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1. A. Cellular and molecular mechanisms underlying DA toxicity: Implication for Parkinson’s disease 
(PD): We were among the first to hypothesize and to validate that dopamine (DA) toxicity is a player in the 
etiology of PD. We showed DA toxicity involves p53 induction (Daily et al, Cell. Mol. Neurosci. 1999), as 
well as activation TCP-1δ is a subunit in the Chaperonin-containing TCP-1 (CCT) which is the cytosolic 
homologue of mitochondrial HSP60 (Zilkha-Falb et al, J. Biol. Chem. 2000). 

2.  Semaphorin 3A is an apoptosis-induced molecule: Sema3A belong to a large family of axonal guidance 
molecules which can confer attractive or repulsive cues.  Neutralization of Sema3A or its receptor Neuropilin1 
inhibited DA toxicity (Shirvan et al, J. Neurochem 1999). We also studied the involvement of semaphorins in 
in vivo experimental animal model of complete axotomy of the rat optic nerve. We demonstrated a marked 
inhibition of retinal ganglion cell (RGC) loss when axotomized eyes were co-treated by intra-vitreal injection 
of function-blocking antibodies against the Sema3A derived peptide (Shirvan et al. J. Biol. Chem. 2001). We 
further showed that sema3A was involved in the death of retinal ganglion cells in glaucomatous rabbits 
(Graefe's Arch. Clin. Exp. Ophthalmol. 2003) as well as in retinal detachment (Klebanov et al Graefe's Arch. 
Clin. Exp. Ophthalmol. 2009). Inactivation of Nbs1, which is an essential component of the DNA damage 
response altered the morphology and organization of the glial cells. We further showed that the levels 
semaphorin-3A and its receptor neuropilin-1 were up-regulated in the retina of the mutant mice, a typical 
injury response (Barranes et al Exp. Neurol. 2009). In addition, we demonstrated that exogenous 
administration of Sema-3A into the fish eye indirectly interferes with the regeneration process of the optic 
nerve. The findings corroborate our previous findings in mammals, and further validate Sema-3A as a key 
factor in the generation of a non-permissive environment after transection of the optic nerve (Rosenzweig et al 
Graefe's Arch. Clin. Exp. Ophthalmol. 2010). Together, our studies open a new field and places Sema3A as a 
pro-apoptotic molecules that is a target for regenerative medicine as well as in anti-cancer therapy. 

3. Cellular and molecular mechanisms of stress responses in ataxia telangiectasia: We have shown that Atm 
deficiency led to the generation of oxidative stress specifically in the cerebellum (Kamsler et al, Cancer Res. 



2001). We present evidence that ATM plays a key role in maintaining cellular homeostasis (Daily et al, J. 
Biol. Chem. 2001a,b, Stern et al, J. Biol. Chem. 2002; Weizman et al J. Biol. Chem. 2003). This is now a 
widely accepted view of ATM functionality. We found that cancer predisposition, which is typical of Atm-
deficient animals was not enhanced in SOD1/Atm double null mice. In contrast, Mlh1/Atm double null mice 
did not display growth retardation or increased radioensitivitry compared to Atm-/- animals, but succumbed to 
lymphoma at significantly higher rate compared to Atm-deficient mice (Ziv et al, Hum. Mol. Genet. 2005). In 
contrast to the current dogma in the field, we found that ATM is essentially nuclear in these neuronal cells and 
that various readouts of the ATM-mediated damage response are similar to those seen in commonly used cell 
lines (Dar et al, J. Neurosci. 2006). Using MRI analysis we showed that malfunctioning DNA damage 
response severely affects the levels of white matter and its organization (Assaf et al, Exp. Neurol. 2008). We 
found that A-T-mutated protein deficiency was consistent with aberrant astrocytic morphology and alterations 
of the vasculature, often accompanied by reactive gliosis. Interestingly similar findings could also be reported 
in the case of other genetic disorders. (Raz-Prag et al, Am. J. Pathol. 2011; Mehsulam et al Front. Pharmacol. 
2012). These observations bolster the notion that astrocyte-specific pathologies, hampered vascularization 
and astrocyte-endothelium interactions in the CNS could play a crucial role in the etiology of genome 
instability brain disorders.  

4. The role of ATM in the dynamics of neural-glial networks:  We discovered that Atm protein deficiency, 
which in humans leads to progressive motor impairment, leads to a reduced synchronization persistence 
compared to wild type synchronization, after chemically imposed DNA damage. Not only do these results 
suggest a role for DNA stability in neural network activity, they also establish an experimental paradigm for 
empirically determining the role a gene plays on the behavior of a neural network (Levine-Small et al, Front. 
Neurosci. 2011). We found that replacement of Atm-/- astrogliall cells with WT cells restores physiological 
neuronal network dynamics in in-vitro chimera neuron-glia networks extracted from Atm-deficient mice. 
These results support the notion that neuronal network failures in genetic brain degenerative diseases are 
strictly correlated with impairment of astroglial cell functionality (Kanner et al In Preparation 2015).  

5. Tools to study the dynamics of various types of neural-glial networks:  We designed the procedures for the 
preparation of modular neuronal networks composed of functionally inter-connected circuits (Kanner et al J. 
Vis. Exp. 2015). 
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