Reviews and Monographs ERud=kars

)) ) EUFES LR R
Progress in Biochemistry and Biophysics
' 'J 2025,52(4):820~835

www.pibb.ac.cn

B RAFN A THREARRRE

Ffﬁ"@"@ 1,2) _7:}._1_‘;3..]1%1,2) % ;%_Ta) «FSIUWEH 1,2) —iji"‘l’%f- 1) 3]‘%% 1) %—imi’ﬁﬁ 1,2)%x
(V A EBERETRAEAO A ST AT, KD 4101255 2 s EBIEEREIUCAO R EFRE, JEET 100049;
DA K E SRR R 2 B, Kb 410128)

i?jﬁ‘}?@l‘ﬁ

WE RNHSUE SR N E A RERGEF AT, HA NI, 2508 R L LR LR RA 45 22 Fh )
AE. ARIGAREIOLE R IIRE, NENTHAR 7 A GIEITHA . BREOIRNTHE, KR OIRITHSRE IR H AR IR
W AT 2 S M T HIL S M REAY B AR, (AR S e SRAT A HOR BGE, f7s 1 RIMEFEARR Z6PF T, [/ —Fhan
JERTIAEIEAS | A5 . DNREANEE N R Tl ] RER BN R 22 5, RN R Btk . PR SR 2 s R s 4 i
RNA I P RO RNA DY, REAE I SAR K P IR AP HTIR U 2 B S P A2 e, U3l RERS ST R i ST RE A
BTSSR FIE D IR AR TR AR 1 B0 e SR 2 A BORTESa /R IR T 2 U B PE RN ARV Dy T A B ke, IRk
— e T AR [ 240 M AR ] )38 TR R A BB A7 T T R, LA AR 67 BT R, ST A8 iR 7

MR TR S,

KA

FESES R329.2 DOI: 10.16476/j.pibb.2024.0410

B A AR Y AR S A R B R . A L]
PAEAE A DO e SRS B OCH S, 2k
YIRS SR B AR AR AR 3 W P B I e Bl . AR5t
i S Al S il ORI R I LS e o v 1]
PRI S ORGSR AT A0, s gl
MO A R B PR T 2 AT Re k. AR Bk
R BURE T AT A= MR 1 52 e MR R o WL 22 G
B, UHETENRDTHA BT, gl Bt it
FEAREN TIRAIRGT . AR GEWr oG 7 4R S Bk 4
B, WIS RREEEOR | POGRIE Ak . IR
SN TR AN R R FL 58 RNA TN, FE48 78 g s 4
U A 0 3 B ANl RE T AR AE — 2 1Y SR
FRYE, (BRI o SR T S B IEAl . T
B2 B S 2 S R QN B 20 L RNA T (single-
cell RNA sequencing, scRNA-seq) Fl P 40 fifd #%
RNA ] /¥ (single nucleus RNA sequencing,
snRNA-seq) , HERETE LA ML T E IR A S0 g i
Y S A A, AR AT BBV K i 1 40 e
e M Ty R B b (00 240 B 2 7R R DR R X
55 RNA Il P ANTA], scRNA-seq £ R0 T

AN R, MRS, SRk, A IR, Bl

CSTR: 32369.14.pibb.20240410

TR P P32 B (R AR B SR AR A PR
AL R IR b, AN 7R AR 8 S T A
A MR R . ICBVIR R N S AR, T
I AR X B ELIESSS , 7 ML Pt e A 2 ik
P 2 5 W R BT IR, B4 N 52 45 A
RNA [#fif, DTSR 0 R 7 9 cDNA 5 BRI
N TR — [, ORGSR TET U e 1] a4
R snRNA-seq HAR o ASORR T LA R
21 2P BN T 46 713 N 17 2H 2 P 45 A 240 IO 2K TR TP A A
FAHE AP S A e s o, NP IRTT
ST AL A AN AR A T TR A

1 BERALARER

1.1 BfEiERAESR
F 4 5 i 20 40 (white adipose tissue, WAT)

* [ F ARFEIES (U22A20516) FIHIRG 44 BHE Q10 5075 A A
(2021RC4039) WHHIiH .

s S THIKR A

Tel: 13574168188, E-mail: lifengna@isa.ac.cn

Wk H 3 2024-09-19, 4532 H Y 2024-11-05



2025; 52 (4

kiR, %: RMRERAFNATHERARASRRE -821-

FEORETIM P2, AR O B A RE

i kM m, ELAHE: a K NIEAHAA
(subcutaneous adipose tissue, SAT) | {Z /4 T4
SRR T T, WEREAalEN 440 (inguinal
white adipose tissue, iWAT) ; b. P JIE g B 41 40
(visceral adipose tissue, VAT) == ZffA77E 1 I It
FEIZENIERS B o0 A, Wis RN 414, AR5
i 1 21 (retroperitoneal adipose tissue, PRAT) #l
Bt 52 5 { Bg B 20 20 (epididymal adipose tissue,
eWAT) 25 /o BRLAEPIFRNE UL WAT LLSE, WAT
AL A 53 A T LT 4E o) 2 [a] i AL TE] R D7 40 2R
(intermuscular adipose tissue, IMAT) “' 55745 F
UL A LR S L L P 5 R AL S 1% UL P9 B I
(intramuscular fat, IMF), “EHHEESENES

PUBTROBEORE . KRR | EECRR B AESR , JEHAE

@ ©

b / d
(b) ,\'\ /& @

o, XTRR L RS BTN A
M o g AM, WRRH IR,
ET— KA EREWE  (lipid droplets, LD), Hr
LD JLT-SE 1A RR D520 A, (75 240 A% A 240
SRR, SR B (Bl 1a, b).
@A) 2D Re R AR i . YPUIARTEA
HIREE I THFERT, Z2aRMReEIH I —ERIE
EAFFELD . YHUATRERE SRS, Hh —=BE# 5
fif oA R D R RN M, 3 3 3 FL A 2% 1
AUikie o, R, g 7 20 A S — T N A3
YiffL, BeREsMILZANEER Y AAEM - (BRI
T), W E ., JRRERMMRERILHE T o, £S
SRR S R U . AR ANE BN A4 B
A Z Rl AR B PR R AR 2R

(e ‘
‘ : fRE
' , Q@D : itk
‘ <Yz
&
O Piva T
{ ~(/ A
V- { ﬁ & P\h
RS T -4
= i & /\,; { -;
A 1 " / Y6 ]
A , 50 pm-

Fig.1 Types of adipocyte
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Fig. 2 Mammary gland and pink adipocyte
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Fig.3 Application of single—cell transcriptomics in adipose tissue
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Table 1 Major cell subpopulations and their functions in human subcutaneous and visceral adipose tissue
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Table 2 Adipocyte subpopulation distribution and their functions in human white adipose tissue
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Table 3 Mouse adipocyte progenitor cell subpopulations and their functions
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Abstract Adipose tissue is a critical energy reservoir in animals and humans, with multifaceted roles in
endocrine regulation, immune response, and providing mechanical protection. Based on anatomical location and
functional characteristics, adipose tissue can be categorized into distinct types, including white adipose tissue

(WAT), brown adipose tissue (BAT), beige adipose tissue, and pink adipose tissue. Traditionally, adipose tissue
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research has centered on its morphological and functional properties as a whole. However, with the advent of
single-cell transcriptomics, a new level of complexity in adipose tissue has been unveiled, showing that even
under identical conditions, cells of the same type may exhibit significant variation in morphology, structure,
function, and gene expression——phenomena collectively referred to as cellular heterogeneity. Single-cell
transcriptomics, including techniques like single-cell RNA sequencing (scRNA-seq) and single-nucleus RNA
sequencing (snRNA-seq), enables in-depth analysis of the diversity and heterogeneity of adipocytes at the single-
cell level. This high-resolution approach has not only deepened our understanding of adipocyte functionality but
also facilitated the discovery of previously unidentified cell types and gene expression patterns that may play key
roles in adipose tissue function. This review delves into the latest advances in the application of single-cell
transcriptomics in elucidating the heterogeneity and diversity within adipose tissue, highlighting how these
findings have redefined the understanding of cell subpopulations within different adipose depots. Moreover, the
review explores how single-cell transcriptomic technologies have enabled the study of cellular communication
pathways and differentiation trajectories among adipose cell subgroups. By mapping these interactions and
differentiation processes, researchers gain insights into how distinct cellular subpopulations coordinate within
adipose tissues, which is crucial for maintaining tissue homeostasis and function. Understanding these
mechanisms is essential, as dysregulation in adipose cell interactions and differentiation underlies a range of
metabolic disorders, including obesity and diabetes mellitus type 2. Furthermore, single-cell transcriptomics holds
promising implications for identifying therapeutic targets; by pinpointing specific cell types and gene pathways
involved in adipose tissue dysfunction, these technologies pave the way for developing targeted interventions
aimed at modulating specific adipose subpopulations. In summary, this review provides a comprehensive analysis
of the role of single-cell transcriptomic technologies in uncovering the heterogeneity and functional diversity of

adipose tissues.

Key words single-cell transcriptomics, adipose tissue, heterogeneity, cell-cell interaction, differentiation
trajectory
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