THE THERAPEUTIC POTENTIAL OF ATM INHIBITION IN RETT SYNDROME:
T an INSIGHTS FROM BEHAVIORAL AND MOLECULAR STUDIES

EXPERIMENTAL

PhD-UNIMI

Background

-> Ataxia Telangiectasia Mutated is involved in the DNA damage response. However, it also regulates KCC2
expression -, controlling the excitatory and inhibitory (E/I) balance.
-> a potassium chloride co-transporter, main determinant of the “excitatory-to-inhibitory GABA switch”.
-> process by which GABA shifts form being an excitatory to an inhibitory neurotransmitter,
fundamental step allowing GABA’s trophic role throughout brain development.
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Objective and Experimental strategy

- ATM inhibition through KU-55933 as novel therapeutic approach, correcting GABAergic dysfunction, thereby
improving the clinical phenotype in Mecp2Y- mouse model of RTT.
- In vitro experiments have been promising “, restoring KCC2 function.

KU-55933 (7.5 mg/Kg)
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-> long-lasting efficacy of KU and consequences on the general health of the mice.
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Y-maze test evaluates working spatial memory.
A. KO P30 male mice display decreased SA compared to WT mice, indicating significant early hippocampal memory
impairments. KU administration improves spatial memory in KO mice. Cognitive abilities of P55 (post-treatment) and P65 (post-
washout) KO mice are not significantly different, so data are combined. Positive KU effects do not persist ten days after drug
cessation, requiring continuous administration. B. The number of entries confirms test validity, showing no differences in P30
mice and thereby supporting the presence of memory impairment. However, in P55 KO-DMSO mice, the value appears
reduced, suggesting potential motor impairments that persist during and after treatment.
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. The Novel Object Recognition test (NOR)
investigates recognition memory in mice. The protocol used assesses long-term memories. A. The Discrimination Index
indicates no significant impairment in P30 KO mice, indicating intact long-term recognition memory, even after the washout
period. B. KU treatment appears to enhance and influence exploratory behavior, though these effects diminish after
washout.
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. Rotarod test evaluates motor coordination
and learning, with latency to fall as the measured parameter. A. P30 KO male mice display a shorter latency to fall compared
to controls, indicating impaired motor abilities. B. This impairment persists even after KU treatment, indicating that KU does
not prevent or improve these deficits.
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. Whole-body
plethysmography measures overall respiratory functions. The parameters evaluated are: inspiration time (Ti), expiration time
(Te), respiratory frequency, n° of apneas. A. P30 KO male mice display a longer Ti and an unchanged Te, compared to WT mice.
While KU (P55) induces an initial improvement in the Ti the effect diminishes over time. However, KU does not prevent the
disease-associated deterioration in Te. B. Respiratory frequency is already notably impaired in early symptomatic RTT mice. KU
provides only slight improvement both after the treatment and post-washout. C. The number of apneas increases sharply in
KO mice at P30 and worsens further between P55 (after treatment) and P65 (post-washout). For this reason, these results are
reported separately. While KU does not reverse the number of apneas at P55, it prevents further deterioration post washout.

an extended lifespan.
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The evaluation focuses on GluA1l, a subunit
of the AMPA receptor, and PSD-95, a post-synaptic density protein. Interestingly, no significant changes are observed, at
least in the total hippocampal lysate, both in the KO-DMSO group and after KU’s treatment. This suggests that GIuAl and
PSD-95 levels are not influenced by KU treatment.
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Conclusion and future perspectives

These data show that KU effectively ameliorates some RTT symptoms, particularly the cognitive and respiratory one,
adressing both symptomatic aspects and some underlying molecular abnormalities. However, the effects are not long-
lasting , requiring administration every other day for a sustained benefits, except for the worsening of the apneas
frequency, which is prevented by KU.

Further biochemical analysis will investigate KU’s effects on various brain regions, including the cortex, cerebellum, and
brainstem, crucial for understanding different behavioral phenotypes. Additionally, Triton insoluble fractions (TIF) enriched
in post-synaptic proteins will be examined to clarify the role of excitatory neurotransmission in RTT pathology.
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