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INTRODUCERE

Afectiunile hepatice cronice sunt o problema majora la nivel mondial, cu
consecinte importante asupra sanatatii publice, atat din punct de vedere financiar, cat si
din punct de vedere medical si umanist. Acest tip de afectiune, in anumite cazuri, poate
evolua Inspre ciroza sau chiar carcinom hepatocelular (CHC), doua patologii care au o
morbiditate si mortalitate ridicatd (1). Incircarea grasi a ficatului de naturd non-
alcoolica (i.e. NAFLD), este o afectiune cronica hepatica, cu o prevalentd in crestere la
nivel mondial in ultimele 2 decenii. NAFLD este lipsitd de simptome in cele mai multe
cazuri, iar evolutia acesteia poate fi evaluata prin masurarea nivelului de afectare
hepatica. NAFLD porneste de la etapa de steatoza hepatica, evolueaza la steato-hepatita
non-alcoolica (NASH), si apoi spre fibroza, ciroza sau chiar CHC (in anumite contexte).
NAFLD este considerata manifestarea hepatica a sindromului metabolic, cu consecinte
importante asupra metabolismului lipidic si glucidic. Acest mecanism este bine
prezentat in teoria celor ,doua lovituri” (i.e. de 1a ,the tow hit theory”), postulata de citre
James et co. Prima lovitura este considerata a fi acumularea de grasime in ficat care duce
la dezvoltarea unui ficat gras (steatoza hepatica). A doua lovitura este aparitia si
progresia inflamatiei in ficat, promovand evolutia de la steatoza la NASH, forma mai
severd a NAFLD (2). In NASH, triada alcituitd din 1. acumularea grasimii, 2. inflamatia la
nivelul ficatului si 3. afectarea hepatocitar3, joaca un rol negativ ce poate duce, in cele
din urma, la aparitia fibrozei hepatice (3). La nivel mondial, prevalenta NAFLD este in
prezent estimata la aproximativ 25% din populatie, cu diferente importante in functie
de categoria In care se efectueaza studiul (4). Acest lucru se datoreaza in principal
schimbarilor in nutritie declansate de consumul crescut de dieta tip ,fast-food“.

STADIUL CUNOASTERII

Fibroza hepatica este descrisa ca productia excesiva de matrice extra-celulara
(MEC) sau tesut cicatricial din diferite surse, dintre care cea mai importanta este
reprezentata de celulele hepatice stelate (CHS). Fibroza hepatica este un pas important
in progresia NAFLD-NASH si, in anumite conditii, poate conduce la o progresie a bolii cu
consecinte ireversibile asupra arhitecturii hepatice (5).

Panda in prezent exista mai multe teorii privind fiziopatologia si evolutia
afectiunilor cronice hepatice. Subiecte importante de cercetare se concentreaza pe
intelegerea fiziopatologiei si a evolutiei fibrozei hepatice in contextul incarcarii grase a
ficatului, i.e. NAFLD. Un punct cheie in intelegerea acestui proces este identificarea
mecanismului de activare a CHS si a productiei consecutive de MEC. In aceasta teza
propunem sa investigdm aceste mecanisme pentru a intelege mai bine procesele
implicate in evolutia fibrozei hepatice si pentru a identifica posibile viitoare tinte
terapeutice pentru tratamentul acestei afectiuni (6-8).



Pentru a studia aceste celule am dezvoltat o metoda imbunatatita de izolare a CHS
delarozatoare utilizind o procedura de perfuzie si separare a celulor (Studiul 1). Partea
experimentala din teza mea de doctorat s-a axat pe studierea rolurilor a doua proteine
in fibroza hepaticd, si anume a PRDM16 si TRB3. In literatura aceste doud proteine au
fost studiate in contextul procesului fibrotic in diferite modele la animale si la om. Prima
proteina, PRDM16, un factor de transcriptie, s-a dovedit a fi implicata in diferite tipuri
de transformari celulare, care se aseamana cu activarea CHS (Studiul 2). A doua proteing,
o pseudokinaza numita TRB3, a fost identificata ca fiind un factor cheie implicat in
diferite procese fibrotice 1n alte organe, cum ar fi rinichii, inima si dermul (Studiul 3).

Aceste studii aduc noi informatii in categoria cunostintelor actuale cu privire la
posibile mecanisme de actiune ale activarii CHS in timpul fibrozei hepatice. Sper ca
prezenta lucrare va deschide calea catre identificarea noilor oportunitati de cercetare
care vor contribui la imbunatatirea intelegerii fiziopatolgiei si tratamentului fibrozei
hepatice.

CONTRIBUTII PERSONALE

Materiale si Metode

Studiul 1: Am perfuzat ficatul rozatoarelor folosind diferite enzime, asa cum este descris
in partea de Materiale si Metode a Studiului 1 din teza. Am imbunatatit o tehnica de
perfuzie si izolare care foloseste enzime de tip pronaza si colagenaza pentru a digera
diferite celule din ficat (i.e. celulele care mentin structura hepatica) si ce permite izolarea
exclusiv a CHS prin efectuarea unor centrifugari (inclusiv o ultracentrifugare cu
gradient) si spalari ulterioare. Am evaluat puritatea lor si am folosit CHS izolate pentru
a efectua diverse experimente.

Studiile 2 si 3: Am lucrat pe CHS primare, precum si pe GRX, o linie murind de CHS.
Hepatocite primare, precum si celule Kupffer (CK) au fost utilizate pentru a studia
expresia TRB3. Au fost folosite diferite modele animale (CCL4, MCD, dieta cu continut
ridicat de grasimi si glucide) pentru a induce fibroza hepatica. Am lucrat in mod specific
pe CHS, dar si pe hepatocite si CK. Pentru izolarea CHS am folosit protocolul descris in
Studiul 1. Pentru restul experimentelor am folosit tehnici bine documentate de
cuantificare a proteinelor si ARN-ului mesager (cuantificarea mRNA prin q-PCR), dupa
cum este descris In sectiunea Materiale si Metode din Studiile 2 si 3 din teza de doctorat.



Studiul 1. O metoda robusta, rapida si reproductibila folosita pentru
izolarea celulelor hepatice stelate din soareci de tip C57/BL6

Ipoteza de lucru: Scopul acestui studiu a fost de a dezvolta un protocol imbunatatit,
simplificat si repoductibil pentru a izola CHS de la soareci de tip C57/BL6.

Rezultate: Folosind protocolul modificat, am reusit sa izolam, in medie, (1.02 £ 0.34
x108) CHS pe soarece (n = 11). Puritatea celulelor a fost evaluatd utilizind markeri
celulari cum ar fi albumina pentru hepatocite si F4/80 pentru celulele Kupffer (CK).
Desmina, un marker a CHS, a fost utilizata drept control pozitiv. Expresia mRNA a fost
(1+0.24) pentru albumina, (1.39 + 0.32) pentru F4/80 si (271.48 + 7.8) pentru desmina.
Am efectuat apoi un experiment de auto-activare, prin cultivarea CHS primare pe placi
de plastic. Am observat o schimbare a fenotipului celulelor, din celule sferice ce contin
lipide (ziua 1) spre celule in forma de stea, asemandatoare cu miofibroblasti ce contin o
cantitate scazuta de lipide (ziua 6). Rezultatele noastre arata ca expresia genicad a unor
markeri ai activarii CHS si ai productiei de colagen (i.e. xSMA, respectiv Collal si Col3a)
a fost semnificativ crescuta in CHS 1n decurs de activare. Ca atare, in ziua 6 dupa cultura,
expresia mRNA a fost crescuta de pana la (3.41 + 0.97) pentru aSMA, (3.52 = 0.29)
pentru Collal si (2.29 + 0.52) pentru Col3al comparativ cu valoarea mRNA a acelorasi
markeri 1n ziua 2. Apoi, am indus activarea CHS primare izolate folosind TGFf1, cea mai
puternici citokind implicata in activarea CHS. In urma acestui tratament, expresia genica
a fost semnificativ crescutd pentru aSMA (2.10 * 0.18), Collal (2.29 + 0.14) si Col3al
(1.52 % 0.14) comparativ cu grupul martor. In cele din urm3, am testat sensibilitatea CHS
izolate la transductia adenovirala. Un randament de transductie de aproximativ 40%
pana la 50% a fost observat in CHS in ziua 6 dupa transductie.

Discutii si Concluzii: Studiul 1 descrie un protocol imbunatatit pentru izolarea CHS de
la soareci de tip C57/BL6, unul dintre cele mai frecvente tipuri de soareci utilizati pentru
studierea fibrozei hepatice. Comparativ cu celelalte protocoale deja publicate in
literatura de specialitate, protoculul nostru prezinta toate detaliile necesare pentru
obtinerea unui numar constant de CHS viabile. Am obtinut un numar ridicat de CHS
folosind protocolul nostru si, astfel, celulele izolate sunt viabile, fractia celulara este pura
si acestea pot fi utilizate pentru diverse experimente. Limitarile protocolului nostru
includ contaminarea in timpul procedurii din cauza utilizarii incorecte a materialelor si
o potentiala variabilitate a numarului celulelor izolate atunci cand sunt utilizati soareci
tineri (<3 luni). In plus, grisimea peritoneali excesiva ar putea si scadi vizibilitatea la
nivelul venei hepatice in timpul perfuzarii ficatului si, astfel, sa limiteze capacitatea de
perfuzare (de exemplu soareci pe dieta MCD, soareci obezi etc.). In cele din urma,
soarecii cu fibroza hepatica avansata au o depunere excesiva de MEC, necesitand astfel
un grad mai mare de digestie hepatica (trebuie luata in considerare cresterea volumului
de enzime digestive).



Studiul 2. PRDM16 mediaza activarea celulor hepatice stelate si
fibrogeneza hepatica

Ipoteza de lucru: Scopul Studiului 2 a fost de a cerceta rolul PRDM16 in activarea CHS
in contextul fibrozei hepatice.

Rezultate: In primele experimente ne-am axat pe studierea expresiei genice a PRDM16
in ficatul unor modele de rozitoare cu fibroza hepatica indusa de tratamentul cu
tetraclorura de carbon (CCL4). La aceste animale s-a observat o crestere a expresiei
genice de pana la 4x fata de control. De asemenea, expresia proteici a PRDM16 a fost
crescutid semnificativ fatd de controlul corespunzitor. Intr-un mod similar, in ficatul
total al soarecilor hraniti cu o dieta deficientd in metionina si colina (MCD) am observat
ca expresia mRNA a PRDM16 a fost de pana la 2.8x mai mare comparativ cu probele
control. Similar, 1n acelasi experiment, expresia proteica a PRDM16 a fost semnificativ
crescutd la animalele hranite cu dieta MCD fatd de animalele cu dieta normala. in al
treilea model animal, soarecilor li s-a indus fibroza hepatica de natura colestatica prin
ligaturarea canalelor ductului biliar, blocand fluxul acizilor biliari la nivelul ficatului. in
ziua zece, am observat o expresie genica crescuta la aceste animale, atat pentru PRDM16
(4x), cat si pentru aSMA (10x), comparativ cu animalele de control. In urmatoarea etapa
experimentald ne-am axat atentia asupra expresiei PRMD16 in CHS ale animalelor
tratate cu CCL4. Expresia mRNA a PRDM16 a fost marita de pana la 4.2x in CHS provenind
de la animalele tratate cu CCL4 comparativ cu animalele control. Am izolat celule
hepatice de la animale sanatoase si le-am cultivat pe placi de plastic pentru a declansa
un proces de auto-activare celulara. Expresia mRNA a PRDM16 in CHS activate a fost de
pana la 3x mai mare fatd de celulele inactive. Intr-un alt experiment am stimulat
activarea CHS prin tratarea acestora cu TGFB1. In celulele tratate cu aceasti citokind am
observat o expresie genica de 2x mai mare pentru PRDM16 comparativ cu celulele
control. In urmitorul set de experimente am studiat expresia genici a PRDM16 si micro-
ARN-ului (miR) 133 n timpul activarii CHS. Am observat o crestere a PRDM16 de pana
la 4.2x in paralel cu o scadere a miR133 de pana la 3x, In ziua 7 comparativ de ziua 0
(cultivarea celulelor). Urmatorul experiment a fost sa blocam expresia genica a
PRDM16, ceea ce a condus la o scadere semnificativa a expresiei mRNA a doua tipuri de
colagen (Collal si Col3a1) in CHS. In final, printr-un experiment de imuno-precipitare
am detectat o legatura la nivelul proteinelor SMAD3 si PRDM16.

Discutii si Concluzii: Am aratat pentru prima data o corelatie intre expresia hepatica a
PRDM16 si evolutia procesului de fibrogeneza la nivelul ficatului. Explicatia acestei
corelatii vine din rolul jucat de PRDM16 in activarea CHS, evenimentul initiator al
fibrogenezei. Am aratat ca expresia PRDM16 este crescutd in ficat, in mod special in CHS.
Apoi, am aratat ca PRDM16 este necesar pentru sinteza de colagen datorita activarii CHS.
Acestrol este, cel mai probabil, asigurat si prin interactiunea sa cu SAMD3 (prima echipa
care aratd aceasta interactiune in CHS).



Studiul 3. Expresia TRB3 in timpul activarii celulor hepatice stelate

Ipoteza de lucru: Ipoteza de lucru a Studiului 3 a fost studierea rolului TRB3 in
dezvoltarea fibrozei hepatice in contextul NAFLD-NASH.

Rezultate: Am analizat expresia TRB3 in ficatul total al animalelor cu fibroza hepatica.
Expresia mRNA a TRB3 a fost de pana la 10x mai mare in ficatul animalelor tratate cu
CCL4 comparativ cu animalele control, dupa 10 siaptamani de tratament. Expresia
proteicd a TRB3 a fost detectata prin imuno-histochimie si a prezentat un nivel scazut in
ficatul animelelor control, pe cand, la animalele cu fibroza hepatica, expresia sa a fost
semnificativ mai mare. Am studiat expresia TRB3 in diferite celule din ficat. In hepatocite
expresia mRNA a TRB3 a fost semnificativ mai mare (de pana la 5x) la animalele cu
fibroza hepatic3, comparativ cu animalele control. In CHS, la 4 siptimani dupa debutul
tratamentului cu CCL4, expresia mRNA a TRB3 a fost semnificativ mai mare la animalele
fibrotice (de pana la 60x) comparata cu animalele control. De asemenea, expresia mRNA
a TRB3 a fost mai mare In CHS activate, atat in timpul auto-activarii celulare, cat si in
timpul activarii induse de citokine. Nivelul expresiei mRNA a TRB3 a fost de 3x mai mare
in cazul auto-activarii si de 2x mai mare in CHS tratate cu TGFf31 comparativ cu celulele
control. Blocarea expresiei genice a TRB3 folosind o metoda siRNA a blocat aproape
complet activarea CHS, observatad printr-o scidere semnificativa a expresiei genice a
markerilor de fibroza, aSMA, Collal, and Col3al, atat in GRX (linie celulara) cat siin CHS
primare.

Discutii si Concluzii: Obiectivul acestui studiu a fost studierea rolului TRB3 in fibroza
hepatica. Experimentele noastre pe modele animale de fibroza hepatica au demonstrat
ca expresia genica a TRB3 este semnificativ crescuta in ficatul animalelor cu fibroza
indus3 de tratament cu CCL4, comparativ cu cele fira fibrozi. In plus, grupul nostru a
identificat doud surse pentru aceasta crestere in ficat. Prima sursa este reprezentata de
hepatocite, in care expresia TRB3 este crescutd de pana la 5x la animalele cu fibroza
hepatica comparativ cu animalele fara fibroza. A doua sursa este reprezentata de CHS,
in care expresia mRNA a TRB3 a fost crescutd de pana la 60x in celulele provenind de la
animalele cu fibroza comparativ cu animalele sanatoase. Munca noastra demonstreaza
ca expresia genica a TRB3 este considerabil crescuta in mod special la nivelul CHS si
invalidarea expresiei genice a TRB3 in CHS primare conduce atat la o scadere
semnificativa a expresiei genice a markerilor de productie de colagen, cat si a markerilor
de activare a CHS (i.e. aSMA si TGFB1). Mai multe studii sunt necesare pentru a identifica
mecanismul molecular de control al acestei actiuni si potentialii parteneri ai TRB3 in
activarea CHS si In propagarea semnalului fibrogenic.



ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE

Aceasta muncad are mai multe elemente de originalitate. In primul rand, in
decursul studiilor mele doctorale, alaturi de colegii mei, am reusit sa imbunatatim o
metoda de izolare a CHS, una din cele mai dificile tipuri de celule de izolat si de purificat
din ficat. Fata de alte protocoale deja publicate, aceastda metoda permite izolarea unui
numar mai mare de CHS viabile, cu un timp de izolare si purificare acceptabil din punct
de vedere tehnic. Acest protocol este descris in detaliu in Studiul 1 din teza de doctorat
si are ca avantaje majore: rapiditatea, reproductibilitatea, si un nivel ridicat de
granularitate a detaliilor din descrierea metodei de lucru. In Studille 2 si 3 din tezi ne-
am axat pe intelegerea rolurilor a doua proteine, PRDM16 si TRB3, in fiziopatologia
fibrozei hepatice din cadrul evolutiei NAFLD si NASH. Este pentru prima data cand o
echipa de cercetare studiaza aceste proteine in CHS, drept dovada ca, pana la prezenta
lucrare de doctorat, expresia PRM16 si a TRB3 nu a fost cuantificatd in CHS. De
asemenea, suntem prima echipa care aratam ca activarea CHS este complet blocata, in
vitro, datorita invalidarii expresiei genice a TRB3. Mai mult, suntem primii care
demonstreza o legatura fizica intre PRDM16 si SMAD3 in CHS, in contextul activarii CHS
stimulata de TGF(1.

in concluzie, prin munca realizati pe parcursul doctoratului meu, am contribuit
la Intelegerea mai buna a implicarii PRDM16 si TRB3 in fibroza hepatica. Speram ca
munca noastra sa fie inceputul unei cercetari care sa elucideze complet mecanismul
implicarii acestor doua proteine in fibroza hepatica si care sa se traduca prin
descoperirea unor tinte terapeutice noi pentru tratarea acestei probleme medicale.
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INTRODUCTION

Chronic liver disease (CLD) is a major burden worldwide, with important
consequences on public health both from a financial perspective, as well as from a
medical and humanistic point of view. CLD can evolve into end-stage liver diseases such
as cirrhosis and even hepatocellular carcinoma (HCC), two conditions that have a high
morbidity and mortality risk (1). Non-alcoholic fatty liver disease (NAFLD) is a CLD, with
an increased prevalence worldwide in the last 2 decades. NAFLD lacks symptoms in
most cases and its evolution can be tracked by assessing the different stages of liver
injury. NAFLD ranges from benign hepatic steatosis, to non-alcoholic steatohepatitis
(NASH), and even fibrosis. In time, NAFLD can evolve in certain situations, to cirrhosis
and even HCC. NAFLD is considered the hepatic manifestation of the metabolic
syndrome with important consequences on lipid and glucose metabolism, well
represented in the “two-hit” theory first postulated by Day and James. The first hit is
considered the accumulation of fat in the liver, leading to fatty liver or hepatic steatosis.
The second hit is triggered by the progression and development of inflammation in the
liver which will drive the evolution from steatosis to NASH (2). NASH is the more severe
form of NAFLD. In NASH, the triad of fat accumulation, liver inflammation, and
hepatocyte injury plays a detrimental role, and can eventually lead to liver fibrosis, a
more advanced form of liver injury (3). Worldwide, the average prevalence of NAFLD is
currently estimated to be around 25% (4). This is due mainly to changes in the
nutritional lifestyle triggered by the increased consumption of the Western Diet, also
called the “fast-food” diet. During the evolution of NAFLD, an important event is the
triggering of the hepatic fibrotic response, as defined by the excessive production of liver
extra cellular matrix (ECM), a crucial step in the evolution of CLD.

LITERATURE REVIEW

Liver fibrosis is described as the excessive production of ECM or scar tissue from
difference cells, of which the most important one is represented by the hepatic stellate
cells (HSCs). Liver fibrosis is an important step in the NAFLD-NASH progression and, in
certain conditions, can lead to a disease progression with irreversible consequences on
the liver architecture, in some cases leading to the development of cirrhosis or even HCC
(5).

To date, there are several theories regarding the physiopathology and the
evolution of CLD. Important research topics focus on understanding the
physiopathology and evolution of liver fibrosis in the context of fatty liver disease. A key
point in understanding this process is to identify the pathways through which HSCs
activate and produce excessive scar tissue in the context of liver fibrosis. In this thesis
we propose to investigate these pathways in order to better understand the processes



involved in liver fibrosis evolution and to identify possible therapeutic targets for the
treatment of liver fibrosis (6-8).

In order to study these pathways, we first embarked on developing a repeatable
and sustainable method to isolate hepatic stellate cells from mice and rats using an
perfusion and isolation procedure which we improved (Study 1). The bulk of our
research focused on studying the roles of two proteins known to be involved in fibrotic
processes in different organs from several animal models and in humans. The first
protein, a transcription factor called PRDM16, has been shown to be involved in
different types of cell transformations, which resemble hepatic stellate cell activation
(Study 2). The second protein, a pseudokinase called TRB3, has been identified as a key
factor involved in different fibrotic processes in different organs in humans, such as the
kidney, heart, and derma (Study 3).

The work that was done during my PhD will add to the current knowledge
available in the literature regarding the pathways involved in hepatic stellate cell
activation during liver fibrosis. We hope that this work will pave the way to the
identification of new research opportunities, which will help advance the understanding
of liver fibrosis evolution and treatment.

PERSONAL CONTRIBUTIONS

Thesis hypothesis

The main hypothesis of the thesis was to study the involvement of two proteins,
PRDM16 and TRB3, in hepatic stellate cell activation and liver fibrosis development.

Materials and Methods

Study 1: We perfused the livers of rodents using different enzymes, as described in the
Materials and Methods part of Study 1, found in my PhD thesis. We improved a classic
perfusion and isolation technique, which makes uses of Pronase, Collagenase, and a mix
of the two to digest different cells in the liver (ie. the cells that maintain the liver
structure) and isolate only the hepatic stellate cells by performing multiple
centrifugations (including a gradient ultracentrifugation) and subsequent washes. We
then assessed their purity and we used the isolated cells to perform classic HSC
experimentation. Finally, we tested the cells susceptibility to adenoviral transduction, a
method commonly used to perform genetic modification experimentation.

Studies 2 and 3: We worked on primary mouse and rat cells, as well as on GRX, a murine
cell line of HSCs. Primary hepatocytes and KCs were also used to study TRB3. Different
animal models (CCL4, MCD, High-Fat Diet) were used in order to trigger the development



of liver fibrosis. We worked specifically on HSCs, but also on hepatocytes and KCs. For
the isolation of HSCs we used the protocol described in Study 1. For the rest of the
experimentation, we used well-documented mRNA and protein quantification
techniques, as you can see documented in the extended Materials & Methods section of
Studies 2 and 3 from my PhD thesis.

Study 1. Development of a robust, fast, and reproducible method for
isolating hepatic stellate cells from C57/BL6 mice

Work hypothesis: The aim of this study was to develop an improved protocol to isolate
HSCs from C57/BL6 mice, which could be easily reproduced in other laboratories.
Results: Using our modified protocol, we managed to isolate, in average, (1.02 + 0.34
x106) HSCs per mouse (n=11). The cell purity was assessed using cell markers such as
albumin and F4/80 for known cell contaminants, such as hepatocytes and Kupffer Cells
(KCs). As a positive control, a cell marker for HSCs was used (desmin). We observed a
relatively low expression of both albumin (1 + 0.24) and F4/80 (1.395 * 0.32) in the
isolated HSC fraction as compared to expression of desmin (271.48 * 7.8). We then
performed an auto-activation experiment, plating the isolated HSCs on plastic-coated
dishes for up to 6 days. We observed a change in the cell phenotype, from lipid-droplet
containing cells presenting a spherical shape (day 1) to myofibroblast-like star-shaped
cells with low lipid content (day 6). Our results show that the expressions of aSMA,
Collal, and Col3al were also significantly increased over the 6 days culture period. As
such, at day 6 after culture, mRNA expression was increased up to (3.41 *+ 0.97) for
aSMA, (3.52 £ 0.29) for Collal, and (2.29 + 0.52) for Col3a1 compared to the expression
of the same markers at day 2. We then activated the cells using TGF1, the most potent
cytokine involved in HSC activation. mRNA expressions of aSMA (2.10 + 0.18), Collal
(2.29 % 0.14), and Col3al (1.52 * 0.14), were all increased compared to the control
group. Finally, we tested the susceptibility of the HSCs isolated using our protocol to
adenoviral transduction. A transduction yield of approximately 40% to 50% was
achieved in the isolated HSCs at day 6, following transduction.

Discussions & Conclusions: Our work describes an improved protocol for isolating
HSCs from C57/BL6 mice, one of the most common mouse strains used to study HSCs
and their activation during liver fibrosis. Compared to the other protocols already
published in the literature, ours provides all the necessary details needed in order to
obtain a consistently high number of viable HSCs. We obtained a consistently high
number of HSCs using our modified protocol and the cells were pure, viable, and can be
used for subsequent in vitro experimentations. Limitations of our protocol include
contamination during the procedure due to misuse of material and variation in cell
numbers when younger mice (< 3 months old) are used. In addition, excessive peritoneal



fat might obscure the visibility of the IVC and thus limit perfusion and clamping
capabilities (e.g. mice on MCD diet, obese mice, etc.). Finally, mice with advanced hepatic
fibrosis have excessive ECM deposition, thus requiring a higher degree of liver digestion
(consider increasing digestion enzyme volumes).

Study 2. PRDM16 mediates hepatic stellate cell activation and liver
fibrogenesis

Work hypothesis: The aim of the present research was to study the role of PRDM16 in
the activation of HSCs that takes place during liver fibrosis.

Results: In our first batch of experiments, we studied the expression of PRDM16 in the
livers of rodents with hepatic fibrosis. In animals with CCL4-induced liver fibrosis we
detected an increase in both mRNA (up to 4x), as well as protein expression for PRDM16
versus controls. Similarly, in mice fed with a methionine & choline-deficient (MCD) diet,
the mRNA (up to 2.8x) and protein expression levels of PRDM16 were also increased,
compared to control samples. In a third animal model of liver fibrosis, mice following
biliary duct ligation (BDL), PRDM16 mRNA expression was also increased (up to 4x at
day 10), along with markers of liver fibrosis, such as aSMA (up to 10x at day 10),
compared to controls. We then looked at PRDM16 expression patterns specifically in
HSCs from fibrotic animals treated with CCL4and in HSCs that were cultured on plastic
dishes (auto-activation of cells). In these cases, PRDM16 mRNA expression increased up
to 4.2x in HSCs from fibrotic animals and 3x in HSCs which auto-activated in vitro. HSCs
were stimulated with TGFB1 in order to activate them and we observed an increase in
PRDM16 mRNA expression (up to 2x) as compared to controls. Next we looked at
PRDM16 and miR133 mRNA expression during HSC activation and observed an increase
of PRDM16 (up to 4.2x times at day 7) and a decrease in miR133 (up to 3x at day 7)
versus day 0 (plating of cells). Next, we invalidated PRDM16, which led to a significant
decrease in mRNA expression of both types of collagens (Collal and Col3al). We
performed an immuno-precipitation experiment and detected an enrichment of SMAD3
proteins in the eluates corresponding to the Flag-PRDM16 fractions.

Discussions & Conclusions: Through these experiments, we showed a positive
correlation between PRDM16 hepatic expression and liver fibrogenesis. We explain this
correlation through the role played by PRDM16 in HSC activation, which is the initiating
event of fibrogenesis. First, we showed that among cell populations that increase in
number in the liver undergoing injury, PRDM16 expression is specifically induced in
HSC. Secondly, by focusing on ECM synthesis, one of the features of HSC activation, we
showed that PRDM16 is necessary for collagen expression and that this role is likely
partly accomplished via cooperation between PRDM16 and SMAD3 (first team to show
this in HSCs).



Study 3. TRB3 expression is linked to hepatic stellate cell activation
and liver fibrosis

Work hypothesis: The work hypothesis was to establish the role of TRB3 in the liver in
the context of NASH and more precisely in fibrosis. Specifically, we looked at TRB3
expression in the whole liver, as well as in different cell types such as hepatocytes, KCs,
and HSCs.

Results: To investigate the role of TRB3 in the pathogenesis of liver fibrosis we first
analyzed TRB3 expression in total liver of fibrotic animals. Mice with CCL4-induced
fibrosis had an increase expression of TRB3 in the total liver (up to 10x at 10 weeks of
treatment) compared to controls. TRB3 proteins expression was detected by
immunohistochemistry at very low levels in control animals, while in fibrotic animals its
expression was significantly increased. Next, we studied the expression of TBR3 in
different cell types. TRB3 mRNA expression was significantly increased (up to 5x) in
isolated hepatocytes from fibrotic mice compared to control. In HSCs from fibrotic rats,
TRB3 mRNA expression was highly increased compared to control (up to 60x at 4 weeks
of CCL4treatment). TRB3 expression was increased in activated HSCs, both during auto-
activation, as well as cytokine-induced activation. mRNA levels of TRB3 were increased
up to 3x at day 6 of HSC auto-activation, while its expression was 2x higher versus
controls in HSCs treated with TGFf1. Invalidation of TRB3 using an SiRNA approach
completely blocked HSC activation, as observed by a decrease of fibrogenic markers
(aSMA, Collal, and Col3al) both in GRX and in primary HSCs.

Discussions & Conclusions: The objectives of this study were to research the role of
TRB3 in liver fibrosis. The experiments carried out with animal models of liver fibrosis
proved that TRB3’s expression is significantly increased in the total liver of fibrotic
animals compared to control animals following CCLs4 treatment. Furthermore, we
identified two sources for this increase in TRB3 expression in the total liver. As such, a
significant TRB3 increase was observed in hepatocytes (5 fold vs control), as well as in
primary HSCs (60 fold vs control at 4 weeks of treatment). Our study is the first to show
that TRB3 is highly increased specifically in HSCs and that the invalidation of TRB3 in
primary HSCs leads to a decrease in collagen-producing genes, as well as markers of HSC
activation such as aSMA and TGFB1. Further studies will need to investigate the specific
molecular mechanisms and potential partners of TRB3 in pathways involved in HSC
activation and liver fibrogenesis propagation.



ORIGINALITY AND INNOVATIVE CONTRIBUTIONS

There are multiple facets highlighting the originality of this work. First, during
my doctoral studies, along with my colleagues, we have continuously worked to improve
the protocol to isolate HSCs, one of the most difficult cell types to isolate and purify. We
have managed to increase the yield of viable isolated HSCs, thanks to modifications to
the protocol, while keeping the perfusion time at a minimum. The protocol we have
developed is detailed in Study 1. Its main advantages are rapidity, reproducibility, and
the high level of experimentation detail. In Studies 2 & 3, we focused on the roles of two
proteins, PRDM16 TRB3, respectively, in the physiopathology of liver fibrosis in the
context of NAFLD and NASH. Our work is the first to focus on the study of these proteins,
in this context. Neither of the two proteins have been studied in the context of liver
fibrosis, and their expression levels have not been quantified in HSCs to date. This is the
first time we identify a physical interaction between PRDM16 and SMAD3 in HSCs. Also,
this is the first study to show that HSC activation in primary HSCs is completely blocked
when TRB3 expression is invalidated in this cell type.

Taken altogether, we have managed to advance the understanding of the
disease area, as well as the roles of the abovementioned proteins in organs and
pathologies in which they were not studied before. We hope to pave the way for new,
exciting work which can elucidate the mechanisms through which these two proteins
act in HSC activation and liver fibrosis pathogenesis, paving the path to the discovery of
a new treatment for this disease.
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