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What happens to your hearing if you are
born blind?

Our different senses often work together to enhance perception,

for instance helping us to understand what was said by the person

we are trying to talk to in a noisy bar, or to work out where that

other voice came from. Indeed, cross-sensory interactions are so

pervasive that many brain regions, including early sensory cortical

areas that were previously thought only to process modality-

specific information, are now known to receive multisensory

inputs (Alais et al., 2010). Another manifestation of the close re-

lationship between the senses is seen in the sometimes profound

changes in the way in which early blind or deaf individuals use

their remaining senses. In this issue of Brain, Monica Gori and

colleagues describe an unexpected example of such cross-modal

plasticity by showing that congenitally blind subjects are severely

impaired in their ability to perform an auditory spatial task.

Although studies of cross-modal plasticity in blind people have

measured the performance of subjects in various auditory or tactile

discrimination tasks, a lot of research in this area has focused on

whether auditory spatial abilities change after loss of vision. One

reason for this is that spatially-aligned visual cues can improve the

accuracy of auditory localization (Shelton and Searle, 1980),

whereas misaligned visual cues can bias or capture the perceived

location of a sound source, as in the ventriloquist illusion

(Bertelson and Radeau, 1981). Given the ample evidence for inter-

actions between these senses, with vision tending to play the

dominant role in resolving spatial conflicts between them and in

aligning neural maps of space in the midbrain during development

(King, 2009), it might well be expected that early loss of vision

would result in impaired spatial hearing.

In fact, several previous studies (Röder et al., 1999; Voss et al.,

2004) have reported the opposite result, with blind subjects per-

forming as well as, or even better than, sighted controls when

tested for their ability to localize sounds in the horizontal plane.

Moreover, there is growing evidence that blindness (or deafness)

can result in functional changes within the brain that are likely to

underlie perceptual improvements in the intact sensory modalities.

For example, improved auditory spatial abilities in blind people

have been linked to the recruitment of occipital cortical areas

deprived of their normal visual inputs (Collignon et al., 2009),

whereas studies in animals have shown that sound processing

by neurons in auditory cortical areas can be enhanced in the

absence of vision (Korte and Rauschecker, 1993; Petrus et al.,

2014).

In view of this, the finding by Gori et al. (2014) that an aspect

of auditory spatial processing is impaired in congenitally blind

people comes as something of a surprise. This is not obviously

related to the age at onset or severity of blindness, as improved

sound localization accuracy has been reported in both early and

late blind subjects (Voss et al., 2004) and even after blindfolding

normal-sighted adults for just 90 min (Lewald, 2007). Instead, the

fundamental difference between the findings from these studies

seems to be related to the nature of the behavioural task that the

subjects carried out.

In the earlier studies in which auditory localization performance

in blind individuals was found to be as good as or better than

normal, subjects were asked to turn toward the perceived location

of the sound source from among an array of loudspeakers or to

indicate whether the second of two consecutive sounds came from

the same location as the first sound or a different one. In contrast,

Gori and colleagues employed a more complex spatial bisection

task that required their subjects to judge the relative position

of the second sound source in a sequence of three sounds

presented from different angles in the horizontal plane. They

found that their congenitally blind patients either had significantly

elevated thresholds relative to the normal-sighted control group or

were unable to do the task at all. This in itself is remarkable as the

differences reported in previous studies have tended to be more

subtle.

The deficits observed by Gori and colleagues were specific to

the spatial bisection task—which required a comparison of the

perceived difference in location between the first two and last

two sounds—as no differences were found between the blind

and sighted groups when they switched to more conventional

methods in which subjects were asked to point to the perceived

source of a single sound or to carry out a minimum audible angle

task. Importantly, the blind subjects were also unimpaired in their

ability to perform a temporal bisection task—in which they had to
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indicate whether the middle of three sounds was closer in time to

the first or last sound—suggesting that the spatial deficit was un-

likely to reflect either a difficulty in understanding the task or in

holding the sequence of sounds in working memory.

While the results of this study are clearly at odds with the com-

monly held view that blind individuals compensate for a lack of

vision by developing enhanced non-visual abilities, supra-normal

sound localization accuracy has usually been reported only for

peripheral rather than central regions of space (King and

Parsons, 1999; Röder et al., 1999; Voss et al., 2004). Because

Gori et al. (2014) restricted their testing to the frontal�25�,

the possibility that they might have obtained a different result

had they extended the range of their loudspeaker array cannot

be ruled out. On the other hand, blind people tend to make less

accurate elevation responses than sighted subjects when tested on

or close to the midsagittal plane (Zwiers et al., 2001; Lewald,

2002). Thus, it would appear that although blindness can lead

to the emergence of superior auditory localization abilities at

more peripheral locations, where visual cues are normally less

readily available, loss of vision in the frontal region of space

may have a detrimental effect on the development of accurate

spatial hearing.

Gori et al. (2014) claim that their results support a role for vision

during development in guiding the construction of a neural rep-

resentation of auditory space. In particular, they argue that these

findings are consistent with studies in animals demonstrating a

dominant role for visual experience in merging maps of different

sensory modalities in the superior colliculus. Establishing and main-

taining the registration of these maps is challenging because spa-

tial information is derived and represented by each sensory system

in different ways. Thus, the locations of visual (and somatosen-

sory) stimuli are encoded directly by the distribution of neural

activity across the receptor cells and at successive stages of central

processing, whereas sound-source location has to be computed

within the brain by tuning neurons to particular combinations of

spatial cues—such as the difference in sound level or timing be-

tween the ears—that result from the way sounds interact with the

head and external ears. Aligning the maps in the superior colliculus

therefore involves matching the sensitivity of neurons to auditory

localization cue values with positions on the retina that correspond

to the same region of space. Moreover, this relationship changes

as the body grows.

Vision clearly plays an important guiding role in auditory map

development, with early visual deprivation degrading the topo-

graphic organization of the auditory receptive fields of superior

colliculus neurons to varying degrees (reviewed in King, 2009;

Gutfreund and King, 2012). It is hard to argue on the basis of

these studies, however, that vision is required for the construction

of a map of auditory space in the brain. Instead, the availability of

concurrent and generally more accurate visual spatial cues most

likely helps to overcome the uncertainty and variability in the re-

lationship between auditory localization cue values and directions

in space. As a result, the developing auditory map is shaped so

that it matches the visual field representation in the superior col-

liculus, thereby facilitating the integration of signals provided by

the eyes and the ears about a common stimulus source (Gutfreund

and King, 2012).

It is unclear that the physiological data from visually deprived

animals would predict a profound impairment by congenitally

blind subjects in spatial bisection, particularly as the accuracy of

pointing toward a single sound source—a task arguably more

closely allied to the sensorimotor orienting functions of the super-

ior colliculus—was preserved. Nevertheless, these findings raise

intriguing, and testable, questions about the nature of spatial rep-

resentations in the brain and how they are refined by sensory

experience. Moreover, if, as Gori and colleagues suggest, the im-

paired performance on the spatial bisection task in blind subjects

reflects a lack of visual calibration of the developing auditory

system, these deficits would presumably not be seen in individuals

with late-onset acquired blindness.

Finally, the findings of this study have potentially important

implications for rehabilitation strategies for visually impaired indi-

viduals. Information transfer between sensory modalities may

allow other cues to partially substitute for vision in blind people,

particularly if parts of the visual cortex have become colonized by

auditory or tactile inputs. However, the use of ‘sensory substitu-

tion devices’ to provide blind people with increased spatial aware-

ness via their hearing relies on the principle that the information

they provide is reliable and accurate. The findings of Gori and

colleagues question whether this is necessarily the case.
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The synthesis of minds and molecules leads
to potential therapy for pantothenate
kinase-associated neurodegeneration

Pantothenate kinase-associated neurodegeneration (PKAN) is an

autosomal recessive disorder caused by mutations in the mito-

chondrial enzyme pantothenate kinase 2 (PANK2). In this issue

of Brain Brunetti et al. (2014) report the use of a ketogenic diet

in a mouse knock-out of PANK2 to more accurately model the

human disease and further show that feeding with pantethine may

be a possible treatment strategy for PKAN in humans.

The history of our understanding of PKAN is fascinating, but has

grim beginnings. In 1922, Julius Hallervorden and Hugo Spatz,

two eminent neuropathologists, described the clinical condition

that subsequently bore their name, as well as the neuropatho-

logical hallmark of PKAN: iron deposition in the globus pallidus

and substantia nigra (zona reticularis). However, in the following

years both actively participated in Nazi euthanasia programmes

while working at the Kaiser Wilhelm Institute for Brain Research

(Zeidman and Pandey, 2012). Although these shameful activities

were reported shortly after the end of World War II the medical

community was not widely aware of them until 1992, when con-

certed attempts were made to replace the eponym Hallervorden-

Spatz syndrome with a more suitable and respectful alternative

(Shevell, 2012).

More recent work on PKAN has been elegant and impressive,

particularly studies from the laboratory of Susan Hayflick, where

the gene was located to chromosome 20p (Taylor et al., 1996)

and the term ‘neurodegeneration with brain iron accumulation

type 1’ (NBIA1) was proposed. When mutations were identified

in PANK2 the term PKAN was suggested instead (Zhou et al.,

2001) and this was quickly followed by comprehensive paper deli-

neating the clinical, radiological and imaging findings in a series

of genetically characterized patients (Hayflick et al., 2003). PKAN

turns out to be one of a family of NBIAs and has led to an

emergence of studies aimed at elucidating the molecular patho-

genesis of brain iron accumulation (Rouault, 2013).

The clinical features of PKAN include childhood-onset dystonia,

dysarthria, rigidity and choreoathetosis, and up to one-third of

patients also have clinical or electro-retinographic evidence of a

retinopathy. A small, but significant, subset of patients have a later

onset with developmental delay, psychiatric problems, speech

defects, freezing episodes and spasticity. The iron deposition in

the basal ganglia results in the characteristic and highly descriptive

‘eye-of-the-tiger’ sign found on MRI.

Despite brain iron accumulation being one of the central

features of the condition, it remains one of the most poorly under-

stood and what is known about the pathogenesis of the disorder

incorporates information gleaned from the pre-molecular era of

classical biochemistry. That story starts with the discovery of

coenzyme A (by Fritz Lipmann in 1953) and the role of its thioe-

ster, acetyl CoA, in the citric acid cycle [also known as the tricarb-

oxylic acid (TCA) cycle or Krebs cycle discovered by Hans Krebs].

Cellular energy is derived from food in the form of fats, carbo-

hydrate and protein. Acetyl CoA is the key intermediate compo-

nent in the complex biochemical pathways leading from food

intake to the provision of cellular energy in the form of ATP

(see simplified pathways shown in Fig. 1). In the brain, under

normal circumstances, glucose is the obligatory energy substrate

and it is oxidized after entering the citric acid cycle via pyruvate.

In other tissues, fatty acids are the major energy substrates and

are delivered into the mitochondria by the carnitine shuttle system

where they are metabolized for ATP production through

b oxidation.

However, on sustained fasting or a very low carbohydrate diet,

the balance of liver metabolism switches to gluconeogenesis and
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