
Figure S1



0

6.0

R
et

nl
a

0

3.5

Fn
1

0

2.1

P
la

c8

0

0.8

C
le

c4
e

0

2.2

Ly
ve

1

0

2.2

C
d2

09
f

0

1.9

C
d1

63

0

1.5
N

ce
h1

0

2.0

C
d9

0

1.4

S
pp

1

0 6

Cd63

0 4

Cd9

Mac2

Mon1
Mon2
Mac1

Mac3

CD63

C
D

9

CD11b

F4
/8

0

CD11b

Ly
6C

CD45

Li
n+

D
A

P
I

FSC-H

FS
C

-W

FSC-A

S
S

C
-A

70.6

76.5

82.5

77.4

39.9

38.2

48.3

71.1

30.1

76.4

N
C

H
FD

all events cells single cells Live Lin- CD45+ CD11b+Ly6C- macrophages

0.2

3.1

0.6

92.6

40.2
34

3.4

11.7

0 5

Cd209f

0 7

Fn1

0 9

Retnla

0 5

Plac8

0 4

Nceh1

0 5

Cd9

0 5

Lyve1

0 4

Cd163

0 6

Spp1

E

B

C

D

A

0 5

Cd63

Figure S2



A B

CD63

C
D

9

C
D

45

Tomato 

77.9

42.2

46.5

Adipose tissue Blood Liver 

96.3

97.4

96.4 3.4295.2

97.9 3.62

96.5 2.85

Psap
Plac8
Ly6c2
Chi3l3
Plbd1

Tmsb10
Fgr

Emb
Cd97

Napsa
Ms4a4c

Ifitm3
Ms4a6c

Lsp1
Lst1

Coro1a
Ly6e
Fn1
Il1b

Cd52
Sirpb1c

Srgn
S100a11
S100a4
Alox5ap

Ccr2
Tgfbi

Fxyd5
Lyz2

S100a6
B2m

Fcgr2b
F13a1

S100a10
Tmem176b

Ctsc

Pltp
Lgals1
C1qb

Sepp1
C1qa
C1qc

C3ar1
Glul
Fth1
Cstb
Folr2

Trf
Apoe
Plin2
Ctsb

Timp2
Lpl

Lipa
Cd36
Pld3

Cd63
Prdx1

Cd9
Cd68

Fabp4
Capg

Akr1a4
Trem2
Lgals3
Anxa1

Adam8
Ctsl

Atp6v0d2
Ctsd
Ctss

Gpnmb

monocytes Mac3

maxminmonocytes Mac3

16 weeks-old 8 weeks HFD

8 weeks-old NC

16 weeks-old NC

macrophages Kupffer cellsLy6Chi Mo Ly6Chi Mo

Figure S3



0

5

B

C

Adam8

Akr1b8

Anxa1
Anxa2

Aprt

Atp6v0d2Capg

CstbCtsd

Ctsk

Ctsl

Ear2Fabp5

Fam129bFn1

Gpnmb

Lgals1

Lgals3

Mmp12
Pkm

Plin2

Tmsb10
Trem2

Ctsc

Egr1

F13a1

Fcgr2b

Junb

Mgl2

Tmem176a

Tmem176b

−1

0

1

2

−2 0 2 4

log2 fold change (LAM HFD vs. Mac2 HFD)

−l
og

lo
g(

p 
va

lu
e)

E

D

A

0

3.0

Tr
em

2

Atp6v1a

Ctsl

Fabp4

Clic4

Rgs1

Lipa Nceh1

Cd9

Slc37a2

Trem2

Rhoc

Cd68

Fabp5
Atp6v0d2

Pld3

Ctsd

Emp1

Lgals1

Plin2

Cstb

Ctss

Fth1
Lpl

Anxa1

Lgals3

0.00

0.25

0.50

0.75

0.5 1.0 1.5

LAM vs. Mac1 HFD z-score

LA
M

 v
s.

 M
ac

1 
db

/d
b 

z-
sc

or
e

R=0.77
Gpnmb

Mon
Mac
B cells

Plasma
Mast
Neu

cDC1
cDC2
pDC

Naive T
Treg
CD4 T

CD8 T
NK
ILC

0

5

10

15

20

25

30

9.23% 8.9% 2.01% 1.6%

HFD-1 HFD-2 NC-1 NC-2

Liver CD45+ cells

LA
M

 s
co

re
(m

ea
n 

ex
pr

es
si

on
 o

f L
A

M
 g

en
e 

se
t) 

-10 -5 0 5
-10

-5

0

5

Ccl9

Anxa1

Pf4

Lmna

Vim
Lgals3

Apoe

Wfdc17Ly6e
Cd5l

Clec4f
Slc40a1

Vcam1

Ftl1
Ctsb

Lpl

Cd68
Vsig4Clec1b Mertk

Alcam

Gas7

Retnla

Fabp4

Cd36

Plin2

Cd9
Nceh1

Spp1
Lipa

Ctsd
Ctss

Cd63

Grn

Anxa2

Trem2

Adipose tissue LAM gene expression
(log2 mean UMI)

Li
ve

r L
A

M
 g

en
e 

ex
pr

es
si

on
(lo

g2
 m

ea
n 

U
M

I)

8 -4 0 4
-10

-5

0

5

Sparc

Serpine2

P2ry12
Cx3cr1

Siglech

Olfml3

Cd34

P2ry13 Cst7

Lgals3

Anxa1Cd36

Fabp4
Emp1

Anxa2

Vim
Lgals1

Ftl1
Lpl

Apoe
Cd63

Pld3

Tyrobp
Itm2b Ctss

B2m
Cst3

Ctsd
Ctsb

Laptm5

Cd68
Trem2

Grn
Gnas

Cd74H2-Aa

DAM gene expression
(log2 mean UMI)

A
di

po
se

 ti
ss

ue
 L

A
M

 g
en

e 
ex

pr
es

si
on

(lo
g2

 m
ea

n 
U

M
I)

G H

F

Trem2 CD9 DAPIPLIN1 merge

HFD

50 µm

NC

50 µm

Figure S4



A B

EC

F

D

Lpl

0

2

4

6

8

10

0 6

C1QB

0 10

CFD

0 3

TRAC

0 5

TREM2

immune
non−immune

Lysosome

Ox. phosphorylation

Phagosome

Intracellular metab.

Endocytosis

Adherens junction

Sphingolipid metab.

Ppar signaling

1 10 100

log10(p-value)

Lysosome

Phagosome

Antigen processing

FcR-mediated phagocytosis

Endocytosis

Ox. phosphorylation

Chemokine signaling

PPAR signaling

1 10 100

log10(p-value)

ge
ne

 e
xp

re
ss

io
n 

fo
ld

 c
ha

ng
e 

(r
el

at
iv

e 
to

 A
cr

tb
)

ge
ne

 e
xp

re
ss

io
n 

fo
ld

 c
ha

ng
e 

(r
el

at
iv

e 
to

 A
cr

tb
)

CD9

0

1

2

3

4

5 CD63

0

10

20

30

40

50

60

CD9-CD63- CD9+CD63- CD9+CD63+

CD9-CD63- CD9+CD63- CD9+CD63+

Trem2

0

2

4

6

8

10

12

Lipa

0

2

4

6

8
CD36

0

2

4

6

8

10

CD9- C
D63

-

CD9- C
D63

+

CD9+ CD63
-

CD9+ CD63
+

0

1000

2000

3000

4000
Bo

di
py

 M
FI

*

**

**

***G

Figure S5



A B

WT

NC

KO

C D

E

_

_

_

_
__ __ __

Mon1 Mon2 Mac1 Mac2 Mac3

WT KO WT KO WT KO WT KO WT KO
0.0

0.2

0.4

0.6

C
el

l t
yp

e 
di

st
rib

ut
io

n

NS.

____

*

____

NS.

____

*

____

NS.

__
__

NS.

__
__

NS.

__
__

NS.

__

_

_

NS.

__
__

NS.

__
_

_

Plasma Mast Neut cDC1 cDC2 Treg CD4 T CD8 T NK ILC

0.00

0.05

0.10

0.15

0.20

R
el

at
iv

e 
fre

qu
en

ci
es

NC
WT
NC
KO
HFD
WT
HFD
KO

NS.

_
_

_
_

NS.

_
_

__

NS.

____

Mon Mac B cells

0.0

0.2

0.4

0.6

R
el

at
iv

e 
fre

qu
en

ci
es

NC HFD

WT KO WT KO
0.00

0.25

0.50

0.75

1.00

C
el

l t
yp

e 
di

st
rib

ut
io

n

Mon1
Mon2
Mac1
Mac2
Mac3

Figure S6



*

_

_

40

45

50

55

60

WT Trem2 KO

bo
dy

 fa
t c

on
te

nt
 (%

)

*

_

_

120

130

140

150

160

170

180

WT Trem2 KO

C
ho

le
st

er
ol

 (m
g/

dl
)

*

_

_

30

40

50

60

70

80

WT Trem2 KO

LD
L−

c 
(m

g/
dl

)

n.s.

__

50

65

80

95

WT Trem2 KO

H
D

L 
(m

g/
dl

)

* *
*

* * * * * * *
* * *

*

0

5

10

15

20

0 3 6 9 12 15 18
Weeks on HFD

W
ei

gh
t i

nc
re

as
e 

(g
)

0

100

200

300

400

0 30 60 90 120

Time (min)

gl
uc

os
e 

(m
g/

dl
)

*

_
_

0

10

20

30

40

50

60

WT Trem2 KO

gl
uc

os
e 

AU
C

 (a
.u

.)

4.85

94

4.2

93

CD45.2 (donor)C
D

45
.1

 (r
ec

ip
ie

nt
)

Donor: wild-type Donor: Trem2 KOA

B

F G H

C D E

Figure S7


	Lipid-Associated Macrophages Control Metabolic Homeostasis in a Trem2-Dependent Manner
	Introduction
	Results
	Time-Resolved Single-Cell Characterization of Adipose Tissue Immune Cells in Obesity
	Macrophage and Monocyte Compartments Undergo Dramatic Remodeling during Obesity
	Lipid-Associated Macrophages Are Characterized by Trem2 Expression in Mice and Humans
	Trem2 Is Essential for Adipose Tissue Macrophage Remodeling during Obesity
	Trem2 Prevents Adipocyte Hypertrophy and Loss of Systemic Metabolic Homeostasis

	Discussion
	Supplemental Information
	Acknowledgments
	Author Contributions
	Declaration of Interests
	References
	STAR★Methods
	Key Resources Table
	Lead Contact and Materials Availability
	Experimental Model and Subject Details
	Mice
	Ms4a3 reporter experimental model
	Human samples

	Method Details
	Isolation of adipose tissue-derived leukocytes
	Flow cytometry and single-cell capture
	Single cell library preparation

	Immunofluorescence
	Histology
	Intracellular neutral lipid accumulation
	Glucose tolerance test
	Body composition measurements
	Lipid profiling
	Concentration of insulin in the blood serum

	Quantification and Statistical Analysis
	Single-Cell RNA-Sequencing Analyses
	MARS-seq processing
	Metacell modeling

	kNN projection of cells
	Defining a module gene signature
	Trajectory analysis
	Human-mouse gene comparison
	Statistical Analyses

	Data and Code Availability





