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Impaired cognitive map in transgenic animals relevant to Alzheimer’s disease:

from neurons to network
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Abstract: Alzheimer’s disease (AD) is a typical cognitive disorder with an increasing incidence in recent years. AD is also one of the
main causes of disability and death of the elderly in current aging society. One of the most common symptoms of AD is spatial memory
impairment, which occurs in more than 60% of patients. This memory loss is closely related to the impairment of cognitive maps in
the brain. The entorhinal grid cells and the hippocampal place cells are important cellular basis for spatial memory and navigation
functions in the brain. Understanding the abnormal firing pattern of these neurons and their impaired coordination to neural oscilla-
tions in transgenic rodents is crucial for identifying the therapeutic targets for AD. In this article, we review recent studies on neural
activity based on transgenic rodent models of AD, with a focus on the changes in the firing characteristics of neurons and the abnormal
electroencephalogram (EEG) rhythm in the entorhinal cortex and hippocampus. We also discuss potential cell-network mechanism of
spatial memory disorders caused by AD, so as to provide a scientific basis for the diagnosis and treatment of AD in the future.
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Fig. 1. Schematic diagram of neuronal firing characteristics in rat hippocampus. Compared with healthy controls, Alzheimer’s disease

(AD) transgenic rats exhibited Ap accumulation (4), decreased neuronal stability and spatial information rate (B), and impaired

neuronal remapping in hippocampus (C). Note: Fig. 14 are schematic diagrams, and Fig. 1B and C are data from our laboratory.

Fig. 1C is an example of a place cell recorded on circular tracks a and b. Circular tracks a and b are different in color and contain

different visual cues.
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Table 1. The summary of neuronal firing characteristics of entorhinal cortex and hippocampus in Alzheimer’s disease transgenic rodents

Species Model Agein  Behavioral tasks

months

Brain area

Results References

Mice Tg2576 3-16 T-maze CAl

rTgd510 7-8 T-maze CAl

7-8 Rectangular track; CAl
Open field

Linear track; CAl
Rectangular track

APP-TTA 10-14

APP-PS1 6 Y-maze CAl

3xTg 89 Circular track CAl
67 Linear track CAl

APP-KI 3-13 Linear track;

Open field

Rats AD-G-CaMP7 4,7 Virtual track CAl

Tg-F344 12-20 Circular track

MEC; CAl

Hippocampus The spatial information rate in the CA2/CA3

Reduced spatial information rate; Bl

Increased place field

Reduced spatial information rate; B
Increased place field; Reduced
spatial specificity

Reduced spatial specificity; B
Impaired remapping

Reduced spatial information rate; 1l
Increased place field; Reduced
spatial specificity

Reduced spatial information rate; B4
Increased place field; Reduced

spatial specificity; Decreased

number of place cells

Reduced spatial information rate Bl

Increased place field; Reduced spatial B
specificity; Decreased number of place cells
In old mice, the number of MEC neurons 241
(including grid cells) was significantly reduced,
the spatial information rate was reduced,

the place field was increased, and remapping
was severely impaired; Reduced spatial
information rate and impaired remapping of
CA1 neurons in old mice; In young mice,

MEC neurons (including grid cells) were

ildly damaged, but CA1 neurons had

normal remapping

Reduced spatial specificity; Decreased [
number of place cells; Place cells

enrichment at reward sites were impaired

B7]
area decreased, but there was no difference

in the CA1 area; The CA2/CA3 areas had

a larger place field than WT, but there was

no difference in the CA1 area; Reduced

spatial specificity in the CA2/CA3 areas

MEC: medial entorhinal cortex.
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Fig. 2. Schematic representation of electroencephalogram (EEG) rhythms in rat hippocampus. 4: The neurons phase lock theta phase

phenomenon in the rat hippocampus and theta phase precession were impaired in the hippocampus of Alzheimer’s disease (AD) transgenic

rat. B: Power of ripples during sharp-wave ripples (SWRs) was reduced in the hippocampus of AD transgenic rats. C: Fast and slow

gamma power was reduced in the hippocampus of AD transgenic rats. D: Cross-frequency coupling across different phases was

impaired in the hippocampus of AD transgenic rats. MI: modulation index. Note: Fig. 24—C are schematic diagrams, and Fig. 2D are data

from our laboratory.
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