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Multilayered omics reveal sex- and depot-dependent
adipose progenitor cell heterogeneity
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Research Background

White adipose tissue (WAT) and adipose progenitor cells(APCs)

WAT is a type of adipose (fat) tissue primarily responsible for energy storage
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Fig1. Composition of adipose tissue.
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Previous efforts

**The heterogeneity of mesenchymal stromal cell has been reported by scRNA-seq(Burl, Goldberg et al.
2018)

»*Joffin et al. identified significant WAT-depot-differences in the heterogeneity of PDGFRb+ progenitor
cells. Karastergiou et al. found WAT expansion occurs in a sex- and depot dependent manner

**High-fat diet (HFD) with male APCs showing resistance of adipogenesis in iWAT and activation in gWAT,
while female APCs exhibit adipogenesis in both depots (Joffin et al., 2021; Shao et al., 2021)

**Previous transcriptomics and follow-up function studies illustrates APCs and FIPs in gWAT have different
functions (Hepler et al., 2018; Shan et al., 2020)

*Shinde and McGaha et al. lllustrated aryl hydrocarbon receptor(Ahr) plays an important role in
regulating inflammatory responses, and Ardite et al. reported GSH metabolism is essential for cell
differentiation.



Research Background @

Current problems

Why transcriptomic alone is not

sufficient to describe the Sample prepration Omic analysis Data analysis
heterogeneity?
Clustering and PCA analysis

What is the proteome basis of the Male | Female ar?(;’;'jgﬁ;‘;;“gfgt‘g;s
sex- or depot- dependent Spearman analysis >
heterogeneity of subpopulations? DPP4+ | DPP4+

_ IWAT PerformGene Ontology Gene set enrichment analysis
What is the molecular basis of IWAT DPP4- | DPP4- analysis to annote protein of proteomic dataset >
expansion occurring in a sex- 1P 1P —
dependent manner? GWAT  PPARG S112 >

APCs APCs BquRNA—seqfco quantify

What is the proteomics basis of the trranscripts level | | | >
APCs and FIPs functioned ineage tracing anays's

differently in gWAT?

How does AhR regulate FIPs and Fig1. Workflow of the Whole research

how does GSH metabolism
regulate APCs?



Why transcriptomic alone is not sufficient to Qo
descrlbe the heterogenelty? IN CHEMICAL BIOLOGY
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Fig1. Correlation of Spearman’s rho in male versus female populations(Left) and Visceral versus Inguinal(Right)

This correlation has a difference dependent on sex and depot but most pairs don’t have a
significant correlation



Why transcriptomic alone is not sufficient to Qi
descrlbe the hetercgenelty? IN CHEMICAL BIOLOGY
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Fig3. Protein-mRNA correlation in regrgsentative pathways and gene sets
A moderate Protein-mRNA correlation No significant correlation

Transcriptomic alone is not sufficient to describe or predict the expression of proteins



What is the proteomic basis of the sex- or depot- e Gwiss NETworkFoR
dependent heterogeneity of subpopulations? Heeee

gWAT APCs were more similar to gWAT FIPs at transcript level, c PCA on protein level
gWAT APCs were more similar to IWAT DPP4- cell at protein level
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What is the proteomic basis of the sex- or depot- @ swssNEwoRKFOR
dependent heterogeneity of subpopulations?
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Protein expression explain the depot-dependent
heterogeneity as well as the sex-dependent heterogeneity



What is the molecular basis of IWAT expansion @ v,
occurring in a sex-dependent manner?

GSEA revealed that several pathways, including estrogen response, TNF-a signaling, and hypoxia, were
significantly enriched in the APCs, showing strong sex-specific expression patterns.
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Fig1. Heat maps depicting protein expression (left)
and mRNA expression (right) of an “estrogen
response”

The protein related to estrogen response might contribute to adipogenesis while the proteins related to
TNF-a signaling and hypoxia might suppress this process.

Fig2. Heat maps depicting protein expression (left) Fig3. Heat maps depicting protein expression (left)
and mRNA expression (right) of an “TNFa signaling’ and mRNA expression (right) of an “hypoxia"



What is the molecular basis of iWAT expansion @ swisNETwoRKFOR
occurring in a sex-dependent manner?

Previous studies illustrate the hypoxia suppress the ~ Diet-induced-Obesity leads to a hypoxic

APCs differentiating through PPARy phosphorylation €nvironment, using Westernbloting to test the
phosphorylation level
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What is the molecular basis of IWAT expansion
occurring in a sex-dependent manner?

To further llustrate the sex-dependent difference in APCs differentiation related to PPARYy, authors introduced a
new model named Mural-Chase model to trace the fate of APCs.

C F S1 Q
' - » r}ﬁﬁ'lﬁ
RG] -0 e antly

ncreased

HFD +
vehicle

loxP loxP

QO
[=
-' mtdTomato + =
: i
I £
g
|_
PLIN{ GFP PLIN1 GFP PLINT GFP
DAP DAP DAP DAP

Here use a Rosiglitazone treatment to
accelerate the PPARy-Pdgfrb | Figerinegesamativg|corhaaal IMmubrRILONGSCErREE IMAGEBAP!
activation and Trametinib to inhibit

the phosphorylation

PPARy phosphorylation underlies sex differences in IWAT
expansion (APC differentiation).



What is the proteomics basis of APCs and FIPs @ swissNETWORKFOR
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The authors obtained the differential expression data of APCs and FIPs through proteomic
analysis and used GSEA to enrich their functional pathways.
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Proteomic analysis further explains the different functions of the two subpopulations
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What is the proteomics basis of APCs and FIPs
functioned differently in gWAT?

Ingenuity pathway analysis(IPS) shows 18 pathways
were enhanced in APS while 4 were enhanced in FIPs
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How does AhR regulate FIPs and how does GSH @
metabolism regulate APCs?
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Fig2. mRNA levels of pro-inflammatory genes in cultures of FIPs and APCs

AhR regulates the inflammatory through inhibiting
the expression of pro-inflammatory genes



How does AhR regulate FIPs and how does GSH
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metabolism regulate APCs?

Control

Dlamlde

GSHest

W ‘ " " ! . ' .Y
‘ ol g \V.“ k‘ - '. ‘ ¢ ‘~. \ - ) L. | PNy ’
e ‘i" . .- "‘N f 't A 'A'.. '- ';"' 3 ‘_‘. v 1LY : ' 'i. ' -
o’ . o : . . % ) '3 l l\ L . ! A 2 v 2 U L 4 %' " ' . »
B D'a '( AT A .f‘.‘f‘" RN “. n WA -?:.- VR e L v o HI her (;SH/
I'l " oy ’ . v, v | 0 . TN Y s, ; > x . P , T D
’» g W 3 - ", A * V r » 5 d " M 4 r " . ‘ - / " _,Q‘ e
I | w ‘l . _,'a ; .°.'¢ 4 .’“' W A : " O " yes, Q -,' ’ ".‘ ‘J..;‘ L '.‘ A X \ ‘,{_ o Fo .q L TAL's
O a."'v' S A .“'-l AP Y LS 0',.- '.o‘-‘.n.o-",-' oL A } ._ A T8 Ve o B i “ 4 -
) g1 LT R E 3 . A 3 * . l R A TR b . " T ﬂ‘. ey 3 . el TN T L 4 O : yivel o X
- I A Ny - ! X -0'_ PN NE, 4 NN v 3 o v o N " v“f nhoG r : . o
ol - . -~ -y S’ ' e h) . &y " " \ e . ) 4 g ) N 0‘ ' - ) - .
o "bc. ; "A ”f g Py ,p » y \. "l . N '~ : ; o. . _\" ) ..'.“ o ?u 'y a.v X ¢ !'. » . i G 'l .". ’ | ,
T "y v, > R A : o 2 A JE o "~ "y 0r N - ‘ 19 = = =
‘ T <y ¢ - . S o lge? § "Neovil v N . NIy 2 N : N by
- v . * s » p b o e 4 r e | . 2t ‘L‘| . o b .
» . N AL . : . o . ! A . . e * Ay - ‘e M o L o
VL ..‘\ -9 o vy S . 1 Y !
» " s : ‘ - . o ‘, ¥ ~ o gL PR v i o - ‘ - 'I \~ " .'. s y \‘ ) .;,: '. 4
- » L » - e T’ 8,0 A0 " ’ Y v O oaan g 4 P
SN b! ». : : e .l - < — s A oy . _ i : 3 ' 1 . .4 we e »

Fig2. Representative bright-field images of Oil Red O-stained cultures
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Fig1. Schematic diagram of the effects of different
complex in the glutathione redox pathway



Conclusion

Key Results

Transcriptomic alone is not sufficient to
describe or predict the expression of proteins of
adipose progenitors

Proteomic analysis explain the depot- and sex-
heterogeneity of APCs

PPARY phosphorylation underlies sex
differences in IWAT expansion (APC
differentiation).

Proteomic analysis further explains the different
functions of the FIPs and APCs in gWAT

AhR regulates the inflammatory through
inhibiting the expression of pro-inflammatory
genes

GSTMI1 regulate the APCs differentiation through
maintaining a lower level of GSH/GSSG ratio
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Better understand the functional
differences of adipose progenitor cells

Provide a reference for other tissue

heterogeneity studies.

Pointed out the advantages of
proteomic analysis

Tissue processing may affect gene
expression results

Incomplete coverage of all cell

subpopulations

Restricted to iWAT and gWAT in steady- j

Lstate conditions
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Questions

What are the relationships between APCs, WAT, and mesenchymal stromal cells?

How does the Mural-Chase model work ?
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