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Regulation of high-fat diet-induced microglial metabolism by transient receptor
potential vanilloid type 1

SHA Xudong, WANG Chenfei, LU Jia, YU Zhihua
Department of Pharmacology and Chemical Biology, Shanghai Jiao Tong University School of Medicine, Shanghai 200032, China

[Abstract] Objective- Transcriptomic and lipidomic analysis techniques were used to investigate the role of transient receptor
potential vanilloid type 1 (TRPV1) channel activation in the regulation of high-fat diet-induced microglial metabolism. Methods*
Eight-week-old C57BL/6J mice (WT) and TipvI™~ (KO) mice were used as experimental animals, and fed high-fat diet (HFD) for
3 days, 7 days, and 8 weeks to induce modelling (WT and KO groups, n = 3; WI-HFD and KO-HFD groups, n = 4). TRPV1 channel
expression and cellular localisation were measured by immunofluorescence in the brains of mice in the WT-HFD and KO-HFD
group. RNA sequencing and liquid chromatography-mass spectrometry were performed to determine the brain phenotype of mice in
the WT-HFD and KO-HFD groups. Results: The expression level of 7rpv/ mRNA in microglia was significantly increased in mice
in the WT-HFD group compared to mice in the WT group. The expression levels of genes related to brain lipid metabolism,
mitochondrial function, glucose transfer, and glycolysis were down-regulated in the KO-HFD group of mice compared with the WT-
HFD group of mice. Lipidomic analysis showed that although lipids accumulated in the brain tissue of mice in the KO-HFD group,
Trpvl knockdown attenuated HFD-induced microglia activation, and in addition the TRPV1 agonist capsaicin attenuated palmitate-
induced depolarisation of mitochondrial membrane potential in vitro. Conclusion-Together, these findings suggest that TRPV1
regulates lipid and glucose metabolism in microglia via fuel availability driven by a mitochondrial mechanism.
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2 H5RFRERRS AR >, fERE Y, K
BRSNS A TS, I BRI E
(high-fat diet, HFD) 232N IR AE . /M54
M2 X s R G b e s s A S e A, AT
DU IR BREE SR A /N 5 240 i s ) B i 1747 R A
I BTATISR AR

VER— AR BEPE P B il 0E , BRSZ R
L Z 1 # (transient receptor potential vanilloid type 1,
TRPV1) I8 Jent 5 55 AR FI AR AE A8 O B 2H Rl
Gy, ATHOHRE . BRI R UM IR RS . R
BT 43 °C., =R AR 1T (adenosine triphosphate,
ATP) . R GHE™Y) . N-{EAVUGRE 2 R, DU
P AR AT LA N B0 TRPV 158 IA

TRPV1 B ATE T RA A £ 25, s
JLANPRZ BTN . e RIE , TRPVI 8 15 i i % fish
T A S8 ML AR 8 o i 3 L MR AT R A R
B, TRPVI#iE SKMMMERGE WA X, B
W AR LA AR S N bAh, TRPV1E I A/ i
FrAn ] (3 8 A R b i) S e i i) h R 4B Z R )
fie, WU/NEFRAAET: Y AR T R
i oS B S Rata SR U W& T = W D aala U 0/ N
i TRPV 1l 3 ] 3 5 B S5/ Jo 40 e 1 3 Ak, 93
Tk 0N G e 24 L 1 4 9 5 (1] 42248 5o o 28 T Ay 2R
3 o RN TRPV i3 S /MK BT 4 g A 220 2
[ 5 (0 DA, T ARSI TR A A4 g o

PaAizaE O, B T LAl a5 S TRPV 1 E i
TEHE I Ca® Wit s 1 A WIE L, T8 ApoE™ /N
B ) I B i A7 DA R sh ko RERE ARG A2 o A, il
7T, AR AR TRPV L@ sh ), 7 S 41N
Ca® VR EE T AR $EDCERIA 5 2 1 1 (sirtuinl) % PR
Ml & A ERRITAH LA AE , JFE 3Gt A Ak Y i
A& 18 5 W) W0 5% 1K vy (peroxisome proliferators-
activated receptor 'y, PPAR<y) F:Ji%7 A2k ok im
RS E. SR, TRPVI 7 7E HFD i (/1N B 5
S JEL T A0 R DG A T R ARV E AT AN 22 -

1 HHESHE

1.1 8

TrpvI™™ (KO) /IR KB R R R 5 — B
Be B ER P B 8 JRIUA (R At FMEME CSTBL/6T /IR
(SLACE:H = , L) M IR 76 B 2 4 i I B v,
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PRAF 12 OB IZRIE PR . BFZEAY (WT) FIKO /M
AR E 2 ) (specific carbohydrate diet, SCD)
of i BE Wi & ¥ (high-fat diet, HFD) (45% fiig 1y ;
Research diet, Rodent Chow #D12451), BrAESH Ui
M. 7E SCD a5 HFD 1 8] 9 A [7] Bisf 1] 153 Az 4 /) Bl Aini
ML,

1.2 RNA M35t

mRNA [ EFAAL . 53 DL 7 i 2
kA SCHlk VY RESRAESE A LI, A5 BB S,
FFLE L FASTQ % 2 1 I 4 858l o 7R 5540 DS e 23 A v
Z: 25 JE A AL PR TR S, DR 3t T 3, 2
M A 5] i Bowtie2 (2.2.6) #Har, i) 5L
#0H] TopHat2 (2.0.14) BREFR 2% B4 1, BA
FETC A <2, THOR M SR e B0 HE B X B A o X T
mRNA 143 H7, I HTSEq. (0.9.1) %iit, #EA4
FEDA b ) ) S BB iz R Y i e ih i kAT LL
¥ 5 i FPKM BE 47 45 o f£ 3K 3k . 1] DESEq.
(1.30.0) Zr#r Sk S5 A 2 5 FRIAMEEN . FRibx
5% % log2 fold change|>1, 3 P{<0.05. {#HR
7 Pheatmap (1.0.8) KA X BEAS 1) Ir A A [] 3
RIHEAT A BRI 53 M o AR ] — B PIFEAS [ R i i
PR IR A — B i P OAS [A) B R A R, R G
TP AEE R, S e REHATRYE, MR,
B BT A e DRI 5 2 FE AR /K (Gene Ontology) #(#E
FER AR, IRt B E A ARE T 22 5w R AL
i RS RS -, E U o A 2
S RN B E E AR

1.3 AR o b

) H Q Exactive™ R & WU AT - L8 BF ™ i 13543 3
PR 35 BT 73 A, BT AL A Ton Max ™5l
Jim A EE W 35 B B [heated electrospray ionization
(HESI-II) probe] %1, 4 Dionex UltiMate™ 3000 it&
B AR (1% 2458 (Thermo Fisher Scientific, F5E)
B o FEA T Z 00, R R E A T 100 pL ok,
ASBE &L 1 uL ¥ A SeQuant® ZIC®-pHILIC 2.1 mmx
150 mm (5 pm %7 42) # (EMD Millipore, [ ).
G I A B 20 mmol/L kR i A1 0.1% S AL B 2H 1L
G B R O o SRR DL 0.15 mL/min (1) i 12
1, BARUIF . 0~20 min M\ 80% %] 20%B it £k 1 B
J 5 20~21 min, M 20% F] 80%B A LePE AL s 21~
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28 min, PRFFIE80%B. FIREALTE 44 . Wtk vl
B R i2fT, W% H R E A 3.0k, MIEHE G
RFfE 275 °C, HESI-IHEREHRHFAE 350 °C. MS Hdi %
LE1E 70~1 000 m/z{EF N AT, A PRREE R 70 000,
H B3 g5 H bR R 106, PEFE A KR E] A 80 ms.
{ii Ff Xcalibur™ QuanBrowser 2.2 {4 (Thermo Fisher
Scientific, M) FEATAHXEH, FIREAZE NS ppm
(1 ppm=1x10°), IS NI FERER .

1.4 MUBURE DAL 3 3 P 45 23 B

R T HE S Trpvl FERERA G SE R 4, #E1T
T hm A PR Ak R 3K M 2% 43 BT (weighted gene co-
expression network analysis, WGCNA) "', 1
WGCNA f 7 Ik 4 20 ML 2h 3R A R BE ik
SEEZ RO R, BEEE 1RO #E T B B AR 1Y
TCREEFHFNGSHE o THIA 45 78 1 B e P 34 3R PR A5
DL R % S YR - {8 . 38 2f Metascape (https://
metascape.org) ' 45 B ER A S TN 4R 51 GO L
Ko mt#BE AN FE P 41 B4 45 (Kyoto Encyclopedia
of Genes and Genomes, KEGG) M, 1 H
Cytoscape V3.8.0 22 X I 1 [ 2% it £ ] ¥k

1.5 ZRobn A HL A 1) 53 B

JH 10 pmol/L #i#I & 5{ 1 wmol/L capsazepin T &b
PR /NS T 41 B 30 min, #R J5 H 250 wmol/L % Hil iR
#&1 HATqRI-PCREISIHFEFI (5—3")
Tab 1 Primer sequences used for gqRT-PCR (5—3")

Oligonucleotide

mouse trpvl FWD: TGGCTCATATTTGCCTTCAG
mouse trpvl REV: CAGCCCTAGGAGTTGATFGA

mouse ucp2 FWD: GCTGGTGGTTCGGAGAT
mouse ucp2 REV: TGAAGTGGCAAGGGAGG

mouse tnf-a FWD: CAGGAGGGAGAACAGAAACTCCA
mouse tnf-a REV: CCTGGTTGGCTGCTT

mouse il-13 FWD: GGAGGTGGTGATAGCCGGTAT
mouse il-13 REV: TGGGTAATCCATAGAGCCCAG

mouse gapdh FWD: TGATGGCAACAATCTCCAC
mouse gapdh REV: CGTCCCGTAGACAAAATGGT

1.7 SPESEIR KL K 1% 5 b

/N EURR I FH 0.9% I SARAMTE T o A il 2= 2R 7E
4% 2 B W [ (paraformaldehyde fix solution, PFA)
R E SR, EVR R T4 0 20% DL K 30% 11 REHE
Tof JEE RO A AT o DT 0 30 WAL Ml 114
20 um R YI F o A 10% 12107 A9 0.01 mol/L #
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(Cat. SYSJ-KJ002, #AIFHYE) 438 h, 10 pg/mL
5,5',6,6"-PUG-1, 1", 3, 3" -PU £ FEHE T bR k- Bk Ak pt
(JC-1, BARK) TE37 °CT W /N Jo 240 ffd 1) 2 1A
JECH 7 30 min. JH TCS SP8 #4388 £ 414 W 1w
(Leica, fHE) WAL,

1.6 /NS AN 5y 25 F1qPCR

PR /N B, DR o fige ) 8 K BT, I 7E hank -
M ER R ZE v T3 7025 . 1 mg/mL A INER
it ) 5 PR AN AR . X T/ NI SR A A S, AR
% 45 4 M P CDIIb B & (Cat#13-0112-82,
Invitrogen) WEfLAIME, XJ5 H Dynabeads =Y R E &
#| (Cat#11047, Invitrogen) 43 B CD11b 2l .
TRIzol (Cat#R0016, Beyotime) #2 B & RNA. JH
BioDrop ¥ 1 &1 RNA Ji, i PrimeScriptTM II 1st
Strand cDNA Synthesis Kit (Cat#6210A, Takara) &
B cDNA, 519 %% UL3 1. 1 LightCycler 48011
(Roche) DA K BeyoFastTM SYBR Green qPCR Mix
(2x, High Rox) (Cat#D7265, Beyotime) fE20 wL
(9 52 % BEAT 30 ng B cDNA Y SZ I PCR. 2
. 95 CCEEREIR, 2 ming SRJE 60 PMEHR, 95 °C
155, 60°C 20s, 72°C 30s; 55°C 30s, HEATIEM>
Br., TR 60 °CTF 2 95 °C, i JH 2724 Jy pk 4 ik [
FikH 5 GAPDH IH—1k.

SOURCE IDENTIFIER
Sango Biotech N/A
Sango Biotech N/A
Sango Biotech N/A

. N/A
Sango Biotech
Sango Biotech N/A

MR R 28w VR VR U B A1 1 h, SRS AE4 °C
T H % $i Ibal (1: 200; Wako Pure Chemical
Industries, Ltd, H A<) . %41 GFAP (1: 1 000,
Glostrup, F} 2 ) . % it NeuN (1: 100, Merck
3% [ ) 5 /h BB TRPVL (12200,
Neuromab, £[) WHEA . 485 0.01 mol/L PBS

Millipore,
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THUEMG F-, JF 5 HE A Alexa Flour® 488 B 555 454 )
Pt (1: 500, Invitrogen, F[E) BEfb2 h, fli
TCS SP8 LA FOLFIH W R AR IO E G . XA
ST IS, BRI R RSN TR A
bR 0 Bz A S oy B ok, JFIER AT IR, T
il Ji5 2L AT HAD AL 53T

Tba-1 Fll GFAP B2 A 0 S0 B2 B LU R 2 S TR
A, 5 WT SCDA#ATIH—4k, 1M NeuN BHPE4H i )]
AKX DO T, 5 WT SCD At 7IH—1k =%,

1.8 Hil“¢iiik

H Prism F A AT G500 o AFG RS040 1 1%
LB x+s 2o, JH Kolmogorov-Smirnov 1F 2544 K6
BRI WA, RIE RN R O 22 B
Dunnett (¥ 55 J5 K 30 #4750 17 . P<0.05 RR 22 H A5

PED-S&

2 &R

2.1 TrpvI iSEBRAIG AR 555 1) 53 i)

HEFTRNANF (RNA-seq), VAHiE HFD 1% SCD
MRS WT R KO /N BRI iy 2 78 (it AR INAR i PR A
FEIR ML M KR 5 HFD 5% SCD % Trpvl #ill/ BLAY
SFMEgEm (Bl 1A), 7EKO-HFD A, A 34
BEH R A e, HhasE 2 A FIRs S O
BRWEE) 1A B (GRE) (B1A). &
SPMT R s Ry EL R R rh ) IR R EE A . A
JLEE T A R R L SORiRTRE L R A
M (B 1B~D), e 5L B v i oy 5T 9 v 1 25 1
JEOMN T BRI P D B N A A T A S a2
(E1E~G) . M4, S5 KO, KO-HFD 4 # £
T F1 5 ik 21 21 % 2 ol A OGO B R T BE T R (&
1H~)) ., FRZEIRFEN], HFDIRE R Trpvl (3L B
RFHARFW . LehifkThfie . WARER L Z T
FZE fil I Re 4 2 4 o

2.2 Trpvl BR WV 1 HED X i 5t ALY 25 Rl

R TN T Trpvl 55 DR X /)N B oG 2% 2 1)
SO, g VRO (5335 - 5 0 PR BT A HFD 2 SCD i
FEHWT FKO /BRI B4l P Zrbrdl SR o,
ki B J5 2H 3= 5 oy % I B AE B (phosphatidyl-choline,
PC) . W% g Mt & B W% (phosphatidylethanolamine,
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PE). WillgMt22 &2 (phosphatidylserine, PS). #illg
Bt H ¥yl (phosphatidylglycerol, PG) LA B .l B g 4l
W 5 WTZHAL, WT-HFD 49 PC K F F [, fij
PS #1 PG /K-F - Jt; [H}, KO il KO-HFD /) B (1)
PC. PSLLN PG/K-F-IA M B (K2A), 1AL,
5 KO /N B A H ., KO-HFD /M [ = Bt H il
(triacylglycerol, TAG) HJ/K-F-H1 W14 (& 24) .
BAETYBE R, WT-HFD F1 KO-HFD /)M il
il R W25 (K2B). WT-HFD /MR TAG
WA B AR L, W42 414403 (E20),
S0 PN 5 0 FN Rk A 1 TAG AR W4 i sTs 7. 5
WT/NAHEL, WT-HFD /N PC. PE H1 PG Y P ik
BERK B B ALK, 1 KO-HFD 41 5 KO 44 Ik, PC
FIPE [ BERLBE K A 1 A8k (1812D~G) . R
FMESEAE K 1 T IR IR AE i A, 388 3l 200 ) 3
AEYIG R, B AL, 38 SRR R RO 1Y)
T B R AR R P A A AT s, AR
WT-HFD /N, PR AE < A0 S R H s A (4K
R AN

2.3 Trpvl HEBR K7D HFD X %% 5% 41 1) 53 wil

GiGEe A NIRRT G N, R WT-
HFD /DB Hm B AR AL . SR . e s
Bt LB (glycosylphosphatidylinositol, GPI) 444
BCAAE A DU R A % A 1 W i Y784k, KO-HFD /s
L H M B AR ACS N GPLA= W& il & A 1 A N A2 4k
(E13A).

KIE R s 5 WT/NEAE, KO /N R Al
SRR SR O - 3PS B O R WU S 75 N o R O R 1 2
(#13B) . 7E25RIKMIER T, 134 GO Al KEGG
mEWE 4 (BI3B), tAh, 5 WT-HFD /MU L,
KO-HFD /)N B KM h A 17 SRR 3, 63 A Jk A
EiFafisEL (K3C), A 134 GO HKEGG i&
BEWEE (B130).

B ETE KEGG i A2 b (10 5k R -1 A5 His 1 UL 5]
3D~1, Hop i Hmsis s (K3D) . B4 TR
Ul (I813B) . PulsisbBEA L (1813F) . GPIAEY)
AR (E13G) . Wil (& 3H) Alo-J il
(B30, 5 WT-HFD /N RUARLL, 5 H s Ag £
HKWFHH (Pla2gl0, Pla2g4b, Pla2g2f, Pla2g4c,
Pla2g2d, Pla2g2c, Dgkg, Dgkk, Lpin3, Plpp4 F1
Prtdss2) 1£KO-HFD /NP i (E3D). 1ehh,
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Module-trait relationships
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? G0:0006695: cholesterol biosynthetic process
GO:0044257: cellular protein catabolic process "
G0O:0036315: cellular response to sterol Msmo1 Acat2 0.8 i
] G0:0016055: Wt signaling pathway
— G0:0070646: protein modification by small protein removal / o3 A\ . 0.6+ .
G0:0035376: sterol import
G0O:0044772: mitotic cell cycle phase transition m 0 4t
GO:0007005: mitochondrion organization 2 g
GO:0097190: apoptotic signaling pathway
G0:0070201: ion of I of protein .é 02F
GO:0006879: cellular iron ion homeostasis B=] - =
G0O:0031647: regulation of protein stability =9}
G0:0072594: establishment of protein localization to organelle 0 F e .
hsa04144: Endocytosis 2
G0O:0051650: establishment of vesicle localization L %
GO:0051154: negative regulation of striated muscle cell differentiation LdlIr Insig 1 0 2
G0O:0010506: regulation of autophagy ”
GO:0009991: response to extracellular stimulus _0 4 T S T, N
GO:0046849: bone remodeling - & Q Q Q
G0:0002009: morphogenesis of an epithelium @ %, & \28
2 4 6 8 10 12 14 $&' o
“loglO(P) &
mmu04141: Protein processing in endoplasmic reticulum .
G0:0016071: mRNA metabolic process 06
GO:0006469: negative regulation of protein kinase activity .
G0:0010660: regulation of muscle cell apoptotic process Hspa5 Sdf2l1 _I_
G0:0061077: chaperone-mediated protein folding 0 4 L
G0:2001243: negative regulation of intrinsic apoptotic signaling pathway m - .
G0:0009266: response to temperature stimulus
mmu05020: Prion diseases Ints3 Atpévoe = 02k
| G0:0010498: proteasomal protein catabolic process i) N
[ —— co ol ylati )
— G0:0010942: positive regulation of cell death Pdia3 Creld2 g B
G0:0032101: regulation of response to external stimulus 5 0 [
G0:0031647: regulation of protein stability . *
G0:0048660: regulation of smooth muscle cell proliferation Pdia6 Calr W ol
G0:1903334: positive regulation of protein folding 02+ % . O
GO:0007006: mitochondrial membrane organization
G0:1901224: positive regulation of NIK/NF-kappaB signaling Hsp90b1 Hspbt N
GO:0007346: regulation of mitotic cell cycle —0 4
G0O:0034249: negative regulation of cellular amide metabolic process ° & Q Q Q
GO:0030335: positive regulation of cell migration $ s}, ‘23 “28
2 4 10 12 $&/ &’

G0:0050808: synapse organization
G0:0010976: positive regulation of neuron
G0:0032409: regulation of transporter activity 0.6 F
G0:0051668: localization within membrane - L] @
G0:0050804: modulation of chemical synaptic transmission Jcad Ano3
G0:0007610: behavior 04F
G0:0099010: modification of postsynaptic structure N
G0:0030029: actin filament-based process
G0:0060627: regulation of vesicle-mediated transport 02 r
0Fr .

02r % 3
G0:0060074: synapse maturation
G0:0044275: cellular carbohydrate catabolic process —04 & O
G0:0048169: regulation of long-term neuronal synaptic plasticity
Rasl10b Arpp21 QL ngéo
o

Blue ME

'mmu04728: Dopaminergic synapse

mmu05031: Amphetamine addiction

G0:2000649: ion of sodium ion transporter activity
G0:1900271: ion of long-te synaptic iati

G0:0031400: negative regulation of protein modification process

G0:0072657: protein localization to membrane
G0:0046364: monosaccharide biosynthetic process
G0:0016572: histone phosphorylation &

10 12

6 8
—logl0(P)

Note: A. Modules of WT, KO, WT-HFD, and KO-HFD mice (#n=3 mice in WT and KO group, n=4 mice in WT-HFD and KO-HFD group). B/E/H. Top 20
pathways of GO and KEGG enrichment analysis of the pink, black and blue module. C/F/I. Network plot of the top 10 genes in pink, black and blue module.
D/G/J. Trajectory of the module eigengenes in pink, black and blue module. One-way ANOVA was applied. "P < 0.05, P < 0.001, P = 0.000.

1 SHEERAMIFERE WT 0 Trpv] BIBRA/NR AT WGCNA

Fig1l WGCNA in WT and genetic 7rpv/ deletion mice before and after high fat feeding

ISR KR (B2, 2023, 43(12) (
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WT-HFD

128.53% PC 126.54% PC
112.99% PE 113.19% PE
e b

11.22% DAG 1156% DAG
10.81% TAG 10.74% TAG
112.59% CL 113.02% CL

138.48% Others 138.08% Others

HexCer 44:23

1 PC32:7+AcO

2023,43(12)

126.32% PC 126.23% PC

Tiisms lisies
43%

12.26% PG 12.04% PG

11.56% DAG 11.20% DAG

10.61% TAG 11.13% TAG

11321% CL 114.06% CL

137.88% Others. 136.92% Others.

15 1 05 0 -05 -1 -15 WT WT-HFD KO  KO-HFD
PC PG D
TAG acyl chain length Sorsor Zeoor
2 800 = B 3 s o
2 B WT-HFD 2 o0 E 400F ~WT-HFD
Q Ko ° B
£ 600 I KO-HFD 8 8
= 'S 50 g 2001
3 £ £
o 32 34 36 37 38 39 40 42 44 32 34 36 38 40 42 44
E 200 50 ?\I%m%ge? gf g;,rbsosn g?cr:g 4 Number of carbon atoms Number of carbon atoms
S
=0 2150 2800
Q" le Q‘bl Q? Q*b‘ QP Q?‘ an Z 2 i
B P 5 5
NS A o AT e A £ £600
LA AR = 0 = ~KO-HFD
F R L E L B0
© ©
£ £200F
2 g b

30 32 34 35 37 38 40 43 44
Number of carbon atoms

F

28 %0 220
[7] (7] (72}

[ =) (=4 =
g6 8 300 & 150
= £ £
B4 8 200 B 100
N N N
© © ©
g3 € 100 £ 50
(e} (=} o
z 2 z

0 » '1' bl & o '\ G\ 0
g % 'o AAAAAN

E 40 FLLEEE g

&

ol 1
32 34 36 38 40 42 44
Number of carbon atoms

30 32 34 35 37 38 40 43 44
Number of carbon atoms

G
Bwt
W WT-HFD
B Ko
M KO-HFD

PG

I

N
PSS s‘b's’"b“"bbp-
CLLLLLL e

Note: A. The composition of lipidome profiling of brain cells. B—C. Lipidome profiling of WT-HFD compared to WT and KO-HFD compared to KO mice
brain. D. Distribution of PC, PE, and PG chain lengths of WT and KO mice induced by HFD treating. E—G. Distribution of PC, PE, and PG species of WT
and KO mice induced by HFD treating. Data present the ¥+ts (WT, WT-HFD, KO, n =3; KO-HFD, n =4). Statistical test: two-sided Student's t-test, two-way
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