
Protein    Cell&

Pr
ot

ei
n 

   
 C

el
l

&
Pr

ot
ei

n 
   

 C
el

l
&

© Higher Education Press and Springer-Verlag Berlin Heidelberg 2013     September 2013 | Volume 4 | Issue 9 | 647

Protein Cell 2013, 4(9): 647–649 
DOI 10.1007/s13238-013-3043-8

Reduced EGFR level potentially mediates the 
Aβ42-induced neuronal loss in transgenic fruit 
fl y and mouse

ETTERL

De ar Editor,
Memory defect and neuronal loss are 
both hallmarks of Alzheimer’s disease 
(AD). According to the β-amyloid (Aβ) 
hypothesis, persistent accumulation of 
Aβ peptides, including different aggrega-
tion forms, induces neuronal dysfunction 
and death of neurons. However, one 
major difference between these two 
symptoms is that memory defect usually 
starts in the early stage of AD while neu-
rodegeneration occurs in the advanced 
stage. Previous studies have reported 
that the activities of diverse protein fac-
tors and their related signaling pathways 
are associated with the Aβ-induced tox-
icities (Small et al., 2001). But until now, 
it is still an open question that whether 
memory defect and neurodegeneration 
share the same mechanism. Answering 
this question will be of great help for fu-
ture drug development and therapy.

We sought to gain insights into the 
biochemical processes that mediate 
the Aβ toxicity through in vivo studies of 
Aβ42-transgenic fruit fl ies. Pan-neuronal 
expression of human Aβ42 in fl y brains 
recapitulates several AD-like symptoms 
such as age-dependent memory loss, 
accumulation of Aβ42 aggregates and 
massive neurodegeneration (Iijima et al., 
2004). Since the APP family proteins or 
Aβ42 induce similar pathological pheno-
types across a wide range of organisms, 
from invertebrates to mammals, the 
molecular basis of Aβ42 toxicity is likely 
conserved (Gotz et al., 2004). In our 
previous study, we found a relationship 
between the EGFR/PI3K pathway and 
Aβ42-induced memory loss. Accumula-
tion of Aβ42 peptides, especially the 
oligomers, resulted in an elevation of the 

EGFR level is similar to that of control 
fl ies (Fig. 1B, left). In 35-day old fl ies, 
we were surprised to fi nd a dramatically 
reduced EGFR level in Aβ42-expressing 
fl y heads (Fig. 1B, right). Because no an-
tibody was available to detect the Dros-
ophila p-EGFR level simultaneously, it 
was still not clear either the EGFR level 
or the p-EGFR level was linked with the 
lost neurons.

To further confirm that the EGFR 
level decreased with age, we turned 
to use the APP/PS1 double transgenic 
mice with the expression of two mutated 
AD-linked transgenes: a chimeric hu-
man amyloid beta (A4) precursor protein 
(APPswe) and a “DeltaE9” mutant of 
human presenilin 1 (Jankowsky et al., 
2001). A neuronal loss phenotype was 
reported in hippocampus of this APP/
PS1 mice as early as 4–5 months old 
by means of direct stereological visu-
alization and NeuN immunoreactivity, 
a marker of neuronal density (Cohen 
et al., 2009). In our study, hippocampal 
tissues from 8-month old Tg+ mice and 
age-matched Tg- mice were dissected 
respectively and subjected to Western 
blotting. p-EGFR/Actin and EGFR/Actin 
ratios are used to indicate the relative 
concentrations of proteins, and p-EGFR/
EGFR ratio is also calculated and shown 
(Fig. 1C).

As we speculated, the EGFR/Actin 
ratio was decreased in APP/PS1 mice 
compared with that of littermate control 
mice. This data is consistent with our 
fi ndings in aged Aβ42-expressing fl ies. 
Apart from the change of total EGFR 
level, there was also a signifi cant reduc-
tion in p-EGFR/Actin ratio in APP/PS1 
mice. However, the p-EGFR/EGFR 

p-EGFR level and a hyperactivation of 
PI3K activity (Chiang et al., 2010; Wang 
et al., 2012). These changes caused en-
hanced long-term depression (LTD) and 
memory defi cits. 

Even though feeding Aβ42-express
ing fl ies (Iijima et al., 2008) with PI3 K 
inhibitors restored the Aβ42-induced 
PI3K hyperactivity to normal levels and 
ameliorated memory performance, the 
neuronal loss was not rescued (Chiang 
et al., 2010). Similarly, oral administra-
tion of gefi tinib (Ge), an EGFR inhibitor, 
to fl ies also rescued the memory defect 
(Wang et al., 2012). We then performed 
HE-staining of paraffi n slices with 35-day 
old fl y heads to detect the level of neu-
ronal loss in fl y brains. We focused on 
the mushroom body (MB) region, which 
is the center for olfactory memory forma-
tion. In 35-day old Aβ42-expressing fl y 
brains, obvious vacuoles can be found 
around the MB somatic region (Fig. 1A). 
After feeding with Ge, within this MB 
region, the ratio of vacuole area to total 
area was calculated to indicate the ex-
tent of neuronal loss. However, similar 
to the effects of PI3K inhibitors that we 
found in our previous report, Ge (10 μg/mL) 
treatment for 25 days since 10-day old 
after eclosion did not rescue the loss of 
neurons (Fig. 1A).

Feeding animals with Ge could in-
hibit the level of p-EGFR, which usually 
determines the activity of the EGFR 
pathway. However, the total protein level 
of EGFR is also important for maintain-
ing the normal function of this pathway. 
Thus, we tried to detect the total EGFR 
level in fl y heads by Western blotting. In 
10-day old Aβ42-expressing fl ies that al-
ready showed memory defect, the total 
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Aβ42 peptides induce a reduction of the 
total EGFR level and cause neuronal 
loss. Several studies can be considered 
as support for this hypothesis that cell 
death depends on the total EGFR level, 
but not the activation level (Weihua et 
al., 2008).

EGFR and PI3K are well known for 
their functions in stimulating cell prolifera-
tion and survival, however, accumulating 
evidences also suggest their biological 
functions in regulating higher level brain 
activities, like retrieval and extinction of 
contextual memory (Chen et al., 2005). 

This can help to understand the bidi-
rectional regulation of EGFR by Aβ42. 
In younger animals, Aβ42 peptides ac-
cumulate extracellularly in the brain and 
interact with EGFR, possibly through 
direct binding (Wang et al., 2012). Such 
interaction consecutively activates the 
phosphorylation of EGFR and follow-
ing signaling pathways, including the 
PI3K pathway, which causes synaptic 
dysfunction and related memory loss. 
Additionally, post-mortem studies also 
support the hypothesis that the activity 
of AKT (Ser AKT) was increased and 

ratio was dramatically increased with 
age. This change could be linked to our 
behavior tests in mice which found that 
inhibiting EGFR activation by oral ad-
ministration of Ge rescued the memory 
loss at 8-month old (Wang et al., 2012).

Taking all data together, we raised our 
working hypothesis that Aβ42 may have 
bidirectional functions in regulating the 
EGFR/PI3K pathway. In the early stage, 
Aβ42 peptides (especially the oligomers) 
activate the EGFR and PI3K, infl uence 
the normal synaptic plasticity and fi nally 
cause memory loss; in the late stage, 
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Figure 1. Reduced EGFR level is detected in aged Alzheimer’s disease animal models. (A) Representative images of 35-day old fl y 
brain sections with HE staining (up) and statical analysis (down). Human Aβ42 peptides were pan-neuronally expressed under the control 
of elav-Gal4. Stars indicate the neuronal loss vacuoles in mushroom body somatic region (dark purple) of Aβ42-expressing brains (elav-
Gal4/Y; UAS-Aβ42/+) or control brains (+/Y; UAS-Aβ42/+). Drug treatment was performed with an epidermal growth factor receptor (EGFR) 
inhibitor, gefi tinib (Ge, 10 μg/mL), since 10-day old for 25 days. n = 14–18 sections per group. Scale bar: 25 μm. (B) Representative West-
ern blotting data and statistical results for 10-day old fl ies (left panel) and 35-day old fl ies (right panel). EGFR/Actin ratio is used to indicate 
the total EGFR level. n = 3 independent experiments. (C) Representative Western blotting data and statistical results of 8-month old APP/
PS1 double transgenic mice and littermate wild type (WT) mice. Protein levels in hippocampus were detected. n = 5 mice. t test, means ± 
SEM, *P < 0.05, **P < 0.01, ***P < 0.001. n.s., not signifi cant.
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the activity of PTEN (p-PTEN) was de-
creased in AD patients’ brains (Rickle et 
al., 2004, 2006).

In aged animals, accumulated Aβ42 
peptides reduce the total EGFR level 
as we have shown in our study. But the 
question is how does this happen? At 
the level of system control, there may 
exist positive- and negative-feedback 
regulating mechanisms that maintain the 
homeostasis of the EGFR family (Citri 
and Yarden, 2006). As a result, it is quite 
possible that the consecutive stimulation 
of EGFR activity by Aβ42 might initiate 
the negative-feedback loop and thus 
down-regulate the expression level of 
EGFR with the aging process. 

It should be pointed out that we do 
not have direct evidence to prove by 
which  means  the  EGFR  level  is  re-
duced.  However,  one  report  showed 
that  in  cultured  primary  neurons  of 
Tg2576 mice, expression of Swedish 
APP mutant impaired the normal inacti-
vation, degradation, and ubiquitination of 
EGFR (Almeida et al., 2006). This result 
might be regarded as a link between the 
two directions of regulation on EGFR 
pathway, and the impaired proteolysis 
also suggests a subsequent initiation of 
negative-feedback regulation. 

In summary of our fi ndings in young 
and aged transgenic animals, we pro-
pose the hypothesis that the toxic ef-
fects of Aβ42 associate with different 
stages of AD and involve different mech-
anisms. This may help to enrich our 
knowledge of this disease and improve 
the strategy in searching for new drugs. 
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