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Pathology and Factors of Obesity
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Pathology and Factors of Obesity
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Changes in average weight and basal metabolic rate by age

Average body weight
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One of the reasons for this decreased
metabolism is a decrease in the activity
of brown/beige adipocytes.
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White adipocyte v.s. Brown/beige adipocyte

Adipocyte

White adipocyte Brown/beige adipocyte
: : Thermogenic
U I t 1 (UCP1 :
ncoupling protein 1 ( ) function

Location in mice

Subcutaneous, around! organs
(epididymus, mesentery)

Interscapular, axillary, perirenal
area

Scattered in the subcutaneous
adipose tissue

Location in human

Abdominal, subcutaneous, and
intraperitoneal

Accumulated between the shoulder
blades (infants only)

Scattered in subcutaneous adipose
tissue such as the neck,
supraclavicular, and axillary region

Existence form

Pre-existing

Pre-existing

Inducible

Structure

Univesicular (single/large) lipid droplet
Few Mitochondria

Multivesicular (multiple/small) lipid droplets
Rich Mitochondria




Function of UCP1

Brown/beige adipocyte
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Evaluation of brown fat cells by PET/CT scan

Incidence of BAT (%)
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There are differences in BAT
activity even within the same age.

As age increases, BAT activity
tends to decrease.

Yoneshiro et al, Obesity. 2011



Recruitment of beige adipocytes and basal

metabolism by chronic cold exposure

Cold exposure(2hour 19°C 6 weeks) 400 - L
Before After

Energy expenditure
CIT (kcal/d)
N
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Chronic cold exposure recruites beige adipocytes and increases metabolic rates.

Yoneshiro et al, JCI. 2013: 123 3404-8



Effectiveness of 33 adrenergic receptor agonists to

activate brown/beige fat cells

Mirabecron (Betanis®) B3 Adrenergic Receptor Agonist

Activation of Human Brown Adipose Tissue Chronic mirabegron treatment increases human brown fat, HDL
by a B3-Adrenergic Receptor Agonist . . .
cholesterol, and insulin sensitivity
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Transcription factor PRDM16

Skeletal muscle lineage

PRDM16 - “PROM16) .

1 223 454 680 880 1038 1176

- Dermomyotomo
{11111 Io— 1N pecror
o — —
PR-domain Zinc Finger1  Zinc Finger 2 Brown ad | pocyte
Brown preadipocytes
Ebf2+; C/EBPb+; Pparg+ Brown adipocytes
Ucple; Pgclos
Preadipocytes PPARY Ligands Beige Adipocytes
(e.g., rosigitazone)

Beige adipocyte

Transcription factor

PRDML16 is a transcription factor that directly binds to PPARy and C/EBPf} and
plays an important role in the brown and beige adipogenesis.

Seale P et al. Nature 2008 and JCI 2011.



PRDM16 improved systemic glucose tolerance

- Control mice - Ucpl’” mice
< Prdm16 Tg mice < Prdm16 Tg x Ucpl”’ mice
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Overexpression of PRDM16 in adipose tissue improved glucose tolerance.

Crossed onto an UCP1-deficient background,
overexpression of PRDM16 improved glucose tolerance.

— PRDM16 has the function to enhance the systemic glucose metabolism
iIndependent of UCP1.



PRDM16 suppressed adipose fibrosis

Control mice Prdm16 Tg mice
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Overexpression of PRDM16 also suppressed
adipose fibrosis in UCP1-deficient mice.

Suppression of adipose fibrosis by PRDM16 is
Independent of UCP1.



Question

Y

PRDM16 improved systemic glucose homeostasis
Independent of UCP1.

PRDM16 suppressed adipose fibrosis
Independent of UCP1.

<

What Is the mechanism of PRDM16?

How to transcript the target genes?




Methods < IP-MS and RNA-seq>

IP-Mass spectometry RNA-sequence analysis
Interaction with PRDM16 \6{‘\ ?}“‘{.\
White Beige &Q’b\ ~8‘6\\6\
’ Qﬁﬁ‘ Q&b Qﬁ?

250 kDa

PRDM16 150 kDa

100 kDa
75 kDa

Gtf3c2

Nfil3
50 kDa

37 kDa

PRDM16

GTF2IRD1

25 kDa

Transcriptional Complex with PRDM16

C/EBPa
CIEBPB

EBF2 Gatad2b

Foxcl

PPARy
GTF2IRD1

(;12)

GTF2IRD1 was identified
by IP-MS and RNA-seq.

O DNA-binding transcription factors Hasegawa Y and Kajimura S., Cell Metabolism 2018



Generation of Gtf2ird1 Tg mice

Glucose Tolerance Test

Blood glucose (mg/dl)
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Metabolic phenotype of Gtf2ird1l Tg mice

PET/CT scan

Gtf2ird1Tg

Insulin signaling
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GFT2IRDL1 increased FDG uptake in BAT
through enhanced insulin signaling.



TGFB signhaling pathway was repressed
by overexpression of Gtf2ird1

Repressed signaling TGFp target genes

-log,, P value

Control Gtf2ird1 Tg

TGFB —
e
TNFa H
IL-1B
IL-4
miR-223
IL-15
TREM-1
CSF-2
IL-18 [t
IL-2
TLR-2
CD-38
SPIB
IL-5

TGFp signaling pathway was repressed by Metascape analysis.



Ing WAT BAT

Epi WAT
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Gtf2ird1 Tg

Histological Analysis in Adipose Tissue
Overexpressed Gtf2ird1
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Search for the genes directly regulated by GTF2IRD1
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Proposed Scheme

Brown adipocyte

TGF-B (1 in obesity) Cfld

TGFB target pro-fibrosis ge: Pcolce3

_/‘ A Lgals3
Reduced adipose tissue fibrosis

4

Improved glucose homeostasis

Hasegawa Y and Kajimura S., Cell Metabolism 2018
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Research concept

Brown/beige adipocytes

Increased basal
A - = metabolism g
Mo 2

Anti-obesity
<Therapy> . .
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or visceral fat Healthy Longevity
Activate Inactive Active




Generation of

Thermo mice Gene expression

analysis

7 Uep1

Relative gene expression

High throughput screening

4800 chemical compounds

Immortal inguinal adipocytes

Galmozzi A, Hasegawa Y. Cell Reports. 2014 11;9(5):1584-93.



1st screening

. . Core library
We screened 4800 compounds in the 1st screening. (4800 compounds)

1st screening
1st . 3600 Luciferase assay
siscreening ® : Compounds
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Induction Measurement 3 2400 . v
¢ ¢ % 1800—| e T
Day-2 Day0 Day2 Day4 Day6 § 1200 ° ° I Hit: 130 Compounds I
- ®
1 1 | & o
| [ | o s
0 Threshaold
Compound 0 800 1600 2400 3200 4000 4800

Onodera K, Hasegawa Y, et al. Obesity. 2024 Feb;32(2):324-338.



2nd screening

We screened 130 compounds in the 2nd screening.

600—

2nd screening ® : Compounds
500— @ : Rosigltazone
Induction Measurement ° 0 @ ¢
¢ ¢ 2 300
Day-2 Day0 Day2 Day4 Day6 £ o & ° g
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125
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Core library
(4800 compounds)
1st screening
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2nd screening
Luciferase assay

Hit: 7 compounds




3rd screening

. . . Core library
We analyzed the Ucpl gene expression in the 3rd screening.

Uen1 1st screening
3rd screening 1l - P W : Control Luciferase assay

64 |1 B : Compounds
c | (n=4) v Hit: 130 compounds

4 :
2nd screening

3 ] Luciferase assay

14 v Hit: 7 compounds

0L .
CompoundMo| 1 |2 3 4 5 6 7 3rd screening

Induction Analysis

\ \

Day-2 Day0 Day?2 Day4 Dayé6

Compound

Relative gene expression

Gene expression analysis

\ 4

| Candidate: 4 compound |

-

Ethyl 5-amino-4-((2-methoxyphenyl)carbamoyl)-3-methylthiophene-2-carboxylate



Expression of UCP1

Ucpl Immunostaining Expression of UCP1 protein
. B Control Control 5uM 10 uM
Compound 1 uM
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Expression of UCP1 is increased by this compound.



Effect of weight loss by this compound

Oral administration Body weight Food intake
55 P < 0.001

504 @& Control
Bl Compound

NS M Control
l Compound

g
]
1

1

Administration

Body weight (g)
Food Intake (g 24b1)
M3
I

Compound

— High Fat Diet

— 15 1 1 1 I 1 1 1 1 1 I 1 1 1 I 1 I 1
7 8 9101112131415 16 17 18 19 20 21 22 23 24 25
Time (weeks)

The identified compounds were orally administered daily to obese model mice,
which were wild-type mice fed a high-fat diet for 9 weeks.

After starting administration of this compound, weight gain was suppressed.

There was no difference in food intake.



Effects on adipose tissue and liver by this compound

BAT Liver
W Control H Control
B Compound W Compound
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The weight of brown adipose tissue and liver was decreased by this compound.

Accumulation of fat was decreased in both BAT and liver.
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Glucose tolerance and insulin sensitivity were improved.
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Analysis of cold tolerance

4°C refrigerated chamber

Control

Compound

C)

Body temperature (°

331
321

Changes in rectal temperature
after 4°C cold stimulation

@ Control
B Compound

I—

#

3

0 30 60 90 120 180 = 240 300 360
Time (min)

In the compound-administered group, the decrease in rectal temperature was suppressed.

Cold tolerance was enhanced by this compound.



Measurement of Basal Metabolic Rate
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Basal metabolism rate was increased throughout the day.



Relative mtDNA content

Analysis of Mitochondrial function

Mitochondrial DNA content

H Control
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Increased mitochondrial expression induce the increase in basal metabolic rate.




|dentification of activated signal pathways by RNA

sequence analysis

Principal component analysis Heat map Volcano plot
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This compound significantly changes the genetic profiles of brown adipocytes.

The identified compound increases the expression of genes downstream of the PKA-p38
MAPK signal pathway, such as Fndc5 (Irisin), Icam1, Cxcl14, and Oxtr.

It was suggested that the compound enhances thermogenesis in adipocytes via the PKA-
p38 MAPK signal pathway.



Analysis of PKA-p38 MAPK signal pathway

PKA p38 MAPK Ucpl
20— H Compound (=), SB203580 (-)
: = B Compound (+), SB203580 (-)
- B Compound (=), SB203580 (+)
Control Compound I Control y Compound I 2 15 Compound (+), SB203580 (+)
| 1 | | o
PPKA [ — e w—) p-p38 - S 1o-
—— ——— — = S
PKA | I—S? P38 | m— o — — 37 g
o-Tubulin | E—— c— ——] 3 05-
o-Tubulin | SR —— 50 ®
0

Compound1 - + - =+
SB203580 - -+ =+

Administration of this compound increased the phosphorylation of PKA and p38
MAPK, indicated the activation of the PKA-p38 MAPK signal pathway.

Administration of a p38 MAPK inhibitor (SB203580) suppressed the Ucp1l activation by this compound.
It was revealed that the identified compound increases the expression of Ucpl through the PKA-p38
MAPK signal pathway.



Mechanistic action of identified compound
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Anti-obesity effect

Onodera K, Hasegawa Y, et al. Obesity. 2024 Feb;32(2):324-338.



Conclusions

Brown/beige adipocytes have the therapeutic
potential for the treatment of obesity

= Activation of PRDM16-GTF2IRD1 axis suppresses
adipose tissue fibrosis and ameriolates systemic
glucose metabolism.

= ldentified compound has anti-obesity effects by
activating brown/beige adipocytes via PKA-
P38MAPK pathway.
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