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Current therapies

Glucose influx
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Exercise and GLUT4 translocation
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Vicious cycle of senescence and inflammation

in metabolic dysregulation
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Obese adipose tissue (AT)
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Molecular pathways at the interface between obesity

and inflammation
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Molecular pathways at the interface between obesity
and inflammation
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New concepts in metabolic homeostasis
Two Types of Adipose Tissue

a. White Adipose Tissue (WAT) —— Energy storage and thermal isolation
b. Brown Adipose Tissue (BAT) ——> Non-shivering thermogenesis

Mainly present in infants.

Also present in adults, especially after exposure to cold.

Brown Adipose Tissue Activity
(PET-CT with'®F-FDG)

Lean, Lean, Overweight,
Thermoneutral Cold Exposure Cold Exposure

Van Marken Lichtenbelt et al., NEJM 2009

Cypess N EnglJ Med. 2009
van der Lans et al., J Clin Invest. 2013
Lidell et al. Nat Med. 2013



UCP1 (Uncoupling Protein 1) expression in BAT
Cold exposure is a major stimulus for UCP1 expression
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UCP1 expression in BAT

25°C 12hrs 4°C
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UCP1 expression in BAT
25°C | 12hrs °

Brown in White (Brite) or Beige AT: v ctal, Genes bev. 2013

WAT that expresses UCP]. Harms, Seale. Nat Med. 2013
25°C 12hrs 4°C
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Brown and beige adipocytes differ in their origin

Brown adipogenesis
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Excess
energy

- Weight gain

Weight
maintenance

i Weight loss

HEAT

Intake

Expenditure

Table 1  Thermogenic regulators in clinical trials.
Name Identifier Condition Phase
Propranclol NCT03379181 Hyperthyroidism 4
NCTOL791114 Insulin sensitivity, obesity -
Prednisone NCT03269747 BAT activity 4
Fluvastatin NCTO03189511 Brown fat activity, insulin resistance R
RZLA12 NCTO03171415 Obesity 2
Caffeine, ephednne NCTO2048215 Obesity 3
f#3-AR agonist NCTO1783470 Obesity 2
Caffeine NCTO0781586 Energy expenditure R
Zantrex-3 NCT(02937298 Diet-induced themmogenesis, obesity -
Metobes-compound NCTO0302276 Obesity 2 and 3
Tyrosine, green tea, caffeine NCT(02937298 Diet-induced themmogenesis, obesity 1

—Not applicable.

Liu et al. Acta Pharmaceutica Sinica 2020



,Personalized’ thermogenesis

ARTICLE
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Human beige adipocytes for drug discovery
and cell therapy in metabolic diseases

Amar M. Singh'®, Liang Zhang'®, John Avery"®>, Amelia Yin'!, Yuhong Du?, Hui Wang3, Zibo Li
Haian Fu® %4, Hang Yin® ' & Stephen Dalton® '™

3

ADSCs

— <S>
!

Beige adipocytes

Drug screen

A

{ ‘ Thermogenic

agonists

NATURE COMMUNICATIONS | (2020)11:2758



Obese adipose tissue (AT)
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Insulin resistance - Inflammation

Macrophage infiltration and activation in adipose tissue are
causally linked to obesity-induced insulin resistance.
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Weisberg et al., J. Clin. Invest. 112:1796-1808 (2003).
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Phenotypic modulation of AT in obesity
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Interplay between type 1/type 2 immunity in
maintaining adipose tissue homeostasis

Dendritic cell
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Cell-cell interactions in adipose tissue during obesity
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Cell-cell interactions in adipose tissue during obesity
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AIMS

What mediates macrophage accumulation/retention
in the obese AT?

Does increased macrophage accumulation and retention in the
adipose tissue inhibit beige adipogenesis?



Integrins

a subunit

f subunit

Integrins are transmembrane proteins
cells and/or the extracellular matrix (ECM).
Integrins have diverse roles in several biological
pmssesnduﬁng cell migration during

.ancapmmeitacmiﬂsunalsoreglhmm
‘metastatic and invasive potential of tumor cells.
'hdllnmm:sahetenmmofan
usubunit () and a f subunit (@). Asillustrated,
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Integrin Subunit Interactions 24



Leukocyte extravasation
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Macrophage retention assay in the adipose tissue

Donor mice:
WT ( 8 weeks old)
KO (8 weeks old) : VLA4 KO

Recipient mice:
Obese WT (21 weeks HFD)

Adipose tissue

- | .

L

Cell isolation Labelling Injection Analysis
Monocytes
y > > 11 5 7 days
(CD11b+Ly6G-) KO PKH26 (Red dye) KO (50%)
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VLA-4-integrin mediates macrophage retention in the obese AT

SAT: subcutaneous AT
VAT: visceral AT
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No difference in weight in DIO but improved insulin resistance
due to hematopoietic alpha4 (VLA-4) deletion
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VLA-4 deletion reduces M1 macrophage numbers in the AT
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Increased UCP1 expression and beige adipogenesis in obese mice with
haematopoietic VLA-4 deletion
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ELNDOO2 : Small molecule alpha 4 integrin inhibitor
= Improves insulin sensitivity and reduces AT inflammation




Obesity and non-alcoholic fatty liver disease
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Non-alcoholic fatty liver disease (NAFLD)

Most common cause of liver disease in Western countries

Fat accumulation in the liver exceeding 5-10% by weight of subjects with absent or low (<20-
30g/day) alcohol consumption

Hepatic manifestation of the metabolic syndrome (visceral obesity, insulin resistance, dyslipidemia

and hypertension)

NASH (Non-alcoholic steatohepatitis)
fatty infiltration - hepatocyte damage — inflammation - fibrosis

HCC

Carcinogenesis

Healthy Liver Steatosis NASH Cirrhosis HCC

Carcinogenesis

Lipogenesis Inflammation Fibrosis
Fat Steatosis + Fibrotic Presence of
Accumulation Inflammation Scarring tumor
15-40% 5-10% 1-2%
of population of population of population

Turchinovich et. al. Front Physiol. 2018



Environmental factors

* Sedentary lifestyle

* Diet (High favcholesterolcarboliydrate dict)
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Liver fibrosis
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Vicious cycle of senescence and inflammation

in metabolic dysregulation
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Types of senescence

Replicative senescence:

Proliferation

ﬁ

\

Stress-induced
premature senescence:
Oncogenes
Mitogenic signals
Cytokines
Genotoxic agents

p53/p21
Rb

—>» (Senescence

\

L

There are two major mechanisms of cellular senescence

- replicative senescence which depends on telomere shortening or erosion,

predominantly upon aging, and

- stress-induced premature senescence which is mostly telomere-independent and
refers to intracellular or environmental stress factors leading to DNA damage

37
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Both mechanisms induce a complex multigenic pathway
known as DNA damage response(DDR)
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Cellular Senescence Signature

Senescent cells have well defined features, which include:

* Cell cycle arrest

* Morphological change such that cells are enlarged and flattened with enlarged nuclei
* Expression of senescence-associated B-galactosidase (SA-B-GAL) or lipofuscin

* Accumulation of DNA damage foci

* Acquisition of the senescence-associated secretary phenotype (SASP)

* These changes are known collectively as the ‘cellular senescence signature’

Table 2. Senescence-Associated Secretory Phenotype (SASP) Components

Class Component

Interleukins IL-6; IL-7; IL-1; IL-1b; IL-13; IL-15

Chemakines IL-8; GRO-a, -b, -g; MCP-2; MCP-4; MIP-1a; MIP-3a; HCC-4; ecotaxin; eotaxin-3; TECK; ENA-78;
1-309; I-TAC

Other inﬂamma:t[ory molecules TGFp; GM-CSE; G-CSE; IFN-v; BLC; MIF

Growth factors; regulators Amphiregulin; epiregulin; heregulin; EGF; bFGF; HGF; KGF (FGF7); VEGF; angiogenin; SCF; SDF-1;
PIGF; NGF; IGFBP-2, -3, -4, -6, -7

Proteases and regulators MMP-1, -3, -10, -12, -13, -14; TIMP-1; TIMP-2; PAI-1, -2; tPA; uPA; cathepsin B

Receptors; ligands ICAM-1, -3; OPG; sTNFRI; sTNFRII; TRAIL-R3; Fas; uPAR; SGP130; EGF-R

Non-protein molecules PGE2: nitric oxide; ROS

Insoluble factors Fibronectin; collagens; laminin

Aravinthan et al., Exp. Gerontology 2014
Gorgoulis et. al . Cell 2019



Role of senescence in NAFLD?
Cause or consequence?
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Vicious cycle of senescence and metabolic dysregulation
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Hepatocyte senescence predicts progression in NAFLD
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Hepatocyte senescence predicts progression in NAFLD
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Hepatocyte senescence in NAFLD
Cause or consequence ?
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Senescence drives age-dependent steatosis
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Senescence drives age-dependent steatosis
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Senescence drives age-dependent steatosis
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Hepatic Senescence Accompanies the Development of NAFLD
in Non-Aged Mice Independently of Obesity
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Both models of NAFLD developed steatosis of similar grade
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Senescence
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Stress-induced senescence and NAFLD induction
In young mice
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NAFLD / NASH to HCC transition



Senescence-induced pro-tumorigenic microenvironment in NASH
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Liver osteopontin is required to prevent the progression of
age-related nonalcoholic fatty liver disease
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Saturated Fatty Acids Promote Hepatocytic Senecence
through Regulation of miR-34a/Cyclin-Dependent Kinase 6
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IGF-linduces senescence of hepatic
stellate cells and limits fibrosisin a
p53-dependent manner

mostly several open questions
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Active vitamin D impedes the progression of

non-alcoholic fatty liver disease by
inhibiting cell senescence in a rat model
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Lipid accumulation-induced hepatocyte senescence regulates the activation
of hepatic stellate cells through the Nrf2-antioxidant response
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Cells Limits Liver Fibrosis
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cause or conseguence ?

Age vs metabolic dysregulation ?
Immune senescence? — Other cell
Senescence and fibrosis ?
Senescence and HCC ?
Senolytics and HCC chemotherapy ?
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NAFLD / NASH to HCC transition
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