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Abstract

Adipose tissue is composed of different types and functions of cells, showing complex hetero-

geneity. Single cell transcriptome sequencing technology provides an important tool for deconvolving cellular

heterogeneity. The current review summarizes the application of single cell sequencing in adipose tissue, including

adipocyte heterogeneity, the crosstalk between immune cells and adipocytes, and the pseudotime analysis of adipo-

cyte differentiation, aiming to address the important role and significance of this technology in the study of adipose

tissue and apply it to metabolic diseases.
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1.1.1 ETFAEIALAPCsH) S A RE20174
ACOSTAZEII a5 75, N SATH APCsHi 5 — [ Jii [
S M FEAL B, AR T 20 BT () A0 i B A PR (n=381),
AT Lh 3 DAPE AT 57 0 14 B S, SCHWALIESE! 47
T H AN /N BROWAT [ 5. 40 i il /37 F 5%, & BLAELin
(CD31 CD45 TER1197) CD29°CD34°SCA-1* SVF
oA ARAEIAS LA, L AP A 3R 0K 40 i
P 3L K (CD34 K1 Ly6a), P23V # ¢ 32 B JIE I 40 Ay 3
[K(FABP4. PPARGFICD36), P1. P23 #f 4 7] &b
5T 7 20 B 53 A B B R R, o P A I B 1R190%
73— AN BEAE TC VA R A i WE P332 LR IACD 1421
ABCGI, Z A6k = 1 g GE 77 H 5. % 40 i) At 20
FL RS, OB PR S T 7 T B 15 4 B (adipogenesis-
regulatory cells, Aregs). %M 70 B IR $E ML T A LEM
B PEAPCSIIEHE, Fom i F7E RIS I A% A R 4 47 1
AR FH I B HLH] . MERRICKZEUSI /)N B IS V)
1 {2 i i (inguinal white adipose tissue, iWAT)K i
ISVFHEAT L4H I 7, 55 7 DPP4". ICAMI M
CD142° 34 F P R . DPP4 IV A 5 5 1 48 5
Ae IR Z M) 3 AGRE ), TEARANER IR 464 T 190 g 15 0

P1(CD34, Ly6a), Groupl (DPP4, Wnt2, Bmp7)

P2 (FABP4, PPARG, CD36), Group2 (ICAMI, PREFI1, PPARG,

FABP4, CD36)

0 Progenitor
©
<0 = © » Preadipocytes
SVF
0 (0)- Adipogenic APCs
©

Group3 (CD142, Cleclla, Fmo2), APCs (Ly6C-CD9 PDGFRS")

<« O) Anti-adipogenic APCs  Aregs (CDI42, ABCG1), FIPs (Ly6C, PDGFAB)

SVF: J 5 M8 1% 435 APCs: Jl i iR 40, Aregs: HE T AR 154105 FIPs: £F4E— 9 HLAN M .
SVE: stromal vascular fraction; APCs: adipose precursor cells; Aregs: adipogenesis-regulatory cells; FIPs: fibro-inflammatory progenitors.
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Fig.1 Heterogeneity of adipose precursor cells
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Table 1 Summary of studies that characterize the single-cell transcriptome in the adipose tissue
Tk BR I3 RS Wb FEASRIR 27530
Method Technique Sorting strategy Species Depot Reference
scRNA-seq 10x Genomics PDGFRp’ Mouse VAT [19]
scRNA-seq 10x Genomics SCA-1'CD31 CD45 TER119~ Mouse VAT [20]
scRNA-seq 10x Genomics CD45" Mouse VAT [34]
scRNA-seq inDrops CD45CD31 PDGFRa” SCA-1" PDPN* Mouse VAT [31]
scRNA-seq Fluidigm C1 and Lin (CD31 CD45 TER1197) CD29°CD34"  Mouse SAT [17]
10x Genomics SCA-1"
scRNA-seq Fluidigm C1 Not mentioned Human SAT [16]
snRNA-seq and Smartseq2 and 10x  Not mentioned Mouse BAT [28]
scRNA-seq Genomics Human
snRNA-seq and 10x Genomics and ~ Not mentioned Mouse SAT [26]
scRNA-seq Drop-seq
scRNA-seq 10x Genomics Not mentioned Mouse BAT [27]
scRNA-seq 10x Genomics Lin [CD45 CD45R CDI11b Grl (Ly6G/C) Mouse SAT [23]
TERI119 ])/Lin” VAT
scRNA-seq 10x Genomics Depletion CD45" Mouse SAT [18]
Human
scRNA-seq 10x Genomics CD45" Mouse VAT [32]
scRNA-seq 10x Genomics CD347/CD34" Mouse SAT [25]
Human EAT

SAT: J¢ MR, VAT: WIEREIT412%; BAT: KR tafiaflis 4128

SAT: subcutaneous adipose tissue; VAT: visceral adipose tissue; BAT: brown adipose tissue.
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R 3N WAES 5 SCHWALIEZRIE I P1. P2
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2 5% [ 0 fig 1 2 2 (epididymal white adipose tissue,
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€ i 15 41 2UPDGFRB 41 i ot R 8L T Thg 1 2%
AT AregsIP VB, 1% 03 5 R IALy6C, MR Ahs6 K
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Az, DR A R O 21 4E— 7% SiE AH 48 il (fibro-inflammatory
progenitors, FIPs). % — I #Ly6C CD9 PDGFRpB"
W) FL A B sk 1 R HE RE T, BFR NAPCs. iR E 4%
PEF, FIPSE R I H A X B0t (1 3G FE RE 7, EL A3 5
FHAIN. E 159 & 10 &, HFD A2 #EAPCsIE B

IL6. TNFa. Collal. Col3al“53ENFFRIA, He/nTE
JEJESE AN FRIBCT, 7R N APCSIERE BLAT i 2 4 9
L 0, Z AR F R N T e WATH APCs (1 Ty fig
Ji e, FIPSV 3 1) & AT B TR 22 WAT 5 2 1 3 B
AR T e B S LI R 78 . 76 55 — TR 72 o, = B
TR 5 S 0 IRk /N B Lin SCA- 1 1 40 g v i 107 -4
JL R i 15 40 B o Bl S AR A N BRAR AL, (R
I Fig 7 43 A0 1R ST A1 388, 412 38 g 7 2 AT B
BE > o Ak, A TR - ST 4 A P R T A
CD55. CDS1HMICDY, 5154t i A5 i 2 M AT s 17
AR S &, 5 BRI SRR E R (1 APCs
FEA A ThREER AL T 7 1) SR m 20,

1.1.3 SAT#VAT¥APCst4 % F  P3F EIREZ
£ (B3-adrenergic receptors, ADRB3)¥ %, eWAT H
FIKXPDGF ol AE 7 T4 P48 58 5 5 Ak Al (1K €20 i
195 40 Jfa, 11T ADRB3 G JLF A 5] #2iWATHPDGFRo
1t 335 5 BT A= BB T R, K 22 50K €24 B I 400 P U
T O 1Al a2, Ak, BURLE®HH
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BA-L: brown adipocytes with low thermogenic activity; BA-H: brown adipocytes with high thermogenic activity.
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Fig.2 Heterogeneity of mature adipocytes (modified from reference [27])
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TS BORIWAT FeWAT (1) 4335 S ig FE A — 2 i@ H,
W IE SESATAIVATAH Mo W7 7 (1) 70 A 57 Ji . SATAN
VAT [F] 7775 A A s, 51, 76 IR AN B
SATAHIVAT 1 BE A7 1E %35 5 I 19 28 43 4 AH 56 2 [
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ERE, 120 B IR T 1) R 41 A L EL AT 2ok A e AN
I K IR T A PR 3 A R T e . RV I ANTE AR X MoK
6 )15 i AL 40 B AE AR PEANMA VAT FR A7 AE I AR B S, {H
FLRTREAE Ny — A AR, DR AL X AL AA B A R
AL
1.2 RSB H4HRRRY & Bt E g

E iR 7 40 M D R 1) 2 A IR IR B[R] — 4
PEPAT AN A Dh e Bir gk, 11 T R 2@ i Thae AR ) 2
TV BESZEL . RAJBHANDARIZS O] FsnRNA-
seq, KINFEX BB b IR Z S AR TR AN AL BRI, Fl
6 7 A M T B T AR AE B T IS TR TR, 38
AT N ST RITAHGR B IR 7 JRE
FE ST A RIS A F D RE 7
BEAE Ay, J A €0 T 0 o v 2 I s A R 4 A
I PR T 9E R I, R CE N I 40 PRLCE P Bvie ) B R

A R R APERT(E2) . /N ERBATH AT DA ] B A7 7E 76 Fh
7 FATE AL 0 M0 07 40 B, AL AT R A £ T 07 40
(brown adipocytes with low thermogenic activity, BA-L)
i 7 A T I € B BT 41 B (brown adipocytes with
high thermogenic activity, BA-H), ¥ H B9 A1 H.#41k,
FEFER I ET FBA-LEAL NBA-H, MTER LA T
D) AH 2 (Kel2). BA-HAR €5 7 20 1o 3 w] gk — 25 40 4y
NG TT LRI R 1 I 2 v IS g 7 7 R A 5
WA, {EBA-LIE & 1) Zh BE AT & DL R Y BA-HAT
BA-LPY A (8 A B AL H) 7L A R B . 0
1l 77 B AR T 107 48 6 9,38 5 snRNA-seq 5 LUK B«
SUNZEPIE JO0f /I BRI N 2 A5 0 I 1017 40 L [ o 2 47
S 3 M, KT — 2 B 7 A R T
YA, ZAFAETER . il APPSR T IR N,
RIYA I8 TR A 0 20 B A5 i D>, i A Sk = 52 J
L DN R TR N = 7B i G SN =7 1
ZArp 9 B v, % K B REAE S O3 MR N S BAT I I
PEIACT /N, S34b, XA AT T 10 A B
FIF K2 NBAT 7= FAGE PR,

2 REMMESERMEENRZEIEEER
T
2.1 THHRESAERRMARMIAZE/ER

gt P 4L 202 1 1 G 2 40 B T i T 2E 23 T R s
S A 1 R AR AR R R R AR
VUAY S5 M2 1 RN G 197 2H 23 5 9% 24 it 1) 3,
RITE 14 s A b, — B Rl SmmE
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Fig.3 Crosstalk between immune cells and adipocytes (modified from reference [31])
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3 BERALRPE L BYFUART F 53 A
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