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Mutations in the gene encoding the 
amyloid precursor protein (APP) 

or the enzymes that process APP are 
correlated with familial Alzheimer dis-
ease. Alzheimer disease is also associated 
with insulin resistance (type 2 diabe-
tes). In our recently published study,1 
we obtained genetic evidence that the 
extracellular fragment of APL-1, the 
C. elegans ortholog of human APP, may 
act as a signaling molecule to modulate 
insulin and nuclear hormone pathways 
in C.  elegans development. In addition, 
independent of insulin and nuclear hor-
mone signaling, high levels of the extra-
cellular fragment of APL-1 (sAPL-1) 
leads to a temperature-sensitive embry-
onic lethality, which is dependent on 
activity of a predicted receptor protein 
tyrosine phosphatase (MOA-1/R155.2). 
Furthermore, this embryonic lethality is 
enhanced by knockdown of a predicted 
prion-like protein (pqn-29). The precise 
molecular mechanisms underlying these 
processes remain to be determined. Here, 
we present hypothetical models as to how 
sAPL-1 signaling influences metabolic 
and developmental pathways. Together, 
with previous findings in mammals that 
the extracellular domain of mammalian 
APP (sAPP) binds to a death-receptor,2 
our findings support the model that 
sAPP signaling affects critical biological 
processes.

Alzheimer disease (AD) is a neurode-
generative disease currently affecting 5.4 
million Americans.3 The etiology of AD 
is still unknown. Post-mortem autop-
sies of AD patients show a high load of 
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senile plaques, whose major component 
is aggregates of the β-amyloid pep-
tide (Aβ). Aβ is a cleavage product of 
the amyloid precursor protein (APP).4,5 
Although the biochemical pathways that 
lead to the production of Aβ are fairly 
well understood, the biological func-
tion of APP remains unclear. APP is a 
transmembrane-spanning protein with a 
large extracellular and a small intracel-
lular domain.6 Based on its structure, 
APP could function as a receptor, simi-
lar to the Notch receptor, or fragments 
of APP released at the cell surface (sAPP) 
could act as signaling molecules to bind 
receptors on distant cells or the extracel-
lular matrix, while the APP intracellular 
domain (AICD) could bind partner pro-
teins to affect transcription (for a review, 
see refs. 7 and 8). Here we discuss recent 
evidence that the extracellular fragment 
of APP may act as a signaling molecule. 
During APP processing through the β/γ-
secretase pathway, high levels of Aβ are 
produced concurrently with high levels 
of sAPPβ and AICD. Hence, increased 
Aβ loads in AD patients are accompanied 
by high levels of sAPPβ and AICD. By 
contrast, no Aβ is produced when APP is 
cleaved through the α/γ-secretase path-
way.9 A fragment of sAPPβ binds a death 
receptor in mammals to initiate neurode-
generation.2 Recently, we took a genetic 
approach in C. elegans to determine the 
biological role of sAPP signaling.1

The C. elegans ortholog to human APP 
is APL-1 and knockouts of apl-1 result 
in larval lethality.10,11 The extracellular 
domain of APL-1 (sAPL-1) is necessary 
and sufficient for viability11 and shares 
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insulin/IGF-1 signaling. Therefore, we 
propose two possible models as to how 
sAPL-1 could modulate metabolism via 
insulin/IGF-1 signaling in C. elegans: 
(1) sAPL-1 competes with or inhibits 
insulin-like peptides (ILPs) from bind-
ing the DAF-2 insulin/IGF-1 receptor; or 
(2) sAPL-1 acts as a ligand, such as for 
an RPTP, to modulate downstream insu-
lin/IGF-1 signaling (Fig.  1). Consistent 
with the second model are findings in 
mice where glucose intolerance and insu-
lin resistance of APP transgenic mice 
are associated with higher protein levels 
of a protein phosphatase 1B (PTP1B) 
in the brain.16 Furthermore, PTP1B can 
dephosphorylate insulin receptor sub-
strates.17 Using bioinformatic searches for 
human PTP1B orthologs in the C. elegans 
genome, we identified MOA-1/R155.2 
as well as 91 paralogs of MOA-1/R155.2 
(wormbase.org). sAPL-1 may act through 
one of those paralogs of MOA-1/R155.2 
to modulate downstream insulin/IGF-1 
signaling (Fig. 1).

In the same screen for modifiers of 
the temperature-induced yn5 lethality, 
we isolated an enhancer mutation in a 
gene (moa-2/B0495.6), which shares 
homology to a human splice factor 3B 
subunit (wormbase.org). Knockdown 
of moa-2/B0495.6 by RNAi disrupts 
vitellogenin uptake from the extracel-
lular space and suggests an involvement 
of moa-2/B0495.6 in receptor-mediated 
endocytosis.18 Similarly, knockdown 
of moa-2/B0495.6 by RNAi enhances 
the temperature-induced yn5 lethality.1 
Hence, MOA-2/B0495.6 could poten-
tially mediate internalization of sAPL-1 
by itself or in a complex, such as with 
MOA-1/R155.2, from the extracellular 
space (Fig. 2).

In the process of verifying candidate 
genes by RNA interference (RNAi) from 
our screen for modifiers of temperature-
induced yn5 lethality, we found that 
knockdown of pqn-29 could also enhance 
the yn5 lethality.1 The gene pqn-29 
encodes a protein with a predicted prion-
like domain that is rich in glutamine/
asparagine residues (DIANA predition 
algorithm19); PQN-29 is 100% conserved 
among different Caenorhabditis species 
(wormbase.org). Proteins with prion-like 
domains can potentially adopt different 

signaling molecule. Whether sAPL-1 
binds the insulin/IGF-1 receptor either 
directly or by disrupting insulin-like 
peptides from binding remains to be 
determined.

Surprisingly, the apl-1(yn5) mutation 
causes an incompletely penetrant embry-
onic lethality that is mediated indepen-
dent of insulin/IGF-1 or nuclear hormone 
signaling.1 To determine the genetic bases 
of this temperature-sensitive yn5 lethal-
ity, we screened for modifiers of this tem-
perature-induced lethality and identified 
a suppressor mutation in moa-1/R155.2, 
which encodes a receptor protein tyro-
sine phosphatase (RPTP).1 The predicted 
sequence of MOA-1/R155.2 contains 
an unusual nematode-specific extracel-
lular N-terminal domain of unknown 
function, a transmembrane domain, 
and a cytoplasmic tyrosine phosphatase 
domain (wormbase.org). The suppressor 
mutation causes a threonine to isoleucine 
transition (T111I) and is located in the 
extracellular region of MOA-1/R155.2,1 
which suggests a potential disruption of 
its ligand binding site. Although the sup-
pressor mutation in moa-1/R155.2 did 
not rescue sAPL-1 phenotypes associ-
ated with reduced insulin/IGF-1 receptor 
activity, such as larval arrest, develop-
mental progression, and body size,1 it 
is possible that sAPL-1 also binds other 
RPTPs or receptors to affect downstream 

several conserved features with human 
APP, including a putative growth domain, 
copper, zinc and heparin binding domains, 
and several N-glycosylation sites, but 
APL-1 does not contain an Aβ sequence. 
The conserved putative growth domain 
has striking similarities to insulin-like 
peptides12 and could predict a biological 
function in metabolic processes. C. elegans 
encodes 40 insulin-like peptides,13 but has 
only one functional insulin/IGF-1 recep-
tor, DAF-2.14 The apl-1(yn5) mutation, 
which results in the production of only 
an extracellular fragment of APL-1 (APL-
1EXT) that is slightly larger than sAPL-
1, disrupts several metabolic processes, 
including developmental progression, 
reproductive fitness, and body size, simi-
lar to insulin/IGF-1 receptor mutants.1 
For instance, while daf-2 insulin/IGF-1 
receptor mutants with weakly reduced 
daf-2 activity go into a diapause state, 
daf-2(e1370); apl-1(yn5) double mutants 
go into first larval stage arrest,1 similar to 
daf-2 mutants with strongly reduced daf-2 
activity,15 suggesting that sAPL-1 activ-
ity antagonizes insulin/IGF-1 signaling. 
Interestingly, disruption of all these meta-
bolic processes by the apl-1(yn5) mutation 
were dependent on a downstream insulin 
signaling transcription factor DAF-16/
FOXO and a nuclear hormone receptor 
(DAF-12).1 These findings provide genetic 
insights into how sAPL-1 might act as a 

Figure 1. One model for how secreted APL-1 affects insulin/IGF-1 signaling. In C. elegans, APL-1 
is cleaved by an α-secretase to presumably release an extracellular fragment sAPL-1 into the ex-
tracellular space. sAPL-1 could act on a distant cell either by competing with insulin-like peptides 
(ILP) for binding to the insulin/IGF-1 receptor (DAF-2) or by binding to a receptor protein tyrosine 
phosphatase (RPTP), whose activity influences downstream signaling of the DAF-2 insulin/IGF-1 
receptor. Hence, sAPL-1 signaling modulates the insulin pathway to increase the activity of the 
FOXO transcription factor DAF-16 together with nuclear hormone receptor DAF-12 to modulate 
expression of metabolic genes. Direct evidence, such as physical binding of sAPL-1 to DAF-2 or 
RPTP, remains to be shown.
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Alzheimer disease and diabetes may affect 
similar pathways.
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the genetic pathways that underlie APP 
function under normal and disease condi-
tions is critical. Studying an APP-related 
protein APL-1 in C. elegans offers an 
attractive approach toward this goal. Our 
recent study1 genetically linked secreted 
APL-1 signaling with the insulin/IGF-1 
pathway in C. elegans, raising speculations 
as to whether the association between 

physical states, which can lead to differ-
ent phenotypes. However, the biological 
function of PQN-29 in C. elegans remains 
to be determined. While knockdown of 
pqn-29 enhanced the yn5 lethality, pqn-29 
knockdown had no effect on the viability 
of wild-type animals.1 The expression of 
pqn-29 is induced by resveratrol in C. ele-
gans lacking the DAF-16/FOXO tran-
scription factor,20 and the yeast ortholog 
(DDR48) of PQN-29 is induced by DNA 
damage or heat-shock.21 These findings 
suggest that PQN-29 is involved in stress 
response and, hence, may play a protec-
tive role against the temperature-induced 
yn5 lethality. Future studies will provide 
insights into how a prion-like protein 
affects sAPP signaling.

Concluding Remarks

Understanding APP function is cen-
tral to identifying pathways that lead to 
Alzheimer disease. Although only about 
1% of Alzheimer disease cases are inher-
ited, 30–50% of those inherited cases have 
mutations in APP itself or in enzymes that 
cleave APP.22 More recently, a mutation 
in APP was found to be protective against 
onset of the sporadic-occurring form of 
AD,23 suggesting a causative role of APP 
in the pathogenesis of the more com-
mon form of AD as well. Furthermore, 
during normal mouse development, APP 
has essential overlapping functions with 
APP-related proteins APLP1 and APLP2 
to ensure viability.24-26 Hence, identifying 

Figure 2. One model for the pathway underlying the temperature-sensitive apl-1(yn5) lethality. 
apl-1(yn5) mutants only produce the extracellular domain of APL-1 (APL-1EXT), which is presum-
ably released into the extracellular space to act on distant cells. The temperature-sensitive embry-
onic lethality of apl-1(yn5) mutants is suppressed by the moa-1(yn38) mutation and is enhanced by 
the moa-2(yn39) mutation and by RNAi against pqn-29.1 Based on their predicted protein domains 
and phenotypes, we suggest that APL-1EXT (and presumably sAPL-1) binds to MOA-1/R155.2 RPTP. 
MOA-2/B0495.6 could facilitate endocytosis of APL-1EXT bound to its receptor for degradation by 
lysosomes. An increase in temperature induces a stress response in C. elegans and may upregulate 
PQN-29 to attenuate the apl-1(yn5)-induced lethality.
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