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Neurodegenerative syndromes,
including Amyotrophic lateral sclerosis
(ALS), are complex polygenic disorders
resulting in multisystem impairment of
neocortical network connectivity. Specific
to ALS is dysfunction of the unique
human  corticomotoneuronal  system,
which is the basis of many early features
of ALS, a singularly human disorder.
Early deficits include loss of vocalisation
requiring complex respiration, impaired
fractionation of digits and thumb oppos-
ability, difficulty with upright walking
with ability to navigate uneven and tricky
surfaces while erect, and as part of Fron-
totemporal demention (FTD), impaired
language and associated socialisation.
The hallmark TAR DNA-binding protein
43 (TDP-43) pathology, seen in >95%
of patients with ALS, is largely restricted
to corticofugal projecting neurons. This
when taken together with sophisticated
MRI imaging and threshold tracking using
transcranial magnetic stimulation convine-
ingly points to a cortical origin of ALS.?

It has been almost 50 years since Betty
Brownell published ‘the Central nervous
system in motor neuron disease’. The
45 cases described is the second largest
series with extensive clinical-pathological
correlations reported up to 1970.°

Doris Betty Brownell, known as Betty
to her friends (figure 1), was born in 1925
into a Huguenot family of Dubliners, who
all had distinguished academic passages
through Trinity College, Dublin, from
which she qualified in 1950. Betty spent
2years at the Whittington Hospital as Regis-
trar in Pathology, subsequently returning to
Oxford in 1956 as Lecturer in Pathology. A
succession of papers began in 1962 largely
concerned with muscle and peripheral nerve
neuropathology.

Up to that time, neuropathology had
largely been done by general pathologists.
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Indeed, the first people to show special
interest in the brain were typically pathol-
ogists attached to lunatic asylums, having
access to the brains of patients with neuro-
logical abnormalities.

Due to Betty Brownell’s passion, who
in the 1970s started a neuropatholog-
ical department in Bristol, and Marion
Smith, her contemporary at the National
Hospital for Nervous Diseases, there was
a movement in Britain to establish neuro-
pathology as its own discipline. Late in
life, she married J Trevor Hughes, a coau-
thor on the paper and a distinguished
pathologist. Although now elderly he
continues to enjoy an eventful, intellectual
life in Oxford. Sadly Betty died of ovarian
cancer shortly after their marriage.

All of Brownell’s cases showed loss of
spinal motor neurons, but pyramidal tract
abnormalities were variable, with a number
lacking any abnormalities. This resulted in
her preference of ‘motor neurone disease’,
since it applies to degeneration of either
lower or upper motor neurons, or both.
Furthermore, there was inconsistency in
the severity of myelin pallor seen in the
descending motor tracts at different spinal
levels (cervical vs thoracic vs lumbar).
Given this she was unable to conclude

the currently increasing acceptance of
a primary ‘corticofugal’ process in the
pathogenesis of ALS.”

She recognised ALS to be a multisystem
degeneration extending beyond upper and
lower motor neurons, and considered it
was a ‘prominent band’ in a wide spectrum
of subacute and chronic multiple system
atrophies. She identified variable involve-
ment of the basal ganglia. Dysfunction
of frontostriatal networks likely contributes
to ALS-neuropsychological impairment,
dominated by executive dysfunction, apathy
and deficits in social cognition, all promi-
nent in ALS-FTD.

Brownell also identified callosal involve-
ment in a number of her cases. In fact, this is
is a consistent feature of ALS and is indepen-
dent of clinical upper motor neuron deficits.
It may reflect independent bilateral cortical
involvement or interhemispheric spread of
pathology. There is a predominantly rostral
corticospinal  tract involvement, which
further supports the concept of independent
cortical degeneration.”

Her study did not make note of cere-
bellar involvement or its connections;
however, ubiquitinated forms of TDP-43
and ubiquitinated p62-positive inclusions
are frequently observed in the cerebellum
of ALS, and functional MRI, voxel-
based morphometry and diffusion-tensor
imaging have shown functional and

structural cerebellar abnormalities. Cere-
bellar involvement occurs particularly in
ALS-FTD overlap.

Figure 1
its own right in the UK.
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In terms of pathogenesis, Brownell
questioned whether classic motor
neuron disease may be part of a spec-
trum of disorders including transmis-
sible spongiform encephalopathies,
typified by Jakob-Creutzfeldt disease in
which the infectious agent consists of
aggregates of misfolded prion protein
(PrP). In more than 95% of familial and
sporadic ALS, there is deposition of
insoluble aggregated, phosphorylated
and cleaved TDP-43 protein, acting as
a misfolded ‘prion-like’ protein with
spreading of toxic aggregates between
cells.” Remarkably, TDP-43 lesions
develop only in structures that are
under the direct control of corticofugal
projections, supporting the idea that
the driving force behind the origins
of the TDP-43 pathology must reside
in the cerebral cortex itself, beginning
in the neocortical motor fields, and
mediated via corticofugal axons with
possible anterograde transport of toxic
TDP-43 molecules.

Brownell’s much cited paper was
published 2 years after I was appointed
to the Staff of the Montreal Neurological

Institute  (MNI), McGill University,
where I started its first electromyography
(EMG) laboratory. Motor neuron disease
was then a low priority at the Montreal
Neurological Institute (MNI), partly
because of the dominance of epilepsy
that Wilder Penfield had fostered, but
maybe also because of the uniformly fatal
outcome of ALS. At the time (1970) EMG
laboratories were entirely lower motor
neuron-centric, so it is surprising that
Brownell so keenly recognised the impor-
tance of the brain in ALS when few others
did, and in this we are ‘kindred spirits’.
My own explorations regarding ALS and
the motor cortex go back 30 years, and I
remain firmly of the opinion that ALS is
a unique disorder primarily affecting the
human brain.
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