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Abstract

Introduction—Our goal was to determine whether symptom progression in primary lateral
sclerosis (PLS) was consistent with disease spread through axonal pathways or contiguous cortical
regions.

Methods—The date of symptom onset in each limb and cranial region was obtained from 45 PLS
patient charts. Each appearance of symptoms in a new body region was classified as Axonal,
Contiguous, Possibly Contiguous, or Unrelated according to whether the somatotopic
representations were adjacent in the cortex.

Results—Of 152 spread events, the first spread event was equally divided between Axonal (22)
and Contiguous (23), but the majority of subsequent spread events were classified as Contiguous.

Discussion—Symptom progression in PLS patients is consistent with disease spread along
axonal tracts and by local cortical spread. Both were equally likely for the first spread event, but
local cortical spread was predominant thereafter, suggesting that late degeneration does not
advance through long axonal tracts.
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Introduction

In amyotrophic lateral sclerosis (ALS) symptoms typically begin in one body region and
progress to other regions, affecting upper and lower motor neurons of the same body
segment.12 Several hypotheses have been proposed to explain how symptoms spread
between upper and lower motor neurons and from one body region to another. Two
competing hypotheses are that degeneration occurs between axonally connected regions and
the more recent hypothesis of a prion-like propagation of misfolded proteins to proximate
cells.2=6 In ALS, the progression of lower motor neuron impairment can sometimes mask
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involvement of upper motor neurons. Primary lateral sclerosis (PLS), a form of motor
neuron disorder that selectively affects upper motor neurons,”+® may present a clearer case to
allow spread patterns within the motor cortex to be examined. Local spreading of misfolded
proteins should produce symptoms in contiguous somatotopic representations of the motor
cortex, whereas spread through axonal connections would produce symptoms in non-
contiguous representations. Our objective was to determine whether patterns of symptom
spread in patients with PLS were consistent with either of these proposed mechanisms, using
natural history data collected on PLS patients in our clinic.

Materials and Methods

Results

We reviewed the charts of 45 patients (27 men, 18 women) who fulfilled the diagnosis of
clinically pure PLS”*8 followed between 2000 and 2013. All patients gave written, informed
consent for an Institutional Review Board approved natural history study (NCT00015444).
The initial site of symptom onset and early progression was determined by patient report and
outside medical records. The timing and location of extremity and cranial symptoms
(dysarthria, dysphagia, brisk gag and jaw jerks) at each visit were documented. In the event
that a patient did not confirm symptoms in a particular segment at the time of the visit, but
upper motor neuron signs were present, the date of the examination was noted as the time of
symptom onset. Each onset of symptoms in a new body segment was termed a “spread
event”. Spread events were classified as Axonal, Contiguous, Possibly Contiguous, or
Unrelated (Supplementary Table 1). Spread of symptoms to the contralateral homologous
limb was classified as Axonal. Spread to somatotopically adjacent regions was classified as
Contiguous. Because cranial exams were not lateralized, spread of symptoms between one
arm and cranial region were classified as Possibly Contiguous, and Contiguous when both
arms were involved. Symptoms beginning simultaneously in two regions, or separated by
more than 10 years, or spreading between cranial regions and legs, skipping the arms were
classified as Unrelated. From each involved region, subsequent spreads were classified as
separate events. When a spread event occurred with more than one region previously
affected, the classification was based on the most recent preceding symptom.

The mean age at symptom onset was 48 years (range 29 — 63 years). Symptoms began in
segments as follows: leg in 35 patients; arm in 2 patients; cranial in 6 patients; leg and arm
in 1 patient; leg and cranial in 1 patient. The total number of spread events was 152. Of the
152 spread events 39 were classified as Axonal, 77 as Contiguous, 6 as Possibly Contiguous,
and 30 as Unrelated. The first spread events were nearly equally divided between Axonal
(23) and Contiguous (22), with one Possibly Contiguous, spread event (Figure 1). Twenty-
two of the Axonal spread events were from one leg to another. Following the initial spread
events, more subsequent events were classified as Contiguous than Axonal. Among second
spread events (S2), there were significantly fewer Axonal than Contiguous spread events (10
vs. 38; p < 0.0001, binomial test), with 2 events classified as Possibly Contiguous and 7
Unrelated. Among third spreads, there were 6 Axonal, 14 Contiguous, and 3 Possibly
Contiguous spreads. Among fourth spreads, there were 3 Contiguous and no Axonal spread
events. Second or third Axonal spread events were more common among patients with first
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Contiguous first spread events than first Axonal spread events (11 vs. 5). Spread between
legs and cranial regions accounted for 18 Unrelated spread events, with 11 occurring in the
rostro-caudal direction®. There was no difference in the time interval for spread in Axonal
and Contiguous events (2.2 vs. 2.4 years; ANOVA, p=0.81).

Discussion

Progressive disability in PLS occurs by the spread of symptoms to new body segments and
by increasing severity of affected regions.? In this study, we found that the pattern of
symptom spread to new body segments in PLS patients was consistent with more than one
mechanism of spread between cortical regions, similar to findings in ALS.210 Although
spread between somatotopically adjacent representations was the most common pattern
overall, the initial spread of symptoms, from first to second affected body region, occurred
with equal frequency to a non-contiguous cortical region. The majority of these first spread
events, from one leg to another, were compatible with transcallosal spread. Spread along
identifiable axonal pathways was much less common later in the disease, suggesting that
later degeneration does not primarily advance through long axonal connections. These
findings are consistent with single motor unit studies that found that cortical and spinal
impairment were correlated at the earliest stages of the disease in ALS, but subsequently
progressed independently in brain and spinal cord!. Reports from several large ALS clinics
also found that an initial focal onset is most frequently followed by local spread, although
distinct phenotypes with different spread patterns can be identified.210.12

There are several limitations of this study. First, the sequence or timing of symptom
progression prior to the first clinic visit is subject to patient recall bias. Secondly, the
patterns of spread depend on complex classification rules. The Axonal classification was
essentially limited to the contralateral limbs, presumed to be connected through the corpus
callosum. Patients with initial symptoms in the legs had fewer possibilities for later axonal
spread. Additionally, we termed the non-contiguous spread between cranial and leg regions
as unrelated, although it could represent spread through local axons. Similarly, contiguous
spread may not require a prion-like direct cell-to-cell propagation, since the mechanism for
local spread could be through short intracortical axonal connections. Nevertheless, our
findings highlight that, within the cortex, degeneration appears to spread over time in PLS
by both routes, as it is thought to do for ALS. Prospective observations will be useful to
confirm the predominance of contiguous spread in later stages of disease progression in
PLS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ALS Amyotrophic lateral sclerosis

ANOVA Analysis of variance

PLS Primary lateral sclerosis
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Figure 1.
Frequency of axonal and contiguous spread events. The first spread events (S1) were

classified as axonal (grey bars) and contiguous (black bars) in equal proportions.
Significantly more second spread events (S2) were classified as contiguous (asterisks,
binomial test, p <0.0001). A small number of third (S3) but no fourth (S4) events were
classified as axonal.

Muscle Nerve. Author manuscript; available in PMC 2015 August 22.



