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ABSTRACT 

Presenilin 1 and presenilin 2 are widely expressed 
during brain development. Several mutations in these 
proteins have been associated with autosomal-domi- 
nant inherited forms of Alzheimer disease. Their ex- 
pression is regulated by various cellular and ex- 
tracellular factors, which change with age and sex. 
Both age and sex are key risk factors for Alzheimer’s 
disease, but the issue of whether the expression of 
presenilins is influenced by the sex during early post- 
natal development of the brain has been poorly inves- 
tigated so far. In this study, we report that transcript 
levels of presenilins, and the subset of neurons ex- 
pressing these proteins in various brain areas of the 
developing post-natal brain are different in male and 
female rats, suggesting that their function(s) may 
contribute to sexual dimorphism in the brain, both at 
morphological and functional levels.  
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1. INTRODUCTION 

Presenilin 1 (PSEN1), along with its homologue Pre- 
senilin 2 (PSEN2), constitutes the catalytic core of the 
γ-secretase complex: three additional constituents of this 
complex include the subunits APH1 (anterior pharynx 
defective 1), PEN2 (presenilin enhancer 2), and NCSTN 
(nicastrin) [1]. PSEN-dependent cleavage of the amy- 
loid-β (Aβ) precursor protein (APP) contributes to the 
generation of Aβ peptides, and to the formation of the 
pathological Aβ senile plaques. Several mutations in the 
genes of presenilins (PSENs) modify the γ-secretase cle- 
avage of APP, resulting in an altered ratio of Aβ42/Aβ40; 

these gene mutations are considered to be the major 
cause of Familial Alzheimer Disease (FAD) [2]. The role 
of γ-secretase in Aβ production and in the pathogenesis 
of Alzheimer’s disease (AD) is well established. How- 
ever, recent reports suggest that co-factors of the en- 
zymatic complex have biological functions that con- 
tribute to other non-disease related pathways. Moreover, 
γ-secretase has important roles in embryonic devel- 
opment through the regulation of specific signal trans- 
duction pathways [3]. Strong expression of PSENs has 
been observed in the cells of the ventricular zone of early 
and late rat embryos followed by a gradual decrease 
during post-natal development [4]. Song and colleagues 
proposed that during early embryogenesis the role of 
PSENs is most probably related to Notch cleavage [5]. 
Loss of PSEN1 expression in mice results in lethality at 
early stages of development [6], with embryos having 
characteristics similar to those of Notch-null mice [7]. 
The relative levels of PSEN1/PSEN2 mRNAs vary 
among different tissues at different stages of brain de- 
velopment: PSEN1 mRNA levels are approximately 
three-fold higher than those of PSEN2 in the brains of 
developing humans and mice, suggesting that the ex- 
pression of PSEN transcripts is differentially regulated 
during nervous system maturation [8,7]. PSEN1 expres- 
sion peaks at post-natal day 10 (P10), particularly in the 
cerebellum and hippocampus [9]. A recent work by 
Kumar and Thakur reported that PSEN1 expression is 
upregulated from P0 to P45 in mice, a critical time 
window for synaptogenesis, including the formation of 
new synapses and the elongation of axons and dendrites, 
while PSEN2 mRNA showed no significant change [10]. 
These developmentally regulated differences in tempo- 
ral-spatial expression of PSENs are likely due to pre- 
sence of large numbers of extracellular signaling mole- 
cules such as neurotrophins and neuromodulators that act 
through distinct pathways to regulate PSENs expression 
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[11,12]. The activity of PSENs is essential for synaptic 
function, memory formation, and neuronal survival dur- 
ing the whole span of life. Furthermore, their role in 
normal and pathological aging has been extensively 
confirmed. Recent reports have shed light on modulation 
of PSENs in adult and aged animal models with the aim 
to better understand their regulatory pathways. Ghosh 
and Thakur document that presenilin expression in the 
cerebral cortex of aged mice is regulated by sex steroids 
[13,14]. Furthermore, Bowen and colleagues showed that 
in cases of post-menopause/andropause, increased level 
of luteinizing hormone alters the processing of APP 
towards the amyloidogenic pathway [15]; however, this 
alteration is not mediated via enhanced γ-secretase act- 
ivity or PSENs expression. Such changes may affect the 
functional integrity of the multimeric γ-secretase com- 
plex and other related functions. Expression of gender- 
specific differences associated with the risk of a disorder 
can provide clues about its pathogenesis. In AD, gender 
is a risk factor associated with the sporadic form of 
dementia. In this regard, Placanica and colleagues report 
an increase of γ-secretase activity in aged females that 
may contribute to the increased incidence of sporadic AD 
in women, which might explain the aggressive Aβ plaque 
pathology seen in female mouse models of AD [16,17]. 
Several authors investigated the effect of the sex on 
aging brain, with particular reference to the expression 
and activity of components of the γ-secretase complex 
[14,16,18]; however, the effect of the sex on patterns of 
presenilin expression during early post-natal develop- 
ment of the brain has been mostly neglected so far. By 
addressing this issue in developing post-natal brain of 
rats, we found that sex affects transcriptional expression 
of PSENs, and also the subset of neurons in which these 
proteins are observed, suggesting that PSENs may con- 
tribute to sexual dimorphism in the brain, both at the 
morphological and functional levels. 

2. MATERIALS AND METHODS 

2.1. Animals and Sample Collections 

Wistar rats were purchased from Charles River Italia 
(Calco, Italy) and housed in temperature-and humidity- 
controlled quarters (21˚C +/− 1˚C; 60% +/− 10% relative 
humidity), with a white/red light cycle (white light on 
from 8:30 am to 2:30 pm). Rats of both sexes were used 
at P0 (day of birth), P7, P14 and adult (225 - 275 g). The 
experimental protocol was carried out according to the 
EC guidelines [19] (EC Council Directives 86/609 1987), 
and the Italian legislation, under permission of the Italian 
Ministry of Health. Moreover, all efforts were made to 
minimize the number of animals used and their suffering. 
For quantitative analysis, rats were quickly decapitated, 
their brains rapidly removed and placed on an iced plate, 

then dissected under a binocular microscope. Fronto- 
parietal cortex was dissected out bilaterally, the hippo- 
campus excised at the level of the midbrain, and the 
cerebellum was removed. All tissues were immediately 
dipped in RNA Later (Qiagen) and stored at –80˚C until 
used. For immunohistochemistry, pups and post-natal 
rats of both sexes (P0 through adulthood), were an- 
esthetized with intraperitoneal sodium pentobarbital, and 
perfused through the heart with a wash solution of 0.9 M 
phosphate buffer, followed by a fixative consisting of 4% 
paraformaldehyde. 

2.2. RNA Extraction and Quantitative 
Real-Time PCR 

RNA was collected as previously described [20]. Briefly, 
total RNA from 10 mg rat tissue was extracted (RNeasy 
Lipid Tissue, Qiagen) according to the manufacture’s 
instructions, and was stored at –80˚C, until used. cDNAs 
were synthesized from 2 μg of total RNA of each sample, 
with use of Superscript II reverse transcriptase and ran- 
dom primers (Invitrogen Inc., Carlsbad, CA) according 
to the manufacturer’s instructions. Each cDNA synthesis 
reaction was performed with specific primers and probes 
(Applied Biosystems). Reverse transcription quantitative 
real-time PCR (RT-qPCR) was carried out using ABI 
PRISM 7000 sequencer. A 20 μl reaction mixture con- 
taining 2 μl of cDNA template, 8 μl TaqMan Universal 
PCR Master Mix and 1 μl primer probe mixture was 
amplified, using the following parameters: denaturation 
at 95˚C for 2 min, 40 cycles of 95˚C for 20 sec and 60˚C 
for 45 sec. Relative expression of mRNA was calculated 
using the comparative Cq method and the 18S gene as an 
endogenous reference. 

2.3. Statistical Analysis 

All experiments were repeated in triplicate, with samples 
obtained from different animals (n = 4). Statistical ana- 
lysis was performed using the t-test analysis for com- 
paring two selected groups having one variable. p values 
< 0.05 were considered significant (95% confidence in- 
terval). The data from the developing rat brains are pre- 
sented as mean ± S.E.M. 

2.4. Immunohistochemistry 

For immunohistochemistry, perfused brains were quickly 
dissected, post-fixed in 4% PFA at 4˚C, dehydrated, 
embedded in Paraplast Plus Tissue Embedding Medium 
(Società Italiana Chimici, Roma, Italy), and then serially 
sectioned (slice thickness, 9 um). Slices were mounted 
on Superfrost Exell adhesion slides (Thermo Scientific, 
Milan, Italy), de-waxed in xylene, rehydrated, and wash- 
ed in PBS. Following antigen unmasking in 10 mM so- 
dium citrate buffer at pH 6.0 and post-fixation with 4% 
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PFA for 10 min, non-specific binding was blocked with 
5% bovine serum albumin and 0.2 M glycine in PBS for 
3 h at room temperature (RT). Endogenous peroxidases 
were inactivated by treatment with 0.3% H2O2 for 15 min 
at RT. Slides were incubated with rabbit polyclonal anti- 
PSEN1 antibody (Abcam, Cambridge, UK; 1:50 dilu- 
tion) or with rabbit polyclonal anti-PSEN2 antibody 
(Santa Cruz, Heidelberg, Germany; 1:50 dilution) at 0˚C 
- 4˚C overnight. Antibody binding was visualized using 
biotinylated secondary antibodies, followed by process- 
ing with the ABC Elite Kit (Vector laboratories) using 
DAB-nickel as chromogen. Representative panels of at 
least 3 experiments are shown in each figure. To assess 
immunostaing specificity, primary antibodies were omit- 
ted in control slices processed in parallel. 

 OPEN ACCESS 

3. RESULTS 

3.1. Transcriptional Expression of Presenilins Is 
Developmentally Regulated in the Rat Brain  

PSEN1 and PSEN2 are widely expressed during brain 
development. Here, we measured the mRNA expression 
of PSEN1 and PSEN2 in cerebral cortex, hippocampus, 
and cerebellum at increasing developmental ages (P0, P7, 
P14, and adult; n = 4 for each time point). Samples were 
normalized by 18S rRNA expression levels. PSEN1 and 
PSEN2 were expressed in all three brain regions at the 
four time points evaluated. Quantitative analysis showed 
that in rat brain of both male and female the expression 
of both PSENs is gradually reduced in cerebral cortex, 
hippocampus and cerebellum during brain maturation 

(Figures 1 and 2). 

Sex-Related Differences in the Expression Level of 
Presenilins 
To investigate the effect of the sex on the expression of 
presenilin transcripts, we carried out a quantitative 
analysis by real time PCR on the cerebral cortex, hip- 
pocampus and cerebellum of post-natal and adult male 
and female rats. Our results showed that female rats 
display higher levels of PSEN1 transcripts in all three 
brain regions compared to male rats (Figure 1). In par- 
ticular, greater differences were observed at P0, P7 and 
P14 in the cerebral cortex (P0: male 4.86 ± 0.73 vs 
female 13.36 ± 1.25 p < 0.05; P7: male 3.51 ± 0.32 vs 
female 7.07 ± 0.66 p < 0.05; P14: male 1.32 ± 0.14 vs 
female 4.37 ± 0.13 p < 0.01) and in the hippocampus at 
P0 and P7 (P0: male 6.03 ± 1.43 vs female 10.63 ± 1.37 
p < 0.05; P7: male 2.45 ± 0.45 vs female 5.02 ± 0.69), 
while any specific variation in gene expression attribut- 
able to sex were observed in the adult rats. In the cere- 
bellum, PSEN1 expression was similar between male 
and female at P0, while at P7, the expression appeared 
sex-specific displaying a trend similar to that observed in 
the cerebral cortex and hippocampus at P7 (male 2.11 ± 
0.4 vs female 6.1 ± 1.23 p = 0.09) and at P14 (male 0.7 ± 
0.96 vs female 3.2 ± 0.7 p = 0.07). As for PSEN2 gene, 
transcript levels were similar between the sexes (Figure 
2); the only highly significant sex-dependent variation 
was found in the cerebellum at P7 (male 1.68 ± 0.20 vs 
female 4.79 ± 0.17 p < 0.01). These findings prompted 
us to investigate whether the levels of other γ-secretase 

 

 
Figure 1. PSEN1 expression in different rat brain areas during post-natal development. 
Rat PSEN1 expression levels were analyzed by RT-qPCR. Results are represented as 
normalized mean (±SE). Each sample was run both in four biological and three tech- 
nical replicates. The expression analysis was performed on cerebral cortex, hip- 
pocampus and cerebellum at P0, P7, P14 and adult. *p < 0.05; **p < 0.01. 



P. Piscopo et al. / Advances in Bioscience and Biotechnology 4 (2013) 1086-1094 1089

 

Figure 2. PSEN2 expression in different rat brain areas during post-natal development. Rat 
PSEN2 expression levels were analyzed by RT-qPCR. Results are represented as normalized 
mean (±SE). Each sample was run both in four biological and three technical replicates. The 
expression analysis was performed on samples from cortex, hippocampus and cerebellum at 
P0, P7, P14 and adult. **p < 0.01 

 
protein subunits, namely, nicastrin, APH1a, and PEN2, 
were also modulated by sex during post-natal devel- 
opment of the brain. However, no significant changes 
were detected for transcript levels of these genes in any 
of the brain region analysed (data not shown). 

3.2. Sex-Related Expression of Presenilins in  
Specific Subsets of Neurons 

To investigate whether the differences in transcripts were 
detectable also at the protein level and to determine 
whether PSENs localization varied depending on sex and 
developmental time, histological sections of the cerebral 
cortex, hippocampus and cerebellum of male and female 
rats were analysed by immunohistochemistry with anti- 
PSEN1 or PSEN2 antibodies at increasing post-natal 
ages (P0, P7, P14 and adult). 

3.2.1. PSEN1 and PSEN2 in the Hippocampus 
In the post-natal hippocampus, neurons expressing 
PSEN1 and PSEN2 proteins gradually appeared during 
ontogenesis. Pyramidal neurons in all hippocampal CA 
sub-fields, and granule cells in the dentate gyrus, were 
immunostained with both antibodies. More specifically, 
males and females showed similar patterns and inten- 
sities of immunostaining at P0 and at P7 (Figure 3); 
however, at P14 females displayed higher levels of both 
PSENs compared to males. Immunostaining specificity 
was assessed in parallel processed control slices, in 
which primary antibodies were omitted (control panel, 
CTRL). Hippocampus of adult brain displayed a pattern 

of PSEN1 and PSEN2 expression similar to that of P14 
(data not shown). 

3.2.2. PSEN1 and PSEN2 in the Frontoparietal 
Cortex 

At P0, immunostaining for PSEN1 and PSEN2 in adja- 
cent sections appeared robust; the proteins were ubiquit- 
ously distributed throughout the six layers of the cerebral 
cortex, in both males and females. However at P7 and 
P14, sex-specific differences in PSENs expression were 
readily observed: males showed maximal PSEN1 and 
PSEN2 immunostaining in a population of neurons cor- 
responding to the intermediate zone of the developing 
cerebral cortex (layers II/III), with scattered cells resid- 
ing in IV layer, but never in the pyramidal cell layers 
(layers V and VI). In contrast, females displayed a more 
homogenous expression of both PSENs throughout all 
cortical layers, including layer V in which pyramidal 
cells displayed high levels of both PSEN1 and PSEN2 
(Figure 4). Immunostaining specificity was assessed in 
parallel processed control slices, in which the primary 
antibodies were omitted. Frontoparietal cortex of adult 
brain displayed a pattern of PSEN1 and PSEN2 ex- 
pression similar to that of P14 (data not shown). 

3.2.3. PSEN1 and PSEN2 in the Cerebellum 
In the post-natal cerebellum, immunoreactivity for 
PSEN1 was detected throughout the whole developing 
cerebral cortex (external to internal granule layer, EGL 
and IGL) of both males and females at P0 and P7;  
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Figure 3. Comparison of PSEN1 and PSEN2 expression in 
post-natal developing hippocampus of male and female rats. 
Coronal sections were obtained from rats at increasing post- 
natal ages, days 0, 7, 14 (P0-14) and processed by immuno- 
histochemistry using anti-PSEN1 and anti-PSEN2 antibodies. 
PSEN1 and PSEN2 immunostaining gradually appears during 
ontogenesis staining pyramidal neurons in all hippocampal CA 
sub-fields (CA1-CA3) and granule cells in the dentate gyrus 
(DG) of both males and females. CTRL, representative panel 
showing a control slice in which the primary antibody was 
omitted. Scale bar = 350 μm 
 
however at P14, PSEN1 immunoreactivity was visible in 
the EGL and IGL of male rats, whereas it was absent in 
the female EGL and barely detectable in the female IGL. 
At this stage, PSEN1 expression was a hallmark of 
Purkinje cell somata in both males and females, with the 
exclusion of most part of the nuclear compartment 
except nucleoli. As for PSEN2 expression, our immuno- 
histochemical analyses showed a temporal and spatial 
pattern similar to that of PSEN1, confirming the exis- 
tence of sex-dependent differences particularly evident in 
the EGL and IGL of P14 rats. Compared to PSEN1 
expression, however, the expression of PSEN2 in 
Purkinje cells appeared earlier and clearly detectable at 
P7 in both males and females (Figure 5). Immuno-  

 
Figure 4. Comparison of PSEN1 and PSEN2 expression in 
post-natal developing frontotemporal cortex of male and female 
rats. Coronal sections were obtained from rats at increasing 
postnatal ages, days 0, 7, 14 (P0-14) and processed by immuno- 
histochemistry using anti-PSEN1 and anti-PSEN2 antibodies. 
Note that PSEN1 and PSEN2 immunostaining appears ubi- 
quitously distribued throughout the six cortex layers at P0 and 
P7 in both males and females. However, starting from P7, fe- 
males display a more robust expression of both PSEN1 and 
PSEN2 in pyramidal cells of layers V and VI. Cortical layers 
(I-VI) are indicated. Scale bar = 50 μm. 
 
staining specificity was assessed in parallel processed 
control slices, in which the primary antibodies were 
omitted. Cerebellum of adult brain displayed a pattern of 
PSEN1 and PSEN2 expression similar to that of P14 
(data not shown). 

4. DISCUSSION 

The importance of presenilins in AD is highlighted by 
the almost 200 mutations in PSEN1 and the 20 mutations 
in PSEN2 genes that have been associated with this 
disease, all of which are causative for autosomal-domi- 
nant inherited AD [21,22]. Presenilin expression is regu- 
lated by several cellular and extracellular factors, which 
change with age and sex. Both age and sex are key risk 
factors for Alzheimer’s disease. In fact, a number of  
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Figure 5. Comparison of PSEN1 and PSEN2 expression in 
post-natal developing cerebellum of male and female rats. 
Coronal sections were obtained from rats at increasing post- 
natal ages, days 0, 7, 14 (P0-14) and processed by immuno- 
histochemistry using anti-PSEN1 and anti-PSEN2 antibodies. 
At P0 and P7, both males and females express PSEN1 and 
PSEN2 in the external granular layer (EGL) and internal 
granular layer (IGL). At P14, PSEN1 and PSEN2 immuno- 
reactivity is still detected in males EGL and IGL, whereas it is 
barely detected in the females ones. By contrast, at this stage, 
females express high level of both PSEN1 and PSEN2 in 
Purkinje cells somata. Inserts represent higher magnification 
(100×) of the corresponding photomicrographs, showing stain- 
ed Purkinje cell (PC) bodies. Scale bar = 120 μm. 
 
studies have shown that women have a higher prevalence 
and risk for AD [23,24]. At a molecular level, Placanica 
and colleagues suggested that the increased γ-secretase 
activity observed in aged females may contribute to the 
increased incidence of sporadic AD reported in women, 
in addition to the aggressive A-beta plaque pathology 
seen in female mouse models of AD [16]. These reports 
led several authors to investigate the effect of the sex on 
aging brain, with particular reference to the expression 
and the activity of components of the γ-secretase com- 
plex. Other authors showed that cortical expression of 
APP mRNA is lower in female mice as compared to 
males, and is regulated by sex steroids. Interestingly, 
these findings are in agreement with the higher level of 
methylation detected on the APP promoter in females 
[25]. More recently Ghosh and Thakur demonstrated that 
gonadal steroids are able to modulate the presenilins  

expression in the cerebral cortex of aged mice [13,14,18] 
and that the androgen depletion leads to an higher 
PSEN1 expression in the male hippocampus [26]. How- 
ever, whether or not presenilin expression is directly 
affected by sex-specific factors during early post-natal 
development remains unknown. The possibility of a di- 
rect influence is suggested by the findings that neural 
sexual dimorphism is established during late embryonic 
and early post-natal development, concomitantly with the 
increase of testosterone production by the neonatal testes. 
Testosterone regulates transcription via androgen recep- 
tors or, after it is aromatized to estradiol, via estrogen 
receptors [27]. These receptors in turn influence gene 
expression by acting in complexes with co-activators and 
co-repressors, several of which have enzymatic activities 
modifying histones status [28]. Interestingly, both his- 
tone-acetylation and methylation are sexually dimorphic 
in the developing cortex and hippocampus of the mouse 
during the first post-natal week [29]. 

Our data also suggest the existence of a dimorphic 
expression of presenilin transcripts, which is particularly 
marked in the cerebral cortex and hippocampus of rats. 
In fact, the PSEN1 expression profile in the cerebral 
cortex is significantly different in females compared to 
males during post-natal development. We observed an in- 
crease of at least 2.0 fold in females vs males for PSEN1 
gene expression at P7 and of more than 3.0 fold by P14. 
These different expression levels in the early post-natal 
brains are greater than the mean value (1.2 fold) dis- 
played by other sexually dimorphic genes as reported in 
the adult brain [30]. Similar sex-dependent differences in 
PSEN1 gene expression were observed in the hippo- 
campus limitedly to the first post-natal week, while no 
differences were observed in the mature brain. Kristo- 
fikova and colleagues also described a sex-dependent 
dimorphism during post-natal hippocampal development 
regarding the action of Aβ peptides on choline carriers in 
the rat brain, suggesting a role for the Aβ in the post- 
natal sexual differentiation of the hippocampal cholin- 
ergic system [31]. With regard to the quantitative expres- 
sion profile of PSENs during post-natal life, we find a 
relatively high expression of PSEN1 transcripts at P0 in 
cerebral cortex and hippocampus in both sexes that 
steadily decreased during the period of synaptogenesis in 
early post-natal development. Similarly, the levels of 
nicastrin were high at the early stages of post-natal de- 
velopment and gradually declined to acquire the typical 
profile of adult brain [32]. The progressive decrease of 
PSEN1 expression was also observed in the male cere- 
bellum, but not significantly detectable in the female 
cerebellum. The expression profile of PSEN2 was similar 
to PSEN1, but our quantitative analysis of PSEN2 tran- 
scripts revealed no sex-dependent differences. These data 
reiterate that expression of the presenilin homologs is 
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differentially regulated by sex during brain maturation, 
suggesting a possible specific functional role exerted by 
each protein in the development of brain dimorphism. 
Our findings on the expression of PSEN1 and PSEN2 
expression and localization in a specific subsets of 
neurons are in agreement with previous reports that were 
mostly focused on PSEN1 [9,32]. However, as far as we 
know, the issue of if/how sex-influences the expression 
of presenilins at early post-natal stages of brain devel- 
opment was poorly investigated so far. Observations of 
this study now indicate that differences between males 
and females entail both protein levels and localization of 
PSENs. As for the cerebral cortex, our data show a con- 
sistent lack of PSENs expression in layer V pyramidal 
cells of male rats. This is noteworthy in light of previous 
observations describing the existence of a different pat- 
tern of dendritic arborization of neurons of this layer in 
young adult rats [33]. Striking differences in PSEN1 and 
PSEN2 expression between the two sexes were also 
observed in the cerebellum. In the developing cerebellum 
neurons acquire fully mature physiological character- 
istics at three/four weeks of age; this maturation is ac- 
companied by a spatio-temporally regulated series of 
events, including the migration of granule neurons from 
the external to the internal granule layer, and the align- 
ment of Purkinje cells in a single row followed by the 
gradual enlargement of their sophisticated dendritic tree 
[34]. Our data show that PSEN1 immunostaining is de- 
tectable in the IGL of P14 male, but not in female rats; 
on the other hand Purkinje cells of female rats express a 
higher level of PSEN1 protein. A similar profile is ob- 
served for PSEN2; even detectable earlier (P7) compared 
to its homologue PSEN1, further strengthening the no- 
tion that the functional role(s) played by the two PSENs 
genes are not redundant. Given that full differentiation 
and synaptic maturation of both pyramidal neurons of the 
cerebral cortex and cerebellar Purkinje cells take place 
over a prolonged period of time, encompassing the first 
three weeks of post-natal life, it is tempting to hypo- 
thesize that sex-related PSENs expression/localization 
differences in these neurons may contribute to setting the 
morphologica/functional specificity of the two sexes. In 
conclusion, the fine-tuning of PSEN1 and PSEN2 ex- 
pression during post-natal brain development in female 
and male rats suggests that, besides the γ-secretase com- 
plex, these proteins exert additional functions likely de- 
serving further investigation. 
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