http://aammt. tmmu. edu. cn P 2275 R 22731, 2026, 48(6) 687

W -

W e 4 3 Fp AR A A B /N BR TS B o 4o 2 18 WU AE - DR M 4R IR ES , A | .NO 5
ERMESTEES

Bl A, FaA BIRAR LA HLERELE L ' MEEERRCESFEERE). B
WA i I e b 2 AR 0 B 2R ZE A O B S 2 R

(FE] HM  XFHEIRIE (high-fat diet, HFD) J8 28 %75 (ob/ob) \J& 2 52 (A %845 (db/db ) 3 FR
[F] AL PR 76 /0N BT o i 40 A ol LA B A 26 30 TP 246 728 A 3310 T B8 R i At i AL il £ 2R L -3
TG Z R S0 . ik S2uext 6 R HErE CS7 /NS T IR Ik B S 7 2 18 iR, i S74K
B TR (HFD ) AR 5 [R]R1E T 18 Ji] o e 19 28 B (ob/ob ) FI19E 22 32 AAEILFF (db/db ) 35t 1% 1 I ik
ANER IR LARIES HEME C57 /N ERAVE AT IR, RRZHER 3 H(n=3) , 4L 12 H o ZbB0 S 7E A 0 G0 b 20 D L
T2, 2K 10x Genomics v3. 1 V{5 F 47 B A0 M A% % S 4T (snRNA-seq) , £U4E 25 Cell Ranger
FeX A 5 A Seurat 5 T 15 B 2E 5 B850 5 Bl )5 3T NeuronChat S HAH 24 22 G845 S v il AR -2 1R %
0t P W ot 22 0 - P 22 TR TR 28, FR G LU AR A5 N RS AL 55 €57 % R ZH 70 22 S am TR 4% 155 i A A
S A S A E R ST AR S5 AR RS AL X C57 (HFD L ob/ob & db/db /NEUF
Fr i 20 267 7 B 24 SR 265, PRI A R LA P 28 T A b 22 0T S 22 Al 4 T A A A Y R
HRELAT AN R AL RIS AU AE UMAP 25 [MIAETE— 8 s o X PR o0 IR ERA1G3 71 GABA HEH 10147
RARAEW I, 428 T ki o0 BAT B3 Sk . 3 R A S B0 GABA REA i Sy A 22 85 B
I3 - P 28 7% 42 B 11 (Nrxn- Nlgn ) 38 6055538 3 T I8 A REAE | ELAS [R)ASE 280 (] £ 7 2 5 1 ot 20 TR 45
HFD #28 DLSE B B 1 o-1(Gjal-Gjal) HL S Ml 58  Nexn-Nlgn i H 98070 A #AE ; db/db #5784 DL — %A fk
A-SFHBRINEEE 1 7T alpha 2(NO-Gueyla2 ) K i MERK B (Pdyn ) 38 5 5 15 ; ob/ob A2 RY LA 2 iR
ZARE AERETE A T B A AR AR I  HFD AR E 4R Gjal KRR B A & R 2 AR LA,
db/db AH X} & H NO-Gueyla2 5 il 55 B AH 5G3 1% , ob/ob A1 X & 42 B - AU/ B 7% 2 R 32 (R B A
g5V ANTRIS DR A T PR AR v T e i 7 A T %) 2 3 T O 28 A X R e TS PR 5 o rl 5 Ml A G
A I 8 2R A7 AR AR DL NO M S5 5 14560 Ry S BURRAE 98 2R G SR A DU LA R e % A 1 LA
HE R A O R AR AL TP R 0 55 A [ R YT A A M R 2 o BEAL AR AR AL TR B R o

[R8iR | ERERLAY R Fefi s SR i  ph 20l iR Be AR -2 AR 5 AR

[hEESZES ] R589.2;R338.2;0811. 4 [ XEkFRERD ] A

(BB ] HHRAREAIES (32471027) ; E R TR G1H 5 0 H & J& £ 35 (CSTB2024TIAD-STX0044 ) 5 # JE T F 2R %} 2235 4> (CSTB2024NSCQ-
MSX0021)
[BEMEE] % #F,E-mail: Yanghui@mmu. edu. cn

2= #y, E-mail: Tmmuls@tmmu. edu. c¢n

2097-0927/Copyright © 2026, FfiA=%20 K2 (5 = 4B R%) o R IFHORICCE G CC BY #77] B (https: //ereativecommons. org/licenses/by/4. 0/)
SIAEJHE T, 4T, TS 4 DA 3 R AL/ N BT T e 22 0 THURPAIE - Sl v D i 9 , 48 R W NO S R R 54 B ()],
Rl FE 22 BE 22 4%, 2026, 48(06) : 687-700. DOI: 10. 16016/j. 2097-0927. 202512099.

Citation:ZHOU L Y, FEI X H, YIN H C, es al. Hypothalamic neural communication characteristics in 3 mouse models based on sequencing analysis:
Attenuated inhibitory regulation with dominant roles of glutamate, NO, and electrical synapse signaling[J ]. J Army Med Univ,2026,48(06) : 687-700. DOI:
10. 16016/j. 2097-0927. 202512099.



688 B 472 s R 22441, 2026, 48(6) http: //aammt. tmmu. edu. cn

Hypothalamic neural communication characteristics in 3 mouse models based on
sequencing analysis: Attenuated inhibitory regulation with dominant roles of

glutamate, NO, and electrical synapse signaling

ZHOU Lianyu', FEI Xinghang', YIN Huachun', ZANG Zhenle', ZHENG Xin', FAN Xiaotang’, LI Song', YANG Hui'
'Department of Neurosurgery, Second Affiliated Hospital; ‘Department of Military Cognitive Psychology, College of
Medical Psychology, Army Medical University (Third Military Medical University ), Chongqing, China

[Abstract] Objective To compare the hypothalamic cellular composition and neuron-neuron
communication networks across 3 etiologically distinct mouse models of obesity, high-fat diet (HFD), leptin-
deficient (ob/ob), and leptin receptor-deficient (db/db) so as to identify universal mechanistic clues that can be
validated across etiologies and searching for etiology-specific targets applicable to stratified treatment.
Methods Six-week-old male C57 mice were fed with HFD continuously until 18 weeks of age to establish a
HFEFD model. In parallel, 18-week-old male ob/ob mice and db/db mice were subjected as genetic obesity
models, and age-matched male C57 mice served as controls. Three mice were included per group (n=3),
totaling 12 mice, were euthanized, and the hypothalamic tissues were meticulously dissected under a
stereomicroscope. Single-nucleus transcriptome sequencing (snRNA-seq) was performed using the 10x
Genomics v3. 1 platform. The obtained sequencing data were aligned with Cell Ranger and processed in
Seurat for quality control, dimensionality reduction, and clustering. Subsequently, neuron-neuron
communication networks were inferred based on NeuronChat and its nervous system-specific ligand-receptor
database, systematically comparing changes in differential communication networks, signal output/input
strength, information flow, and interaction quantity between each obesity model and C57 controls.
Results Dimensionality reduction and clustering of hypothalamic snRNA-seq data from C57, HFD, ob/ob,
and db/db mice identified several major cell populations, including excitatory neurons, inhibitory neurons, and
multiple non-neuronal cell types, with cells of the same type showing model-dependent shifts in uniform
manifold approximation and projection (UMAP) space. Neuronal subclustering resolved 7 GABAergic and
10 glutamatergic subtypes, indicating pronounced neuronal heterogeneity in the hypothalamus. Across the
3 obese models, GABAergic inhibitory incoming signaling and the neurexin-neuroligin (Nrxn-Nlgn) pathway
were broadly downregulated. Meanwhile, each model exhibited a distinct communication-network signature:
the HFD model was characterized by enhanced electrical synapses mediated by gap junction protein alpha-1
(Gjal-Gjal) and reduced Nrxn-Nlgn output; the db/db model showed dominant nitric oxide-soluble guanylate
cyclase signaling (NO-Gucyla2) together with enrichment of prodynorphin (Pdyn)-related pathways; the ob/ob
model was primarily marked by enhanced glutamate receptor interactions. Pairwise comparisons among
models further validated these patterns: HFD relatively enriched Gjal-related signaling and certain
metabotropic glutamate receptor interactions; db/db relatively enriched NO-Gucyla2 and synaptic adhesion-
related pathways; ob/ob relatively enriched in ionotropic/metabotropic glutamate receptor interactions.
Conclusion Distinct neural communication network patterns exist in the hypothalamus across obesity
models of different etiologies: diet-induced obesity preferentially exhibits enhanced electrical synapse-related
pathways, leptin receptor-deficient model is primarily characterized by increased NO-related signaling, and
the leptin-deficient model is centrally distinguished by enhanced glutamatergic excitatory interactions.
Notably, attenuated inhibitory regulation emerges as a common feature across models, providing novel insights
into understanding the pathological mechanisms underlying obesity development.

[Key words | obesity animal models; hypothalamus; single-nucleus RNA sequencing; neuronal

communication; ligand-receptor interactions
Supported by the National Natural Science Foundation of China (32471027 , the Special Project of Science and Technology Innovation and Application

Development of Chongqing (CSTB2024TIAD-STX0044) , and the Natural Science Foundation of Chongqing (CSTB2024NSCQ-MSX0021). Corresponding

authors: YANG Hui, E-mail: Yanghui@tmmu. edu. ¢n; LI Song, E-mail: Tmmuls@tmmu. edu. ¢cn



http://aammt. tmmu. edu. cn P 2275 R 22731, 2026, 48(6) 689

RRALIEAR G b IS ™ B 2SN S
JFE , ) ARt 8y W PR A A g 7 T 25 A 38
PEBERIY 5 LR L B RE AR AR IS A ML P i
L B AT SR B RE e LA = i e L I
FET BT (SAT)ECE N IE (VAT) 19 65 i 15 2H 21
M 1 DL 9 4 B PO AR IBE5F . ob/ob . db/db
FHEFD /)y B3 550 FH T 40 982 2% 308 J e o LA % PR 5 -
B HAE G A% E BUIE i M L B B 2 0 2
By g . AR, R F i R A Y FR K,
rh 5 R4 (arcuate nucleus, ARC) % 5%#% (paraventricular
hypothalamus, PVH) & N | # (ventromedial nucleus,
VMH) Pl R4 BB O SOk iRE , 1R %
/INERCVMH XA B 4 IR 32 AR 5 R B 3R 2 bR
AR TR H AL R A - 52451 9 BDNF 58
AR IR ORI REATT IR TR
i, PVH™ 5 ARC™™ B Bl 58 B0k (1 34 n 23 2 o
s I R ER S B X SR T 4 R R 2 il S5
55 Z 3 A AR E M DL R M 208 TR PR TE AR AR S
HrE e SR, E AT R R Ak 2 TR
& AN BB, X AT RS HEIRY TR ITE .

PAZHAIEZ RN AT (single-nucleus RNA sequencing)
AE A8 76 5 40 MRS b fige A b 28 50 1B S5 240 B 7 S S5
PEOT L AEBEER R R A R, X e AR Al
TE A A A T T i R P e A B AL 5 ), R
R AT % AL B A0 BRI 25 RO R e
NeuronChat 55 B #1 28 RGtFr (1 T RS T2
JoE A 228 UK A5 IC M-S o 4 RSB0 I, 7 400 IV ) T
5 I - AT WAL 22 T R IR 45 X e
AR g DI S5 2 7K AP L AN () A J A 2R ) o 22 1 T
T IR S T ROR T B, O R AR Al - -2
1 2T 1T e RS S R 2ol AR A

SR, EHTRTAS [ 95 PR 3K 30 0 N R AE T Fe i G 2
SF% J2 T ) 240 - 200 6 30 T e R A AP A 25 5 A B 2 2R
GEPERIFAN AL . BRTEME R 2 R AR T
A% A /0 M 0 30 0, K LA DA IO 465 22 T e A A e v X
BLT B S P I o PRI , X6 AN W] I PR Y 1 e il
T TR 48 BEAT A AT 5 08 LG L A Bl 31RO 7T 5 PR e
A TS ML 2R -4 T N 03 2 AR S B A

1 #R5FE

1.1 ¥z

6 J&l ¥ M PR C57 fff F 2 B 1) B (XTHEF60, 60% Jii
T, DML A= 4 ) B xst BE AR B (XTCONSOJ, B R A 9) i)
FE A 18 IR PEA 5256 (HFD) . 18 J8 #3198 & (leptin)

28 7% 1 ob/ob (C57BL/6JGpt-Lep™ “*/Gpt, Strain NO.
TO01461, = ZE 25 5 ) /N B DL 98 25 32 1R (leptinr) 28 748
%I db/db (BKS-Lepr™“*"’/Gpt, Strain NO. T002407, £
) /NI H AR AR R A R TR A4 B R
LR EY L. S B HITE 20~23 °CL IR 60%~
70% , 4 12 /NFHER G (8:00-20:00) 7] LA [ i gE £
FPOK o SLmr it 2 g D) W I/ BRRAS A2 Ak, 27 th
TR B 4R T [ I 20% | B 32 3h s 45 1 P
JERYL SR, 57 B S Bh NG L, /N RSl 22 SR AT
SEGG AR JCHU AN R F 4 KA, B /N BRUSE  Fii
TE AR . PTAERAE R AT G B A 2 R KA SR B
YIS BR R A 2 5y 23 T A A v, O R A5 Il 45 25 S K2 st
5 W18 B2 5L A4 ME (AMUWEC20237516) . 440
W3 HUNEREEF TN , A= E R R 3(n=3) .
1.2 ik
1.2.1 18 &% C57 . HFD . ob/ob 5 db/db /N Fr fiki
2H 2 B 19 1% 4 HE 244 (50 mg/kg, i. p. )k
P I R, VK I PR AT o 2 BRUIN U ST 1R 5 o7 T 3
(Paxinos and Franklin, &% PU KR ) , T A0 . 6 % (Hi ik
) N YIRCT Feiidigl i SR R/ e A A Al
%4 (Bregma+0. 14 mm) £ ¥ 3K (Bregma 2. 9 mm) ;
AN 300 55 g kD T (A 5 R 28 S B I R A ) 5 3
TS B IEM S AR SN SRR 2. Y
WA ZH 2125 PBS th st J5 M AR 5, T T 5 22 50 200 i A
W25 o
12,2 FRAH MR B A | PR 5 I KR AP i A
AT N i vk s e A B0 1 40 M A% 0 B 2% wh R
(10 mmol/L Tris-HC1 pH 7. 4,10 mmol/L NaCl,3 mmol/L
MgCl,.0. 1% NP-40 J2 25 FABEHMHI ) ) , v 5) 9,40 pum
U FBE 3 0 ) B A B . B SRR R 10x
Genomics v3. 1°F- &, & F£ 4 8 000~10 000 > 21 /il .
I B A5 LA SO 3 Cell Ranger(v6. 1. 2) #E4T7 HL X
I A= 1% gene-barcode Ji FF . %48 T A Seurat (v4. 3.0)
R AT B P FUBR HEAR , 3o SE AR VE « nFeature_ RNA 100-
6 000 nCount_RNA<15 000, £ H7 {4 3 A [b 5] <10% .,
W 7 % FH SCTransform #4175 —4k , 3 JH FindVariable
Features JEHEHUEZRRE A 2 0001, 22T PCA {8 IR 307
PC #:47 R4k I 1 — 25 UMAP Rl # 4k o 81 Louvain B
AT BN % AN, IF-45 5 LAY Marker 3 KX 20 i 32
TT1ER . #HE—2EX) GABAergic 5 Glutamatergic BE #1142
JCHE R T R4S GABA-1~7 5 GLU-1~10 WAE , 1
R e S 2 AT R T
1.2.3 NeuronChat ff1 £ 56 HAEf# A RWFFE T
PR A AR A TR e B B 28 o R A L R



690 i 254 R 2241, 2026, 48(6)

http ://aammt. tmmu. edu. cn

NeuronChat (v0. 3. 1) [ #ifl 28 3 4 45 5 A9 B AR - 32 1R 5K
¥ )% (NeuronChatDB. mouse ) #E 47 #i1 28 51 - i 28 5638 TH
e 3 {555 4% (communication links ) 1948 1 i %
P iy BRSSO FDR AL IE (¢<0. 05) , A $i
R ENE, B FEAR T & 100 K bootstrap fli 1115 5 5%
REIEIT .

1.2.3. 1 3# THIE PG4 22 X 2835 Seurat by M It Fi
AR I TR B 28 0 B A e SR R AT 0 — 1k
(scale. factor=10 000) J5 , DA /55 A8 FE PR Sk g A A
NeuronChat X 52 , ' /A [|] A 41 51) 4t Jfd 7% 132 B (GABA-
1~7 . GLU-1~10 %) /5 2 I B A bR 28 A, 3 THAR
5 P2 1% £% NeuronChatDB. mouse.,

Jic 44 55 9 A5 3 B Al 11 4 B8 NeuronChat BRI\ 77 15
PEAT X F /N5 F8 5 (Glu .GABA) , i ] AND-OR 3%
BTEE BOX W] — Dy RE AU R R U AR 24 (OR) L 25
BEH L IO L A F- 35 (AND) o B/ F iR 5 32 4k
PRk f it . B 4 BEAEA i AT R R 7R
/0 25% AT R AA VR R T il . BIF S AL
sender=NULL, receiver=NULL, N=0, M=100, fdr=0. 05,
K=0. 5, method=NULL, mean method=NULL, strict=1
1.2.3.2 {55kt 5E M AZl T KSR
TR I, 43 00530 0 M 7 A 1Y) 2 306 i J3E R 42
WO B, i 30K 5 R A A AR ) T AT H Al 20 PR
Az 1 S 2 TR RN, 22 0 A 2 S 3 TR
. P8 FRITE NeuronChat 3% BRIN S BT, FE X
FIr A Al L S R R AT Z-score bR fEAL , LU F AT 44K 1L
o BSU (€57 vs HFD ,C57 vs ob/ob .C57 vs db/db)
i H NeuronChat $#2 {1t 1Y) compareNeuronChat PR %L , 1154
2 SRR I RO o A A Y A £ R B LR P, A
T BR B E R AR W B B R B B . SR ATRC
X Wilcoxon 5 56 LA xE P> BU 8 45 2 [R] 02 A5 A7 75 35
HRS o RIS RO KD (effectsize) PPAR G217
e, 25 L BIE M tol=0. 05, VAl 22 55 1Y SL PR 8 Bk
Giit @ AR IH SR P<0. 05 B
1.2.3.3 LB/ FFEIRML eE: X Toesdh
25 E RSk A3 e T AR - AR L 22
S

A Communication=Strength (experiment group) —
Strength ( control group)

2& 507 g X4k B PR E TR 28 AR I . 25 R
TE NeuronChat H L) 5 K6 56 118 2RI\ P<0. 05 fy [38] {H
HEAT 2L , I HL IR 50 B 3 A5 58 B2 /N T2 0. 01 (min.
strength=0. 01) BY%5E I, i netVisual-diffComparison
2l bR PR Zg SR E, HAY R/ INR R IZ LA S

HAmAREST , i SEA R 22

1.2.3.4 FERRSEMEEDT e 7R
PR -2 (A i, 3 i £ JE DR B A PR 8 ke 1
N R i e S e Sy T B IR DA Y SRR
JFH A TRC AR B8 X 7 38 TR o b ) ) 3 o RO
X, H computeNetSig (type= “informationflow” ) P % 15
o PrafE BRI E T —A ] DU T4 2 0] g, 1l
BT A 235 6k ROk € SCPE A ECE: (number of
interaction ) Jf4# 1 countNet (type="pair” ) 118 EH .

TEBS A LR P

AFlow=InformationFlow (experiment group) -
InformationFlow ( control group )
ANum=NumlInteractions (experiment group) -

Numlnteractions ( control group)

Rl IR 2 5 FEE RGP T 4 5 i), o T A 5 4 A5
FER A FE R SE BIE RN smin. pet=0. 1,min. avg=0. 01,
1.2.3.5 GSVAEESMHT i msigdbr T2/
GO iy P e (BP) i 4%, % B A 25 22 5 Il 130 B9 B
A igte. H GSVATHIA GABA 4 7E A [ 28 51 v it
R,
1.3 st o

A GE A 56 A XU A 55 (two-tailed ) , fi 2 PR 7K
SFBE g P<0. 05, R4 1t BH A Fi I b v o 22 S
BAG R

2 H#R

2.1 3APIEARA T JI AR T i m et RS RA,
FH 4K GABA 55 5 R B AEAY 2 L LB 69 E o A

X 11 €57 \HFD ob/ob Fl db/db /I BT Fe il ) .
AN EAZ I 7 45 R AT R S RIS (1A, R A A
TSR YA ] Ao 6 40 M0 42 B — 7 1923 ) D A% , B 75 0
AR TTRESZ A A0 e SAFAE . A Findmarker JF-4565
Fric ik P48 5E  EZ RSS2, A4 Gad 12 ARiC /Y
v & FE T R E A 2298 (GABAergic neuron) | Slc17a6 5
e A ﬁ @Ez ﬁ'é qu‘ 2 u( glutamatergic neurons) | & ﬂ% HSLJ‘
20 M Castrocyte ) L 2058 i 5t 41 Y (oligodendrocyte ) .70
5 Ji J5t A 44 4 i (oligodendrocyte progenitor cells) | /[N
Ji 5T 40 B (microglia) | J&] 4 Jfl (pericytes) . A K¢ 4t iy
(endothelial cells) . Ifil. 4 % M B 40 M (vascular
leptomeningeal cells, VLMCs) % (1B .C) . X #£ o
AT TR RS Hp A 732 71 GABAergic ME A A
101 glutamatergic WA (] 1D) , #2785 T Bl #2802
ARERDE. ME,E—LHNT ZKRERA
GABA/GLU EHFA AU AEAR G LN, L BCH AT REXS



http : //aammt. tmmu. edu. cn B ZE 242 1 R r2E 4Rk, 2026, 48(6) 691

R C R (F 1E F)., TR 0 XA A TR
2.2 REERARA 5 F o fiAh 22 50 ) 6 39 ) - 2.2.1 EIRIKE (HFD) S T i GABA fEf i 4%

I o8 |
- ¢
10 @
® C1GABA &* o
® c2a6w B & e
@ C3Astrocytes 2 = - < N "
e -~ g e 4 ¢ S sample
C4 Oligodendrocytes . & - &
igodendrocytes N 10 -~ - " [ = & & =
C50PC a! o
<
@ C6 Microglia = HFD i (214 | -
C7 Pericytes it i g —
® C8Endothelial & ~
® C9VLMCs o ﬁ”
@ C10ABCs <. -
= :./qi - .
i Vv & '
-0 -5 0 5 10 -0 -5 0 5 10
A UMAP_1 B
s
: C1GABA-1
; ® C2GABA-2
. Percent Expressed ® C3GABA-3
Gag;-: e 10 ® C4GABA-4
SIcha1- o ® 20 © C5GABA-S
S'“"?,g: ® 9 40 ® C6CABAG
Slé’ia%- ! o . : gg ® C7GABA-7
SI(RA‘IEg- ) ’ ° @ 100 ® Cc8GLU-1
P ® C9GLU-2
i\;ltgn: 3 n ® C106LU-3
Trol = - -
Pdgfra : ° Average Expression @/ CLIGLU
Vcan 15 C12GLU-5
Runx1 - (] .
C1ga+ [ I - ® c136L-6
gﬁfql;: : ' 1.0 ® cl46W-7
Pdgfrb [ ] 05 ® Ci5GLU-8
SIcGa|1t:13: ® [ ) 55 ® C166LU-9
Sledrat __ o o @l 0.0 o . ® ci76-10
LD @80 m AT LD k.
a2 2a%5 &S00
5°gg°f2E3s% c D
3 2 S8z
<8 &
3
=}
= Percent Expressed GLU=i0 - Percent Expressed
GABA-7 e o O e 10 e 10
® 20 GLU-9+ ® 20
GABA-6 - ¢ ® o ® 40 ol ® 40
® &0 GLU-8 [ J : 60
@ 80 GLU-7 ° 80
GABA-5 4 [ ] @® 100 @ 100
GLU-6 - °
GABA-4 4 o GLU-54 °
i Average Expression
GABA-34 o Average E1x;53reSS|on GLU-4 4 ° 9 15p
I ‘ GLU-34 I
GABA-2 + [ ] 1.0 1.0
[ GLu-2- ® o ™
GABA-14 o 05 GLU-14 ® ° o
T T T T T T T 0.0 "\ ; q', Clb ‘1 ; 1 0.0
S LS RSO S PR NP
&' $ < N A N O
& SRS T SRS
Yo Ll E & ¥ & F

A: UMAP distribution of various cell types in the hypothalamus of C57, HFD, ob/ob, and db/db mice (n=3). Each point
represents a single cell, with colors indicating major cell type clusters; B: UMAP distribution displayed by sample group (OB,
DB, HFD, C57); C: Bubble plot showing the expression of marker genes for each cell type. Bubble size represents the
proportion of cells expressing the gene (Percent expressed) , and color indicates the average expression level (Average
expression) ; D: UMAP showing neuronal subclusters, which are divided into multiple subgroups (GABA-1 to 7 and GLU-1 to 10);
E: Bubble plot showing the expression of marker genes for GABAergic neuronal subclusters; F: Bubble plot showing the
expression of marker genes for glutamatergic neuronal subclusters. UMAP: Uniform manifold approximation and projection
HFD: High-fat diet; ob/ob: Leptin-deficient mouse model; db/db: Leptin receptor-deficient mouse model; GABA: Gamma-
aminobutyric acid; GLU: Glutamate
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Figure 1 Hypothalamic single-cell transcriptomic atlas and subtype annotation
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A and B: Significantly upregulated (A) and downregulated (B) ligand-receptor communication networks in the HFD group

compared to the C57 control group. Lines in the network represent significant ligand-receptor interactions, and nodes

represent cell types. Only communications that reached statistical significance via permutation testing (P<0.05) are shown;

C and D: Heatmaps showing differential outgoing signaling (C) and incoming signaling (D) intensities. Red indicates

enhanced signaling in the HFD group, while blue indicates enhanced signaling in the C57 group. Only significant signaling

pathways/communications (P<0. 05, permutation test) are included in the heatmaps; E: Bar graph comparing relative numbers
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F: Bar graph comparing relative information flow. This shows the normalized proportion of total communication probability/

weight for each signaling entry between the 2 groups. HFD: High-fat diet
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Figure 2 NeuronChat-inferred neuronal communication differences between the HFD group and the C57 group
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A and B: Significantly upregulated (A) and downregulated (B) ligand-receptor communication networks in the db/db group

compared to the C57 control group; C and D: Heatmaps showing differential outgoing signaling (C) and incoming signaling (D)

intensities ; E: Bar graph comparing relative numbers of interactions ; F: Bar graph comparing relative information flow.

db/db : Leptin receptor-deficient mouse model
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Figure 3 NeuronChat-inferred neuronal communication differences between the db/db group and the C57 group
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A and B: Significantly upregulated (A) and downregulated (B) ligand-receptor communication networks in the ob/ob group
compared to the C57 control group; C and D: Heatmaps showing differential outgoing signaling (C) and incoming signaling (D)
intensities ; E: Bar graph comparing relative numbers of interactions ; F: Bar graph comparing relative information flow.
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Figure 4 NeuronChat-inferred neuronal communication differences between the ob/ob group and the C57 group
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A, E, I: Heatmaps showing differential outgoing signaling intensities between the db/db and HFD groups (A), ob/ob and dh/db
groups (E), and ob/ob and HFD groups (I); B, F, J: Heatmaps showing differential incoming signaling intensities between the
db/db and HFD groups (B), ob/ob and db/db groups (F), and ob/ob and HFD groups (J); C, G, K: Bar graphs comparing
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groups (K); D, H, L: Bar graphs comparing relative information flow between the db/db and HFD groups (D), ob/ob and db/
db groups (H), and ob/ob and HFD groups (L). HFD: High-fat diet; ob/ob: Leptin-deficient mouse model; db/db: Leptin

receptor-deficient mouse model
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Figure 5 Pairwise comparison analysis of neuronal communication across different obesity models
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