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Fat deposition affects economic traits in pigs
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Pigs reflect human metabolism better than mice

SATs
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Murano et al., J Anatomy 2009



Number of SCI related to adipose

Adipose tissue Is a central metabolic organ in the
regulation of whole-body energy homeostasis
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Characterizations of adipocytes

Mitochondria Structural Features

Inner
Membrane

WAT Brown UCP1: Thermoregulation;
LEP, RETN UCP1 Fat deposition



Beige was originated by de novo biogenesis and
WAT browning

(1) De novo biogenesis (2) WAT browning

— o & (mitochondria
C\Q: ﬁ > 'ii:'._f;i: | < biogenesis)
Progenitors Preadipocyte Beige adipocyte ‘Dormant’ cell
* PDGFRa. * PPARY * UCP1 * Leptin
e SCA1 (mice) * PRDM16 * CIDEA ® Resistin
» CD81 * EBF2 * DIO2 * Neuronatin
* aSMA etc. etc.

Revised from COHEN and KAJIMURA, 2021



Neither functional UCP1 nor BAT is present in pigs

Exon 3-5 of UCP1 was evolutionally lost

2 Pangolin Aﬁ
; Human

R

Gaudry et al. Sci Adv 2017
McGaugh S and Schwartz TS, Biol Lett. 2017

BAT is not present in the pigs

Can J Physiol Pharmacol, 1989 Dec:67(12):1480-5.

Evidence from immunoblotting studies on uncoupling protein that brown adipose tissue is not

Piglets are sensitive to cold environment;
Poor thermoregulation leads to neonatal
mortality

present in the domestic pig.

Trayhum P, Temple NJ, Van Aerde J.
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The Uncoupling Protein 1 Gene (UCP1)
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Explanation for Poor Thermoregulation in Piglets
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Tibetan pigs have an alternative pathway to maintain body
temperature independent of muscle-mediated thermogenesis

Body tmperature (°C)
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Cold adaption of Tibetan pigs relies on beige adipogenesis

Bama pig

Biological Questions

1. Cellular mechanisms of cold-
induced Beige formation in
Tibetan pigs?

2. Can beige adipocytes be
induced in Bama pigs when
they are exposed to a
prolonged cold environment?

Lin et al, J Mol Cell Biol, 2017



Tissue collection
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SnRNA-sequencing defines the cell populations from
eight adipose tissues of both pig breeds
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Functional annotation of FAP and AD

Subcluster of FAPs and Adipocytes FAPs and Adipocytes
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Breed-specific features of FAP and AD subpopulations
in Bama and Tibetan pigs



C12 cells (PDGFRA* EBF2"9"h) are the potential beige
precursors in IAT of Tibetan pigs

Biological pathway of C12

Bama-IAT Bama-PAT

Tibetan-IAT Tibetan-PAT

Vasculature development

Sprouting angiogenesis
Regulation of MAPK cascade -
Regulation of lipid metabolic process -
Regulation of ERK1 and ERK2 cascade -
ATP metabolic process -

Fat cell differentiation

Cellular response to cAMP
Cellular response to BMP stimulus |
Brown fat cell differentiationH

ks TS _—.-'

BMP signaling pathway

Blood vessel development].

Angiogenesis |

T T
5 10 15

Fate determination Angiogenesis Thermogenesis

[
(=]

[ U S N |

(a) Beige fat remodeling (inguinal WAT)

ol Tee® el | e - e
: $2% J
: : PIE 3N ’
: PDGFRA 2 ﬁ t ﬁ : NRP2 ! ‘ ‘ ZNF536 ! | . g 5
: & L L L : : £l = §
2,8 \Jls M IE S
4 Elﬂg 3 @
PDGFRB i f EPHB1 ALDH1A1 * E W "
L LL _ 1 L E / '|' A ." P
- :h /L “ . ,p‘!
. u
APOD , | ‘ ‘ PTK? l ANGPTLA| § ‘ { e &y
T 2 R O v & & 9 v 8 & O l T
0\ §V’ Q?. &Y' (’\ ‘(v' ‘(v' &?' d\ (<V' (<V' &?' "-.-"be novo differentiation
& & &
< < <

Wang and Seale, Nat Rev Mol Cell Biol. 2016



C11 (ADIPOQ*HIF1ANgh) s present in Tibetan pigs specifically
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Positively selected genes in Tibetan pigs were found to be
highly expressed in C11

> Nat Genet. 2013 Dec;45(12):1431-8. doi: 10.1038/ng.2811. Epub 2013 Oct 27.

Genomic analyses identify distinct patterns of
selection in domesticated pigs and Tibetan wild
boars

Mingzhou Li T Shilin Tian, Long Jin, Guangyu Zhou, Ying Li, Yuan Zhang, Tao Wang, Carol K L Yeung,
Lei Chen, Jideng Ma, Jinbo Zhang, Anan Jiang, Ji Li, Chaowei Zhou, Jie Zhang, Yingkai Liu,
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Cold-induced cellular responses in adipose tissues from
Tibetan and Bama pigs



Beige formation was observed in short time cold-treated both pigs
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Beige was originated by de novo biogenesis and WAT browning

(1) De novo biogenesis

C\:Q

Progenitors

* PDGFRo

e SCA1 (mice)
e CD81

* aSMA

(2 WAT browning

Ple
Preadipocyte

* PPARY
» PRDM16
* EBF2

(mitochondria
> [ P biogenesis)
Beige adipocyte ‘Dormant’ cell
* UCP1 * Leptin
* CIDEA * Resistin
* DIO2 * Neuronatin
etc. etc.

Revised from COHEN and KAJIMURA, 2021



Cold induced-beige de novo biogenesis was only found in Tibetan pigs

Tibetan-lAT : Cold induces a new cell fate from pluFAP to TGA and LYA

pluFAP preAD
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Cold induces WAT browning in both pigs

Cold induces a stronger cellular remodeling in the adipose tissues
of Tibetan pigs

Tibetan Pig Bama Pig




Cold induces a stronger transcriptional responses
in the adipose tissues of Tibetan pigs
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Whether beige adipocytes can be induced in Bama pigs
pharmacologically or genetically?



Suppression of de novo lipogenesis (DNL) in both cold-treated pigs
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Suppression of DNL genes induces beige formation in mice

IScd1 controls de novo beige fat biugenesisl through
succinate-dependent regulation of mitochondrial
complex Il

Keli Liu™®, Liangyu Lin®, Qing Li®, Yueqing Xue®, Fanjun Zheng®, Guan Wang®, Chunxing Zheng®, Liming Du®,
Mingyuan Hu®, Yin Huang®, Changshun Shao®, Xiangyin Kong®, Gerry Melino®, Yufang Shi*®“", and Ying Wang™'

*CAS Key Laboratory of Tissue Microenviromment and Tumor, Shanghai Institute of Mutrition and Health, Shanghai Institutes for Biological Sciences,
University of Chinese Academy of Sciences, Chinese Academy of Sciences, 200031 Shanghai, China; "5chool of Life Sdence and Technology, ShanghaiTech
University, 200031 Shanghai, China; *The First Affiliated Hospital of Soocchow University, State Key Laboratory of Radiation Medicine and Protection,
Institutes for Translational Madicine, Soochow University, 215123 Suzhou, China; “Biochemistry Laboratory, Istituto Dermapatico Immacolata (ID-RCCS),
00100 Rome, Italy; and "Department of Experimental Medicdne, University of Rome Tor Vergata, 00133 Rome, Italy

2462-2472 | PNAS | February 4, 2020 | vol 117 | no.s
rJ5rJ Control iAdFASNKO
METABOLISM : LT

Adipocyte lipid synthesis
coupled to neuronal control of
thermogenic programming

Whether Inhibition of DNL pathway could
induce Beige adipocyte in Bama pigs
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Suppression of DNL pathway by ACC inhibitor, TOFA,
induces beige formation in Bama pigs

1 42 75" Annual Meeting of The European Federation of Animal Scien

17:00 Acetyl-CoA Carboxylase 1 Inhibition Reduces Fat Deposition Through a Histone Acetylation Signaling
Axis in Pigs 1040
C. Tao, L. Zhang, J. Xu, Y. Wang

4th Sep, Dr. Cong Tao will present this data (97#)



Gene editing strategy provides the tool for generation of GM pigs
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Summary

1. Two Tibetan pig-specific cell subpopulations were identified;
2. Upon cold stimulation, beige fat was recruited by both de novo

beige adipogenesis and WAT browning in Tibetan pigs, while
Bama pigs lack of de novo beige adipogenesis process;

3. Beige adipocytes can be induced in Bama pigs pharmacologically.
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