
B) Data were compared to those of wild type mice of different ages and statistical significance 
calculated. *P < 0.05, **P < 0.01 and ***P < 0.001 versus E18.5, #P < 0.05, ##P < 0.01 and ###P < 0.001 
versus P0, ÇP<0.05 versus P30–60, +P < 0.05 versus P270. Comparison to null mice data rendered the 
following significance: ˆP < 0.05, ˆˆP < 0.01 and ˆˆˆP < 0.001 versus E18.5, $P < 0.05,$$P < 0.01 
and $$$P < 0.001 versus P0, aP<0.05 and aaP<0.01 versus P30–60, &&P < 0.01 versus P270. 
Abbreviations: E embryonic day and P postnatal day. 

Table 1. Expression levels of Igf1r (insulin-like growth factor 1 high affinity 
receptor) showed a significant decrease over the natural life of wild type 
mouse cochlea and lower expression levels than in adult null mouse 
cochlea. Igf2 (insulin-like growth factor 2) expression remained high during 
development and dropped dramatically after birth in the wild type cochlea. 
Igf2 expression levels showed statistically significant differences between 
wild type and mutant mice at P270. Ins2 was not detected at any of the 
time points studied.  
 
 
Cox2 transcripts showed parallel temporal profiles to those of autophagy 
genes. Cox2 expression levels showed a significant increase in the adult with 
respect to perinatal cochlea. Statistically significant differences were 
observed between genotypes in P365 mice. 
 
  

Lifelong expression of  IGF system genes 

and Cox2 in the Igf1−/− mouse cochlea. 
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Autophagy is a highly conserved catabolic 
process essential for vertebrate embryonic 
development and adult homeostasis. 
Autophagy induction has been reported to 
resolve inflammation, to ameliorate ageing 
and to protect from neurodegeneration. In 
the inner ear, autophagy has been reported to 
play roles in chicken otic neurogenesis and in 
the response to otic injury in the adult 
mouse(1,2). Autophagy genes are expressed in 
the cochlea of embryonic day 18.5(3). Here, we 
will discuss the role of autophagy in late 
cochlear development and functional 
maturation.  
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Age 

(days) 
Gene  symbol 

Fold change 

RT-qPCR 

E18.5 

Igf1r 1.09±0.09 

Igf2 0.62±0.02 

Ins2 ND 

Cox2 0.90±0.08 

P30-60 

Igf1r 2.06±0.16* 

Igf2 2.98±0.68 

Ins2 ND 

Cox2 1.15±0.35 

P270 

Igf1r 2.88±0.21** 

Igf2 2.84±0.57* 

Ins2 ND 

Cox2 1.92±0.16 

P365 

Igf1r 0.72±0.18 

Igf2 0.81±0.26 

Ins2 ND 

Cox2 0.47±0.07* 

Autophagy machinery genes are expressed in the inner ear and brain of  mice 

Figure 1. B) Autophagy machinery genes Becn1, Atg4b, Atg5 and Atg9a expression in the cochlea showed a significant increase in adult ages (P30–60 

and P270) when compared with perinatal (E18.5 and P0). The study of a second mouse strain confirmed the up-regulation of autophagy cochlear genes 

from perinatal to adult ages (data not shown). C) Similarly a significant increase in Becn1, Atg4b and Atg5 transcripts was shown in the vestibule 

associated with age. In contrast, autophagy gene expression analysis in the brain did not show noticeable differences. To specifically evaluate the central 

auditory pathway, the cochlear nuclei (CN) were dissected and gene expressions compared at postnatal age (P150) (Fig. 1 B, striped-bars). In the CN, a 

significant increase in Becn1 and Atg5 expression levels was found between null and wild type mice. No statistically significant differences between 

Igf1+/+ (blue bars) and Igf1-/- (orange bars) mice were obtained.  

 

Figure 1. A) Simplified overview of the factors involved in 
autophagosome formation. Different inductive signals regulate the 
activation of the ULK1/2 complex which also activates the PI3K complex 
III (PI3KC). The ATG9 cycling system provides a membrane to the 
developing autophagosome from different donor sources. 
Autophagosome formation also requires the action of two Ubiquitin-
like (Ubl) systems, ATG8-Ubl and ATG12-Ubl for the elongation and 
completion of the autophagosome. LC3 is converted into the cytosolic 
form, LC3-I, by cleavage of ATG4B, and into the membrane associated 
form, LC3-II, by conjugation with phosphoethanolamine by ATG5 (and 
the remaining components of the ATG12-Ubl system). SQSTM1/p62 
(p62) binds to ubiquitinated proteins and conducts them to the 
autophagosome. 
 

C) Data were compared to those of wild type mice of different ages and statistical significance calculated.  *P < 
0.05, **P < 0.01 and ***P < 0.001 versus E18.5, #P < 0.05, ##P < 0.01 and ###P < 0.001 versus P0, &P < 0.05 and 
&&P < 0.01 versus P30–60, ÇP<0.05 versus P150, +P < 0.05 and ++P < 0.01 versus P270. Comparison with the null 
mice data rendered the following significance: ˆP < 0.05, ˆˆP < 0.01 and ˆˆˆP < 0.001 versus E18.5, $P < 0.05, $$P 
< 0.01 and $$$P < 0.001 versus P0. Abbreviations: E embryonic day and P postnatal day.   

Autophagic flux is modulated with age in the mouse inner ear 

Figure 2. Levels of the LC3-II/LC3-I ratio and SQSTM1/p62 (p62) of E18.5 and P270 wild type and null mice cochlea (A), 
vestibule (B) and brain (C) were determined by Western blotting.  

1. Aburto MR et al. (2012) Cell death & disease 3: e394. 
2. Taylor RR et al. (2008) JARO 9:44-64.  
3. de Iriarte Rodríguez R et al. (2015) Hear Res. 330(Pt A):39-50.  

Animals. For this study two mouse strains have been 
used (HsdOla:MF1x129/Sv and HsdOla:MF1). 
RT-qPCR. TaqMan® probes for autophagy genes were 
used and referred to Rplp0 and 18S rRNA as the 
endogenous housekeeping genes. The estimated gene 
expression was calculated as 2−ΔΔCt. 
Western blotting. Autophagic flux was assessed by 
measuring the levels of microtubule associated 
protein light chain 3-II (LC3-II) and sequestosome 1 
(SQSTM1/p62).  
Immunohistochemistry. Cryosections (10 µm) were 
used to immunodetect LC3B and SOX2 
(autophagosome and glial cell markers, respectively). 
Sections were visualized using a confocal microscope 
(LSM710 Zeiss). Quantifications were performed in a 
region of interest (ROI) in each cochlea from base to 
apex using ImageJ software (National Institutes of 
Health, Bethesda, MD, USA). 
Statistical analysis. ANOVA or Student t-test were 
carried out with SPSS v19.0 to compare gene 
expression among the organs,  time points and 
genotypes studied. Gene-expression values were 
calculated as 2−ΔΔCt. Data are expressed as the fold-
change (FC) ±SEM of the level in null versus wild type 
mice. Samples of at least three mice of each genotype 
were evaluated in triplicate. Post hoc analyses 
included the Bonferroni test. Results were considered 
significant at p < 0.05. 

 Our data suggests that autophagy is 
regulated with age in the cochlea and that 
it plays a role in the functional maturation 
of the mouse inner ear.  

 Chronic IGF-1 deficiency caused by the 
deletion of the Igf1 gene did not show any 
evident impact in the expression pattern of 
autophagy genes over time. However, a role 
for IGF-1 in this process cannot be ruled out 
as null mice up-regulate compensatory IGF 
system elements. 

Autophagy is localized in the neurons of  the spiral ganglion. 

Figure 3. LC3B (green) labelling was 
localized in the spiral ganglion (A, D, G 
and J, asterisks). SOX2 labelling (red) was 
used to visualize glial cells, confirming 
that LC3B positive labelling was 
associated with neurons. Embryonic 
neurons showed dispersed and low 
intensity labelling (B, C, H and I). In 
contrast, P30–90 spiral ganglion neurons 
showed a bright punctate cytoplasm (E, F, 
K and L). LC3B labelling intensity 
quantification (M) confirmed its increase 
in adult cochlea. No significant 
differences were found between 
genotypes at any age.  
 

*P < 0.05 versus E18.5 wild type. Scale bars: 25 μm (A, D, G and 
J), 10 μm (B, C, E, F, H, I, K and L). Wild type mice (blue bars) and 
null mice (orange bars). 

LC3-II relative levels were 
significantly increased by 
2-fold with age and 
concomitantly, 
SQSTM1/p62 protein levels 
decreased in the cochlea 
(A). Although the adult 
Igf1−/− vestibule showed a 
significant increase in the 
LC3-II relative levels, there 
were no significant 
differences in LC3-II 
relative levels with age in 
the wild type vestibule and 
brain (B and C, 
respectively). SQSTM1/p62 
levels showed a decrease 
in all the tissues tested 
when adult and perinatal 
ages were compared (Fig. 
A–C). There were no 
noticeable differences 
between genotypes at any 
age. 
 
The significance of the differences was 
evaluated using Student's t-test. *P < 
0.05 
and ***P < 0.001 versus E18.5 wild type; 
^P < 0.05, ^^P < 0.01 and ^^^P < 0.001 
versus E18.5 knockout (wild type mice-
blue bars and null mice-orange bars).  

 

 
 
*P < 0.05 versus wild type and **P < 0.01 versus wild type. ND: Not detected.  


