Astrocyte-derived extracellular vesicular NFIA mediates obesity-associated cognitive impairment
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Supplementary figure 1. Flow chart of the study.  After high fat diet, the mice were performed the behavioral tests to explore the influence of obesity on cognitive function. Then, we used GW4869, a widely-used inhibitor of EVs secretion, to further validate whether EVs mediated obesity-associated cognitive dysfunction. We performed the proteomic profile of brain-derived EVs. Using the KEGG and GO analysis, combined with literature, we identified the NFIA as the target protein. Next, the expression of NFIA in astrocyte and ADEVs were examined through IF and WB in vivo and in vitro. To further trace the transmission of ADEVs, we constructed the rAAV that specifically tracks ADEVs in vivo and labeled the ADEVs with Dil in vitro. NG/HG ADEVs were injected into the hippocampus of WT mice and cultured with primary neurons, which aimed to investigated the potential involvement of ADEVs in obesity-associated cognitive impairment and synaptic damage. Moreover, specific knockdown Nfia gene in astrocytes in vivo and in vitro to further confirm the role of ADEVs. OFT, open filed test; NOR, novel object recognition; NBT, nest building test; ADEVs, astrocyte-derived extracellular vesicles; IF, immunofluorescence staining; WB, western blot; rAAV, recombination adeno-associated virus; NG, normal glucose; HG, high glucose; Chow, standard normal diet; HFD, high-fat diet. LV, Lentivirus.
[bookmark: OLE_LINK2][image: ]Supplementary figure 2. Effects of long-term HFD on locomotor activity in mice.  
[bookmark: OLE_LINK1]a Glucose tolerance tests of 12-week HFD and Chow mice. N=5 per group. b Insulin tolerance tests of 12-week HFD and Chow mice. N=5 per group.  c Body weight of 12-week HFD and Chow mice. N=12 per group.  d Representative images and total travel distance of 12- and 16-week HFD and Chow mice in the OFT test. N=8 per group. e Glucose tolerance tests of HFD mice 4 weeks after GW4869 and vehicle administration. N=6 per group. f Body weight of HFD mice 4 weeks after GW4869 and vehicle administration. N=6 per group. g Representative images, total travel distance of GW4869 and vehicle treated mice in the OFT test. N=6 per group. Data are presented as the mean ± SD. *P < 0.05, **P < 0.01, **** P < 0.0001, #P < 0.05, ##P < 0.01, ###P < 0.001, #### P < 0.0001.














[bookmark: _Hlk166088519][image: ]Supplementary figure 3. Prolonged HFD resulted in the synaptic damage in hippocampal neurons of mice. a Representative image of Golgi staining of hippocampus pyramidal neurons in HFD and Chow mice. b The total dendritic length of hippocampus pyramidal neurons in HFD and Chow mice. N=5 per group. c The intersection number of hippocampus pyramidal neurons in HFD and Chow mice. N=5 per group. d Representative images and the number of the dendritic spines. N=5 per group. e Western blot analysis of PSD95 and Syn in the hippocampus. N=3 per group. Data are presented as the mean ± SD. *P < 0.05, ***P < 0.01, ***P < 0.001, **** P < 0.0001.





[bookmark: _Hlk166087422][image: ]Supplementary figure 4. The expression of NFIA in different brain regions. Representative image of immunofluorescence for NFIA (green) in the different regions of the brain from the Chow and HFD mice. Scale bars, 100μm.






















[image: ]Supplementary figure 5. The expression of NFIA in different cell types in the hippocampus. a Representative confocal image of immunofluorescence for NFIA (green), MAP2 (red), and DAPI (blue) in the CA1, CA3, and DG regions from the Chow and HFD mice. Scale bars,100μm. b Representative confocal images of immunofluorescence for NFIA (green), Iba1 (red), and DAPI (blue) in the CA1, CA3, and DG regions from the Chow and HFD mice. Scale bars,100μm.  











[bookmark: OLE_LINK6][bookmark: OLE_LINK4][image: 图片包含 日程表

描述已自动生成]Supplementary figure 6. Prolonged HFD increase astroglia reactivity in WT mice.  Left: Representative confocal images of GFAP staining in CA1 region of hippocampus. Scale bars, 100μm. Middle: Imaris-based 3D morphometric reconstruction analysis of GFAP+ astrocytes in CA1 region of hippocampus. Scale bars, 100 μm. Right: Imaris-based quantification of cell morphology of GFAP+ astrocytes in CA1 region of hippocampus. Cell=15 per group. Data are presented as the mean ± SD. ***P < 0.001, **** P < 0.0001. 
















[image: 图片包含 表格

描述已自动生成]Supplementary figure 7. Impact of high glucose treatment on NFIA levels in primary astrocytes. Representative image and quantitative analyses of immunofluorescence for NFIA (green) from the primary astrocytes treated with different concentrations of glucose and 0.5mM pal for 1 h, 24 h, and 48 h. Scale bars,100μm. N=3 per group. Data are presented as the mean ± SD. Glu, glucose. Pal, palmitate. **P < 0.01, ***P < 0.001.














[image: ]Supplementary figure 8. Effect of high glucose treatment on NFIA levels in primary neurons. a Representative images and quantitative analyses of immunofluorescence for NFIA (green), MAP2 (red), and DAPI (blue) from the primary neurons treated with normal glucose (NG; 25 mM) or high glucose (HG; 50 mM) for 48 h. Scale bars,100μm. N=3 per group. b Western blot analysis of the EVs markers CD81 and CD63. c TEM images of isolated ADEVs. Scale bars, 100nm. d NTA of isolated ADEVs. e Concentration of ADEVs. f Western blot analysis of NFIA in the conditioned medium without EVs of primary astrocytes treated with normal glucose (NG; 5.5 mM) or high glucose (HG; 25 mM) for 48 h.


[bookmark: OLE_LINK3][bookmark: OLE_LINK7][image: ]Supplementary figure 9. Effects of NFIA-enriched ADEVs on locomotor activity in mice and synaptic damage in neurons. a Body weight of mice with ADEVs treatment. N=7 per group. b Representative images and total travel distance and percentage of time spent in the center area of mice with ADEVs treatment in the OFT test. N=7 per group. c Experimental scheme (left), representative confocal images (middle), and quantitative analyses (right) of immunofluorescence for MAP2 (green), SYN-1(red), and DAPI (blue) from the primary neurons treated with Non-EVs NG-AD-CM or Non-EVs HG-AD-CM for 48 h. Scale bars,50μm. Data are presented as the mean ± SD. N=6 per group. Data are presented as the mean ± SD. 






[image: ]Supplementary figure 10. Specific knockdown of Nfia gene alleviated astroglia reactivity in HFD mice. a Left: Representative confocal images of GFAP staining in CA1 region of hippocampus. Scale bars, 100μm. Middle: Imaris-based 3D morphometric reconstruction analysis of GFAP+ astrocytes in CA1 region of hippocampus. Scale bars, 100 μm. Right: Imaris-based quantification of cell morphology of GFAP+ astrocytes in CA1 region of hippocampus. Cell=15 per group. b Body weight of mice with rAAV injection. N=8 per group. c Representative images and total travel distance of mice with rAAV injection in the OFT test. N=6 per group. Data are presented as the mean ± SD. *P < 0.05, ***P < 0.01, ***P < 0.001, **** P < 0.0001.




[bookmark: _Hlk166092817][image: ]Supplementary figure 11. Impact of the non-EVs CM from the LV-transfected astrocytes on the synapse. a Representative images for Dil (red) of the primary neurons co-cultured with LV-transfected primary astrocytes. Scale bars,100μm. b Experimental scheme (left), representative confocal images (middle), and quantitative analyses (right) of immunofluorescence for MAP2 (green), SYN-1(red), and DAPI (blue) from the primary neurons treated with non-EVs NG+shCT-CM, non-EVs HG+shCT-CM, non-EVs HG+shNFIA-CM for 48 h. Scale bars,50μm. Data are presented as the mean ± SD. N=6 per group.














Supplementary Table 1. Differential proteins via sequencing (HFD-Brain-EVs vs. Chow-Brain-EVs)
	#ID
	Gene
	PValue
	FDR
	log2FC
	regulated

	Q9DCS9
	Ndufb10
	1.94E-06
	0.004398
	18.96965
	up

	P15105
	Glul
	6.09E-06
	0.006901
	-1.78166
	down

	Q9CZ19
	Myl4
	1.46E-05
	0.011054
	-1.50699
	down

	P35802
	Gpm6a
	5.27E-05
	0.028896
	0.668609
	up

	H7BX01
	Opa1
	6.37E-05
	0.028896
	1.029328
	up

	Q8BTV1
	Tusc3
	0.00021
	0.079171
	1.106712
	up

	Q9WUQ2
	Preb
	0.00032
	0.097847
	0.64925
	up

	Q9DBG6
	Rpn2
	0.00035
	0.097847
	0.685488
	up

	Q8BNY6
	Ncs1
	0.000409
	0.097847
	0.599019
	up

	Q6PHU5
	Sort1
	0.000466
	0.097847
	0.642362
	up

	Q99KW9
	Itfg1
	0.000488
	0.097847
	0.895588
	up

	A0A0G2JGB7
	Lgi1
	0.000518
	0.097847
	0.806509
	up

	Q7TT50
	Cdc42bpb
	0.000606
	0.098154
	0.707479
	up

	Q62376
	Snrnp70
	0.000638
	0.098154
	-1.39795
	down

	C0HK80
	Arxes2
	0.000682
	0.098154
	0.724462
	up

	P15864
	H1-2
	0.000718
	0.098154
	1.366134
	up

	A2AQJ7
	Tmem87a
	0.000736
	0.098154
	0.883571
	up

	Q9CQX2
	Cyb5b
	0.000828
	0.104316
	1.844089
	up

	A0A2I3BRW0
	Spcs1
	0.001032
	0.114861
	0.936997
	up

	A0A494B9Y9
	Zfpl1
	0.00105
	0.114861
	2.330356
	up

	F7AMS7
	Mink1
	0.00108
	0.114861
	0.919186
	up

	Q8VEK0
	Tmem30a
	0.001131
	0.114861
	-0.6127
	down

	Q8K2C9
	Hacd3
	0.001165
	0.114861
	0.950686
	up

	P09411
	Pgk1
	0.001459
	0.131652
	0.901438
	up

	O89001
	Cpd
	0.001624
	0.131652
	0.648914
	up

	A0A338P786
	Ube2l3
	0.001798
	0.131652
	14.82441
	up

	J3QJX3
	Sel1l
	0.001861
	0.131652
	14.49655
	up

	Q8K2V6
	Ipo11
	0.00197
	0.131652
	14.0722
	up

	G5E8Y0
	Slc8a1
	0.001987
	0.131652
	14.76322
	up

	Q9JJA4
	Wdr12
	0.002032
	0.131652
	15.03987
	up
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	P35279
	Rab6a
	0.002306
	0.131652
	14.64971
	up

	Q9D8M4
	Rpl7l1
	0.002349
	0.131652
	14.46641
	up

	P63213
	Gng2
	0.002377
	0.131652
	0.687314
	up

	P47708
	Rph3a
	0.002601
	0.131652
	14.97646
	up

	Z4YMS1
	Rhbdd3
	0.002638
	0.131652
	14.06909
	up

	Q6RT24
	Cenpe
	0.002679
	0.131652
	14.90684
	up

	Q8BGR3
	Camk4
	0.002691
	0.131652
	0.854936
	up

	Q9JJ28
	Flii
	0.002874
	0.131652
	15.0274
	up

	Q3TZT4
	Inpp5a
	0.002903
	0.131652
	-1.24406
	down

	Q8CHK3
	Mboat7
	0.002904
	0.131652
	0.677475
	up

	A2AI16
	Grin1
	0.002962
	0.131652
	1.017317
	up

	Q5DTY9
	Kctd16
	0.003162
	0.135247
	0.682206
	up

	Q9D024
	Ccdc47
	0.003227
	0.135471
	0.71483
	up

	P28184
	Mt3
	0.003497
	0.140877
	-15.8078
	down

	Q9CPS6
	Hint3
	0.003604
	0.140877
	1.273767
	up

	A0A494B8Y8
	Yif1a
	0.003891
	0.149367
	13.90411
	up

	Q9D8B1
	Aig1
	0.003989
	0.149367
	-2.34421
	down

	P62137
	Ppp1ca
	0.004019
	0.149367
	-0.80995
	down

	Q9JKL5
	Tesc
	0.004199
	0.151391
	1.238025
	up

	Q6PD28
	Ppp2r5b
	0.004337
	0.151391
	1.007776
	up

	Q4PZA2
	Ece1
	0.004413
	0.151572
	1.274569
	up

	B1AUB9
	Nfia
	0.004553
	0.154065
	14.46786
	up

	Q8R574
	Prpsap2
	0.004706
	0.154212
	-0.61102
	down

	Q8BVG5
	Galnt14
	0.004749
	0.154212
	1.467878
	up

	A0A0A6YXW4
	Mrpl30
	0.004783
	0.154212
	-14.4529
	down

	Q3TSA8
	Scamp1
	0.005026
	0.154212
	-2.03905
	down

	Q8BXX3
	Pigk
	0.005034
	0.154212
	0.69652
	up

	Q80UK8
	Ints2
	0.005745
	0.171356
	-13.4647
	down

	Q8C419
	Gpr158
	0.005982
	0.176124
	0.609823
	up

	P50518
	Atp6v1e1
	0.006103
	0.176232
	-0.59089
	down

	A0A1L1SRG5
	Cryab
	0.006141
	0.176232
	0.614962
	up

	A0A0R4J0B5
	Rusf1
	0.006258
	0.177334
	0.749115
	up
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	Q8K0U4
	Hspa12a
	0.00692
	0.193688
	0.986792
	up

	F7D3N3
	Phyhipl
	0.007531
	0.200844
	-1.41752
	down

	Q9DCF9
	Ssr3
	0.008045
	0.209412
	0.771988
	up

	B7ZNF6
	Ctnnd2
	0.008313
	0.209412
	1.594567
	up

	Q8K212
	Pacs1
	0.008376
	0.209412
	0.682846
	up

	Q9QXS1
	Plec
	0.008722
	0.21077
	-1.08734
	down

	Q9Z1R9
	Prss1
	0.008739
	0.21077
	0.975876
	up

	P70280
	Vamp7
	0.008953
	0.211415
	1.399301
	up

	F6V6T4
	Tmed2
	0.009794
	0.215876
	-0.82188
	down

	A2A9Y7
	Cyp4x1
	0.009994
	0.215876
	0.649332
	up

	Q5SYL3
	Kiaa0100
	0.010424
	0.219323
	-0.9415
	down

	Q91X78
	Erlin1
	0.010449
	0.219323
	0.797012
	up

	E9Q137
	Tex264
	0.0108
	0.223668
	0.772935
	up

	A2AJ26
	Abca2
	0.010853
	0.223668
	0.7216
	up

	Q9DBS2
	Tprg1l
	0.011255
	0.22782
	1.018732
	up

	Q78XF5
	Ostc
	0.011605
	0.232809
	0.889391
	up

	A0A087WS83
	Cacna1e
	0.011728
	0.233216
	1.046398
	up

	Q9D8B3
	Chmp4b
	0.01195
	0.235578
	0.833022
	up

	Q3ZK22
	Vezt
	0.012548
	0.241076
	1.051794
	up

	Q8BK72
	Mrps27
	0.013796
	0.253596
	-0.76304
	down

	Q61644
	Pacsin1
	0.013969
	0.253596
	-0.71369
	down

	P26041
	Msn
	0.013983
	0.253596
	-1.84149
	down

	F8VQ05
	Fryl
	0.015171
	0.26661
	0.589653
	up

	P54775
	Psmc4
	0.015329
	0.266745
	0.645613
	up

	P63141
	Kcna2
	0.01557
	0.266971
	0.896001
	up

	Q9JKW0
	Arl6ip1
	0.01578
	0.266971
	-0.62123
	down

	G3X8Q5
	Cp
	0.016151
	0.268138
	11.74485
	up

	Q6DID7
	Wls
	0.017023
	0.273691
	0.713499
	up

	A0A0U1RNF2
	Lcmt1
	0.017901
	0.282456
	11.20323
	up

	Q91VD9
	Ndufs1
	0.018138
	0.282456
	0.78115
	up

	Q7TQG7
	Adam11
	0.01827
	0.282456
	1.414267
	up

	G3X9Y5
	Ube4a
	0.018315
	0.282456
	11.49594
	up
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	Q9Z0V2
	Kcnd2
	0.018717
	0.283305
	0.830402
	up

	A0A0A6YWF9
	Ntrk3
	0.018842
	0.283305
	0.613956
	up

	Q6DFY2
	Opcml
	0.01887
	0.283305
	0.727104
	up

	Q64282
	Ifit1
	0.01954
	0.287417
	11.21472
	up

	H3BJ02
	Stx5a
	0.019717
	0.287417
	-12.1975
	down

	Q3TWI9
	Tmem63b
	0.019805
	0.287417
	0.924246
	up

	Q8BVA2
	Tmem222
	0.020022
	0.287417
	11.90785
	up

	Q9R1P0
	Psma4
	0.020324
	0.287417
	-1.05753
	down

	Q9CRA7
	Dmac2l
	0.021312
	0.287581
	-1.3927
	down

	Q4U2R1
	Herc2
	0.021605
	0.28981
	10.80265
	up

	A0A0N4SV76
	Chmp3
	0.021853
	0.29057
	11.24018
	up

	Q8C0T5
	Sipa1l1
	0.022281
	0.290843
	11.16169
	up

	Q6ZQI3
	Mlec
	0.02239
	0.290843
	0.676216
	up

	P97363
	Sptlc2
	0.022557
	0.290843
	0.722242
	up

	Q9QUJ7
	Acsl4
	0.022836
	0.290843
	0.787297
	up

	Q91YM4
	Tbrg4
	0.023462
	0.296493
	11.27027
	up

	Q91XV3
	Basp1
	0.023655
	0.296493
	-1.52288
	down

	Q9WU60
	Atrn
	0.024249
	0.300855
	10.76012
	up

	A0A1B0GR78
	Stim1
	0.024309
	0.300855
	0.959196
	up

	Q5QNQ6
	Osbp2
	0.024814
	0.30407
	-1.27171
	down

	Q7TMM9
	Tubb2a
	0.02496
	0.304216
	0.819416
	up

	Q5SSL4
	Abr
	0.025383
	0.307072
	1.184936
	up

	Q921F4
	Hnrnpll
	0.026031
	0.312239
	11.48712
	up

	Q9DBS1
	Tmem43
	0.026602
	0.313076
	0.591376
	up

	Q9CX13
	Cnih4
	0.026654
	0.313076
	0.764228
	up

	Q3UZV7
	Elapor2
	0.027079
	0.31321
	0.585519
	up

	A0A0R4J1H0
	Marchf5
	0.027307
	0.314238
	1.353263
	up

	Q9EP72
	Emc7
	0.027641
	0.314476
	0.990563
	up

	O54833
	Csnk2a2
	0.027779
	0.314476
	0.770172
	up

	A2AWA9
	Rabgap1
	0.02816
	0.314476
	10.77642
	up

	Q9JIA7
	Sphk2
	0.031412
	0.326908
	-10.517
	down

	A0A0G2JE35
	Arhgef9
	0.031441
	0.326908
	-0.92923
	down
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	A0A0J9YV46
	Mtpn
	0.031688
	0.326908
	11.0074
	up

	E9Q5V3
	Gsdme
	0.032284
	0.328017
	-1.10807
	down

	Q5SV64
	Myh10
	0.032411
	0.328017
	0.843927
	up

	G5E923
	Atp6v1g2
	0.032739
	0.329867
	-0.846
	down

	Q99KV1
	Dnajb11
	0.032909
	0.33011
	-0.75888
	down

	Q923S9
	Rab30
	0.03325
	0.331885
	0.948112
	up

	Q9R1P3
	Psmb2
	0.033733
	0.331885
	0.974217
	up

	P49442
	Inpp1
	0.033924
	0.331885
	11.08343
	up

	P57722
	Pcbp3
	0.033964
	0.331885
	10.62977
	up

	Q8R071
	Itpka
	0.034191
	0.33267
	0.629941
	up

	B9EJ80
	Pdzd8
	0.034405
	0.332971
	1.232008
	up

	O55142
	Rpl35a
	0.034516
	0.332971
	-0.59754
	down

	Q80UM7
	Mogs
	0.034859
	0.333615
	0.992994
	up

	Q9JJY3
	Smpd3
	0.034877
	0.333615
	-0.75872
	down

	Q91UZ1
	Plcb4
	0.03778
	0.34958
	-0.82066
	down

	O35704
	Sptlc1
	0.03827
	0.351
	0.593625
	up

	P70663
	Sparcl1
	0.040716
	0.359153
	-9.72181
	down

	P62484
	Abi2
	0.041784
	0.360018
	11.82631
	up

	Q02819
	Nucb1
	0.042127
	0.360018
	1.240281
	up

	Q8BP92
	Rcn2
	0.042157
	0.360018
	11.28277
	up

	A0A0J9YUM4
	Ctbp1
	0.042795
	0.360018
	0.973324
	up

	A0A2I3BRP6
	Trio
	0.042956
	0.360018
	11.03107
	up

	Q7M759
	Abhd17b
	0.043542
	0.360018
	10.93551
	up

	Q8BGK5
	Slc35f1
	0.044011
	0.360018
	12.1323
	up

	Q9Z1W9
	Stk39
	0.044106
	0.360018
	0.821929
	up

	Q9CPU4
	Mgst3
	0.044394
	0.360723
	10.78585
	up

	P17665
	Cox7c
	0.044616
	0.361228
	0.920003
	up

	P99024
	Tubb5
	0.045084
	0.362434
	0.834479
	up

	Q64521
	Gpd2
	0.045411
	0.363766
	0.748849
	up

	Q8VG06
	Olfr491
	0.046089
	0.365067
	0.588191
	up

	Q9Z0V1
	Kcnd3
	0.047084
	0.3668
	11.0082
	up

	Q9JKY7
	Cyp2d22
	0.047409
	0.367948
	0.632572
	up
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	Q3UU56
	Gm29609
	0.04762
	0.367948
	10.28637
	up

	Q99M28
	Rnps1
	0.047718
	0.367948
	0.725624
	up

	Q923D4
	Sf3b5
	0.048295
	0.369566
	-0.89109
	down

	A6X919
	Dpy19l1
	0.048448
	0.369566
	0.836446
	up

	Q8BX94
	Osbpl2
	0.048593
	0.369566
	-8.82494
	down

	A0A668KLC6
	Map2
	0.048743
	0.369566
	0.83139
	up

	P63038
	Hspd1
	0.049571
	0.371369
	-2.3352
	down

	Q9JJA2
	Cog8
	0.04962
	0.371369
	-8.56939
	down

























Supplementary Table 2. KEY RESOURCES.
	REAGENT or RESOURCE 
	Source
	Identifier

	Antibodies

	Anti-Synapsin I
	Abcam
	Cat# ab254349

	Anti-MAP2
	Abcam
	Cat# ab5392

	GFAP antibody
	Millipore
	Cat#MAB3402C3

	Anti-Iba-1
	Wako
	Cat# 019-19741

	TSG101 antibody
	Proteintech
	Cat# 28283-1-AP

	CD81 antibody
	Proteintech
	Cat# 27855-1-AP

	Anti-CD63
	Abcam
	Cat# ab217345,

	Anti-rabbit IgG-HRP antibody
	Proteintech
	Cat# HRP-66467

	Anti-mouse IgG-HRP antibody
	Proteintech
	Cat# HRP-10283

	Anti-Rabbit IgG, Alexa Fluor 488 conjugated
	Invitrogen
	Cat# A-78953

	Anti-Rabbit IgG, Alexa Fluor 555 conjugated
	Invitrogen
	Cat# A-10680

	Anti-mouse IgG, Alexa Fluor 555 conjugated
	Invitrogen
	Cat# A-21127

	Anti-mouse IgG, Alexa Fluor 488 conjugated
	Invitrogen
	Cat# A-11001

	Anti-Chicken IgG, Alexa Fluor647 conjugated
	Abcam
	Cat# ab150175

	Anti-NFIA antibody
	Millipore
	Cat# HPA006111

	Beta Actin Recombinant antibody
	Proteintech
	Cat# 81115-1-RR

	Critical commercial assays
	
	

	Miltenyi Human Tumor Dissociation Kit
	Miltenyi- Biotec
	Cat# 130-095-929

	Exosupur® columns
	Echobiotech
	Cat# 9101A

	Amicon® Ultra spin filters
	Merck
	Cat# UFC810096

	ECL Western Blotting Substrate
	Thermofisher 
	Cat# 32209

	Chemicals, peptides, and recombinant proteins
	
	

	B27 supplement
	ThermoFisher Scientific
	Cat# 17504044

	Neurobasal medium
	Gibco
	Cat# 21103049

	Continued
	
	

	DiL
	Beyotime
	Cat# C1991S

	DAPI
	Beyotime
	Cat# C1002

	TRIzol Reagent 
	Ambion
	Cat# 10296028

	60% high fat diet
	Research Diets 
	Cat# D1249

	Standard normal diet
	Research Diets
	Cat# D12450J 

	L-Glutamine 
	ThermoFisher Scientific
	Cat# 25030081

	GW4869
	Sigma
	Cat# D1692

	DMEM/F-12 
	Gibco
	Cat# 11320033

	Poly-D-Lysine 
	Beyotime
	Cat# ST508

	Virus strains	
	
	

	rAAV-GfaABC1D-CRE-WPRE-SV40 pA
	BrainVTA
	N/A

	rAAV-CMV-DIO-(mCherry-U6)-shRNA(scramble)-WPRE-hGH polyA
	BrainVTA
	N/A

	rAAV-CMV-DIO-(mCherry-U6)-shRNA(NFIA)-WPRE-hGH polyA
	BrainVTA
	N/A

	rAAV-GfaABC1D-mCherry-WPRE-SV40 pA
	BrainVTA
	N/A

	rAAV-GfaABC1D-mCherry-CD63(m)-WPRE-SV40 pA
	BrainVTA
	N/A

	LV-U6-shRNA（scramble-CMV-EGF-T2A-Puro-WPRE
	BrainVTA
	N/A

	LV-U6-shRNA(NFIA)-CMV-EGFP-T2A-Puro-WPRE
	BrainVTA
	N/A

	
	
	

	
	
	



Supplementary Video 1. The internalization of Dil-labeled-ADEVs was recorded by cell live imaging for 3h
[image: ]
The video was attached in the Supplementary Video/ Movie.
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