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METHODS

Prenatal hypoxia. To obtain the offspring of Wistar rats submitted to prenatal hypoxia, pregnant

female rats were subjected to normobaric hypoxia on 14th day of gestation (E14, the period of

active proliferation of neuroblasts and the beginning of migration of nervous cells). Hypoxic

conditions were mimicked in a special chamber equipped with systems of thermoregulation,

ventilation, CO2 absorption, and gas analysis. The content of oxygen in the chamber was

decreased linearly from 21% to 7% during the first 10 min by substitution with nitrogen and then

was maintained at this level (7%) for 3 hours. Concentration of CO2 in the chamber was not

higher than 0.1%. Female rats from the control group were kept in the same room under normal

oxygen content.

Treatment. Caspase inhibitors are considered as a tool for prevention and compensation of

various synaptic pathologies. The pups with normal or disturbed development were treated by a

single injection of the caspase inhibitor Ac-DEVD-CHO (15mM/4µl) in the period of cortical cells

elimination and synaptogenesis (P18-25).

NEP mRNA expression was analysed by rtPCR using the following primers:

Rat NEP-F: 5'-GGATCTTGTAAGCAGCCTCAGC-3'; NEP-R: 5'-AGTTGGCACACCGTCTCCAG-3'. 

CycA-F: 5'- AGGATTCATGTGCCAGGGTG -3'; CycA-R: 5'- CTCAGTCTTGGCAGTGCAGA -3'.

Western blot  the NEP content in brain tissue was analyzed using anti-CD10 antibody [EPR5904] 

(Abcam ab126593, rabbit anti-rat, 1:10000) 

In the first month of postnatal ontogenesis of rat pups subjected to prenatal hypoxia the 

level of active caspases in the cortical areas was found to be significantly increased. At the 

same time, the content of AICD and NEP as revealed by Western blotting was decreased. As 

such we suggested the caspases might be involved in AICD degradation and hence reduced 

NEP expression after prenatal hypoxia.

Prenatal hypoxia leads to an enhanced activity of caspase-3 in the neocortex, compared to 

the control. Single i.v. injection of caspase-3 inhibitor (Ac-DEVD-CHO 15nM/4mkl) to hypoxic 

rats on Р18-25 led to a decrease in caspase-3 activity. However, similar injections of inhibitor 

to normal rats led to an increased activity of caspase-3 which might have a compensatory 

physiological response of the cellular systems regulating this enzyme.

When we treated the pups subjected to prenatal hypoxia with an intraventricular 

injection of the caspase-3 inhibitor Ac-DEVD-CHO during the first month of 

development (P18), we found that the levels of AICD peptide in the cortical areas was 

normalized, as were the levels of NEP protein expression. 

* differences between control and hypoxic pups (p<0.05

# differences between hypoxic pups treated by saline or Ac-DEVD-CHO 

(p<0.05)
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A SCHEME OF PROTEOLYTIC APP PROCESSING, NEPRILYSIN 

(NEP) REGULATION AND ITS INVOLVEMENT IN AMYLOID 

PEPTIDE (Aβ) DEGRADATION

Conclusions:
Modulation of caspase activity in early postnatal development of

rats subjected to prenatal stress via regulation of neuronal gene

expression, in particular of neprilysin, improves neuronal

plasticity and cognitive functions of animals in adulthood.

RESULTS The design of the experiment with Ac-DEVD-CHO treatment

INTRODUCTION

The major amyloid-degrading enzyme neprilysin (NEP) is known to be one of the crucial enzymes related to the pathogenesis of neurodegenerative

disorders. However, little is known about the regulatory mechanisms of NEP expression in brain structures of laboratory rodents which are frequently used

as a zootropic model of human neurodegenerative diseases. Acute hypoxia in pregnant female rats as shown in our studies leads to impaired embryonic

brain development in the offspring. It was shown to decrease the level of NEP expression and change normal metabolism of the amyloid precursor protein

(APP) in pups’ brains. The structural changes of axo-spinal synapses in the cortical and hippocampal tissues of “hypoxic” pups were accompanied by

impaired cognitive functions. The APP intracellular domain (AICD), which was shown to interact with the NEP promoter upregulating its expression, is one of

the substrates of caspases.

Novel object 

recognition 

(memory test)

Synaptopodin is a protein localized in the

spine apparatus of the labile dendritic spines.

It is known to be essential for the

rearrangement of spine cytoskeleton, LTP and

memory. Prenatal hypoxia leads to the reduced

number of labile dendritic spines in the layer I

of the cortex in adults. The injection of

caspase-3 inhibitor to hypoxic rats led to the

restoration of labile spine distribution.
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Group after prenatal hypoxia
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Absence of statistically 

significant differences in 

exploration time between 

the familiar object  and 

any of the new objects 

(50% line) testifies to the 

deterioration of memory 

in hypoxic pups. 
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WB analysis of AICD and NEP content in the cortical tissue

Labile spine number in a 

100x100 µm2 area in the 

molecular layer of the cortex

APP - a constitutive transmembrane protein - undergoes

proteolytic cleavage by β- and γ- secretases producing a

soluble ectodomain referred to as sAPPβ, the neurotoxic

amyloid β peptide (Aβ) and the APP intracellular domain

(AICD). Aβ has the property to form neurotoxic oligomers

and form the so-called senile plaques, which are a hallmark

of Alzheimer’s disease. This processing pathway is

considered amyloidogenic in contrast with the cleavage of

APP by α-secretase within the Aβ domain, which prevents

formation of Aβ. In neuronal cells AICD formed alongside Aβ

binds to the neprilysin (NEP) promoter and activates its

mRNA and protein product expression (Belyaev et al, EMBO

Rep, 2009). AICD also upregulates expression of a transport

protein transthyretin gene (Kerridge et al, J Neurochem,

2014) NEP is a cell-surface ectopeptidase which degrades

Aβ and prevents amyloid accumulation and senile plaque

formation. Binding of AICD to the NEP promoter requires its

stabilisation by Fe65 and also involves the histone-acetyl

transferase, Tip60. If not bound to Fe65, AICD is rapidly

degraded by insulin-degrading enzyme (IDE) or caspases

(Kerridge et al, Front Neurosci, 2015).


