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Cyclophilin D: a therapeutic target to counteract
reactive oxygen species–mediated damage in
neurodegenerative disease?

Age-related neurodegenerative disorders such as Alzheimer’s dis-

ease and Parkinson’s disease represent a growing socio-economic

burden in countries where average life expectancy is increasing

(Lang, 2010). As such, gaining a better understanding of the mul-

tiple mechanisms underlying neurodegeneration is an essential first

step towards the development of therapeutic approaches to dis-

ease prevention and intervention. Interestingly, despite the fact

that most neurodegenerative disorders affect specific cell popula-

tions, there is strong evidence that many of these diseases share

some common pathogenic hallmarks, including oxidative stress,

mitochondrial dysfunction and neuronal cell death (Moreira

et al., 2010). Importantly, these features appear closely inter-

twined. This is perhaps best illustrated by the observations that

mitochondrial dysfunction can lead to excessive production of re-

active oxygen species and the activation of cell death pathways.

Each of these processes may in turn be linked, either directly or

indirectly, to depolarization of the inner mitochondrial membrane,

dysfunction of the respiratory chain, ATP depletion and/or the

opening of the mitochondrial permeability transition pore (mPTP)

(Moreira et al., 2010). This pore is a cyclophilin D (CypD)-regu-

lated high conductance inner membrane channel that, upon pro-

longed opening, causes either apoptosis or necrosis (Di Lisa et al.,

2011). CypD is a mitochondrial matrix protein that initiates mPTP

opening by binding to the inner mitochondrial membrane, a pro-

cess that is regulated by Ca2+ overload, inorganic phosphate and

oxidative stress (Di Lisa et al., 2011). CypD is a promising pharma-

cological target for the development of drugs designed to treat

neurodegenerative disorders for the following reasons: (i) early

opening of the mPTP has been demonstrated in a variety of neu-

rodegenerative disease models (Martin, 2012); (ii) CypD functions

as a critical regulator of mPTP opening (Di Lisa et al., 2012); and

(iii) binding of CypD to the inner mitochondrial membrane can be

prevented by cyclosporine A and other CypD-interacting mol-

ecules (Du and Yan, 2010). However, to date, little is known

about the impact of oxidative stress on the CypD–mPTP

interaction and how the interplay between these three factors

can be controlled for therapeutic purposes.

In this issue of Brain, López-Erauskin et al. (2012) report a series

of observations that address the relationship between mitochon-

drial dysfunction, oxidative stress and neuronal cell death in cell

and animal models of X-linked adrenoleukodystrophy (X-ALD)

(López-Erauskin et al., 2012). X-ALD is a rare monogenic peroxi-

somal metabolic disorder that is characterized biochemically by the

accumulation of very long chain fatty acids. Patients suffering

from this disease display a broad clinical spectrum, ranging from

adrenal insufficiency and distal axonopathy to cerebral demyelin-

ation and neuroinflammation; treatment options are limited to

hormone therapy and hematopoietic stem cell transplantation

(Galea et al., 2012). At the cellular level, the disease is closely

associated with mitochondrial dysfunction and oxidative stress.

In the X-ALD mouse model, which exhibits a late-onset neuro-

logical phenotype with locomotor disability and axonal degener-

ation in the spinal cord, oxidative damage can be observed long

before the onset of neurological symptoms (Galino et al., 2011).

This finding, together with the observation that an antioxidant

cocktail can efficiently reduce oxidative damage and halt axonal

degeneration and locomotor deficits (Galino et al., 2011), provide

strong evidence that the main aetiopathogenic factor in X-ALD is

oxidative stress. The study authored by López-Erauskin et al.

(2012) significantly extends our molecular understanding of how

oxidative stress affects axonal degeneration in the X-ALD mouse

model.

There is growing evidence that peroxisomal and mitochondrial

metabolism are closely intertwined, and that a disturbance in

peroxisome function triggers signalling events that ultimately

result in increased mitochondrial stress (Fransen et al., 2012).

To investigate mitochondrial function in X-ALD fibroblasts,

López-Erauskin et al. (2012) cultivated these cells in a medium

supplemented with galactose instead of glucose—a condition for-

cing cells to rely on mitochondrial oxidative phosphorylation
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rather than glycolysis for ATP production. The authors found that

such treatment increased cellular redox status, decreased mito-

chondrial inner membrane potential and cellular ATP levels and

eventually induced necrotic cell death. Interestingly, this cell

death pathway was found to be triggered through the opening

of the mPTP, and could be prevented by cyclosporine A or

antioxidant treatment. Finally, the authors could directly link

these observations to the expression and oxidative modification

of CypD in X-ALD fibroblasts, in the spinal cord of X-ALD mice,

as well as in the affected white matter areas of the brains of

patients with cerebral adrenomyeloneuropathy, a milder

adult-onset form of X-ALD. Although these findings still need

to be validated in a clinical study cohort (see below), the results

reported by López-Erauskin et al. (2012) are important for mul-

tiple reasons. First, as pointed out by the authors, the increased

vulnerability of X-ALD fibroblasts to mitochondria-dependent ATP

production suggests that specific neural cell types, which largely

depend on mitochondria for their energy supply (e.g. neurons

that have long axons and multiple synapses), are preferentially

targeted for degeneration. Second, the study provides unequivo-

cal evidence that chronic oral treatment with a combination of

classical antioxidants can lower both CypD expression and oxida-

tion levels in a mouse model for X-ALD. And finally, this work

emphasizes the importance of CypD as a therapeutic target for

neurodegenerative disease.

The finding that oral antioxidant administration counteracts the

negative effects of CypD overexpression and oxidation in the

X-ALD mouse model opens new doors for treating other neuro-

degenerative CypD-dependent disorders. However, some con-

cerns remain: (i) the aetiology of this group of disorders is

heterogeneous; (ii) depending on the severity and the stage of

the disease, various types of neurons may undergo different

forms of cell death; and (iii) despite the promise shown in

other animal studies, the results of prospective antioxidant clinical

trials have been largely disappointing (Kamat et al., 2008). The

latter observation may be owing to the fact that animal models

do not adequately recapitulate the time-dependent changes asso-

ciated with human ageing. In addition, in animal studies, antioxi-

dant supplements are administered in the early stages of the

disease, whereas in patients with progressive neurodegenerative

disorders, the ‘preventive’ actions may have come too late.

Furthermore, the bioavailability and pharmacokinetics of the ad-

ministered antioxidants in animals may differ profoundly from

that in humans. Finally, there is ample evidence that low con-

centrations of reactive oxygen species are essential for the acti-

vation of a number of neurotrophic and neuroprotective

signalling pathways, and as such, excessive antioxidant levels

have the potential to interfere pathologically (Kishida and

Klann, 2007). In this context, the outcome of a recently started

(and still ongoing) clinical trial on the use of antioxidants to slow

progression of adrenomyeloneuropathy (NCT01495260) is of

paramount importance for public health: a positive result from

this proof of concept study may offer hope to patients and

their families for the treatment of this, and perhaps other, neu-

rodegenerative disorders.
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López-Erauskin J, Galino J, Bianchi P, Fourcade S, Andreu AL, Ferrer I,

et al. Oxidative stress modulates mitochondrial failure and cyclophilin

D function in X-linked adrenoleukodystrophy. Brain 2012; 135:

3584–98.

Martin LJ. Biology of mitochondria in neurodegenerative diseases. Prog

Mol Biol Transl Sci 2012; 107: 355–415.

Moreira PI, Zhu X, Wang X, Lee HG, Nunomura A, Petersen RB, et al.

Mitochondria: a therapeutic target in neurodegeneration. Biochim

Biophys Acta 2010; 1802: 212–20.

3526 | Brain 2012: 135; 3525–3528 Scientific Commentaries

by guest on January 20, 2015
D

ow
nloaded from

 




