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Abstract: [ Objective] To investigate the molecular mechanisms by which the receptor for advanced glycation end
products (RAGE) —signal transducer and activator of transcription 3 (STAT3) signaling pathway mediates mitochondrial
injury in striosome/matrix compartment neurons under dopaminergic depletion in Parkinson's disease (PD).[Methods] A
6-hydroxydopamine (6—-OHDA )—induced rat model of PD was established and treated with the RAGE inhibitor FPS-ZM1.
Immunohistochemistry, double immunofluorescence staining, transmission electron microscopy (TEM) , Western
blotting, and quantitative real-time PCR (qRT-PCR) were performed to evaluate RAGE and STAT3 expression as well as
mitochondrial ultrastructure alterations in the striosome/matrix compartment. [ Results] The density of RAGE-positive
structures and the protein expression level of RAGE in the striosome/matrix compartment were significantly increased in
PD rats compared with controls (<0.05). Immunohistochemical and double immunofluorescence analyses demonstrated

widespread STAT3 expression in striatal neurons, while the number of NeuN/STAT3 double—positive cells was
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significantly elevated in the PD group (P<0.05). Western blotting and qRT-PCR further confirmed significant

upregulation of STAT3 protein and mRNA expression in PD rats (P<0.05). TEM analysis revealed marked mitochondrial

abnormalities in PD neurons, including reduced mitochondrial density, enlarged mitochondrial area, decreased cristae

number, cristae membrane disruption, and outer membrane damage (all P<0.05). Notably, FPS—ZM1 treatment partially

reversed these mitochondrial ultrastructural alterations. [ Conclusion] Activation of the RAGE-STAT3 signaling pathway

contributes to mitochondrial structural disruption in striosome/matrix compartment neurons in PD. These findings suggest

that the striosome/matrix compartment may represent a novel pathological target for investigating mitochondrial dysfunction

and neurodegeneration in PD.

Key words: Parkinson’s disease; receptor for advanced glycation end products; signal transducer and activator of

transcription 3; striosomes; mitochondria; dopamine
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A, A": RAGE immunohistochemistry in the striosome/matrix compartment of control group. Dashed circles indicate striosome regions. The areas

marked with asterisks correspond to the magnified regions on the right, and the black arrows indicate the cell bodies of RAGE—positive cells. B, B':

RAGE immunohistochemistry in the 6-OHDA group, showing increased RAGE—positive cells with enhanced staining intensity, which was reduced in
the 60HDA+FZM1 group (C, C’). D: Quantitative analysis of RAGE—positive cell density. E: Representative Western blot bands of RAGE (45 ku) and
GAPDH (37 ku) in control, 6-OHDA groups and 6-OHDA+FZM1 group. F: Quantitative analysis of RAGE protein relative density. Scale bars: 40 pm
(A,B,C), 15 pm (A", B, C'). n=5, ¥P<0.05, ***P<0.001 vs. Ctrl, independent samples t—test.

1 DARIZFRGUR/IME/EFTRAGE RiZZ

Fig. 1 Changes of RAGE expression in striosome/matrix compartment after DA deprivation
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Ctrl A

60HDA+FZM4 C

Ctrl 60HDA 60HDA+FZMI1  Kku
|

X 25 . . < 1.5 . e
g o | z —r—
= 201 = =
=) B2 <
S . g Z 1.0
Z 157 3 %
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15) = bai
o 104 b =
= T & 0.5
B o) ©n 05
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2 5 2 £
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] 0- D ~ 0.0- F
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s & &
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Groups Groups Groups

A, A’, A*: Double immunofluorescence labeling of NeuN (green), STAT3 (red), and merged image (yellow) in the control group. B, B’, B*:
Compared with the control group, the Parkinson's disease model group exhibited a significant increase in NeuN/STAT3 double—positive cells, together
with elevated STAT3 immunoreactivity. C, C’, C*: Treatment with FPS-ZM1 markedly reduced the number of NeuN/STAT3 double—positive cells. D:
Quantitative analysis of STAT3-NeuN double—labeled cell density, n=5. E: Representative Western blot bands of STAT3 and GAPDH. Quantitative
analysis of STAT3 protein relative density, n=5. F: Quantitative analysis of relative STAT3 mRNA expression level by qRT-PCR, n=3. Scale bar: 30

pm. ¥P<0.05 vs. Ctrl, independent samples (—test.

B2 gUK/AME/E R RAGE (& B STAT3 43 F 3F DA RI3F#) | Rz
Fig. 2 Response of STAT3 in the RAGE pathway of striosome/matrix compartment to DA deprivation

3 i #® R I D ORI 2 IR I RE L, 2
12 B AR 2 SR A RO R BRIk

PD 5 L H 0 B B DA i i 28 5T AT 4 A FFARR— a5, T2 Al 2 Al EARROR TR R 2
T2 T 2 B AE (9 1 22 1B AT PP , ZORIE DA RN FIRE S5 ] B 2 0, — 35 i i 4
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A, A’: Transmission electron micrographs of the striosome/matrix compartment in the control group. Mitochondria (arrowheads) display rod—
shaped morphology with densely packed, well-defined cristae. B, B’: Transmission electron micrographs of the 6-OHDA group. Mitochondria

(arrowheads) appear swollen with disrupted cristae, reduced density, and outer membrane damage, which was reduced in the 6-OHDA+FZM1 group (C,
C’). Scale bars: 0.5 wm (A, B, C), 0.25 um (A’, B', C’).
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Fig.3 Mitochondrial ultrastructural changes in the striosome/matrix compartment induced by DA deprivation

*1 DARFFSLUR/NME/EREHBMETHER BRSNS MR
Table 1 Statistical processing and comparisons of dopamine depletion—induced ultrastructural lesions in the striosome/

matrix compartment neuron.

Test items Ctrl 6-OHDA 6-OHDA+FZM1
Mitochondrial mean perimeter assessed by TEM/pum 1.5+0.2 1.8+0.3" 1.5+0.3*
Cross—sectional area of mitochondria in TEM images/pm’ 0.16+0.01 0.21+0.04 0.16+0.02*
The average number of cristae per mitochondrion/pm? 10.5+4.2 6.5£2.8" 9.4+3.4*

Values expressed as the group mean+SD; Student’s ¢ test. #*P<0.05 vs. Ctrl, *P<0.05 vs. 6~-OHDA.
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