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Neurodegeneration is a feature of several chronic brain diseases which for this reason are defined 
neurodegenerative. Some of them  are characterized  by the prevalent, but not exclusive, degeneration 
of a type of neuron. Examples are the degeneration of the cholinergic neurons in Alzheimer’s disease 
and dopaminergic neurons in Parkinson’s disease. This review deals with neurodegenerative diseases in 
which a relevant loss of cholinergic neurons has been shown, including Alzheimer’s disease, Parkinson’s 
and parkinsonian diseases,  and alcoholic dementia . Aims of the review are 1) to describe the  alterations 
of the cholinergic neurons leading to their death and  cholinergic denervation of some brain areas, 2) to 
discuss the mechanisms responsible for the loss of the cholinergic neurons, and 3) to evaluate the role 
of their  degeneration in the clinical features of the diseases. On the basis of the existing data, it may 
be assumed  that  neurodegeneration of the cholinergic neurons in Alzheimer’s disease is caused by 
the β-amyloid overload which exerts a direct toxic effect through p75(NTR) receptors and an indirect 
effect through an inflammatory reaction. The products of neuroinflammation reduce the availability 
of NGF, needed for the cholinergic neurons survival, and increase the level of pro-NGF which is toxic 
for the cholinergic neurons. In Parkinson and parkinsonian diseases, alpha-synuclein toxicity may be 
responsible for the degeneration of the midbrain cholinergic neurons and  contribute to that of the 
forebrain neurons. Finally, much evidence indicate that the loss of forebrain cholinergic neurons is 
largely responsible for the cognitive deficits of dementias.
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T-type channels are a class of voltage-gated Ca2+ channels that open at voltages close to resting 
membrane potential and show fast inactivation and slow inactivation kinetics. Because of their gating 
properties, T-type channels take part to burst firing in neurons and their role in pathophysiology has 
been traditionally linked to disorders of excitability like epilepsy. Conversely, their possible implication 
in neurodegeneration has been neglected so far. In the present paper we discuss a number of arguments 
suggesting that, instead, these channels have an important role in diverse neurodegenerative diseases. 
First we will report evidence showing that, because of their biophysical properties, T-type channels are 
expected to be implicated in neurodegeneration considering, for instance, that they can conduct steady 
inward Ca2+ currents at moderately depolarized membrane potentials. In addition, we will go through 
some features of T-type channels regulation that make them obvious candidates in neurodegeneration, 
like their redox sensitivity, modulation by Zn2+ or epigenetic regulation by transcription factors 
implicated in neurodegenerative diseases like REST or EGR1. Finally, we will review data showing that 
both the pharmacological modulation and the genetic ablation of T-type channels modify the progression 
of neuronal damage in experimental models in vivo and in vitro of diverse neurodegenerative conditions. 
In particular, we will show that available evidence suggests that neuroprotection can be afforded by 
suppressing T-type channel activity in epileptogenesis, stroke and, possibly, in brain aging, whereas 
T-type channel inhibition exacerbates neuronal cell damage in experimental models of motor disorders 
like Parkinson’s disease and essential tremor. 

EMERGING ROLE OF T-TYPE CHANNELS IN NEURODEGENERATION

M. CATALDI, L. ANNUNZIATO

Division of Pharmacology, Department of Neuroscience, Reproductive and Odontostomatologic 
Sciences, Federico II University of Naples, ITALY



EUROPEAN JOURNAL OF NEURODEGENERATIVE DISEASES

2279-5855 (2013)
Copyright © by BIOLIFE, s.a.s.

This publication and/or article is for individual use only and may not be further
reproduced without written permission from the copyright holder.

Unauthorized reproduction may result in financial and other penalties
DISCLOSURE: ALL AUTHORS REPORT NO CONFLICTS OF 

INTEREST RELEVANT TO THIS ARTICLE.

Vol. 2, no. 1, 41-52 (2013)

Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by the deposition of toxic 
aggregates of amyloid-β-peptide and tau protein which trigger an exaggerate immune-inflammatory 
response culminating with the production of excess reactive oxygen and nitrogen species responsible for 
damage on cellular nucleic acids, proteins and lipids. The enhancement of the cell stress response is a 
common mechanism used by neural cells to counteract oxidative/nitrosative damage in AD. The main 
feature of the heme oxygenase/biliverdin reductase (HO/BVR) axis is to catalyze the degradation of 
heme, toxic if produced in excess or under redox unbalanced conditions. However, the HO/BVR system 
and its by-products, carbon monoxide and bilirubin, have also been shown to exert neuroprotective 
effects by activating pro-survival pathways and scavenging free radicals. Nevertheless, recent research 
demonstrated as both the inducible isoform of HO, known as HO-1, and BVR undergo oxidative/
nitrosative/phosphorylative post-translational modifications in AD brain which alter the ability of HO-1 
and BVR to activate the cell stress response. In this light, naturally occurring substances or drugs (e.g. 
statins) that prevent the post-translational modifications leading to a controlled up-regulation of the 
HO/BVR system, have been proposed as potential new tools for the treatment of AD. 
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The perspective of so-called regenerative medicine, greatly emphasized by the media and the stagnation 
of valid therapy, has led to the claimed therapy of the use of stem cells, among  which only embryonic or 
adult stem cells are foreseen for possible applications in humans to date. . However, until now,  clinical 
trials on humans have not been performed with so-called induced pluripotent stem cells. Since all the 
above-mentioned types of cells are considered “drugs” and biological products” by the FDA, it is clear 
interest of pharmacologists to follow clinical trials performed with stem cells in neurodegenerative 
diseases, their risks and adverse reactions. This detailed analysis considers authorized or non-authorized 
clinical trials  on stem cells,  by the regulatory agencies, which have been carried out with stem cells 
mainly provided  by the U.S. and European authorized factories or biotechnological centers. However, a  
wide use of stem cells takes place in unauthorized Centers and triggers a tourism of stem cells and some 
severe adverse reactions have occurred, equally treated in the aforementioned  Centers.
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Neurodegenerative diseases, such as Alzheimer’s disease (AD), Parkinson’s disease (PD), Multiple 
sclerosis (MS) (at later stages) require expensive long-term care, that rarely reduce disease progression. 
For this reason, the treatment of these disorders represents a major challenge for the pharmaceutical 
industry. The identification of genetic factors implicated in the drug response variability  has  become 
a crucial step for the future of  patients care in the prospective of identification of genomic biomarkers 
of drug efficacy and safety with the ultimate goal of facilitating a more personalized therapy. 
Pharmacogenomics studies the relationship between inter-individual genetic variability and differential 
drug response, both in term of safety and efficacy, with the aim to identify patients who are most likely 
to benefit from a particular treatment or are at high risk for drug adverse reactions. In this review we 
focused on current knowledge of  genetic factors contributing to different response to therapy of the 
principal neurodegenerative diseases such as AD, PD, MS.  Although in recent years pharmacogenomics 
of these disorders have had important progress towards identification of  safety and efficacy genomic 
biomarkers, the translation to clinical practice is still a long process.
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