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1. INTRODUCTION  

Amyotrophic lateral sclerosis 
(ALS) is a heterogeneous neuro-
degenerative disease leading to 
degeneration of upper and lower 
motor neurons (MNs). Important-
ly, some MNs, such as those of 
oculomotor nucleus, appear more 
resistant to degeneration, proba-

bly due to the unique transcriptomic background of MNs. In 
accord, a differential genomic expression profile of the ocu-
lomotor MNs and the more vulnerable hypoglossal nucleus 
MNs was identified. In particular, high levels of insulin-like 
growth factor (IGF)-1 and adenylate cyclase-activating poly-
peptide 1 (ADCYAP1) gene, encoding for IGF-1 and pitui-
tary adenylate cyclase-activating polypeptide (PACAP), re-
spectively, were found in the oculomotor MNs, suggesting 
their involvement in MNs resilience. The aim of this editori-
al is to summarize the effects of IGF-1 and PACAP in both 
in vitro and in vivo models of ALS. Some clinical evidence 
regarding the effects of these peptides will also be discussed. 

Amyotrophic lateral sclerosis (ALS) is a progressive 
multifactorial disease characterized by the gradual degenera-
tion of upper and lower motor neurons (MNs). Despite huge 
efforts, the etiology and pathogenesis of ALS are not well 
understood till now ALS seems to be caused by a combina-
tion of genetic mutations and environmental factors. Most 
ALS cases are classified as sporadic (SALS), whereas famil-
ial (FALS) forms are due to mutations of genes such as su-
peroxide dismutase 1 (SOD1), TAR DNA-binding protein 43 
(TDP-43), Fused in Sarcoma (FUS) and C9ORF72 (chromo-
some 9 open reading frame 72) [1]. For most ALS-affected 
patients, degeneration of upper and lower MNs starts a long 
time before the onset of clinical symptoms. Importantly, 
some MNs are, for unknown reasons relatively resistant to 
degeneration. Among the most resistant are somatic MNs of 
the oculomotor nucleus, located in the brain stem and con-
trolling eye movements, compared to the vulnerable hypo- 
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glossal MNs innervating the tongue [2]. The differential neu-
ronal vulnerability is due to the phenotypic and genetic het-
erogeneity of MNs. Therefore, the identification of tran-
scripts and proteins specifically overexpressed or lacking in 
oculomotor MNs could provide important data regarding 
their intrinsic resilience to degeneration in ALS [3-5]. By 
using laser capture microdissection on rat brain sections and 
microarray analysis, Hedlund et al., [3] compared gene ex-
pression profiles between the resistant oculomotor MNs and 
the vulnerable ones of the hypoglossal nucleus. Among 
genes predominantly expressed in the oculomotor MNs were 
identified insulin-like growth factor (IGF)-I and adenylate 
cyclase-activating polypeptide 1 (ADCYAP1) gene. 

IGF-1 is a small, single-chain polypeptide encoded by the 
IGF-1 gene, belonging to the insulin family [6]. It is local-
ized on chromosome 12 and encodes for a prepropeptide 
subsequently processed to produce the active peptide. IGF-1 
plays its activities by binding to type 1 IGF receptor (IGF-
1R). IGF-1R is a dimer of the receptor tyrosine kinase (RTK) 
family and shows 60% sequence homology with the insulin 
receptor. The binding of IGF-I to IGF-IR triggers the auto-
phosphorylation of the receptor, promoting the insulin recep-
tor substrates (IRS) induction, which in turn are involved in 
the activation of intracellular signaling pathways such as the 
PI3K/Akt and the RAS/RAF/MAPK pathways [7]. IGF-1 is 
mainly produced from liver hepatocytes and its release is 
primarily controlled by growth hormone (GH). However, 
IGF-1 and its receptor are also expressed in other tissues, 
where this trophic factor plays a key role in regulating sever-
al bioactivities such as cell’s differentiation and survival 
through autocrine/paracrine effects. The neurotrophic role 
played by IGF-1 was observed in different regions of the 
central nervous system (CNS). It protected MNs against dif-
ferent types of insult, including ischemia and excessive glu-
tamate [8, 9]. Moreover, in lesioned newborn rat facial MNs 
it promoted neuronal survival [10] suggesting its active role 
in the regenerative processes. The neurotrophic properties of 
IGF-1 are coherent with its major expression in resilient 
MNs as compared to vulnerable ones. In accord, low levels 
of IGF-1 were found in the plasma of ALS-affected patients 
[11]. In the mouse models of ALS, IGF-1 maintained muscle 
integrity, promoted satellite cell activity [12], and protected 
mitochondria from apoptosis, upregulating mitophagy [13].  
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Furthermore, the retrograde viral delivery of IGF-1 from 
muscle to motor neurons of the spinal cord improves their 
survival in ALS mice [14]. However, other studies per-
formed in ALS patients showed that the subcutaneous ad-
ministration of recombinant human IGF-1 (rh-IGF-1) did not 
extend the patients’ survival rate [15-17]. These results were 
probably due to the low bioavailability of IGF-1 in the spinal 
cord.  

The ADCYAP1 gene, predominantly expressed in the re-
sistant oculomotor MNs versus hypoglossal ones, encodes 
for pituitary adenylate cyclase-activating polypeptide (PA-
CAP). PACAP is a neurotrophic peptide belonging to the 
glucagon/secretin family peptides. It plays several functions 
by binding G protein-coupled receptors namely PAC1 
(PAC1-R), VPAC-1, and VPAC-2 receptors (VPAC1-R and 
VPAC2-R) [18]. The stimulation of these receptors is associ-
ated with to different signaling pathways activation including 
adenylyl cyclase (AC)/protein kinase A (PKA) and phospho-
lipase C [19]. Moreover, the peptide exerts some of its ef-
fects through the stimulation of an intracellular factor, name-
ly activity-dependent neuroprotective protein (ADNP) [20]. 
PACAP and its receptors are largely expressed throughout 
the body, including the CNS and peripheral nervous system 
(PNS) [21, 22]. It exerts a plethora of neuroprotective activi-
ties by counteracting apoptotic cell death induced by differ-
ent insults [23, 24]. It is upregulated in MNs following expo-
sure to various types of injury [25, 26] and its exogenous 
administration protects rat MNs against glutamate-induced 
excitotoxicity [27]. These and other findings prompted the 
scientific community to investigate the involvement of PA-
CAP in ALS. In the motor nucleus of axotomized facial 
nerve of transgenic SOD1 G93A mice, the expression of 
PACAP was up-regulated [28]. Moreover, the expression 
profile of the peptide and its receptor PAC1R, was deregu-
lated in the same direction both in motor cortex of ALS-
affected patients and in SOD1 G93A mice [29]. Ringer et al., 
[30], showed that the genetic depletion of the peptide results 
in preganglionic parasympathetic and sympathetic neurons 
loss of SOD1 G93A mice. Furthermore, PACAP reduced 
apoptotic cell death induced by growth factors starvation in 
an in vitro model of MNs-derived from human induced plu-
ripotent stem cells (iPSC) [31] and increased cell viability 
G93A SOD1 mutated MNs following serum deprivation 
through EGFR transactivation [32]. In the same in vitro 
model, the peptide regulated the autophagy dysregulation 
induced by low oxygen tension levels through MAPK/ERK 
signaling pathway activation [33]. 

IGF-1 and ADCYAP1 genes overexpression within ocu-
lomotor MNs provided a starting point for their validation in 
preclinical and clinical studies. Although different works 
showed that these trophic peptides potentially affect ALS 
treatment, further investigations are required to fully under-
stand their action mechanism. Moreover, the clinical trials 
performed until now on IGF-1 suggest the need to develop 
innovative nanoformulations for its delivery or alternative 
administration routes to overcome its insufficient bioavaila-
bility and increase its protective effects on vulnerable MNs. 
Noteworthy, it is urgent to identify biomarkers to detecting 
the early phase of ALS, in order to start treatment earlier and 
achieve better outcomes in patients. 
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