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[BE] B HHREIBEFBHEEHEABL(high mobility group box 1 protein, HMGB1) 55-F it &7 (5-
hydroxytryptamine receptor 7, 5-HT7R) % /IN UM ARFES T4 A R B/ Boetepilil . 7735  KE5-HT7RAEER (5-HT7R™) /MR
55 B R HL(WT) /NS N AT 420 WT/%S U2 (AAV-Scramble) |, 5-HT7R™/AAV-Scramble, WT/HMGB13d 263555
#(AAV-HMGBI1) H15-HT7R""/AAV-HMGBI14, % AAV-ScrambleZ] 5 AAV-HMGB12H /N BT 25 0 35 S5 AAV-
HMGB U X o 38 )5 38 AR T A 22 P /N R SARIR 2, ) FH e 5 e g e kil /) BRIV 5 X ) 4 22 e i 4,
A FE ol ) 0 /1 B X SR 2 e IR 5 SR A TR A o H K LA (GSH/GSSG) . Fe®' 5 (MDA) HI7K L K
R ALK (SOD) TRk . A, 38 33 Western blotFIELIS ARG I /1N BRI 5 (X 5-HT 7R/ B I EF (cAMP) /2K 1 B4t
A(PKA) 58 N TE2H I T2 (Nrf2) /& B -5 R A Bl (xCT) 1438 e H i AL 4 ( GPX4) 5 5l /K F, R
PRGN /> BRI B X M2 B /N Tl A B Ak A8 T2 0 5, R QRT-PCRAG I /N B 25 XA 4 PR ( 1 4 M 4 2R (IL) -
1B, MR SRAE I T--a(TNF-a) ) 54 K T (IL-10, AFZRREG-1(Arg-1) JImRNAK Y- SR 5AAV-ScramblefHA L, 1
X HMGB1id 2353755/ BUMARREFT Jg 5 40 22 45 (P<0.01), T 5-HT7REG R % i M 8 (P<0.01), SAAV-
ScrambleZH Afl He, HMGB i 2 1k FAR /N FUiE 2 X GSH/GSSG HAH 5 SODIE P (1 P<0.01), [} | JHFe’ 5 MDAK - (¥
P<0.01), MMi5-HT7RFEBREE IR BRIET M55 (P<0.01) . 5 AAV-ScrambleZH Al H, HMGB1id # ik Fifl/N R IX 5-
HT7RFE(P<0.01), [FH T I8 cAMP/PKAMINI2/xCT/GPX4{5 538 % (P<0.01), T 5- HT7RAFR B R {5508 1 1
fiK(P<0.01), 5AAV-ScrambleZ1#H tt,, HMGB i Fe3i5 L il/IN il ) X /N B4 - 5-HT7R 588 1 E 4% (FTH) 1Y R ik
(P<0.01), FHINrf2(92635(P<0.01), [R5 S FTH S5 CD206 13 & 7 (P<0.01) ; 1M 5-HT7RE R 065 A/t B 4 i 1
FTH 5Nrf2f 25486 (P<0.01), [RIREAIRFTH 5 CD206H 3 aE {37 (P<0.01) o B4, HMGB1id 2351755/ BRI 5 X /INE B
YA AL M1 5 M2 (P<0.01), IR % R F (IL-18. TNF-a) S5Hi R HF(IL-10, Arg-1)mRNA/KF(P<0.01), [fii5-
HT7RERISER L3R /NG 5T 241 MM 1A Ak DL R FAR L3RI 48 B F I mRNAK - (P<0.01), [l B Ai 28 /)N e Jo 240 M2 2 A £,
DA L9 R HTR I T mRNAK S (P<0.01) . 4518 HMGBLE % 5-HT7R, FiHcAMP/PKA/AKT/Nrf2/GPX415 5
TE B, A MBS AR IE T, S AR N RAIAREEA T
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Role and Mechanism of High Mobility Group Box 1 in
Mediating Depression-Like Behaviors in Mice via
Regulation of the 5-Hydroxytryptamine Receptor 7
Signaling Pathway
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[Abstract] Objective To investigate the regulatory effects and underlying mechanisms of high mobility group box
1 (HMGBI1) and 5-hydroxytryptamine receptor 7 (5-HT7R) on depressive-like behaviors in mice. Methods 5-HT7R
knockout (5-HT7R”") mice and their wild-type (WT) littermates were assigned to 4 groups, including the WT/control
virus (AAV-Scramble), 5-HT7R”"/AAV-Scramble, WT/HMGB1 overexpression virus (AAV-HMGBI), and 5-
HT7R”"/AAV-HMGBI groups. Mice in the AAV-Scramble and AAV-HMGB1 groups received hippocampal injections of
control virus and AAV-HMGBI, respectively. Three weeks later, the depression state of the mice were assessed with

depressive behavior tests, the neuronal damage in the hippocampus was evaluated using immunofluorescence staining,
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and the ratio of reduced glutathione to oxidized glutathione (GSH/GSSG), the levels of Fe’* and malondialdehyde (MDA),
and superoxide dismutase (SOD) activity in the hippocampus were measured using commercial kits. Additionally,
Western blot and ELISA were used to determine the levels of the 5-HT7R/cyclic adenosine monophosphate
(cAMP)/protein kinase A (PKA) signaling pathway and the nuclear factor erythroid 2-related factor 2 (Nrf2)/cystine-
(GPX4)

Immunofluorescence double staining was performed to assess M2 microglial ferroptosis in the hippocampus. Finally, the

glutamate exchanger (xCT)/glutathione peroxidase 4 signaling pathway in the hippocampus.
mRNA levels of pro-inflammatory cytokines, interleukin (IL)-1p and tumor necrosis factor-a (TNF-a), and anti-
inflammatory cytokines, IL-10 and arginase-1 (Arg-1), in the hippocampus was measuring using qRT-PCR.
Results Compared with the AAV-Scramble group, hippocampal HMGB1 overexpression induced depressive-like
behaviors and neuronal damage (P < 0.01), while 5-HT7R knockout alleviated these pathological phenotypes (P < 0.01).
Compared with the AAV-Scramble group, HMGBI overexpression reduced the GSH/GSSG ratio and SOD activity (both
P < 0.01) and increased Fe’* and MDA levels (both P < 0.01) in the hippocampus, whereas 5-HT7R knockout improved
these ferroptosis-related indicators (P < 0.01). Compared with the AAV-Scramble group, HMGB1 overexpression
upregulated 5-HT7R expression (P < 0.01) and downregulated the cAMP/PKA and Nrf2/xCT/GPX4 signaling pathways
(P < 0.01) in the hippocampus, whereas 5-HT7R knockout ameliorated the reduction in these signaling pathways (P <
0.01). Compared with the AAV-Scramble group, HMGBI1 overexpression upregulated the expression of 5-HT7R and
ferritin heavy chain (FTH) in microglia (P < 0.01), downregulated Nrf2 expression (P < 0.01), and induced colocalization
of FTH and CD206 (P < 0.01). 5-HT7R knockout reversed the changes in FTH and Nrf2 expression in microglia (P < 0.01)
and reduced the colocalization of FTH and CD206 (P < 0.01). Furthermore, HMGBI1 overexpression promoted the
polarization of microglia to both the M1 and M2 types (P < 0.01) and upregulated the mRNA levels of pro-inflammatory
(IL-1B and TNF-«) and anti-inflammatory (IL-10 and Arg-1) cytokines (P < 0.01), whereas 5-HT7R knockout attenuated
microglial M1-type polarization and reduced the mRNA levels of the aforementioned pro-inflammatory cytokine (P <
0.01) while promoting microglial M2-type polarization and increasing the mRNA levels of the aforementioned anti-
inflammatory cytokines (P < 0.01). Conclusion HMGBI activates 5-HT7R and downregulates the cAMP/PKA/AKT/
Nrf2/GPX4 signaling pathways, thereby mediating M2 microglial ferroptosis and neuroinflammation, ultimately
promoting depressive-like behaviors in mice.
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THIAE B BEAILHR 52 2%, 90 Ko/ NI B dm i Ak . 7E
FVERAERLAY ey, 0 5L/ IS BT 240 A P AR Ak A 2 R R ML AT
HRMIM2AL S BRFET e —FP BRI (10 72 15 14 40
BT, OBt BIAF ST A B0, M2 U /NS o 20 O X 2R A0 T 5 3
TEURE, T M6 L 52 M2 RN ST 240 L R e T AT
FEMI1/M2 FI R A, IEE A 28 JAE, (B HAEAREE T Y
YEFIANTERE

iE B R JE FE 1B 1 (high mobility group box 1
protein, HMGB1 ) J& ik IR AR T Tl 1) 458 403 AH DG 73145
3 (damage associated molecular patterns, DAMP), B #{i%
G e AN A IR 1) 3Z 4K (pattern recognition receptors,
PRRs), {3 S AE S0, FFAEAMARYE i s 2R Y i
W 9T A B, HMGBIXERAE T2 B 8 2= HI
AL G2 A5 3 o 5 M2 AR /NS S5 4 L R B8 T2 A S AR AE
KA R AU, 5-F2 62 K7(5-hydroxytryptamine
receptor 7, 5-HT7R)J& T GHE H MBI Z 4 (G protein-
coupled receptors, GPCRs), F /34 TR K [t . 16
G 0 e i A5 1Y 5 RN R DG i DX, E S ARAE r i 45 G ot
PEF™, BF5% % B, DAMP4yF-S100BH 55-HT7R B A

PEEEAREEAT ", (HHMGB L& 738 i 5-HT7RA- T4
HRFEAT A TR I . 5-HT7RYEHGPCR, #% J5 1o Bt
IR LS (adenylate cyclase, AC) /B ER IR 1 (cyclic
adenosine monophosphate, cAMP) /4 [ #{ B A (protein
kinase A, PKA) {5 5l A= 4 Th e . il i PKAT]
R AL 25 1 #4 ¥ B (protein kinase A, PKB, tLFRAKT) Fl4H
a5 Mz = )8 75 3 (extracellular signal-regulated kinase,
ERK), #F M52 Me 40 H 38 5 . o4k S AR . A% FE24H
K F-2(nuclear factor erythroid 2-related factor 2, Nrf2)
{7 I B TP BB T 2 M5 S B, WF0 B, WETR
LA AKTAIERKAEHE N2 AARZ, T 1T 34 470 40 f 3 B AH
KA IR

AHFFERT 5-HT7R# 5 (5-HT7R knockout, 5-HT7R™")
7N B () 8 B A A (wiild type, WT)/NMRIFEFTHMGB 1L
FiKMFE(AAV-HMGB1) i 2 X 5, 38 J& A/ Bl
IARAEAT - M2 BL/IN I BT A0 M R A8 T L i 28 SR 0E M
cAMP/PKA ., Nrf2/ & R-4+ &M A (xCT) /43 BEH ik
i E L Y4 (glutathione peroxidase 4, GPX4) {5 53 177
b, BAERANABRE IR T AR A SRR
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flERE | PER MEMESF195-HT7RA & §(5-HT7R™")
/IR, f R C57BL/6, SPFEL, 1A 18 ~ 20 g, JEl#%6 ~ 8J7,
W T B (R A= 0Bk 23 7] [ SCXK (55) 2020-0006 ]
Bt J PR AS RO R4 T A RN 3, 38 X AR T 2
RIAISE S, it tE R i 18 ~ 20 g JE &6 ~ 8JE A 5-
HT7R/NERIR B W/ R T SE 50 . e/ MRl 3R T
SPEZL I PUNK =44 PG 252 Be s B3 (SYXK (J1]) 2022-
0261], Ziif(23+1) °C, MJE (50+10) %, B SCEGIE I
[ 12 h/12 h, 3h%) A BHAROK o ASBIESR ™ 38 <7 701 K
FYCIRZE 5 3 SR AED, EHARAS I 1] K3
Pt Hi s 51 2ot ofE (A5 K2024026)
1.2 FERF

HMGB1i £k 8 (AAV-HMGB1) I T FiocA: 4
FAR (i) e A BRA 7l 5-HT7RYLAIA T Abcam 23 7l ;
HMGB1HIPKACBHUARN T2 = J8 A B AR FRA F;
B4 H #E5E (ferritin heavy chain, FTH) . AKT, p-AKT,
ERK. p-ERK, Keapl. Nrf2, M2 E %A -1(heme
oxygenase-1, HO-1) , NAD(P)HER i &l 1 (NAD(P)H
quinone dehydrogenase 1, NQO1], xCT, GPX4, /534!
— %A 1L & A% (inducible nitric oxide synthase, iNOS) .
CD206. £ TutZ% i (neuronal nuclei antigen, NeuN)#t
PRI T A0 A2 2 A B R RS vl s S A G
2(microtubule-associated protein 2, MAP-2) LK T35 [
Affinity Bioscience/A il ; B T 8545 A 1H23% 45T 1(ionized
calcium-binding adapter molecule 1, Iba-1) HTi{&IE T
Wako/ Fl; RIS BEH K (glutathione, GSH) Fll4A 4L 7Y
AW H K (oxidized glutathione, GSSG) A i 71 & A1 B
A AE LB (superoxide dismutase, SOD ) 1 A 7 &
W) T35 2 RAE AT PR Al A2k B iR & T i
PSeEiRr A E MR A PR A W) ; P9 % (malondialdehyde,
MDA) KA G0 T rg st A R IR A A
1.3 SRIEZ¥S A

O E HMGB 13z #3555 B¢ 1 5 DX RES L9
/NEUHE S XHMGB1 IR, A58 0 TR LR BEHLAL T2 ™
A BEHLA IR, B W TR /N BB HL 23 240, RIAAV -
ScrambleMIAAV-HMGB14, #3246 H o FEACTEAEF: T
PASS 1508 #E AT HE A 1 A8 531, 150 8 XU 15 A
Power }0.8, a’}0.05, f3 th B AHHEA T 6., AAV-
ScrambleZH FTAAV-HMGB 14 /)N R 4351 22038 2 DX 57
MRE AL SF0.4 uLAs P19 B ITHMGB 1 K555 8 (AA V-

HMGBI, % =1.0x10” vg/mL) .

QR VPN 5- HT7REEBRAS B XM ASAEAT A (4 5200, A<
WFFEXS HEPE5-HT7R /N B ) 58 WT/IN R A T A AR A 7
SRS, B4 A WTLL R 5-HT7R 41, #4028 X . FfidLik
G 5 O —E, HEAR AL N FHPASS 15051 (i
TTREA LA SR, T B DU B R G55, Power 409, a2470.05,
15 B AR 28,

@ HITHMGB1 55-HT7RAE/N BRI EEAT By
VATEVER, ARBEFOR e 5-HT7R T /INR S Rl B WT/N A3
MPLF44H: WT/AAV-Scramble, 5-HT7R™/AAV-Scramble.
WT/AAV-HMGB1HI5-HT7R'"/AAV-HMGBI14H, 41
123, Hodre B T Western blotFIEkAET- AH T8 FnAa i,
356 H T e u Y kil . AAV-HMGB1ZH /MR
2o M3 T X 3 510.4 uL AAV-HMGBI1, AAV-ScrambleZf
NBRTE SR A AR i . BEAILIL A3 2 i 5 O —
B, BEA AL B FHPASS 15,050 - A TREAR LA B, 35
B fH0.25, Power }0.8, a }0.05, 15 A1 14T M 2248
M REA S Ry 12, HEATAE ARSI A REAS 526

SR ORAIE S B0 TR, o9 B T AR RN 2 B0 R 43 A 4
AR BBFFEN A TE, BB RIBE S50 42 1% 1
1.4 5-HT7RMNREREBEE

SRR e A /N B R, BES R FHDN A S B &
FEINDNAREA . MRS DNAFEA A T K PCRY 1Y
S, AF 518 5 = WT Primer (Forward: 5'-
GCCAACTACGAAATGAAAACCCA-3', Reverse: 5'-
ATACACTGGTGGAAAGTCACAAGG-3') FIKO Primer
(Forward: 5-TGATCCATCTGAAAACTGCACAAG-3',
Reverse: 5-ATACACTGGTGGAAAGTCACAAGG-3'),
LYK S5 AU, BB A BIO-RADEEIR W (% 2 i kA7 ik
5, MR 450 T E M7 % (WT Primer: 722 bp; KO
Primer: 512 bp ) #|Wr/IN B R AL
1.5 HMGBIERXFEFEX TS

/N ATRAT U ORI AU S 98U (MR B 1.5% ) JRR
[ S = W i LRV % AR VA G S A s 1 VAT R 5
B T B P EE 09U S XA B AT X5 2.0 mm, S5
1.5 mm, 2.0 mm. S F PR A AR g, HIA
SRR 2 uL PBS(#45 0.4 uL AAV-HMGB13K % (4%
B ) RS T ST /N U DX 8, 3 564 9K B 4 0.5 pL/min,
FAEFS min. Z5E, ARSI U SRS, /O EES /D
BRSR Rz o RS 3JE , R /N B ABEEA T o
1.6 HEBEEIT AIEM
1.6.1 #EKAREF I (sucrose preference test, SPT)

FEIERSEIAT2 d, /B A R PR 1 % BERRA
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PLAFE N H 8o 7EIEZCSER N, Fra /N B i kot
U 1% BERA ORI UM 19 R K, 57224 d, ik Rs L4 i
BEE BN A SRR B . 4 dJ, i s/ BRI A Sk
BITEFE L, R LA A2 N BUBE K A 47« 1 7K O 47
(%) = FEAHA AR B ATEX100%

1.6.2 5%iA 77Kk £ (forced swim test, FST)

HEA— IR (72140 cm, EI#£80 cm), [i] &£
T30 em 5 [ KK, K23 ~ 25 °C. H5/h B A
W, H S Smin, ZI BT R . LREE G, B
PN IR A HEA T 5307, /N B L AN Sl R[]

1.6.3 ¥ %% (open field test, OFT )

HER—AaSW X4 (50 cm, $&50 cm, 550 cm), il
AN A S 3010 min, i FRAR TS, SLRss
WG, AR LB AT 400, RN A 3 Y
iER= 0
1.7 Western blotZ 4 H¥rE BRI FRIEKF

SRR T3 e, MEEisb At /N, O/ N R Sh 21, A
RIPAZHRRIEA T2, #1130 min. Fifi/54 C. 14000xg
FAF T B0 15 ming BLOEEHUS, IEL L, A L/40RF]
)5xSDS-PAGE [ I HEGZ Wi, 7843 AT 5], 100 °C
JN#As min. FfiJE _EREFEG6O V., 60 min, 120 V., 60 minZkf4:
T THLIK . LIRSS G 7E300 mA S T AT R, Fifl
JE AT E AL Pt A A . K YRR RS, T
ZHUEE 1 h, 5l I BIO-RADEEIE iM% R 58 #H4T B
5, UhB-actinfE N INZ:, LH W& 5 NSS L% EE
B LLAE A 08 255 B AR XS 223k i, B Image Lab%R {4
X E A TS5 AT
1.8 EHEERAEERMN (qRT-PCR) ST BHRE
EmRNAKFE

BN BB T2, A Trizol7E i 213 , RN AKE
AR, B Thermo Scientificiti % i & 1 IH 45 47
RNA¥ 5%, 145 cDNAFEAS . 5t 2L K (GAPDH)
FHMIEHE (HMGB1) 5% (GAPDH Forword: 5'-
AGCAGTCCCGTACACTGGCAAAC-3'; Reverse: 5'-
TCTGTGGTGATGTAAATGTCCTCT-3"'; HMGBI
Forword: 5'-CGGAGAAACTTCAGACCGGA-3'; Reverse:
5-CCCATGTTTAGTTGATTTTCCAGC-3") AT 1 2
N7, Ph2 AR H A EE R AR X k7K
1.9 &REALESTBEREBNRIEKTE

/0N R 20 2R e K s, KPR B ILF 80
15 um VKR Fr o B UK PR DD e, 28 T 22 50 W I [ o
30 min, Bfif0.3%Tritonf f30min, MEARZE 5, 217
BPUREE, BEfS B IR . 7E37 CHI5%BSAE 411 h

J&, TP E SR . WA, I RTEEIRE, #1737 C
“PUEE L h, RSV R .
1.10 ELISA#GE S EHLAAMPKF

0N B 12, IMAGE BEPBSS)HK . 7E4 °C.. 5000xg
FAF N B0 10min, B IR RFIAE S, [ BRI L
FYRR VR B . ARE c AMPIH & id B 13, Kl it 2 2 21
cAMP/KF .
1.11 BEDHEAF S E.GSH/GSSG.MDAKE UK
SODi&E I

WA /N BT SH ZH 21, [R] B I AR R 3 Gl O 5 9%,
B0 JE WA FYE o i IR R U B B A T /) B
1 S 8L Fe? & i . GSH/GSSG. MDAJK LA & SOD
P
112 SFitERHE

SEERE 22 2R A Graph Pad Prism 9.248 1143 Hr %k
P, S BOHE 23 K FHISPSS 26,058, 45 I Ll x+ s 3%
N WL [E] BRI, REAS R 30, YA AE P A0 1
I, SRHAIBT RSB 5 2250 #r, DA DR FIASE R Sy ST
AR VAT RN B[R] 3 AU AR, SR F Bonferroni
T HIGRE . P<0.05 2R A G FE L.

#HR

2.1 AAV-HMGBI1 L AWT/MNRiEDXHMGB1IRIE

ZER LI, AT AAV-ScrambleZd, AAV-HMGBI
HWT/NRIE DX HAMGB1 I mRNA S 8 H/KF 1
(P<0.01), #2278 AAV-HMGB1IE 5 [X 7 5 3 /5 _EIHWT/INR
T X HMGB13R3A .

Fold change

AAV-HMGBI1

AAV-Scramble

HMGB1| L e w——— G |25kDa

—

Relative expression
of HMGBL1

Bactin A A | 2 <D:
0 A N
o (&
(C qf%&:\x@
R S

El 1 AAV-HMGBI LAWT/MNRE S XHMGB1RE
Fig1 AAV-HMGBI upregulates HMGBI1 expression in the hippocampus
of WT mice
A, Representative fluorescence image of blank virus carrying red
fluorescence; B, mRNA levels of HMGBI; C, Western blot results. P < 0.01, vs.
AAV-Scramble group. n = 6.
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2.2 5-HT7RE{ REZEHMGBT R & 5 S8/ R HNERHE
TAHSWETHRG

ARWFFES5-HT7R™ /NI SE R R A7 2, 455
s ([E12), 5-HT7R/INEUR L i) o A B 58 1 S X 5-
HT7R /NS WT/N AT IAREEAT g A, LAPFAY 5-
HT7RERA G XHIES AT A 5200 . 458 s (E3A),
SWTHA L, 5-HT7R A/ BB K FE R . Kbk
iR L B B A sl BE B 3 TCRH ARk, R 5-HT 7R b
A G HIABFEA TR TCRE . BEJS, ABFFEXT 5-HT7R™ /)N
L5 R s WT/N R AT AAV-HMGB1: 5 X 35t 38 5
R HANABREA TR S D X ph 2 e it ol . 455 R
([513B. 3C), HMGB1id F ik AR/ R A K IH AR =, 1
K eb g Lk I, [RIE R R A S ES (34 P<0.01), 2
/RHMGB1iS KK S/NRIVABFEAT Jy o 1 5-HT7RAR
I HMGB Lt 35155 /N RIAR A T (P<0.01) o It
Ab, anE4FT 7R, HMGBL R 175 5/ RIE S CALIX P2
JC Bk Je 5 fb 5405 ($41P<0.01), 11 5- HT 7 R I 52

HMGB1id Rk ESF /NS CALX &L Tt

(P<0.01),

WT 5-HT7R -

WT Primer KO Primer

(bp)

1000

500

300 |

100

WT Primer KO Primer
(bp)
1000

500
300

100

2 5-HT7REEBR/NBHERERREE

Fig 2 The identification of 5-HT7R knockout mice by genotyping

2.3 5-HT7RE R BEZEHMGBI RiZFSH/NMNRETX

BRI T

ZERILE 5, HMGB1d kAL U S X GSH/

95 SPT 200 EST 60 - OFT
_ 90l 3 o e
03 o & o i B o E gl IR
@ Q - Q o
3 2 o) = 8 I o
SEl T SR 2wl ot g E e
RS el = Rho i 20} o
& g g 50 A ©
75E |8 o E od 50
70 0
(A) WT 5-HT7R- WT 5-HT7R'- WT 5-HT7R"-
SPT EST OFT
o WT o 5HT7R"- o WT o 5-HT7R" o WT o 5-HT7R"-
400 60 _#
& ok
i) o]
B 300 °
03 g Egoto
3 E > )
£ 5 Z 200 E
2.8 2 = 0®
i g Zoof|°
g £ 100
£
0 0
o
e %C‘ %C"b'&
W N ’ »
» N » >
AAV-Scramble AAV-HMGB1

5-HT7R ™=

B 3 5-HT7R& M BEHMGB 1 RiA S8/ RIDEBHEIT H
Fig 3 5-HT7R knockout attenuates depressive-like behaviors induced by HMGB1 overexpression in mice

SPT: sucrose preference test; FST: forced swim test; OFT: open field test. A, Baseline behaviors in the mice (n = 28); B, depressive-like behaviors in the mice after

AAV-HMGBI injection (1 = 12); C, representative track images of the open field test. ~ P < 0.01,” P < 0.01, *“ P < 0.01.
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AAV-Scramble

WT 5-HT7R™""

NeulN

MAP-2

NeulN
oWT © 5-HT7R-
20 - ##
° *%
) % 15}
§ 8 =3 &&
g 210t
5 &
5 <
= 9 5¢ ﬁ
[+
Q0 o C
o )
RE e ,‘2\‘1\6
N »>

AAV-HMGBI1
5-HT7R~

-

MAP-2

o WT o 5-HT7R™-
20

##

ﬁﬂ ﬁﬁ

(0
s o
S

Fluorescence
area fraction/%

wu

4 5-HT7RAMAEZHMGBIE RIZFSH/NRIED RHE TR
Fig4 5-HT7R deletion mitigates hippocampal neuron injury induced by HMGB1 overexpression in mice

NeuN: neuronal nuclei antigen; MAP-2: microtubule-associated protein 2. A, Representative images of NeuN and MAP-2; B, quantitative analysis. " P<0.01,"P<

01,““P<0.01.n=6.
GSSG A M SODTE P (P<0.01), [Ali} i Fe* 5 MDAK
F-(P<0.01), #£/RHMGB it #3515 T/ B 5 X K56
T=. Mi5-HT7REEERIEEHMGB1E %A1 S /N Ui 5
XARFET(P<0.01)
2.4 S5-HT7RE B M EHMGBIE REN/NREIX
cAMP/PKA 5Nrf2/xCT/GPX415 S8 B H 3l
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GSH/GSSG: glutathione/oxidized glutathione; MDA: malondialdehyde; SOD: superoxide dismutase. P < 0.01, ” P < 0.01, *¢

P<0.0l.n=6.



FHoeW M WA MR RREABLE SR AR TE 5B A A BT Y RO LT 1587

AAV-Scramble AAV-HMGB1

AAV-Scramble AAV-HMGB1

b a b

a
o WT o5-HI/R" a b a b Keapl | - . - | 69 kDa
= 200 5-HT7R |# - 55 kDa
95) a4 Total Nrf2 |--- -| 110 kDa
£ 150 PRACH | st i wt#| 40 kDa
e 5 HO-1 (e s #= ww 30kDa
£ o PAKT | W | 55 D
g NQOL1 - 30 kDa
S 5 AKT [ -] 55102 0! | - -
Ay
42 kDa xCT | e —'| 55 kDa
Z o pERK [ i B 8 1 1 .
42 kD
e ERK | S | |\ GPX4 [ - | 22kDa
e B 2 e B-actin s s— - 4 kDa o B-actin |----| 42 kDa
o WT/AAV-Scramble o 5-HT7R'-/AAV-Scramble ¢ WT/AAV-HMGB1 e 5-HT7R7’-/AAV-HMGBI1
&&
##
g 3 Kk g 3 Hok
£z, && K& && §z, LU S & A&
£g ## # ## & ## #_ .
u 2 o 2
250 2 5l
g ﬁ ﬁ r’-“ﬂ 2, H W 111 [H1 f‘ﬂ
Q 5-HT7R PKACB p-AKT/ p-ERK/ G Keapl Nrf2 HO-1 NQOI1 xCT GPX4
AKT ERK

B 6 5-HT7RAFR S EHMGB I Rixx /MR i 5 X cAMP/PKA 5 Nrf2/xCT/GPX415 S 18 B A
Fig 6 5-HT7R knockout improves the reduction of hippocampal cAMP/PKA and Nrf2/xCT/GPX4 signaling pathways induced by HMGB1

overexpression in mice

cAMP: cyclic adenosine monophosphate; PKAC: protein kinase A Cp; AKT: protein kinase B; ERK: extracellular signal-regulated kinase; Keap1: Kelch-like ECH-

associated protein 1; Nrf2: nuclear factor erythroid 2-related factor 2; HO-1: heme oxygenase-1; NQO1: NAD(P)H quinone dehydrogenase 1; xCT: cystine-glutamate

—/—

exchanger; GPX4: glutathione peroxidase 4; a: WT; b: 5-HT7R
expression. P<0.01,” P<0.01,* P<0.01.n=6.

5-HT7R/Iba-1 FTH/Iba-1

F
nE
Na}
g
<
3 .
Ll T
(<4
z|E
<=
&
=
53
O
=
=,
2|
<R
<
o
o WT o 5-HT7R~ o WT o 5-HT7R'-
. o 40 < 60 &&
T .3 __# .
ég?)o *k — E§4O T E
& S20 =3 =
~ oo ps
jan) o
EE10 E:EZO >
w w
W g, &

G 0 a b

(=}

Nrf2/Iba-1

. A, The levels of cAMP in the hippocampus; B and C, Western blot; D and E, the relative protein

o WT o 5-HT7R”-

10

0

B 7 5-HT7ReB BEHMGB1E Fi2FE SH/MNR D X/ RAMIKIET
Fig 7 5-HT7R deletion attenuates microglial ferroptosis in the hippocampus induced by HMGB1 overexpression in mice

Iba-1: ionized calcium-binding adapter molecule 1; FTH: ferritin heavy chain; Nrf2: nuclear factor erythroid 2-related factor 2; a: AAV-Scramble; b: AAV-HMGBI.

A, Representative immunofluorescence images; B-D, statistical analysis. "p< 0.01, "p< 0.01, & p0.01.n=6.



1588

PR A=A (B 2R

% 5645

FTH/CD206 iNOS/Iba-1

L
=
g
«
5]
2 1
|
< =
n
—
a2 =
)
=
T
> T
<| =
<l B
=
o
o WT o 5-HT7R™-
30 60
= && =
o 2 ## pag
Q320 — & 3 40
8% =
O o SN =~ ©
™~ o »v o
E £ 10 % Z 20
8 © Z
o o 0
0
o S (C)
5 A
ot R oS
N 2 N
IL-B TNE-a

Flod change
Flod change

o WT

CD206/Iba-1

o 5-HT7R ™'~ o WT o 5-HT7R -
&& 20
= &&
Lo ##
=
2220 To
=3
o o ®%
§ ié 10 o
O o
o

(=}

\ N
%@b }6 §kQX)

5
> W
IL-10 Arg-1
oWT o 5-HT7R”- oWT o 5-HT7R'~
4
&&
X o 3 ##
g g
5 S T M L —
< <
2 2 o
[EH m 1 Ees == T
0 N N2 »
< > < 3
(G Qgcﬁ \’»‘I\ @ fosy ‘33k
N O W

& 8 5-HT7REFA BIEEHMGBIIE Rz FSH/NRED X M2EUNG B SR E T- SR K E
Fig 8 5-HT7R knockout alleviates hippocampal M2 microglial ferroptosis and neuroinflammation induced by HMGBI1 overexpression in mice

FTH: ferritin heavy chain; iNOS: inducible nitric oxide synthase; Iba-1: ionized calcium-binding adapter molecule 1; IL: interleukin; TNF-a: tumour necrosis factor-

a; Arg-1: arginase-1. A, Representative immunofluorescence images; B-D, statistical analysis; E-H, the levels of inflammatory factors in the hippocampus. =

0.01,““P<0.0l.n=6.

FEN(P<0.01), #2/RHMGB it #1415 S T IX M2 B /MR
FRAMIERFET . 1M 5-HT7RABEFFAIRHMGB i &k i 5
HYFTHS CD206 1 %A 3 (37 (P<0.01) . M2AL/NE B4l
MOERBET W] B /M2 RS LU B A7, e S S . R,
ARG e %o Ty X ML 55 M2 3R /DN e 5 240 i uﬁk
i P EA TR . AnEI8A . 8C. 8D/, HMGBLid Kk
B2 EJEiNOSEIba-1, CD20651ba- 131k H g {7
(P<0.01), Mfii5-HT7R&BRFEARINOS 5 Iba- 1A ik T {7
(P<0.01), [AlA #E— 253 fiINCD2065 Tba- 1 A ik 5 {7
(P<0.01) . IttAb, WIKISE ~ 8HF /R, HMGB1id ik S

P<0.01,"P<

& 48 A F-(IL-1B. TNF-a) LA Kt 4 [ F-(IL-10. Arg-1)11
Fi5(P<0.01), 17 5-HT7RiFR I B I8 HMGB 13t #3515
SRR K T35 (P<0.01) , R AT A2 i 47 46 DY 7 3k —
B (P<0.01) . FIRZSIRFED], 5-HT 7R R I 4%
HMGB1is #3517 5 19 /1N U 5 X M2 L/ NI 5 40 i 2k 5

TS5 RIE .
3 it

R oY & B, HMGB L3 o 330G fe e 4 i - TLR2 .,
TLR4 ., RAGEZE3ZK, fih &40 2 46 , 3 M5 SIVARREAT



FeW M WA MR AREABLE SR AR TE 5B A A BT Y RO LT 1589
A, (HHMGBY ik 2 A 75 FAMARREA T oM A 2R AMIBRBE T B R JAE , B2 /NIRRT A

RARE . 1 DRI R 55, ARG 4 | 0
FAeAZ S5 BRI RE, W 1 X A 28 00 2 DL R 28 it 10 02
PAIRE 5L (A BRI A PR, AR TR S A A F
FEIMARAE A DG HE AR X . 25 SR & 9, /N B 55 X HMGB1
1 FARFE T N AR AT R M A 2Tt Ak, HMGBI
1 ik M T X 5-HT7R$IX, 11 5- HT 7RG R I8 4%
HMGB1id &K1 5 10/ RINASFEAT S Bp 2 o640
%455 2 BT ARGE — 2, BRI 5-HT7RAY R i B B
T S U R R N BRI oA, e R,
HMGB155-HT7RX/INRIAR AT A FE SR o
FEAMARAE ALY epr, /NS o 40 bl Ak B A S pfr 2
SOREAEIWABAE (9 A AL oy e F A 0 eAb, A
JE 4 B, M2BU /NI S5 4 %t R B0 T A0k, ML AN
U S HE— R STHMGB1 5 5-HT7RIE /N AN AR
FEAT N BRI, ASBIFFE e /0N BRVAE 5 DX M2 /NI S5 41
JRURBET B2 RAESEA TR o A ST B e Xt/ R
X ARFET A AR bR b TR, 25 R F A, 5-HT7RAFRIR
MHMGBL Rk /B S X ZRIET-, 5-HT7RIE
N GPCR, i i P45 N 55 — A5 i c AMP S H R i PKA/
AKT5 58 H, A A PRI AE . Nrf2/xCT/GPX4
155 300 A PN B B AT AU AR I G B, FEAh N4 R
FEL SR A, W 2R R LR A, dERE
AN A E R JE AR SRR A= . A, IR R,
ZPKAWFRIL A AKT . ERKA] 75 SN2 5685, dEmifie ik
AL ™ S — P R9THMGB1 55-HT7R
Pl T CBRBE T VR AE 7 T-HIL, ARBIFSE X 5 X cAMP/
PKA5Nrf2/xCT/GPX4(5 53l S #-A TR . 451, 5-
HT7REERE W M HMGB 11t 3k X6/ fUHE 55 X cAMP/
PKAFINT{2/xCT/GPX4(5 5@ A il . BJ5, AWF5TiE
~5X¢/J\ﬁ“@%IZMz%U/J\EsfﬁélHE@%%t&ﬁﬂééKﬁ
PRI, 45 3681, HMGB1 3 #3515 5/ U 5 X
Z*U/J\Hsa AEARIET, M NE M ZRAE, M5-HT7R
R AT R HMGB Li 2635155 i M2 L/ NI 5 40 i 2k 4
T, (R feft /N o 240 A A £k B ML [ M2 RU G A | 1T
AR 2R RE . AN ST R 5-HT7R ARt bR /)N Btk A5 F
G, AETE—E W R BRI o AR I3 T SR FH /N S 400 it 2%
PRrlR /N R T — 2B 500 . E4h, HMGB1RER [ 18 &
TE RS FRAN M _E5-HT7R, LK i 7538 o 0 57 52 10 e o 40 e
5-HT7R{E 538 B A T/ NI T8, i T Bl — 2

W,
25 I ik, HMGBLif i % 5-HT7R, T #HcAMP/

PKA/AKT/Nrf2/GPXA4{5 518 %, YEA T T X M2/

* * *

FEETMRAE LRGSR AR BFS IR S 1F, BL b B 55T

Eﬁ%IﬁE”';IE*Ué’ﬂAlE %‘ i 5T IE AT R AT B4, AR % 7 T8 S0

LRI, SRR "%?ﬂ#*ﬂ%’l}é'ﬁﬁﬁ'ﬁfﬁo FAEEE &
H CRESCRARAS AN, BB R R A A T i 2 e R, T TRTE X
TAER A TR 5158

Author Contribution DU Ou is responsible for investigation,

methodology, and writing--original draft. DUAN Shangshang is responsible
for project administration and validation. TANG Lun is responsible for
formal analysis and visualization. DU Junrong is responsible for
conceptualization, funding acquisition, resources, supervision, and writing--
review and editing. All authors consented to the submission of the article to
the Journal. All authors approved the final version to be published and
agreed to take responsibility for all aspects of the work.

IR AR B IR 15 vh 5

Declaration of Conflicting Interests All authors declare no competing

interests.

£ % X W

(1] W&, XIEETE, SIS, 45, 44 2B, X AR A BT A 2 RO 2 e S b

2360 IO R DA 28 5 3R DR T B DO 1 R 2 4 (BE 24 ), 2025,
56(1): 206-214. doi: 10.12182/20250160608.
CHEN J, LIU J C, ZHANG P J, et al. Effects of vitamin B, on behaviors,
brain monoamine neurotransmitters, and brain-derived neurotrophic
factor in depressive rats. J Sichuan Univ (Med Sci), 2025, 56(1): 206-214.
doi: 10.12182/20250160608.

[2] LONGY,LIX Q, DENGJ, et al. Modulating the polarization phenotype
of microglia — A valuable strategy for central nervous system diseases.
Ageing Res Rev, 2024, 93: 102160. doi: 10.1016/j.arr.2023.102160.

[3] GUOBQ,ZHANG M Y, HAO W S, et al. Neuroinflammation
mechanisms of neuromodulation therapies for anxiety and depression.
Transl Psychiatry, 2023, 13(1): 5. doi: 10.1038/s41398-022-02297-y.

[4] WANGHX,HEY,SUNZL, etal Microglia in depression: an overview
of microglia in the pathogenesis and treatment of depression. J
Neuroinflammation, 2022, 19(1): 132. doi: 10.1186/s12974-022-02492-0.

[5] WANGY,LIUZH,LILY, et al. Anti-ferroptosis exosomes engineered
for targeting M2 microglia to improve neurological function in ischemic
stroke. ] Nanobiotechnology, 2024, 22(1): 291. doi: 10.1186/s12951-024-
02560-y.

6]  FLATSE, &k 4k, AERL, 45 HRIET  MVARAE YT HOBTHE . i B 2 RHE
2%, 2024, 27(12): 1417-1423. doi: 10.12114/j.issn.1007-9572.2023.0228.
DU S Q, QIAN L F, XIONG L, et al. Ferroptosis: a new target for the
treatment of depressive disorder. Chin Gen Prac, 2024, 27(12): 1417-1423.
doi: 10.12114/j.issn.1007-9572.2023.0228.

[7] MAOD, ZHENG Y, XU F F, et al. HMGBI in nervous system diseases: a
common biomarker and potential therapeutic target. Front Neurol, 2022,
13:1029891. doi: 10.3389/fneur.2022.1029891.

[8] DAVAANYAM D, LEE H, SEOL S 1, et al. HMGBI induces hepcidin
upregulation in astrocytes and causes an acute iron surge and subsequent
ferroptosis in the postischemic brain. Exp Mol Med, 2023, 55(11): 2402-
2416. doi: 10.1038/s12276-023-01111-z.

[9] LU J,PANG S Y, ZHOU S Y, et al., Lipocalin-2 aggravates blood-brain
barrier dysfunction after intravenous thrombolysis by promoting
endothelial cell ferroptosis via regulating the HMGB1/Nrf2/HO-1
pathway. Redox Biol, 2024, 76: 103342. doi: 10.1016/j.redox.2024.103342.

[10] BIJATA M, BACZYNSKA E, MULLER F E, et al. Activation of the 5-HT7
receptor and MMP-9 signaling module in the hippocampal CA1 region is
necessary for the development of depressive-like behavior. Cell Rep, 2022,


https://doi.org/10.12182/20250160608
https://doi.org/10.12182/20250160608
https://doi.org/10.12182/20250160608
https://doi.org/10.12182/20250160608
https://doi.org/10.12182/20250160608
https://doi.org/10.12182/20250160608
https://doi.org/10.12182/20250160608
https://doi.org/10.1016/j.arr.2023.102160
https://doi.org/10.1016/j.arr.2023.102160
https://doi.org/10.1038/s41398-022-02297-y
https://doi.org/10.1038/s41398-022-02297-y
https://doi.org/10.1038/s41398-022-02297-y
https://doi.org/10.1038/s41398-022-02297-y
https://doi.org/10.1038/s41398-022-02297-y
https://doi.org/10.1038/s41398-022-02297-y
https://doi.org/10.1038/s41398-022-02297-y
https://doi.org/10.1038/s41398-022-02297-y
https://doi.org/10.1186/s12974-022-02492-0
https://doi.org/10.1186/s12974-022-02492-0
https://doi.org/10.1186/s12974-022-02492-0
https://doi.org/10.1186/s12974-022-02492-0
https://doi.org/10.1186/s12974-022-02492-0
https://doi.org/10.1186/s12974-022-02492-0
https://doi.org/10.1186/s12974-022-02492-0
https://doi.org/10.1186/s12974-022-02492-0
https://doi.org/10.1186/s12974-022-02492-0
https://doi.org/10.1186/s12951-024-02560-y
https://doi.org/10.1186/s12951-024-02560-y
https://doi.org/10.1186/s12951-024-02560-y
https://doi.org/10.1186/s12951-024-02560-y
https://doi.org/10.1186/s12951-024-02560-y
https://doi.org/10.1186/s12951-024-02560-y
https://doi.org/10.1186/s12951-024-02560-y
https://doi.org/10.1186/s12951-024-02560-y
https://doi.org/10.12114/j.issn.1007-9572.2023.0228
https://doi.org/10.12114/j.issn.1007-9572.2023.0228
https://doi.org/10.12114/j.issn.1007-9572.2023.0228
https://doi.org/10.12114/j.issn.1007-9572.2023.0228
https://doi.org/10.12114/j.issn.1007-9572.2023.0228
https://doi.org/10.12114/j.issn.1007-9572.2023.0228
https://doi.org/10.12114/j.issn.1007-9572.2023.0228
https://doi.org/10.12114/j.issn.1007-9572.2023.0228
https://doi.org/10.12114/j.issn.1007-9572.2023.0228
https://doi.org/10.3389/fneur.2022.1029891
https://doi.org/10.3389/fneur.2022.1029891
https://doi.org/10.1038/s12276-023-01111-z
https://doi.org/10.1038/s12276-023-01111-z
https://doi.org/10.1038/s12276-023-01111-z
https://doi.org/10.1038/s12276-023-01111-z
https://doi.org/10.1038/s12276-023-01111-z
https://doi.org/10.1038/s12276-023-01111-z
https://doi.org/10.1038/s12276-023-01111-z
https://doi.org/10.1038/s12276-023-01111-z
https://doi.org/10.1016/j.redox.2024.103342
https://doi.org/10.1016/j.redox.2024.103342
https://doi.org/10.1016/j.celrep.2022.110532

1590

PRS2 (B 2R

% 5645

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

38(11): 110532. doi: 10.1016/j.celrep.2022.110532.

BIJATA M, WIRTH A, WLODARCZYK ], et al. The interplay of
serotonin 5-HT1A and 5-HT?7 receptors in chronic stress. J Cell Sci, 2024,
137(19): jes262219. doi: 10.1242/jcs.262219.

STROTH N, SVENNINGSSON P. S100B interacts with the serotonin 5-
HT7 receptor to regulate a depressive-like behavior. Eur
Neuropsychopharmacol, 2015, 25(12): 2372-2380. doi: 10.1016/j.
euroneuro.2015.10.003.

LA 5-HTHRERA S P AT RE B R AL TS, i A rpa
K2%, 2024. doi:10.27157/d.cnki.ghzku.2024.000905.

WANG J. Research on the mechanism of 5-HT functional axis in
mediating central vestibular compensation. Wuhan: Huazhong University
of Science and Technology, 2024. doi:10.27157/d.cnki.ghzku.2024.000905.
SUN S M, SHEN J, JIANG ] W, et al. Targeting ferroptosis opens new
avenues for the development of novel therapeutics. Signal Transduct
Target Ther, 2023, 8(1): 372. doi: 10.1038/541392-023-01606-1.

HUANG X, WANG B, YANG J, et al. HMGBI in depression: an overview
of microglial HMBGI in the pathogenesis of depression. Brain Behav
Immun Health, 2023, 30: 100641. doi: 10.1016/j.bbih.2023.100641.

ZHOU H C, WANG X H, ZHANG B. Depression of IncRNA NEAT1
antagonizes LPS-evoked acute injury and inflammatory response in
alveolar epithelial cells via HMGB1-RAGE signaling. Mediators Inflamm,
2020, 2020: 8019467. doi: 10.1155/2020/8019467.

XUK, WANG M Y, WANG HY, et al. HMGB1/STAT3/p65 axis drives
microglial activation and autophagy exert a crucial role in chronic Stress-
Induced major depressive disorder. ] Adv Res, 2024, 59: 79-96. doi: 10.
1016/j.jare.2023.06.003.

WU A B, ZHANG ] Y. Neuroinflammation, memory, and depression:
new approaches to hippocampal neurogenesis. ] Neuroinflammation,
2023, 20(1): 283. doi: 10.1186/512974-023-02964-x.

LIXM, TENG T, YAN W, et al. AKT and MAPK signaling pathways in

hippocampus reveals the pathogenesis of depression in four stress-
induced models. Transl Psychiatry, 2023, 13(1): 200. doi: 10.1038/s41398-
023-02486-3.

RODNYY A Y, KONDAUROVA EM, BAZOVKINA D V, et al.

Serotonin 5-HT receptor overexpression in the raphe nuclei area

[20]

produces antidepressive effect and affects brain serotonin system in male
mice. ] Neurosci Res, 2022, 100(7): 1506-1523. doi: 10.1002/jnr.25055.
GOTTLIEB N, LITY, YOUNG A H, et al. The 5-HT7 receptor system as
a treatment target for mood and anxiety disorders: A systematic review.
J Psychopharmacol, 2023, 37(12): 1167-1181. doi: 10.1177/026988112
31211228.

BRAE, AR, SCHE, 45, 8 H R LIE i p62/Keap 1 /NRF2{5 53 [
2 88 A0 L B ZE T2 (A AL 5. DU 1R 2 40 (B 2 1), 2025,
56(1): 51-58. doi: 10.12182/20250160502.

CHEN W G, HE C Y, WEN B, et al. Biejiajian Pill regulates ferroptosis in
hepatocellular carcinoma cells via p62/Keap1/NRF2 signaling pathway: a
mechanism study. J Sichuan Univ (Med Sci), 2025, 56(1): 51-58. doi: 10.
12182/20250160502.

[21]

[22]

(2025 - 04 — 10Mit#, 2025 - 06 - 294 1))
4ifl A
FEBRB AR SO IR OR AR B A R P
AT 4.0 PRVF Al B (CC BY-NC 4.0), PEAI{E B i 11
https://creativecommons.org/licenses/by-nc/4.0/,
OPEN ACCESS This article is licensed for use under Creative Commons
Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more
information, visit https://creativecommons.org/licenses/by-nc/4.0/.
© 2025 {PUJIIR2F 241 (R 2A R D43

Editorial Office of Journal of Sichuan University (Medical Sciences)


https://doi.org/10.1016/j.celrep.2022.110532
https://doi.org/10.1242/jcs.262219
https://doi.org/10.1242/jcs.262219
https://doi.org/10.1016/j.euroneuro.2015.10.003
https://doi.org/10.1016/j.euroneuro.2015.10.003
https://doi.org/10.1016/j.euroneuro.2015.10.003
https://doi.org/10.1016/j.euroneuro.2015.10.003
https://doi.org/10.27157/d.cnki.ghzku.2024.000905
https://doi.org/10.27157/d.cnki.ghzku.2024.000905
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1038/s41392-023-01606-1
https://doi.org/10.1016/j.bbih.2023.100641
https://doi.org/10.1016/j.bbih.2023.100641
https://doi.org/10.1016/j.bbih.2023.100641
https://doi.org/10.1155/2020/8019467
https://doi.org/10.1155/2020/8019467
https://doi.org/10.1016/j.jare.2023.06.003
https://doi.org/10.1016/j.jare.2023.06.003
https://doi.org/10.1016/j.jare.2023.06.003
https://doi.org/10.1186/s12974-023-02964-x
https://doi.org/10.1186/s12974-023-02964-x
https://doi.org/10.1186/s12974-023-02964-x
https://doi.org/10.1186/s12974-023-02964-x
https://doi.org/10.1186/s12974-023-02964-x
https://doi.org/10.1186/s12974-023-02964-x
https://doi.org/10.1186/s12974-023-02964-x
https://doi.org/10.1186/s12974-023-02964-x
https://doi.org/10.1038/s41398-023-02486-3
https://doi.org/10.1038/s41398-023-02486-3
https://doi.org/10.1038/s41398-023-02486-3
https://doi.org/10.1038/s41398-023-02486-3
https://doi.org/10.1038/s41398-023-02486-3
https://doi.org/10.1038/s41398-023-02486-3
https://doi.org/10.1038/s41398-023-02486-3
https://doi.org/10.1038/s41398-023-02486-3
https://doi.org/10.1002/jnr.25055
https://doi.org/10.1002/jnr.25055
https://doi.org/10.1177/02698811231211228
https://doi.org/10.1177/02698811231211228
https://doi.org/10.1177/02698811231211228
https://doi.org/10.12182/20250160502
https://doi.org/10.12182/20250160502
https://doi.org/10.12182/20250160502
https://doi.org/10.12182/20250160502
https://doi.org/10.12182/20250160502
https://doi.org/10.12182/20250160502
https://doi.org/10.12182/20250160502
https://doi.org/10.12182/20250160502
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

	1 材料与方法
	1.1 实验动物
	1.2 主要试剂
	1.3 实验动物分组
	1.4 5-HT7R−/−小鼠基因型鉴定
	1.5 HMGB1过表达病毒海马区注射
	1.6 抑郁样行为评价
	1.6.1 糖水偏好实验（sucrose preference test, SPT）
	1.6.2 强迫游泳实验（forced swim test, FST）
	1.6.3 旷场实验（open field test, OFT）

	1.7 Western blot分析目标蛋白的表达水平
	1.8 实时定量聚合酶链反应（qRT-PCR）分析目标基因mRNA水平
	1.9 免疫荧光染色分析目标蛋白的表达水平
	1.10 ELISA检测海马组织cAMP水平
	1.11 海马组织Fe2+含量、GSH/GSSG、MDA水平以及SOD活性的检测
	1.12 统计学方法

	2 结果
	2.1 AAV-HMGB1上调WT小鼠海马区HMGB1表达
	2.2 5-HT7R敲除减轻HMGB1过表达诱导的小鼠抑郁样行为与神经元损伤
	2.3 5-HT7R敲除减轻HMGB1过表达诱导的小鼠海马区铁死亡
	2.4 5-HT7R敲除改善HMGB1过表达对小鼠海马区cAMP/PKA与Nrf2/xCT/GPX4信号通路的抑制
	2.5 5-HT7R敲除减轻HMGB1过表达诱导的小鼠海马区M2型小胶质细胞铁死亡与神经炎症

	3 讨论
	参考文献

