmd uefsthrat emedabedt he averag
genes expression (PBGD¥! RPLPO) and expressed as
5.4 KILF26 gain of function experi ment
As putative plasticity marker t@al soves
overexpr esisnefdedtne KLHLWL6 | COs. As shown in
organoids were infected with the contrc
well s were the same for both SOX4 and |
they were run in parallel at the same

contrariwi satetbeB8O8dAganoi dsg,nflectth dc comrtgra

showed

a
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KLF6nfected cell s wer e mor e r-esf st tad
organmhuwus,., KLF6 overexpression seems t (

renewall

Brightfield

CTRL-infected

Brightfield

KLF6-infected

FigBr@&2zntiviral infection for tBeabebaexpb6s®dmor

KLF6 gain of function experiment on

KLF6nf ected organoids were sulfjHacthedtt @
201f59r 15 days. ®WMtdrnefeereemd i @fti bhe i mag
fluorescence were taken and gPCR was p
admi ni stered with DM resulted to be sma

ones with EM.
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CTRL-infected KLF6-infected

EM DM EM DM
Brightfield Brightfield Brightfield Brightfield

Fig6r2lransdifferenti at hbacbtShkcal R2bsakl=R 0 Om.

KLF6 gain of function experiment on

Quantitative PCR waXLpérftoramesdcript evVvelk

0.5

KLF6 expression ianifrerfceectdednleCGOs i¥s imor
higher in the ones that were subjected
expression is incre®sedtihe tsaames dirfefnar &
both cell I ines.

KLF6 Figu3e24 KLRABRNA expression i n tran
Cl's transdifferd@hti avedes@®i zed on t he
é 10 of housekeeping genes expreasiadn (P
act
<
g
£
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The expression of AL B, CYP3Ad4Il t wmrnedd AIPO

transduced with the control and KLF6 Ve
analysis showed an increased expression
it is cl osetrtecatzeedr corfglarnocEMs. Thde 3tAdend

and APOA1l gene expression analysis.

ALB CYP3A4 APOAL
1.0 1.0 0.08
c c c
5] 0.8 S 0.8 o
B 3 5 o0
g 0.6 L 06 o
g g g o004
< 04 < 04 <
E E E 0.02
g 02 e 02 £ :
0.0 0.0 0.00
Q;o‘“ &S S AP Q@* APy
& Q& Q& & L
& & & &S & E ¢

Fi gbr eA5 B, CYP3A4AMRNMP OAXIlpr essi on on transduced a
| COBhe vwdmesmali zed on the average of housekeep
and expr®!'ssed as 2

Gene expression of KRT 78,09 al RiITalt % da n KRITX *E
resul tleidgher bien contr ol organoids when
onsidered groups. WwWakshlcY emasrekde ra fe xepr & shse
both i n conitnrfod c taendsl i afeblifdfds acnagdeis wer e appr
onsidering SOX9 gene expression.

KRT19

KRT7 SOX9
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Figure 5.26. mRNA expression of cholangiocyte ma
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| COBhe vwdmeersmal i zed on the average of housekeep
and expr®Osad nawvygy OANOVA wabopesfat médipOdl 0&naly

xxxxpO®. 0001

The expression of Uama rnihel @arol mdrek eart i N
expl orer.esitiNFR4ed to be slightly higher

treated ones. Ki 67 expression was high:i
Chol angrn garydiedso cul tured in differentia
capabrliol ictojmcl ude overexpression of KLFG®6

transdifferentiation of cholangiocytes

HNF4A Ki67
03 0.25
H § 020
» »
g 02 £ 015
o s
A 5
0.10
3 o1 z
z E o005
00 0.00
& & &S &S & &S
& L & © & &L
& & & W & ¢

Fighr 27HNEAd Ki 67 gene expression in tralnhseduced
val wesneor mal i zed on the average of housekeeping

expres%éd as 2

54. 2 Gain of funcRo-Prenpsexperi men

Experiments to overexpress putative pl
l enti viraHo-Rego®Sher same viral vectors use
were used -Heelpgso.ef omi RaPy experiments to
to use were perfor med. For the experi me
t o FloB(Repver e i nfected in plate, bet ween
using polybrene to ensure high S$S@OX4cdna
KLF6 viral usediSomsewenoatr ol vector pres
MCHERRY cassettewerntdefllcied l g¢s €6 enfi eRd pedr e d
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i nfectSAXAMKIKEEG viral vector, presented
SOX4 Kalnkd6 vector used had onl yMeEtGFoPd sc,a s
paragr pppditA8p st 4i nfection and fl uorescenceé
96 hours after the infection. The photo
transduction. KLF6 | entivirus seemed to
by thisulvierdud nr ssronger green fl uoresce

Uninfected

Control-infected

SOX4-infected

KLF6-infected

FigBre8Lentiviral infection for tScealoevbearre=x p2r0els sO1

¢ AE
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54. 2.1 Flow cytomEo-Fgptson atsrseersssd utcheed

efficiency

To assess the efficiency of the infecti
Fo-Repvere harvested. FI| owAs ydxpredtred ,wawsn

Fo-Repshowed a ratio of infeantfieoRepm al

infecti owaeffiiaci eacg2. E6-Bbe geha@risiedm rtitregl
fluorescence, t he ones whi ch eantw € rt ee d r
fluorfeeceboth channel s. SOX4 infection

KLF6 efficiteonc@PPpdwllsFequialal vector was
among the ones uskhle fairf ft ehree necxep erd tmeend n

either suggest a difference in tdX¥ qual
overexpression is toxic for hepatocytes
Uninfected Control-infected

280K = R el Q6
o 9.33 "7

FSC-A
MCHERRY

1
[
=
il
=]
@
(=)
=

w479 113

S0OX4-infected KLF®6-infected

FSC-A
FSC-A

10* 0%

103
EGFP

Figbr@9Ef ficiency of infection assessed by wusing
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54. 2.2 mMRNA expressiboPapal ysis on i

To check the overexpression edfeptshe g
transduced with the viral vector s, guar
considering SOX4 marker, i 4 8 f er pHeedpss§& o ®n
than i n xtpheea i ontemdarglad gr comd i r mi ng that t
Il i kpd gbl em®hbi ¢ he ot Herf el &héalp sF KdEhFidgvie @ r
KLF6 | evels than the other groups. The
consi derii mfge KKtLeFd6 ainmdf ¢ diteed ot o WP s

SOX4 KLF6

* %k

mRNA expression
N
1

mRNA expression
>
1

™
& &

g
& o

Fi gbr 8OmRNA expression of SOX4eka#a panid- 6i n- nK LSFOeX 4
infeEeda-WelpFhe vwedmesmali zed on the average of h o
(PBGD, RPLPO) andOrdipmawsgsye cAMGVA2 was perfor med
analy*sp®0. 01

54.. BYP3A4 aocft iivniftede gl FoOP

CYP3Adtivity assay i sHeupsse df unoc teixopnlaolriet yt
the transdifferentiation -Heps$ oicofileciTdae
control, SOX4, and KLF6 Il entiviral vect
activitgrlgimo the one obtained on uni |
values were calculated as Relative Ligl

significant differences were found amon
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CYP3A4 activity Fi gbr81CYP3A4 &oitFieyistfye otne d

2500000 by
RLU/ ml/ million of cel |l s.

the IverttiResubhls are expr

20000004
1500000

1000000

RLU/ml/million

500000

0_
Ul CTRL SOX4 KLF6

54 .42 n wiatlridat-ploenotfyppiic t-Hapsduced F

| mmunofl uorescence staining was p-er for
phenotypftecethe overexpression of the
KLEG6 Cell s were stai®bedckoiSOXUBoaredeKRBT
both in cholangiocyte-Hepganfdiadsagasphweb
5.4.2.2) since we did not observe any i
t hat its overexpression d sphermnxadtcypfiocralt
performed throaoght i smmandd hgoiomk emtPed wi
vector did not show any di f.fléer evacse wforrdn
note, i KdtFatlect bdtcel |l s dFiosHelgadyizg,3 2 0 me

white arrows).
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CTRL-infected

KRT19

KLF6-infected

Figbr82l mmunofl uorescent st-anhebhagRBRapgSc@T R aard 0K
Om.

Pat i-deenrtisved i ntrahepatiamBEo-Re pweenrgei owcsye de |
mo d e | cel Gaipd asft i Ttumgti on e x pterrai nmsednut cst it
were performed to achOxXdeandheWoRGEanspre
fastfound to be higahgdiekpersswidagonhi ¢ce
The transduction on cholangiocyte orgal
manage to generate bipot ehnts caeplplr ooarcgha neon
to obi phancdlylpsKdwhéenr e oV er eFxopfreepsss. e dT hiers
cell s express bot h chol angiHaxwdawer andS(

over ex mras niodn |l ead to any positive resu
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Since NAFLD is a widespread diseasece
attempts have been undertaken to develo
of the disease devel opment toward NASH,

are two keyf compuwanead sf wl strategy for

|l ifestyle is currently the most effecti
strategy typically fails in practice be
changes. Phiasiec &1 asmtdud3i ecsl have examihnec

however t her eavaariel achule ateme ri(tyse mfooi rs i N.AeSH a |

6.1 Obeticholic acid NASSHr t he

NASH represents an i mportant unmet m
t he i ver pat hol ogi cal mechani s ms al |
pharmacol ogical targets and treatment s.

I n thisersunmdlyi |l i rubin i n mice fed v
compared to control mi ce. On the other
in bilirubin values, idhawi nogn a hpeo srietsit voe
values similar to those found in controc

was @dseoorwbddl elsavea®CA restored chol ester
group to valhwes wicwaltarreAdd dnntcé@Owad d yc e d
t hbei | evalei da treated miceBFDoeadgowhkpsl| e
Our analysis showed that OCA has no ef f
and al kaline Ahbsphataseesehessare in ||
demonstratediBbpRBERBt Bneat al ., 20.19; T
Furt hetrhhmovyer weights were restored by O
NASand t hectssamease fafl esTOR | reeBx @mrl tlsad obryat or

Hi stol ogi cal aama&lduysit$ oshowedhumber, 4
t hlei plir @ pilnetlsi ver oppdraé@ mendycma admi nOCGA er ed
Mor eover, OCA administration resul ted

coll agen deposition. These results corr

¢ AA
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(Roth etamd .s up2polr9t) recently descri bed |
of OCA ther apyNASH AfMLoNe iotbhddmobet al ., 2017
TRI bRl et al ., 2018)

I n the present sOGMy, RECKqgsiat ipret efafs
|l i ke molecule anchored to the membrane,
is a <crucial regul ator of extracell ul a
medi ates the inhi2aindMB9n aocft ihvuintayn aMMPv ar
their actiyva@bhien @lascazdl@®1l,; Plearkg hanschic celt
identified RECK as a novel transcriptio
pat hol ogical conditions in mice fed wit
resembl es NAF(LMPe pg ogtr exslS.i , 0020 RE)CK direc
enzymatic aet iawmidt mwegfatMMRI y regul ates i
(Takagi et al ., 20009;t Task aphlaasuhsii belte atlh.at
the acti va thyy oifncMMPasi ng RHEHGKecerpdassti o
MMR2 and-9MMRI ues has been already demon
and reperfusion injury. I nterestingly,
observed after (G€@A radgmionBedctaradstei, cod 02 h)e s e
the role of OCA in théyr epolegfiuil BRECK hh ag
beemplored in this thesis.

The activity and gene& ex pdrOdvistPitoent odC
administratian Iweries ewoarltuhattead aowd-©® MMRB at
activities, assessed through-tzemoegdamhy
compared -fweid hmiHFeD whi ch did not receive

observed consideringterasscngby, ekpeeé:

increase in MMPs in the fibrogenic pro
RECK is supported bgxphes snRNA laFeode Ipghoed f
first ti me, it wa s possible to associa

met al | opexp rexsrmmiscanavfittédye ad mi ni s tTrhaetsieo n
observations post he wdsXeppemithsditeh e educt i @

|l i ver fibrosi s
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Met al |l oproteinases reduced activatio
accumul ation, fibrosis, and hepatic ste
be nvolved in ECM secretion and fibroge

met al |l opr ot e(iTnlaMPel Jalmdaean dez2n demonstrat
MMR9 and-2MMPespBcewveltyrhakeiyr BAPOERssi on
to increase during fibrogenesi-snvadieve
bi omar ker i n NAWdADg aentd aNNMSH R® 1Bi)ght of
TI MP1 and TIlI MP2 gene expr eDLiAome avtaessd emip
showed ower | evel of both TIMP1 and TI MF

TGHB i s a pl eiotropic cytokine t hat
proliferation, di ffe(®obieyi am,d drd WO |

study performed in 2011 by Yadav-band ¢
signalling i n hepatocytes promot es hej
infl ammatory cell infiltration, inflamm
activatdi dn(p¥Y¥aadsavs et dHoweve2©O0ll))n the |
achieved with this project, OCA ¢cdaes no

gene and protein expression.

Some evidence Hmmiss sghroenant Ityh aitnclrleased

NAFLD and that it cdamtwair lbst ENsfaStHoe tp ad |h.o
Gaul et al ., 2021; Mi t suenhti aety dlo. exd
mice treated with obeticholic ac4Hbd sho
release in serum in our analysis.

Who-l ever eNOS activity was demonstr
NAFLD and SMeA$SHon ,etamd .whal0el4dhody eNOS
exacerbat(eheNASH eltn atlhi,s 2t0hle9s)i s pr oj ec
eNOS were assessed to be reduced in the
This finding supports the redWNotzakpoient
2015)A significant increase in eNOS prot
wer e tr ©@Ltkeodmpwairtendf etdo nH Fche .
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Overall, the results FoXRt ada ghtendr sstidge €
eat NASH A pOE€Aseonntes si de effects, such
mp oundbse ccoounlsdi dered as valid alternat

i ng asntaditbked i Nt eresting to study the e
me model pr op,geintéthoer btehsits pporgosjiehcieta t s
ffer NAGHf r om

2 Liver cell pl asticity
Numerous studies in ani mal model s ha
chanisms involved in |iver regenerat:i

ve been suggest:edi )t ol iowerurs tienm ame Inad
tivated and di f(fMiryeanjtiinaa peti nglo.c,n edvaicde
y transdifferentviade (Demga keeépatlt ocytdd
, 2017 ; Rusisieil ) lkrepat ocy2&d49and chol e
to liver progenitor cells {(Bucksebra
15; Ki m.etHoaMetveesr@ 0h® 3 hani sms do not s
mans . Numer at ¢ edsntot dssiheesd Haweht on t hi s,

il no Thiarl aokweff sknowl edge is due
For this study, single nuclei RNA an
ages of the disease was performed. A

ridgingeée popul ati on bet ween hepat ocy
alyssndgerds derived nuclei. These ce¢e
d hepatocyte markers and cDlué dl dtet are f
|l ieved to be associated with regener:
ogressikromAtih Bl ysiishiofexdmpredalsenhg t he
ettdome trajdeatwoar yf rom hepatocytesotnoe c
anscription factors sétbhoweédupagau lpaetaiko no fl
t hese, SOX4i dentaigfluFe@dt we e e mar kiemr s o f
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NAFLD progression, famd ftulte hSeOnedraes a tbigesesns
found itnvwobged i n fa dwivied opmmegé abdclpr ase
| ymphocyte divfalhe rdeentWeatteirginngn ehearlt. , ard
reproductive sfysBtuem degdelCbpmknt 1999, S
Further mbas, beeni te mammddiervaeti eodp me nt of c
(Poncy etSOxXblense20hs elbuytmiutathad been fou
| ung c(avecdeirnsa et @vari @2mM0®gncearnsdr FIpll &d d
negative liCaamsttrc&eraeme Atl as Resehesé
findings supportl nt addo tsetouadsi ense cheamdeo gdeenn
the invol vement of( JSaXo4 eitn ali.v,er2 0slt8e;a t M
SOX#i ght regul ate glucose met abolism ¢
regul ation of trigtlryickelrlieds shamedladgp | 3 s nT
This | @mgewedotkhsantasiempai rsi geplit bbgidnsagl it o
and blocking its activation.

Similarly, KLF6 has been observed to
devel opment processeskibdsaliasichies @ gan:
pr os(tLeetoew et, ad(yNeask 2@ 9 a ,e ta nadl .o, t( H2e@rd Hdt)iest s
al . ,. 210t01li)s also involved in regulation
(Laitman gegtial pabu@nadée et aasl .wel20 2a0s) i t
(Di onyssi ouwLeFt6 alr.an daclt@nwaltiCst fh@mattags a
keyole in mesdvaei Bep avietl | as otherbprot e
pat hwhiym et .lahas HOOdB)demonstrated to b
stellate cells duringwhemnue ei tacrod e giigireantie s
(COL1)eXx pr es dihanolnd trti wouu-feesa It ion of Rpart ozci eus se t
19918n adKli E6 omas been demonrmsdalactoehdo Itioc bfe
l i ver (Biexcdanmean et al ., ,20wh3;r eMii gl emedti ac
t ol erance and linndseueldi,n irtesrpa)msbeerﬂ de mo
signalsl inmegdi ated by KLF6 activatilTobh3 as
(Bechmann éetintalrest20bd)y, data retrieved
role of tpebsentfansors in the transdi ff
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hepat oc yvtiecse )(vadnrds & ostage ibBlxi eveigvboi dat i o
performed on human i ver -etxipsrsewe i 8 ac toif
chol angiocyte and tdamateodyitve rmarbkudr 1 0itn
SOX4 and KLF6 resulted to be Tehxipsr ecssweldc

explain their involvement in the transd!:
parenchyma when it is subjected to chro
To study Iliverinepilttpd marshd cwée ye @ sved

project-dermiatéecdnitstrahepatic chohliaPhsgdsocy
derived hepatocytes thr dHeplBOEOr wyisd ebso
proven effective i nAdder ditrugyt o fwiceetl Ir e
and col(lHuacghueest , al nfr 20apmadt i c chol angi ¢
treatment with differentiation medium (
well as CYP3IAhemsmed ceNF4 have acquired e
express both hepatocyrtse, aswuc hc haod aogti ok
cytokerfahheayn exX¥press | ess SOX9 than org

medi um (the wusual medium for | COs): as
they begin to | ose the .chTaraancsteenrfii sattieals
reveal ed higher | evel stroafnsS30X4 earecht KlaF

demonstrated -basedt pi atbogmnwasd suitabl

The siemowidded used for cwed |Ibpdadtaori
use of-dbi PS€d hdpaatpagoytoel call ed Forw
devel oped by TomaemandetPhdl le@awidro® 2 hi s

genetmadil fl iyed induced pluripotent sten
hepatocytes in 20 days. The CHassawmc &di
201li3mplies the use of compl ex culture

i ssues can be bypassed with the use of I
produced by the FoP met hod arree gmomreer aftuin
medi ¢iomoedel I i ng orCYP U4 stcr ®@rené migpt | eve

cells at the end of the FoP protocol al
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hepatloickhkg ecel |l s generated throuldepgdiareet
not as functional as primary human hepa
human | iver cell s.

SOX4 and KLF6 gain of function exper
Fo-Reps by wusing lentiviral vector s. Sur
| COs as wedlelpsas SOX4FaR anscript was not
el |l s. Iyt tsheaetmsSOX4dk eolver expr es s ilond eweads, t

O O

ells collected for analysi & haf twderd bdseer
hat did not IrGQseitvrea ntshd&i@vedde hvbirtvh rtulse ma
ave passed sel edtriammms dhite@msatiFiolRiaostei cd ed

- 5 ~

rom the monol ayé&hi prcoul doeepl i@t wlimpa t
analysed by gPCR and i mmunofl uorescence
evel of traNscei pheé btarsasnascdBu@Xedd. | COs we
o transdi fferenti a(tHuocnh tehtr. oaugRhN AHAELID |) g e
erformed on transdifferentiated transd
epatocyte markers, sUccompas eAdlL B,0 Q@&Yom3t A 4
transduced wiCtom sd dretrri mlg v éetser )exper i me

— —

hat overexpression of SOX4 by Il entivir
bserved in the treated cell s.
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On the other hand, over exdrmparesass eoch @d
expression of KLF6 coul d-three ad mpr eocrigatneo

Fo-Re pdawe,vedownstr eatmr aamsad iyfdfi@@ somtn is al tu & & ©

wi tthhe KLF6 wvector did not reveall hi gh
control s. Considerinbephe tehkpeevambonbabia
efficiency indicated the KLF®6 lenti vir

transcriptbLF&nalny $ e FhéPp ssdhewed a signi
in transcmRpeixpmesacoboar This suggests t
gene was sucies yiltdrtofaiondrotohid dlde expl ai ne

considering the highbkveaattdrdtsi olni keefl fyi cti hea
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infection efficiency of KLF6 all owed an
factor, which was not the case for SOX4

Il nt er es tHenpgsl yi,nfFeoch ed wi th KLF®G, but
of differentirad\veadml| bfi rpoont emit P Shse nTohti ysp el si
a very interesting finding because it h
and opens the way for further explorati

mol ecul ar mechanism underl ying |liver re

Globally, these results prmwpadceéehkulwas
pl aswhicthygdwrccurgdnidee s elstesr ewiwolr klse f oc
on itrhwol vementmetfiead dgaf er eht f uSncntcieo nt hee

use of Il entiviral vectors provéedst belka

o

onsitderesle PiggyBac vectors with induc

—
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on hiPSCs: after antibiotic selection,
sur viirvaen.sf ecti ng Hhe pP&HtCwo i thesd ieradr emds e t he
of the procedure.

I n par avloluéd Id, ailts o be inteofsnichgor
experiments. I'n this waytothbeerogpmrseds
pl asti cictow!l da dteortshor oughly explored. F
transcription factors SOX4 andbrKLHEga,ngot
cel l popul ation could be evaluated and
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No-al coholic feattiyg lki wdir odiseasul ti f e
affects 25% of WwWdrel dlwisceen spo ppulogtriesrs.es t
to the most s evsetraeg ec olnidiiletei oshi sodfy seerfd t h e

l eading to inflammation and | iver fibro
i mportant for research i nlthd sneave phear ntcao
this thesis work, in which the effects
acid on an ani mal model Fwr t NeArSmio rwed, rt eru cs¢
model s, an attempt was made to cl ar i f

regeneration.

I'n the Iight of the results obtainec

1.0beticholic acid has a polAS3H vaes eiftf
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dropl et accumuf a bdreepao s®iitdi roand.lel, a PER | 1
t heeNOS expuepPoIréemaggitdaife eidd® he regul
of liver vascular tone.associated t
2.For the first time, the upregulatior
a reduction of hepati c Ofdétnalano pamitm
modelNA&SH. Further moupeporhtkeedi dtetsnal It thsa
modul atFiXikn refaepodborated with a contr
crucial role in the pathogenesis of
are avytahd arbddckeul ati on of mMBEBpGEpbgs EXR
netwher apeut iicn atphper ocaarhterso | of progr e
NASH

3. Twon piatdborms for the clarification
wer e empl oyed for t hiderithedi 3 ntpr @
chol angiocyte organoid (1 COs) trans

successful. Hepat ocoyiganonadsk e wer ee x p
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through transdifferentiation medi at
factors. Furt her mbearei, v efdu nttd pHodrnesd )y thei

were produced following Forward Pr
genetically modified lisnnduced pl uri pc¢
.The identification of two transcrip

plasticity -stageringerndesdase was
sequencing of single nuclei from ti
stages ofTwohed notiesreeasstei.ng transcripti
were identified for further analysis
on ehdge |liver tissue sections showe
reinforcing our hypos$sthiesisyon their
.SO0X4 and KLF®6 gain of function e X |
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enables us to obtain bipotent hepat

chol angiocyte markers.
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