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Abstract
Background The aberrant accumulation of amyloid-beta (Aβ) in the neocortex and hippocampus is one
of the initial causes of Alzheimer's disease (AD). The p75 neurotrophin receptor (p75NTR) has been
proposed to mediate Aβ-induced neuronal cell death. Whether p75NTR is required for the effects of Aβ on
neuronal network activity remains unclear. Results: Our results show that low concentrations of Aβ42 did
not affect neuronal viability and synapse number. However, the Aβ42 treatment decreased the neuronal
network activity of cultured wild-type hippocampal neurons, including a signi�cant decrease of Ca2+
oscillations, spontaneous postsynaptic activity and synaptic connectivity. Moreover, the Aβ42 treatment
did not affect the neuronal network activity of Tg2576/p75NTR+/− and p75NTR+/− hippocampal
neurons. Conclusion: These studies will shed new light on the pathogenesis of AD and aid the
development of related drugs.

Background
AD is a common neurodegenerative disease which often initially presents with short-term memory loss
and progresses gradually to a complete loss of independence, cognitive dysfunction, and eventually loss
of bodily functions leading to death1. Mutations in the APP3 gene, which encodes the Aβ precursor
protein (APP), lead to early-onset AD, implicating Aβ as a major causative factor in AD2. Aβ is produced
by the endoproteolysis of APP by groups of enzyme complexes including α-, β- and γ-secretases, which
catalyze alternative cleavage pathways leading to the generation of Aβ isoforms of different length3. The
42-residue variant (Aβ42) is the predominant isoform of Aβ found in cerebral plaques 4. Increasing
evidence suggests that p75NTR may mediate the toxic effects of Aβ in AD5–6. Acting as a low-a�nity
neurotrophic factor receptor, p75NTR interacts with a variety of ligands and causes different effects on
the nervous system, including the induction of apoptosis 7. Aβ may cause activation-induced cell death in
Alzheimer’s disease3. This raises the possibility that reducing p75NTR expression could relieve the
symptoms of AD by weakening the effects of Aβ.

There is also evidence that learning and memory are not impaired in transgenic mouse models of AD, in
spite of impaired long-term potentiation (LTP) 8. Therefore, the change of neuron network activity induced
by Aβ may be the earliest non-clinical symptom of AD. Abnormal levels of Aβ lead to changes of neuronal
network activity which trigger a cascade reaction that causes a gradual impairment of synaptic function,
loss of synapses, and subsequently neuronal apoptosis8. To our knowledge, the interaction between Aβ
and p75NTR-mediated changes of neuronal network function have not been systematically clari�ed.
Elucidating the receptors that respond to Aβ by regulating neuronal network activity will provide novel
insights into the pathogenesis of AD and novel therapeutic strategies to slow down the progression of AD
at early stages. In this study, we crossed the transgenic Tg2576 AD model mice with p75NTR−/− mice to
generate Tg2576/p75 NTR+/− mice with reduced levels of p75NTR. We found that reduce P75NTR
expression rescued the abnormal neuronal network activity in cultures of hippocampal neurons from the
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Tg2576 mice. These �ndings suggest that reduction of p75NTR expression or activity can relieve the
symptoms of AD by weakening the neurotoxic effects of Aβ.

Results

Viability of neurons exposed to Aβ42
First, we evaluated the effect of p75NTR on neuronal viability in cultured neuronal networks following
Aβ42 treatment. Our results showed that the viability of cultured Tg2576 neurons was lower compared
with wild-type, p75NTR+/− or Tg2576/ p75NTR+/− neuron cultures, indicating that decreasing p75NTR
expression can increase the viability of cultured AD-model neurons. Treatment with 500 nM Aβ42 for 12h
had no effect on MTT reduction in the hippocampal cultures of all genotypes (Fig. 1). This result
indicated that Aβ42 at a low concentration did not induce apoptosis of cultured neurons.

Effects of the expression level of pNTR75 on the
synapse number of the cultured neuronal network
under Aβ42 treatment
In order to investigate whether the expression level of p75NTR plays a role in the effect of Aβ42 on the
synapse number in the cultured neuronal network, we determined the co-localization of the pre- and
postsynaptic markers synaptotagmin and postsynaptic density protein 95 (PSD95) using confocal
immuno�uorescence imaging 10. Synapses were detected as yellow puncta, representing colocalization
of immunoreactivity to synaptotagmin and PSD–95, respectively (Fig. 2A). Our results demonstrated that
the number of synapses in the cultured Tg2576 neuronal network was lower than in the cultured neural
networks composed of wild-type, p75NTR+/−, or Tg2576/ p75NTR+/− neurons. There were no signi�cant
differences in synapse numbers among the wild type, p75NTR+/− and Tg2576/ p75NTR+/− neuron
cultures (Fig. 2B). This result indicates that decreasing the expression of p75NTR can increase synapse
formation in Tg2576 neurons. Our results also showed that Aβ42 treatment did not alter the synapse
number in hippocampal neuron cultures of any of the genotypes (Fig. 2B). Overall, our study indicates
that decreasing the expression of p75NTR can increase the synapse number of cultured Tg2576 neurons,
but treatment with a low concentration of Aβ42 slightly altered the number of synapses in cultured neural
networks with different genotypes.

Effects of the expression level of pNTR75 on
spontaneous cytosolic Ca2+ oscillations in cultured
neuronal networks following treatment with Aβ42
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Cytosolic Ca2+ is a ubiquitous signaling molecule and spontaneous Ca2+ oscillations represents
important functional outputs of synapse formation or neuronal network activity11. We therefore examined
the spontaneous Ca2+ oscillations in mice of all the investigated genotypes. The amplitude and
frequency of spontaneous Ca2+ oscillations in Tg2576 neurons were lower than that in the wild-type,
p75NTR+/− and Tg2576/ p75NTR+/− neuronal cultures (Figs. 3B and C). However, following Aβ42
treatment, the spontaneous Ca2+ oscillations in the wild-type group obviously decreased to levels similar
to those of cultured Tg2576 neurons. By contrast, Aβ42 only slightly altered the spontaneous Ca2+

oscillations of p75NTR+/− and Tg2576/ p75NTR+/− neuron cultures (Figs. 3B and C). This �nding
indicates that Aβ42 inhibited neuronal network activity, and reducing the expression of p75NTR can
weaken the effect of Aβ42 on the neural network activity.

Effects of the expression level of pNTR75 on
synaptic transmission of cultured neuronal
networks exposed to Aβ42
Ca2+ oscillations are mediated by excitatory and inhibitory synapses in the neuronal network12. To further
study the effects of the expression level of p75NTR on synapse function, we recorded spontaneous
excitatory and inhibitory postsynaptic currents (sEPSC and sIPSC) in DIV14–18 neurons from mice of all
tested genotypes. In cultured Tg2576 neurons, weak spontaneous postsynaptic currents were recorded.
However, in cultured wild-type, p75NTR+/− and Tg2576/ p75NTR+/− neurons, spontaneous postsynaptic
currents were readily recorded (Figs. 4B and C). Following Aβ42 treatment, the spontaneous postsynaptic
currents in the wild-type group decreased to the level of cultured Tg2576 neurons. By contrast, Aβ42 only
slightly in�uenced the spontaneous postsynaptic currents in the cultures of p75NTR+/− and Tg2576/
p75NTR+/− neurons (Figs. 4B and C). This observation indicates that decreasing the expression of
p75NTR can obviously weaken the effect of Aβ42 on neural network activity. Finally, we compared AP-
evoked excitatory postsynaptic currents (EPSC) and inhibitory postsynaptic currents (IPSC). EPSC and
IPSC were undetectable in cultured Tg2576 neurons, but were easily recorded in cultured wild-type,
p75NTR+/− and Tg2576/ p75NTR+/− neurons (Figs. 5C and D). However, while the EPSC and IPSC in wild-
type group were undetectable following Aβ42 treatment, they were only slightly altered in the cultured
p75NTR+/− and Tg2576/ p75NTR+/− neurons (Figs. 5C and D).

Discusson
The present study shows that the neuronal network activity is lower in neuronal cultures of the AD-model
Tg2576 cells than in those of wild-type neurons. Decreased expression of p75NTR rescued the abnormal
network activity of Tg2576 cultures. Treatment with Aβ42 induced abnormalities of synaptic function
without inducing neuronal apoptosis or loss of synapses. Decreasing the expression of p75NTR
abolished the effect of Aβ42 on neuronal network activity. To our best knowledge, this is the �rst report of
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a systematic demonstration that nanomolar concentrations of Aβ oligomers could in�uence neuronal
network activity.

Previous reports indicated that the change of synaptic plasticity induced by Aβ may be the earliest non-
clinical symptom of AD8. Consistent with these reports, our results show that low concentrations of Aβ42
induce alterations of hippocampal synaptic e�cacy (Figs. 4 and 5), and this change happens prior to
loss of synapses and neuronal apoptosis (Fig. 1, 2). This indicates that 1) the change of synaptic e�cacy
due to Aβ is an early event in AD, and 2) synaptic dysfunction is predominantly caused by diffusible
oligomeric assemblies of Aβ. Synaptic plasticity is closely linked to other neurodegenerative diseases,
nerve regeneration blockade, clinical depression, neuropathic pain and drug dependence13. At
physiological (picomolar) concentrations, Aβ has been shown to positively regulate synaptic
transmission by upregulating the presynaptic neurotransmitter release probability (Pr)14–15. Low to
moderate levels of Aβ may augment Pr by increasing presynaptic Ca2+ via presynaptic APP
homodimerization, activating exocytotic Ca2+ channels, and regulating presynaptic α7 nicotinic
acetylcholine receptors16–17. In this study, pathological levels of Aβ obviously decreased the Ca2+

oscillation and synaptic transmission (Figs. 3–5). These �nding are in agreement with other studies
showing that amyloid peptides are key mediators of neuronal damage, and support the more recent idea
that the soluble oligomeric proto�bril form of Aβ42 mediates amyloid neurotoxicity18. However, how
pathological (nanomolar) levels of oligomeric Aβ lead to presynaptic defects remains to be investigated
in future studies.

The p75NTR receptor is able to mediate neuronal death in AD19. Upregulation and ligand activation of
p75NTR have been repeatedly shown to mediate neural cell death in animal models of neurodegenerative
disease20. It was reported that Aβ binding to p75NTR activates the downstream signaling molecules c-
Jun kinase (JNK), Gi/o-proteins, nuclear factor jB (NFjB) and phosphoinositide–3 kinase (PI3K).
Activation of JNK by p75NTR is widely considered as a critical step in its mediation of neural death21. In
line with these data, reducing p75NTR expression abolished the Aβ-induced abnormal Ca2+ oscillation
and synaptic transmission (Figs. 3–5). These results indicate that p75NTR also mediates the Aβ-induced
changes of neuronal network activity. Moreover, we demonstrated that Aβ42-mediated neurotoxicity was
abolished in the neurons with low p75NTR expression.

Our �ndings may help explain the progression of brain dysfunction in neurodegenerative diseases.
Further investigations of the mechanisms by which Aβ in�uences synaptic function will provide a more
complete view of AD, especially when such information is combined with the results of ongoing clinical
trials.

Conclusion
In summary, we conclude that the Aβ42 treatment decreased the neuronal network activity of cultured
wild-type hippocampal neurons, and reducing the expression of p75NTR can weaken the effect of Aβ42
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on the neural network activity.

Methods

Preparation of Aβ
Human Aβ42 peptide were purchased from California Peptide (Napa, CA, USA). Unless stated otherwise,
peptides were dissolved in sterile water at a concentration of 200 μM and stored at 4°C. Peptide solutions
were incubated at 37°C for 1 h before experimental use. The �nal concentration was 500 nM.

Animals
Tg2576 and p75NTR−/− mice were obtained from Jackson Laboratories (Bar Harbor, ME, USA) and
Tg2576/p75NTR+/− mice were bred as described previously 5. Wild-type (WT), Tg2576, and
Tg2576/p75NTR+/− mice were used for all experiments. Tg2576/p75NTR+/− mice were used in the
present study due to the high mortality of Tg2576/p75NTR−/− mice. We previously showed that p75NTR
protein levels were reduced nearly 0.6 fold in p75NTR+/− and Tg2576/p75NTR+/− mice, compared with
WT and Tg2576 mice5.

Hippocampal neuron cultures
Hippocampi were dissected from wild-type, p75 NTR+/−, Tg2576/p75+/−, and Tg2576 mice.
Hippocampal neurons from 1-day old pups were cultured as described previously9. All experimental
procedures involving animal were in accordance with the guidelines approved by Youjiang Medical
University, Baise, China. Experiments examining the effects of genotype were performed in parallel.

Cell viability assay
The viability of cultured hippocampal neurons was assessed using the MTT assay kit (Sigma-Aldrich,
USA) according to the manufacturer’s instructions. Brie�y, the hippocampal neurons were cultured in
growth medium in 96-well plates for 14 days, and then exposed to 500 nM Aβ42 for 12h. Subsequently,
10 μL of MTT solution (5 mg/mL) was added to each well and incubated at 37°C for 4 h. The absorbance
at 490 nm was recorded using a WALLAC 1420 micro-plate reader (PerkinElmer, Waltham, MA, USA). The
data are the mean percentages of viable cells compared to the respective control cultures.

Measurement of cytosolic Ca2+ concentrations
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Cytosolic Ca2+ concentrations were measured in DIV14–18 neurons as described previously9. Brie�y,
neurons were incubated with 2 mM fura–2/acetoxymethyl ester (Life Technologies, USA) in DMEM
culture medium at 37°C for 30 min, followed by washing three times with phosphate buffered saline.
Cells incubated in MEM with 2% FBS were placed on the stage of an IX71 inverted microscope (Olympus
Corporation, Japan) equipped with a xenon illumination system and an IMAGO CCD camera (Till
Photonics, Germany). The �uorescence was recorded using an excitation wavelength of 340 nm or 380
nm and an emission wavelength of 510 nm, stored digitally and analyzed using TILLvisION 4.0 software
(FEI Corp., USA).

Recording of spontaneous and AP-evoked
postsynaptic currents
Postsynaptic currents of DIV14–18 neurons were recorded as described previously9. Extracellular
Tyrode’s solution contained (mM): 125 NaCl, 2 KCl, 4 CaCl2, 4 MgCl2, 25 HEPES and 30 glucose, pH 7.3
with NaOH, 310 mOsm. The pipette solution contained (mM): 100 KCl, 2 EGTA, 4 Mg-ATP, 0.3 Na-GTP, 30
HEPES, 10 Tris-phosphocreatine and 20 U/ml creatine phosphokinase, pH 7.3 with KOH, 290 mOsm.

Spontaneous and evoked inhibitory postsynaptic currents (IPSC) were recorded in an extracellular
solution containing 20 mM (NBQX). Spontaneous and evoked excitatory postsynaptic currents (EPSC)
were recorded in an extracellular solution containing 10 mM bicuculline. Spontaneous postsynaptic
currents were recorded with the membrane potential held at –70 mV for 5 min. AP-evoked postsynaptic
currents were determined by paired recording without capacitance compensation as described
previously9.

Abbreviations
Aβ: amyloid-beta; AD: Alzheimer’s disease; p75NTR: p75 neurotrophin receptor;APP: Aβ precursor protein.
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Figures

Figure 1

Effect of Aβ42 (500 nM, 12h) on the cell viability of cultured hippocampal neurons from mice with
different genotypes (n=4). Cell viability was assessed using the MTT assay.
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Figure 2

Effect of Aβ42 500 nM, 12h on the synapse number of cultured neurons from mice with different
genotypes. (A) Immunostaining of hippocampal neurons for colocalization of presynaptic synaptotagmin
(red) and postsynaptic PSD-95 (green) (left panels) in cultured DIV14 neurons from mice with different
genotypes with or without Aβ42 treatment. (B) The numbers of puncta (n=50).
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Figure 3

Effect of Aβ42 (500 nM, 12h on spontaneous cytosolic Ca2+ oscillations in cultured neurons from mice
with different genotypes. (A) Representative single cell image showing Ca2+ �uorescence in DIV14–18
neurons. Summary of the magnitude (B) and frequency (C) of Ca2+ oscillations in 58-62 cultured neurons
from mice with different genotypes with or without Aβ42 treatment.
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Figure 4

Effect of Aβ42 (500 nM, 12h treatment on spontaneous EPSC and IPSC in cultured neurons from mice
with different genotypes. (A) Representative recordings of spontaneous EPSC and IPSC in DIV14–18
neurons. Summary of the magnitude (B) and frequency (C) of EPSC and IPSC in 60-64 cultured neurons
from mice with different genotypes with or without Aβ42 treatment.



Page 14/14

Figure 5

Effect of Aβ42 (500 nM, 12h) on synaptic connectivity and transmission in cultured neurons from mice
with different genotypes. (A) and (C) Examples of unitary EPSC and IPSC with distinct kinetics. Summary
of the percentage of pairs of neurons that exhibit synaptic connectivity or transmission (B: EPSC, D:
IPSC) among 66-69 cultured neurons from mice with different genotypes with or without Aβ42 treatment.


