
occurs in proximal nerves resulting in

increased nerve size and increased

proton spin density. In the early symp-

tomatic stage, endoneurial oedema

occurs with prolongation of T2 relax-

ation time detected. This proximal

pathology results in secondary axonal

degeneration in distal nerves (Fig. 1A).

In late stage disease, the pathology

spreads to involve more distal nerves, at

which point sural nerve biopsy may dem-

onstrate amyloid deposition (Fig. 1B).

This paper represents an exciting de-

velopment in TTR-FAP as it identifies

the earliest biomarker of neuropathy to

date and also provides interesting in-

sights into disease pathogenesis. To

translate this work into clinical practice,

further studies are needed. First, the

methods used here are time- and re-

source-intensive. Over 30 000 regions

of interest were drawn by hand prior

to analysis, and a large number of

healthy controls were studied to allow

normalization of signal intensities.

Second, the data are presented as

group analyses rather than to classify in-

dividual patients as ‘normal’ or ‘abnor-

mal’. This would be necessary if these

MRI techniques are to be used to distin-

guish mutation carriers who are

presymptomatic and therefore would

benefit from intervention, from those

who are non-penetrant and would pre-

sumably receive no such benefit. Finally,

as the authors acknowledge, longitu-

dinal natural history studies are now

needed to determine the usefulness of

these biomarkers in identifying the opti-

mal timing of a therapy in an individual

patient, and the responsiveness of the

biomarkers as outcome measures, a

key determinant of study power. Note

should also be made of the increasing

volume of research using MRI to quantify

muscle changes secondary to neuropathic

processes (Sinclair et al., 2012), which is

also a potential source of responsive bio-

markers in this disease group.

TTR-related FAP is a devastating dis-

ease for which there are now a number

of new and emerging therapies. As these

treatments slow progression rather than

reverse established damage, biomarkers

of early stage and subclinical disease,

before nerve conduction studies are ab-

normal, are urgently needed.

Quantitative magnetic resonance neuro-

graphy as demonstrated in the paper by

Kollmer and colleagues not only pro-

vides intriguing insights into the ana-

tomical and pathological progression

of this devastating disease, but also

shows promise as an early marker of

the neuropathy that is the first manifest-

ation of the disease in most patients.
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Temporal lobe epilepsy: a unique window into
living human brain epigenetic gene regulation

This scientific commentary refers to

‘Differential DNA methylation profiles

of coding and non-coding genes define

hippocampal sclerosis in human tem-

poral lobe epilepsy’ by Miller-Delaney

et al. (10.1093/brain/awu373).

Epigenetic modification of the

genome is a powerful mechanism for

regulation of RNA expression. For

the large majority of non-neoplastic

brain disorders, a lack of human

brain tissue suitable for complementary

epigenetic and RNA expression ana-

lyses poses a major challenge for trans-

lating data from experimental models

to human disease. Temporal lobe epi-

lepsy is a unique exception. Tissue

from pharmacoresistant patients who
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undergo epilepsy surgery allow singu-

lar access for comprehensive molecular

genetic studies. In this issue of Brain,

Miller-Delaney and colleagues use this

intriguing resource to report funda-

mental new insights into epigenetic

regulation in human brain tissue

(Miller-Delaney et al., 2014).

Epigenetic dynamics under disease

conditions are generally thought to

represent wide-scale alterations in the

expression of multiple classes of

RNA. In the context of epilepsy, how-

ever, most studies of epigenetic modifi-

cations have focused on distinct

structural changes and alterations in

the expression of specific mRNAs

(Kobow et al., 2009; Ryley Parrish

et al., 2013). Much less is known

about genome-wide epigenetic alter-

ations and corresponding patterns of

RNA expression in the disease.

Miller-Delaney and colleagues ad-

dressed the challenge of molecular gen-

etic analyses in human brain tissue by

comparing genome-wide DNA methy-

lation patterns in the hippocampi of

patients with pharmaco-refractory tem-

poral lobe epilepsy with those in aut-

opsy samples of brain tissue from

individuals with non-neurological

causes of death. The commonest

lesion pattern in patients with temporal

lobe epilepsy is hippocampal sclerosis,

with segmental neurodegeneration and

concomitant astrogliosis as patho-

logical hallmarks (Fig. 1A–D).

However, patterns of damage vary

among individuals (Blümcke et al.,

2013) and Miller-Delaney et al.
(2014) therefore subdivided their tem-

poral lobe epilepsy group accordingly.

Only 146 protein-coding genes were

found to show altered DNA methyla-

tion in temporal lobe epilepsy, a sur-

prisingly low number when compared

to the complexity and functional con-

sequences of this disorder. The vast

majority of affected promoters

showed hypermethylation, an observa-

tion that is in good agreement with the

epigenetic data from key animal

models of epilepsy (Kobow et al.,

2013). In a novel and intriguing find-

ing, Miller-Delaney and colleagues also

identified several methylation-sensitive

microRNAs and long non-coding

RNAs in the brain tissue.

By correlating these differential pat-

terns of genome methylation with the

corresponding RNA expression pat-

terns, Miller-Delaney and co-workers

managed to fully exploit the potential

of their experimental approach. Their

analyses revealed a surprisingly weak

overall correlation between promoter

epigenetic dynamics and the expression

of coding transcripts. However, for

certain RNAs, promoter methylation

patterns had a striking impact in

human (epilepsy) brain tissue. This

was true in particular for several

microRNAs, as well as for certain

non-coding RNAs. This difference in

the degree of correspondence between

epigenetic promoter programming and

expression levels for coding mRNAs

versus microRNAs might indicate that

expression levels of the latter are more

directly influenced by changes in pro-

moter methylation—perhaps even

under physiological conditions in the

human brain. The abundance of

coding mRNAs is regulated not only

by promoter activity but also by fac-

tors such as the activity of

microRNAs, which might complicate

the link between epigenetics and

mRNA levels. By contrast, the link be-

tween epigenetics and microRNA levels

might be more direct. This differential

impact of methylation on mRNA

versus microRNA abundance could

Figure 1 Epigenetic regulatory model in temporal lobe epilepsy. (A) Hippocampal biopsy specimen obtained during surgery in a patient

with pharmacoresistant temporal lobe epilepsy (haematoxylin and eosin). The section shows hippocampal sclerosis, reflecting pathological

alterations typical of those in the material used by Miller-Delaney et al. (2014). The main alterations comprise neuronal cell loss, particularly in the

CA1 area (black arrows) visible in A and B (B: NeuN immunohistochemistry), and reactive astrogliosis (C: glial fibrillary acidic protein

immunohistochemistry). (D) An autopsy section (haematoxylin and eosin) showing the hippocampal formation of a patient without neurological

disorders, lacking segmental neurodegeneration and gliosis, and typical of an experimental control subject. (E) Differences in cellular composition

between subjects with and without epilepsy are reflected in patterns of DNA methylation and mRNA and microRNA expression. The impact of

other putative epileptogenic factors on hippocampal DNA methylation patterns constitutes a form of long-term ‘insult-induced memory’. (A–D)

Magnification: �1.25.
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have important consequences for the

development of novel therapeutic stra-

tegies, with respect to predicting the

molecular effects of targeting different

RNA classes by epigenetic means in

CNS disorders.

Epigenetic regulation has some par-

ticular characteristics that make it ex-

ceptionally attractive as a putative

pathomechanism of temporal lobe epi-

lepsy. One of these is the potential for

long-lasting, stable effects on gene ex-

pression that outlive an initial transient

signal. This may be especially relevant

for post-mitotic neurons, which are

subject to various insults with short-

to long-lasting effects on their activity

and connectivity (Guan et al., 2002). In

temporal lobe epilepsy, seizures do not

generally start at birth in affected indi-

viduals but develop later in life

(Pitkänen and Engel, 2014). Many pa-

tient histories reveal a transient insult

in early childhood, which is followed

by a silent interval, potentially lasting

several years, before recurrent seizures

emerge. What type of molecular modi-

fications can be that long-lasting?

Epigenetic remodelling could in fact

constitute the brain’s ‘memory of tran-

sient epileptogenic insults’ (Fig. 1E).

However, many short- and long-term

influences on DNA methylation will

be reflected in an epigenetic pattern.

In addition to transient potentially epi-

leptogenic insults, the pattern of DNA

methylation could also signal an

increased disease risk owing to, for ex-

ample, genomic imprinting or the ges-

tational environment, which has been

suggested to have pathogenetic rele-

vance in other CNS disorders (Jiao

et al., 2013), or to differences in the

cellular composition of the temporal

lobes of patients with epilepsy versus

control subjects (Fig. 1). More sophis-

ticated experimental approaches that

consider patients’ family epigenetics

and that use bioinformatics to control

for cellular admixtures might be useful

in the future (Guintivano et al., 2013).

Furthermore, epigenetic patterns may

be rather dynamic (El-Osta et al.,

2008), and can also reflect relatively

short-term changes, which can compli-

cate data interpretation.

The work has some limitations,

which Miller-Delaney and colleagues

have obviously considered. One inher-

ent difficulty with approaches that ana-

lyse human brain tissue relates to the

choice of controls. Miller-Delaney et al.

used autopsy brain tissue, but while

DNA-methylation analyses can be

carried out with this material, this

approach clearly limits the comparabil-

ity of genomic methylation dynamics

and RNA expression patterns.

Furthermore, the control and temporal

lobe epilepsy cohorts will be subject to

the methodological and statistical limi-

tations inherent in large-scale studies

based on such small sized groups.

Miller-Delaney and colleagues have

taken great care to control for group

effects by minimizing differences in

key parameters such as gender and

age, wherever possible. But this clearly

has limitations. As a result of the

rather young age of the patients with

temporal lobe epilepsy, the control

group contains individuals who died

from cardiovascular disease at unusu-

ally young ages. This raises suspicions

of inherited impairments that increase

cardiovascular disease risk and

burden—might these have a potential

epigenetic impact? Furthermore, the ef-

fects of antiepileptic pharmacotherapy

in the group with temporal lobe epi-

lepsy cannot easily be controlled for,

and may be substantial. Stressing the

fact that the present work is a pilot

study, Miller-Delaney and colleagues

fully acknowledge these shortcomings

and suggest follow-up multicentre stu-

dies, which we eagerly anticipate will

provide more detailed insights into

this fast developing field of research

with intriguing clinical implications.
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