55 35 % 4 14 3] FEMRKEFEZRE Vol. 35 No.14
202547 H China Journal of Modern Medicine Jul. 2025

DOI: 10.3969/j.issn.1005-8982.2025.14.006
XEHRE : 1005-8982 (2025) 14-0031-07

HSP9O0 71 S Ze ALk 43 T B /R 9K i3 R T HY
{ERHLFIAf 3T

FAER, Bk, RANE, SRS, BRI, TAAE, Rifde', 2R
(1. HPEGA¥Y F—KEXK, )W BT 530022; 2.) WHEHAA¥E —WE
EfFt, ;W BT 530022; 3. JWHEH A R AR, W BT 530200)

HZE . BE  VAHSPY0/PGAMS/DRP1BH AYIN &, FiTHENFEERI>LATT RFERRH (AD) #
VERBE, FTiE ¥R A 340, TR (C57BL/6)) . AL (APP/PS1 &L ) HSPOO 4p ) 7 41
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Abstract: Objective To investigate the role of the HSP90/PGAMS/DRP1 pathway in mediating

mitochondrial fission and its therapeutic potential against Alzheimer's disease (AD). Methods Mice were randomly
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divided into the control group (C57BL/6J mice), model group (APP/PS1 double transgenic mice), and HSP90
inhibition group (APP/PS1 double transgenic mice treated with the HSP90 inhibitor). Learning and memory were
assessed via the Morris water maze test. Pathological changes in the hippocampus were observed using hematoxylin-
eosin (HE) staining. Serum tumor necrosis factor- o (TNF-a) and interleukin-4 (IL-4) levels were quantified by
enzyme-linked immunosorbent assay (ELISA). Immunohistochemistry was used to detect the positive expression of
p-MLKL. Western blotting was performed to measure hippocampal Tau protein phosphorylation and expression
levels of proteins associated with the HSP90O/PGAMS/DRP1 pathway. Results In the Morris water maze test, mice
in the model group exhibited significantly longer escape latency and fewer platform crossings compared with the
control group (P < 0.05). In contrast, mice in the HSP90 inhibition group showed significantly shorter escape latency
and more platform crossings than those in the model group (P < 0.05). Pathological changes were observed in the
hippocampal tissues of the model group. Immunohistochemistry revealed that the expression level of p-MLKL in the
hippocampus was significantly higher in the model group than in the control group (P < 0.05), while the HSP90
inhibition group exhibited lower p-MLKL expression compared to the model group (P < 0.05). Compared with the
control group, mice in the model group showed significantly decreased IL-4 levels and increased TNF-a levels in
hippocampal tissues (P < 0.05). Compared with the model group, the HSP90 inhibition group exhibited increased IL-4
levels and decreased TNF-a levels (P < 0.05). Compared with the control group, the expression levels of HSP90,
PGAMS, p-MLKL/MLKL, p-Drp1/Drpl, and p-Tau were significantly elevated in the hippocampus of the model
group (P <0.05), while the levels of MFN1, MFN2, and ATP5a were significantly decreased (P < 0.05). Compared
with the model group, the HSP90 inhibition group showed significantly reduced expression of HSP90, PGAMS, p-
MLKL/MLKL, p-Drp1/Drpl, and p-Tau (P <0.05), along with increased expression of MFN1, MFN2, and ATP5a
(P < 0.05). The HSP90/PGAMS/DRP1 pathway contributes to AD progression by regulating

mitochondrial fission. Inhibition of this pathway significantly alleviates mitochondrial dysfunction, suppresses

Conclusion

neuroinflammation, and improves cognitive function, providing a novel therapeutic target for AD treatment.
Keywords: Alzheimer's disease; mitochondrial fission; HSP90/PGAMS/DRP1 pathway
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121 EZME EWEIREAE BB A A XR-
XM101 4 Morris 7K 25, H A% Olympus 2 7 BX43 4
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122 EBH&HAEERA HSPOO M 7 [ 55
E MCE 22 ] (17AAG, 525 : HY-10211, 30 mgkg) ,
DMSO ¥ F 25 [ MCE A 7], #2%5 . HY-Y0320/
CS-B1637), JRAK: . L el (L5 53510 BA-
4041, BA-4024) Y04 F 2R DR AEYH ARG RA
A], RIPA 2@ (L5 . R0020) W4 AL HREE
BlH A B2 Al B 3K 38 I F — « (tumor necrosis
factor— oo, TNF- ) . I 4l Ji £ & -4 (Interleukin—4,
IL-4) B B¢ % % W B il % (enzyme linked
immunosorbent assay, ELISA ) i 5| & ( V1. 75 if§ 52 Sl
BHIRA 548 51k . MM-0132M1 . MM-0165M2) ,
HSPOO it A& ( € [§] CST A ] , 585 : #4877) ; p-Tau
(ser396) . p-Drpl HLAK (F5JH 19 58 J B 2 A FR A
", %5459k RM4630. BD-PP1318), MLKL
bidk (RBEM R wRHCA R AR, #5050
A21894), p-MLKL $Ti& (U 4E% A4 A R
2l B L ET1705-51) , Drpl (R AR Rl & B A 1
(mitofusin 1, MFN1) . MFN2. PGAM5. ATP5a.
GAPDH Hit 4 . BRAR i 046 W B bs 10 09 1L 3B %R
Pt 1eGC —Hu 38y [ s = 8 A= W B R A BR A A
(HE5 435 47 : 12957-1-AP . 66776~1-1g . 67487-1-Ig ,
68116-1-Ig, 66037-1-Ig, 60004—1-Ig, SA00001-2
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HSPOO 411 il 5 41, 45 6 H o HSPOO 1) il 7 41 ¥
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KEEPEG, WG SFHEFEIHER 10s, F6XR
AT MR R L, HOEF- & il 4/ 60 s
FF BRI

133 mAHE KEEHFLWEE ARG, H20% 5
PLIARRIEE /N, IE FE S BRI, DR Sk U, e 2 B
PLEEE 3 H 3 25 S 20 210F T-80 CA&MRF, H
T Western bloting &zl ; FFAILIAS4H 3 H/NERH T
IAKE -4 (Hematoxylin—eosin, HE) et . /N
RIS, A7 0 WEVE VAR O KRG, [ T 4% £
RWEEW, HHANAE, T4 CT RIS,
134 HEFE BI33FHHMAL R (EFEY4
5pm), WS KPEE, FTHE QL , St B
BT UL NN B )2 L U R S 2 AR AL IR A R
1.3.5  SmALF FEAN p-MLKL AX N4
LY T, ZHIORE, CBEBER, PiiB R,
BH, A p-MLKL —Ht B XS b —HiisE s ;. R hr
BE R FH DAB & 835500 30 ' B W, 3 ARG &2 % 2 i
¥, EOKIR W Ah PR rbome A B R, i A
TR R G R AR KU 2 2 5T

1.3.6  Western blotting 7| /)~ 5, K i B & 40 42 7 8
AR KRG Fak S A /N B A ) K R )2
ZHZL, JHRIPA 2Ll WO A 23K 412, 4 BESEB fif
FH BCA 5 & W e vk . F R A i
SDS-PAGE BEJ oy &5, JHIR A% 5% 7 3] PVDF i |,
M J5 n A HSP90, PGAMS5. Drpl. p-Drpl. p-
MLKL., MLKL, MFN1, MFN2, ATP5a
GAPDH — it (#i B L9173 %1 2 1:1 000 .1 :5 000

p—Tau.
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1:2000.1:1000,1:1000.1:1000,1:2 000,
1:5000,1:2000.1:5000.1:7000),F 4 °CTF
B bR s I AAH R =T CFf B L 6134 110 000)
T T 1.5 hs WS W% R4 . i Image J
B3 BT 4% 28 Rl R BEAA
1.3.7  ELISA#M ¥ B -F/K-F  #8 ELISA {5
SV BRARAE . AR AL T 450 nm i K AR
YOI E S FLOG B A, 3 b o il 2R T A B AR
AL TNF-a . TL—-4 7K
14 Sitr=EFH*E

B 23 1R FH SPSS 25.0 Ge 4t . 1Ok
DIEL + bt 22 (xxs) Fom, WM Z0HT,
0 L %8 F LSD—t 46 56 8% Games—Howell 35 ¥ % .
P <0.05 R 22 5 A G5 L
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+
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2.1 HSPOOHIHIFIXT AD/NRZEIRE
TN

B /NROK A E LIS R B, AR
R ZH 1T HSPOO 0 1] 771 2L 398 3kt 5 £ 09 1 2 T 15 Y 8
e, &5 2zaahr, 258 ASIT R (P<
0.05) . 155 A1 2 /)n Lk v AR G T B4 (P <
0.05), ZFM-FHXE D T XA (P<0.05);

iB8]121Z g€

HSPOO 1 1l 751 £H /1N B 26 s v AR 301 0 P AR AL 2 (P <

0.05), FMFaERHEZ THEAUHA (P<0.05) .
1.
F1 BHNMNRREBRBAREFHT SRR
(n=6, x+5s)

205 e /s BT 5 A
papiistiil 154+1.7 57+12
HERIZH 46.0+3.2 12+1.0

HSPO il 771 21 35.0+3.2 3.1+1.2

F1H 275.129 35.299

P 0.000 0.002

2.2 HSPOO##IFI3t AD/NRIEDHEZRTTRIGH
A1)

HE % 8 25 8 on, Xt B4l /) RO 5 45 4 1
W, OB, MR M HES R ST, AR R
A WEW, de@ys) (WWE1A) . SxF A,
B A AL/ B S P40 e B 7™ B, U D X R 4 R 2R
AL, HERAMMIIRIE . THR, FRATTREAE, CALIX K
JCE A B R AE AN MR (LR 1B) . S EIAIA
AH G, HSPOO 411 il 2H T Eh 453 5 A BTl . CAL X 4
A e SR e R, HEPI B ST, oW R AE 4
Mo, R gon gy (WE1C),

O S R SER AR HES R 5, BRI AN, B 45T 5 LD SR SER ARG T O T 4

1

2.3 HSP9O iM#IFIxF AD /N iE 5 4 42 p—-MLKL
7K 200

RIEH L e o g5 R BoR, XTI, B
ZH 1 HSP9O H1 fi) 7] £H /)y B ¥ 55 2H 23 P-MLKL [H 1
Fik 849k (0001 6+0.000 5) . (0.010 0=+
0.000 7). (0.006 0+0.000 4), &) 0, #5%
HGi#E L (F=174.693, P=0.000), 5XfMEH
AHE, BEAYZHE /)N RO S 2H 21 p-MLKL BH M 3R 58 1 7
(P <0.05); SEIAIAIA L, HSPOO # il 71 41 /N

BENRBDHAHELRE

(FpN=50 pwm)

R S5 2 40 p-MLKL BH P & 3k s R AL (P <0.05) o
WL 2.
2.4 HSP9O #M #l %3¢ AD /MR iE D AL IL-4.
TNF—a 7K F B 20

ELISA £ I 25 5 B 7R, XF B4l | AL 41 fn
HSPOO 1)1 il 51 4L ¥ Hh 2 21 11-4 . TNF-o 7K F HLER
KR ENT, ERBAGRITFEEL (P<0.05). 5
X RRZHAH LY, AR 20 /) RV 5 2 2 TL-4 7K FEAIR
(P<0.05), TNF-a/K-FFtiE (P<0.05); SEIRIZ
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A WTHEZ; B AR C. HSPOO I .
B2 HHANRBEDHEAP-MLKLEZE GHr/R=50 pm)

FILL, HSPOO M4 /INEUIE Sh B IL-4 K FTh i 0.05); SAERIZL Hde, HSPOO 1 il 57 21/ BUifg o
(P<0.05), TNF-aZKF-RE(R (P<0.05). W32, 2 41 HSP9O, PGAMS. p-MLKI/MLKL, p-Drpl/
Drpl., p-Tau K H £ ik & ) F K (P <0.05) ,
MFN1., MFN2, ATPSa #f I &k Jtm (P<
0.05) , % W] HSP9O #1 il 7 Ak #1 il HSPOO/PGAMS/

A N ] D A L3 A3

K2 HHENRIMEIL-4. TNF-a K FELLE
(n=6, pg/mL, x £5)

X HR 2 64.7+3.7 33.0£25
g 34.0£2.3 197451 XL BRI HSPOO Ml 41

90 kD
HSPQO'm]fﬁﬂﬁuﬁﬂ 472+23 552+15 HSP90 _
Pl . e~ PCAMS o— G c— 32 D
P 0.001 0.000 p-MLKL 54 kD

MLKL | __ ‘ 54 kD
2.5 HSPO # & 7 X+ AD /R i 5 42 242 HSP90/

p-opt [ S_— 0

PGAM5/Drp1 5500 DIl | A— — W— ) |])
Western blotting £ il 45 5 {7, XFREZH | A0 MFN1 4 kD
211 HSPOO 417 4] 751 2 /]N B 98¢ = 21 21 HSPOO/PGAMS/ MFN2 %6 kD

Dipl BARSC 6 (1 LBE, SIr 20T, % R A % o ;

2R (P<0.05), SXTIRAIAA L, BB/ i —— D —

7§ b 2 41 HSP9O, PGAM5. p-MLKI/MLKL. p-

|

50 kD

79 kD

B

capp | S o0
Drpl/Drpl . p-Tau 2 1R L H I T (P <0.05) E3 %4 AD /NI DE R HSPIO/PGAMS/Dp1 i
MFN1, MFN2. ATPSa % [1 3% ik &AL (P < EEHSEIE S

*®3 KHAAD/MNREDHLAHSPIO/PGAMS/Drpl HItAEFAHEMRIEBILE (n=3,xzs)

i 10003  07+002 06003  07£001  1L1+0.04 142005 09002 052003
fmg 14£006  1.1£006 12005 10£004 07003  10£006  06+007  1.1+0.06
HSPOOMIAIFIAL  1.1+0.03  08+0.04 06002 092002  10£002  12:004 08002 052002
Fii 76811 83.205 311314 58.801 130.664 45723 27.468 223.582
P 0.000 0.000 0.000 0.001 0.000 0.003 0.002 0.000
3 itig RS AR R, Okl ) R AR A R A

16 AD 45 2238 AT PERG 25 oy AT 6 AR 0O, A
ADJRIEALTIS A 90 e B-SE R RRER VOB oty g il ot R 10 A0 A0 ML, R i A
Tau 26 150 E B FR L AR IR DD AR ARG S5 2 R0 IR BR R ML 5 40 7= 4 ATP, 4k F9 0 28 00 10 5 B Bt
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HSPOO 1 fill 71 U /I> Bk dhe v AR I 4 Jot L 28 BT
FUHIE N . HE Y (032 /R 155 A 21 /N B i S 41 40
YN LA R, ANIAZ I B 4 . UYL, i HSP9O
450 500 AT A AL e b R B e AY . H Western
blotting K 45 5 s, ST HRAMI L, BRI /N
3 ] 2 rp p-Tau 8 (A FR BT, ATP 5
0 215y ATPSA 25 AR X 2 15 s BRI, 300 570 41
A TE— R L FaR A R R AL/
FOAD W H AR (R IA T, B S 2R iR G Wi 1
REAR o (B A5 T o B o A s g 2 S 45 JR 1
() S i F R 4R 78 HSPOO/MLKL/Drp1 38 B 4 J 3 %
G| B B EALAR 3 24/l R A V] g S AD R )
BL

HSPOO E 4y 43 F £ AR 3 2 XU ER 34 148 1A 42 2 b 1k
G334, —J7 1E ] DUE i A2 MLKL 8 102 2F Lk
AL 0% , 0% J5 i MLKL 3 5 F 8 Drpl 364458
H AR RE S s 53—, HSP90 5 PGAMS
TR E A, i JF Drpl 85 B2 1k 34 in H 4y
ZLRE . AWETE & KA 2 p-MLKL/MLKL A p-
Drpl/Drpl J 5, X 5 SCHK I (1) PGAMS 18 4% Drpl
AL AL Ay AP0 R BIE S E B AR T
HSP9O H] [A] 25 3 i Drpl 7 U S PR IR AL R A, 42
7 HSP9O I fig J2& ¢ & b i {5 5 I8 4% Drpl 16 fLAR S
(A% AR AL

LR RLAR By g 2 O i 5 g o A BE A R B M
PEIR . A S2HG WLEZ £ ATPSA 3K F 18 15 2ok 1A e
FAEA O, X5 AD /I B 35 i 77 7 1Y) ATPSA
AT RE—3. Drpl /- 12d B 70 2R R B
7R I S5 A IR, B O ROS i B AR i 42 Ak
P, R ST % 3R, HSPOO 4 i 7] ] i 2 45 T
Mfn1/2 Rk K -, X 5 58 i il Dipl 76 4k . K
KRR RE I X R B . BopiiFss &M, Dipl

G A LR 5y 2438 1o A1 F R4 14 48 )2 NLRP3
PRAE /NI BTE , R T M1 20 B Ak RN A O
(RS S, X R i REAS IS IL-4 . TNF-a 7K
AR TR, UESEE [a] HSPOO W] A 4 i 3
SRR B 7 2 S A R R 28 JRAE TR BR

i LTIk, AW R T HSP9O/PGAMS/Drpl
i [ ] BB R AR 2 AN M YR OE 5 2R AR A3 B G
Bi: . HSP9O id i1t PGAMS/Drp]1 38 4 1 MLKL 4 i 4
B OU R 95 LR AR 43 24 i =, Sl AD B R R
PEAE TR BIS K . UE S T ZORL AR ) ) 2R R Al
& AD HLUH AT T A BRER T, T & T HSP9O
PRI B LR RN B E T LR AL . AR AT
TEAR R ZAL, A S8 2 3 AD B i MLKL 3% 1k 5
Drpl B AL AFAE LA FE IS, iX 5 HSP9O 38 &:f 4k 47
MLKL %2 5 M 52 e TR ZEAE 98 T 0 #IL AR 0 = (H
MLKL 275 B2 5 Drpl #6407 0 FRI03E, 5 Z2mtos
A3 ) 52 i MLKL 2% 4 i [ A5 284 B ff L 5L AR A L
il o WeAh, i N B TR /N B T HSPOO #1551 LA
FE X B, UL Z 4 i 50 2w AR RIAE I o 9 Ak,
PGAMS fE 24 HSPOO T # R I 43, L1 1% il 7%
I 75 5% HSPOO #4) G2 R 45 AT 7 i2F — 25 B B
2 % X W -
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