£ BCHC

EMAAR AR I S )RRk AN =

Bionanomaterials for Current Health Challenges

Treatment of Nonalcoholic Fatty Liver
Disease (NAFLD) with Nanozymes

School of Biotechnology and Health Sciences,
Wuyi University , Jiangmen

September 5t , 2023

£ S KERF 5

Gregori Casals, MD, PhD
Biochemistry and Molecular Genetics
Hospital Clinic
University of Barcelona



Dinamarca
/ Regne Unit PRl Al
: Bielorissia
Irlanda J Polonia !
- Alemanya | v
RS Lo el Ucraina
{ Austriaf A Kazakhstan
) Mongolia
Francar-’, L Romania =
] ) italial AL S s . BY y
Barcelona A Uzbekistan i guizistan
‘ Grécia : i (S o8
Portugal Turquia . Turkmenistan : ,
e o : - Xina e
3 vE iria del Sud
Tunisia pjeditarrania Iraq Afganistan
Marroc Iran ; Mar de Ia
f SN Pakistan : Xina Oriental
eri e . Nepal o
Alghria Libia Egipte : e |
Sahara g 2% ( ,
: Arabia . ) {
Occidental ‘ n = 3
e Saudita india Myanmar_ .~ t  OJiangmen
Dig A Oman (Birmania) Ma
Mauritania Mali Nicer ) Fi
ig AT
Sudan Tailandia
S Txad lemen Golf de ‘ U
et 8:;::8 ¥ ' v Golf d'Aden Mar g Arébia Bengala Vietnam Filip ®

Clinic
Barcelona

| UNIVERSITAT os
BARCELONA




Global prevalence of NAFLD
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A significant proportion of the world population has NAFLD

True prevalence is unknown -> estimated about 25-30%

Adapted from Younossi et al. Gastroenterology. 2016



Global prevalence of NAFLD
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Figure 2: Geographical differences in the prevalence of NAFLD worldwide
The data represented are from a collection of reports from 1994 to 2019. An interactive map illustrating the prevalence and incidence of NAFLD worldwide is
available online.®

https://kaplan-nafld-ucalgary.hub.arcgis.com/

The prevalence and incidence of NAFLD worldwide: a systematic review and meta-analysis.
Lancet Gastroenterol Hepatol 2022;7:851-6.



Global prevalence of NAFLD

Hepatic steatosis with no evidence
NAFL = f hepatocellular injury

NASH [N Hepatic steatosis and inflammation
20% with hepatocyte injury (ballooning) with

or without fibrosis.

Only a minority of patients with NAFLD progress to NASH (Nonalcoholic steatohepatitis)
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NOMENCLATURE

1986 NAFLD: Nonalcoholic fatty liver disease

Nonalcoholic fatty liver disease. Prog. Liver Dis 1986;8:283—-98

2020 MAFLD: Metabolic dysfunction-associated
fatty liver disease

A new definition for metabolic dysfunction-associated fatty liver disease: An international expert consensus
statement. J Hepatol 2020;73:202-9

2023 MASLD: Metabolic dysfunction-associated
steatotic liver disease

Delphi consensus statement on new fatty liver disease nomenclature. Hepatology 2023



DIAGNOSTIC

Hepatic steatosis in adults
(detected either by imaging techniques, blood biomarkers/scores or by liver histology)

Overweight or obesity Lean/normal weight
(defined as BMI 225 kg/m? in (defined as BMI <25 kg/m? in Caucasians
Caucasians or BMI 223 kg/m? in Asians) or BMI <23 kg/m? in Asians)
i ™y

If presence of at least two metabolic risk abnormalities:

* Waist circumference 2102/88 cm in Caucasian men and women (or 290/80 cm in Asian men
and women)

* Blood pressure 2130/85 mmHg or specific drug treatment
Plasma triglycerides =150 mg/dl (=1.70 mmol/L) or specific drug treatment

Plasma HDL-cholesterol <40 mg/dl (<1.0 mmol/L) for men and <50 mg/dl (<1.3 mmol/L) for
women or specific drug treatment

Prediabetes (i.e., fasting glucose levels 100 to 125 mg/dl [5.6 to 6.9 mmol/L], or 2-hour post-load
glucose levels 140 to 199 mg/dl [7.8 to 11.0 mmol] or HbA1c 5.7% to 6.4% [39 to 47 mmol/mol])
= Homeostasis model assessment of insulin resistance score 22.5

* Plasma high-sensitivity C-reactive protein level =2 mg/L

Y, A

MAFLD

(Metabolic dysfunction-associated fatty liver disease)

J Hepatol 2020;73:202-9



TREATMENT OF NAFLD

« There are no specific drugs approved for NAFLD treatment

« Vitamin E and pioglitazone may be used in selected patients with NASH,
but effects are modest

Treatment
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Weight loss GLP1 agonists Drugs
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Vitamin E Pioglitazone
.. |
Limited v v '
Does not Conflicting Does not
decrease reports decrease
fibrosis fibrosis
Drugs for Mon-alcoholic Steatohepatitis (NASH): Quest for the Holy Grail. Mithun Sharma, Madhumita Premkumar et al. Journal of Clinical and

Translational Hepatology, 9,1, 2 2021

« There are no effective medical treatments

J Hepatol 2020;73:202-9
Endocr Pract 2022;28:528-62



Pathophysiology of NAFLD

mu

and NASH

Itiple hit hypothesis

Genetic and epigenetic factors
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Metabolism 2016;65:1038-48



Nanozymes to treat NAFLD?

SR

Nanoscale 2021;13:8452-66
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Cerium oxide nanoparticles (CeO,NPs)

CeO,NPs (4 nm)

3 « 5 & 1 &8 9 W
Li Be B CN O FNe
n 13 B 415 6 17 [
Na Mg Al si P S CIAr

uuuuuuuuuuuuuuuuuuuuuu

uuuuuuuuuuuuuuuuuuuuuuu

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
5 56 57 72 73 M 75 76 77 78 79 80 Bl 82 83 B4 85 86
CsBa - Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

87 8B 8403 104 105 106 107 108 109 MO W M2 M3 W4 WS He w7
Fr Ra - Rf Db Sg Bh Hs Mt Ds Rg Cn uut Uuq Uup Uuh Uus Uuo

68 69 0 n
o Er Tm Yb Lu
100 01 102 103
s Fm Md No Lr

=8

Y

& T2

60 6l 62 63 64 65
L P Nd Pm Sm Eu Gd Tb
89 a0 92 93 94 95 96 o7
Ac Pa U Np PuAmCm Bk

Qs
m

Ce,0,+0,” > 2Ce0, + 1/50,

Ce+3 &e+4
. /

Ce,0,+0, +H,0 «=—2Ce0, +H,0,

Ce:rare earth

CeO,NPs:“Redox buffer”

Superoxide Dismutase and Catalase mimetic catalytic activities

“Non exhausting” free radical scavenging

Liver tropism

Remain long time in the liver

Casals E & Zeng M et al. School of Biotechnology and Health Sciences, Wuyi University, Jiangmen




HYPOTHESIS

CeO,NPs

are protective antioxidant and anti-inflammatory
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ROS: Reactive Oxygen Species




RESULTS IN VITRO (agueous solution)

AQUEOS SOLUTION OF H,0,
Europium-tetracycline assay

800 1
Em Vehicle
6004 H CeO;MNPs (10 pgiml)
=
=
" 400-
!
I
200+
0-
P
CeO,NPs (pg/mL) &
CeO,NPs (4nm) reduction of Effect of CeO,NPs (4 nm) on H,O, levels
H,O, levels in aqueous solution after addition of H,0O, (150 pM) up to 5 times

CeO,NPs reduce H,0O, levels in aqueous solution




RESULTS In vitro HEPATIC CELLS (HepG2 cells)

Transmission
Electron
Microscopy
(TEM)

Normal field — Darkfield

CeO,NPs are uptaken by human hepatic cells (HepG2 cells)




Effect of CeO,NPs on cellular ROS

RESULTS In vitro (HepG2 cells)

CELLULAR OXIDATIVE STRESS CONDITIONS (H,O, induced)

Effect of CeO,NPs on cell viability

DCF-Fluorescence
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CeO,NPs reduce intracellular oxidative stress and improve cell
viability in hepatic cells cultured under oxidative stress conditions




RESULTS In vitro (HepG2 cells)

CELL CULTURE CONDITIONS

Vehicle Steatosis Steatosis+CeO,NPs
HEPATOCELLU
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RESULTS In vitro (HepG2 cells)

EFFECT OF CeO,NPs ON FATTY ACID

SATURATED FATTY ACIDS
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METABOLISM IN HEPATIC CELLS
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EXPERIMENTS In vivo (Rats)

NAFLD: Nonalcoholic Fatty Liver Disease

Wistar rats

!

Methione and Choline
Deficient Diet (MCDD)*

!

Steatosis NASH

- J

Cirrhosis

* Methionine and choline
deficient diet (MCDD) leads to
macrovesicular steatosis,
hepatic injury and
Inflammation in rats




EXPERIMENTS In vivo (Rats with NASH)

Protocol 1 (pilot study). Steatohepatitis was induced by a MCDD for 3
weeks in Wistar rats, which were randomly administered intravenously
(iv) with CeO,NPs (0.25 mg/kg; n=5) or vehicle (TMAOH; n=5).

CeO;NPs (0.25 mg/kg)
.2 TMAOH (0.5 mM)
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EXPERIMENTS /n vivo (Rats with NASH)

PROTOCOL 2. MCD-diet induced steatohepatitis in Wistar rats (5 groups; n=10/group).
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Hepatic messenger

CeO0,@mSiO, vs Vehicle

Au@mSiO, vs Vehicle
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(GC-MS)

METABOLITES
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Nano-biomaterials
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Viability (%)

Cell viability
HepG2 cells

T T = H,0, 0 mM
100+ - L 100 = H,O0,4mM
1
T S o * Ll
- < CCD J *%k
>®
= c
50 5 °
‘| © 504
> 2
0 = & ¢ o ¢ ¢ 0
SR 7 7 &) . Au
5 5 £ 6 g ¢ mSi0, Ce0,@ AU@ AuCeO,@ DMEM
g 2 o = mSio, MSIO2  msjo, 2



NADH oxidation activity

AUNPSs (4 nm)
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Conversion of NADH to NAD*
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PATHOPHYSIOLOGICAL ROLE OF LOW NAD* IN NAFLD

Hepatic
' steatosis EPodenecs

SREBPI

Fatty acid

oxidation ChREBP
Li pm 1 /
Acctyl CoA PGC1(1 NE-xB
SIRT‘I
Inﬂammatnon \ | N AMPT ‘
MNAM TNF-q, IL8, IL6
SIRT3
NA
e (NNMT)
NrUlNATs Salvage
pathway s NAM

miR-3da ——  [INAMPT]

Signal Transduct Target Ther 2020;5:227

ONGOING EXPERIMENTS

Evaluation of NADH oxidase activity in vivo
Study of the metabolome of the liver



SUMMARY (1)

1. CeO,NPs reduce H,0, levels
In vitro - Human hepatic cells (HepG2)
2. CeO,NPs are internalized in the cytoplasm

3. CeO,NPs reduce oxidative stress and improve cell viability in

cells treated with H,O,

5. CeO,NPs reduce fatty acid content in an in vitro model of

hepatocellular steatosis
In vivo — Rats (NASH)
6. CeO,NPs reduce liver steatosis and IL-13

7. Ce and Au are mainly distributed to the liver after I.v.
administration of NPs (CeO, and/or Au @mSiO,)




SUMMARY (2)

8. CeO, and/or Au @mSIO, NPs reduce liver steatosis, ALT and
hepatic expresion of inflammatory and steatosis genes in a rat

model of NASH

CeO,NPs and AuNPs may be of therapeutic value in
NAFLD
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