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[Abstract] Objective: B-cell specific moloney leukemia virus insertion site 1(Bmi-1) has been extensively documented for its role
in stem cell proliferation and differentiation, but its role in the brain of aged mice remains unclear. The study aimed to investigate the
pathophysiological role of Bmi-1 in brain aging. Methods: Seventeen-month-old Bmi-1 heterozygous (Bmi-1"") mice and wild-type
(WT) mice were selected as experimental subjects. Behavioral testing, immunohistochemistry, and Masson staining techniques were
used to compared the overall health status and long-term memory abilities of Bmi- 1" mice with WT mice. HE staining, electron
microscopy; and Western blot were emplyed to investigate the potential effects of Bmi-1 gene haploinsufficiency on the brain aging in
mice. Results: Compared with the WT mice, Bmi-1"" mice showed a diminished long-term spatial memory function (P < 0.05) ,
accompanied by a reduction in neurogenesis in the hippocampal dentate gyrus (DG, P < 0.05), a decrease in neuronal numbers (P <
0.05), and a reduction in the grey matter volume (P < 0.05). Further studies revealed that compared with the WT mice, Bmi-1"" mice
exhibited enlarged and swollen mitochondria in DG neurons, with an increased proportion of reduced mitochondrial cristae (P < 0.05),
and a significant increase in the number of lipofuscin in the cytoplasm of DG neurons (P < 0.05). Additionally, the expression levels of

mitochondrial energy metabolism-related proteins, such as NADH dehydrogenase (ubiquinone) flavoprotein 2 (NDUFV2) and NADH
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dehydrogenase (ubiquinone)ferrithionein 3(NDUFS3), were down-regulated in the DG region of Bmi-1"" mice (P < 0.05), and the key

catalytic enzyme dihydrolipoyl S-succinyltransferase (DLST)in the tricarboxylic acid cycle was also significantly down-regulated (P <

0.01). Meanwhile, among the cell cycle factors regulated by Bmi-1, the cyclin-dependent kinase inhibitor p27 and oncoprotein p53

were significantly up-regulated (P < 0.05). Conclusion: Half dose deletion of the Bmi-1 gene inhibits the generation of new neurons in

the hippocampal region of aged mice, leading to a specific reduction in the volume of the hippocampal DG region and impairments in

long-term memory function. The underlying mechanism may be related to the abnormal expression of aging-related proteins p27 and

p53, as well as neuronal mitochondrial degeneration.
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A: Appearance of Bmi-1"" and WT mice. B: Body weight of Bmi-1"" and WT mice. C: HE staining of the skin showed cellular structures of Bmi-1""
and WT mice. Scale bars=50 wm. D: The skin thickness of Bmi-1"" and WT mice. E: Masson staining of the skin showed the distribution of total colla-
gen in the skin of Bmi-1"" and WT mice. Scale bars=50 pm. F: HE staining of long bones showing bone morphology and cellular architecture of Bmi-1""
and WT mice. Scale bars=100 wm. G: Comparison of bone growth plate thicknesses between Bmi-1"" and WT mice. H: Masson staining of long bones
showing total collagen expression in bone of Bmi-1"" and WT mice. Scale bars=200 pm. I: X-ray of long bones of Bmi-1"" and WT mice. J: X-ray mea-
surement of optical density in long bones of of Bmi-1"~ and WT mice, showing the size of bone density(n=4).

El1 Bmi-1"/NRES WT/NRBMRE. MR RIA R BB 7 LR

Figure 1 Comparisons of body weight.appearance.skin.and skeletal analysis between the Bmi-1"~ and WT mice
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A: Comparison of the proportions of alternation in Y-maze test between the Bmi-1""mice and WT mice. B: Comparison of the number of arm entries
between the Bmi-1""mice and WT mice. C: Comparison of the latency between the Bmi-1""mice and WT mice in finding target quadrant platform under
both visual and non-visual platform condition. D: Comparison of the swimming speed between the Bmi-1""mice and WT mice. E: Comparison of the dura-
tion time between the Bmi-1""mice and WT mice in the target quadrant without platform at the next day after non-visual platform training. F: Compari-
son of the platform crossing times between the Bmi-1""mice and WT mice. Compared with the WT mice, P < 0.05(n=7).

2 Bmi-I"/NRFESRIZITHFE S

Figure 2 Behavioural analysis of learning memory in Bmi-1"" mice
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A: Representative sections showed the hippocampal (HP) morphology and cytoarchitecture of the Bmi-1""mice and WT mice. Scale bars=500 pm.

B: Comparison of HP, cornu Ammonis(CA1) and DG volume between the Bmi-1""mice and WT mice. C: Comparison of gray matter volume in HP, CA1

and DG region between the Bmi-1"" mice and WT mice. D: The proportion of gray matter volume in HP, CA1 and DG region in the total volume of each

part. Compared with the WT mice, P < 0.05 and "P < 0.01(n=6).

El3 HERBLESEHNFDHTNEBmi-17/NRigDKIR
Figure 3 Determination of hippocampal volume in Bmi-1"" mice by HE staining combined with somatological analysis
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A: Representative sections showed neurons in the DG region of two genotypes. Scale bars=150 wm. B, C: Representative sections showed the distri-
bution of PCNA (B) and DCX (C) immunoreactive cells in the SGZ of Bmi-1" mice and WT mice. Scale bars=250 wm. D: Representative sections
showed neuronal apoptosis in the DG region of Bmi-1*""mice and WT mice (indicated by arrows). Scale bars=10 wm. E: Quantitative counting of NeuN
immunoreactive cells of Bmi-1"" mice and WT mice. F: Quantitative counting of PCNA and DCX immunoreactive cells of Bmi-1"" mice and WT mice.
G: Percentage of apoptotic cells of Bmi-1"" mice and WT mice. Compared with the WT mice, P < 0.05(n=6).
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Figure 4 Hippocampal neurogenesis in Bmi-1"~ mice detected by PCNA and DCX immunohistochemical staining
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A: Representative images showed ultrastructure of neurons in the hippocampal DG granulosa cell layer of Bmi-1"" mice and WT mice. The arrow
represents the degenerative mitochondria and lipofuscin deposition. Scale bars=2 pm. B: The proportion of degenerative mitochondria in the hippocam-
pal DG granulosa cell layer of Bmi-1""mice and WT mice. C: The number of lipofuscin deposition per neuron in the hippocampal DG granulosa cell lay-
er of Bmi-1""mice and WT mice. Compared with the WT mice, P < 0.05(n=6).
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Figure 5 Ultrastructure of neurons in the granule cell layer of the DG region of the hippocampus in Bmi-1"" mice
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A, B: Representative bands of Western blot and densitometry analysis of the expression levels of cell cycle related regulatory proteins. C, D: Repre-

sentative bands of Western blot and densitometry analysis of the expression levels of mitochondrial energy metabolism related proteins and antioxidant

indicators. E, F: Representative bands of Western blot and densitometry analysis of the expression levels of Bmi-1 in the hippocampus. Compared with

the WT mice, P < 0.05and “P < 0.01; compared with the 3-month-old WT mice, “P < 0.05; compared with the 10-month-old WT mice, ‘P < 0.05(n=8).
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Figure 6 Expression levels of proteins related to cell cycle regulation and mitochondrial energy metabolism of the hippo-

campus in Bmi-1""mice and WT mice
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