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Effects of bone marrow mesenchymal stem cells modified with brain-derived neurotrophic factor
gene on tau protein, beta-amyloid and neuronal ultrastructure in the cerebral cortex and

hippocampus of an Alzheimer’s disease rat
Wei Chang-xiu', Dai Hong', Chen Song-lin?

Abstract

BACKGROUND: Our previous studies indicted that bone marrow mesenchymal stem cells (BMSCs) modified by brain-derived
neurotrophic factor (BDNF) gene could ameliorate the memory function of Alzheimer’s disease (AD) rat.

OBJECTIVE: To observe the effect of BDNF gene-modified BMSCs transplantation on tau protein phosphorylation and
beta-amyloid (AB) in the cerebral cortex and hippocampus, and neuron ultrastructure in the hippocampal CA1 region of AD model
rat.

METHODS: After AD models were established by AR stereotactic injection into lateral cerebral ventricle, BDNF modified and
unmodified BMSCs were implanted into AD model. One month after transplantation, the expressions of total tau protein and tau
hyperphosphrylation in cerebral cortex and hippocampus were detected using Western blotting method. AB 40 and AR 42 were
detected by enzyme-linked immunosorbent assay, and the hippocampal CA1 neuron ultrastructures were observed via
transmission electron microscope.

RESULTS AND CONCLUSION: BDNF-modified BMSCs could decrease expression of total tau protein and tau
hyperphosphrylation in the cerebral cortex and hippocampus and reduce AB 40 and AR 42 expression in the cerebral cortex and
hippocampus. In AD model group, there were obvious degeneration of organells, such as disruption of rough endoplasmic
reticulum, reduction of ribosome, mitochondrial swelling, blurred nuclear membrane. BDNF-modified BMSCs could reduce
above-described changes. Its effect was more significant than unmodified BMSCs group.
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B-action

M: 68 000 p-tau

1: Model group; 2: Unmodified MSCs group; 3: BDNF modified MSCs
group; 4: Normal group

Figure 1 Expression of p-tau in each group
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B-action

M: 68 000 tau-5

1: Model group; 2: Unmodified MSCs group; 3: BDNF modified MSCs
group; 4: Normal group

Figure 2 Expression of tau-5 in each group
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Table 1 Expression of p-tau (Ser199/202) and tau-5 in the
cerebral cortex and hippocampus in each group

(xts, n=11)
Group p-tau Tau-5
Normal 1.42+0.222 1.43+0.242
BDNF modified BMSCs 1.63+0.332 1.27+0.262
Unmodified BMSCs 1.84+0.612 1.44+0.26°
Model 2.81+0.74 2.97+0.05

BDNF: brain-derived neurotrophic factor; BMSCs: bone marrow
mesenchymal stem cells; P < 0.01, vs. model group

2.3 ELISAZ =4l K kR AL ABAL W&
2,

K2 HARNGB T ABIRIAR A &
Table 2 Expression of beta-amyloid (AB) in the cerebral cortex
and hippocampus in each group (xzs, n=10)

Group AB40 (pg/mg) AB42 (pg/mg)
Normal 58.42+4.82% 72.43+5.24%
BDNF modified BMSCs 63.83+5.33%° 77.17+6.26%°
Unmodified BMSCs 69.1416.212 83.4416.26°
Model 79.81+6.74 93.97+7.05

BDNF: brain-derived neurotrophic factor; BMSCs: bone marrow
mesenchymal stem cells; 2P < 0.01, vs. model group; °P < 0.01, °P < 0.05,
vs. unmodified BMSCs group
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a: Hippocampal CA1 region in the
model group

b: Hippocampal CA1 region in the
unmodified BMSCs group

d: Hippocampal CA1 region in the
normal group

c: Hippocampal CA1 region in the
BDNF modified BMSCs group

BDNF: brain-derived neurotrophic factor; BMSCs: bone marrow
mesenchymal stem cells

Figure 3 Structures of hippocampal CA1 region under light
microscope in each group (x200)
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b: Unmodified BMSCs group
S

¢: BDNF modified BMSCs group

d: Normal group

BDNF: brain-derived neurotrophic factor; BMSCs: bone marrow
mesenchymal stem cells

Figure 4 Neuronal structures in the hippocampal CA1 region
under electron microscope in each group (%1 000)
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a: Model group b: Unmodified BMSCs group

c: BDNF modified BMSCs group

d: Normal group

BDNF: brain-derived neurotrophic factor; BMSCs: bone marrow
mesenchymal stem cells

Figure 5 Neuron rough endoplasmic reticulum and ribosome
changes in different groups (x2 000)
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c: BDNF modified BMSCs group

d: Normal group

BDNF: brain-derived neurotrophic factor; BMSCs: bone marrow
mesenchymal stem cells

Figure 6 Neuron mitochondrion changes in different groups
(x2 000)
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a: Model group

b: Unmodified BMSCs group

c: BDNF modified BMSCs group

d: Normal group

BDNF: brain-derived neurotrophic factor; BMSCs: bone marrow
mesenchymal stem cells

Figure 7 Neuron nucleus changes in different groups (x2 000)
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