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1 | BACKGROUND

Alzheimer’s disease (AD) is the most prevalent neurodegenerative dis-
order and the most common cause of dementia worldwide. Although
the most common presentation of AD is amnestic dementia,2 some
patients develop motor syndromes such as spastic paraparesis (SP)3 or
primary lateral sclerosis (PLS),* which are far less well understood.

Neurodegenerative disorders such as SP and PLS are characterized
by an insidious onset of upper motor neuron dysfunction without clin-
ical signs of lower motor neuron involvement.> Patients experience
stiffness, decreased balance and coordination, as well as progressive
lower limb weakness, which are followed by difficulty speaking, swal-
lowing, and emotional lability if the bulbar region is involved. The
diagnosis is based on clinical history, typical examination findings, and
diagnostic testing that is negative for other causes of upper motor
neuron dysfunction.®

In the early stages, SP and PLS are difficult to differentiate, but as
the illness evolves, SP is usually restricted to the legs, whereas PLS can
affect both upper and lower limbs, even compromising speaking and
swallowing. The lack of vibratory sensation and foot deformities is sug-
gestive of SP,” whereas asymmetrical symptoms are more predictive
of PLS. In addition, clinicians often also rely on a positive family his-
tory to favor a diagnosis of SP® and rarely order genetic testing when
suspecting PLS, given its sporadic nature.’

SP has been documented widely as one of the atypical AD syn-
dromes that occurs in carriers of pathogenic variants of presenilin 1
(PSEN1),10 whereas there is only scarce evidence for PSEN1 pathogenic
variants manifesting as PLS. A previous study by Vasquez-Costa
reported two families with PSEN1 Pro88Leu and PSEN1 Leul66Pro
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DISCUSSION: Our findings suggest an overlap between PLS and AD pathology in
PSEN1 variant carriers. Results support considering PLS when diagnosing AD-related
motor syndromes and including PSEN1 evaluation when performing genetic testing
for PLS. The study highlights the need for further research to clarify the PLS-AD

relationship, informing future treatments and clinical trials.

autosomal dominant Alzheimer’s disease, cotton wool plaques, neuropathology, primary lateral
sclerosis, PSEN1, spastic paraparesis

* Pathogenic variants in presenilin 1 (PSEN1) can manifest as hereditary primary

* PSEN1 Pro284Leu carriers present motor, cognitive, and behavioral alterations

» Cases had corticospinal tract microgliosis and severe AS pathology in motor cortex
* There was no evidence of amyloid deposition in the spinal cord white matter

* All the neuropathology images are available for online visualization

* Myelin pallor in the spinal cord is confined to the lateral corticospinal tracts

presenting with PLS.2! However, none of the described individuals had
neuropathological assessment. Here, we present the clinical character-
ization of three members of a family that carry the pathogenic PSEN1
variant Pro284Leu and manifests as PLS, and we include extensive
neuropathologic data for two of them.

2 | METHODS

This family was identified by the Neuroscience Group of Antioquia
(GNA) in a previous study.’2 All the participants or their legally autho-
rized proxies signed an informed consent approved by the institutional
review board (IRB) of the Medical Research Institute, Universidad de
Antioquia.

2.1 | Clinical evaluation

All the individuals had an extensive neurological and neuropsychologi-
cal evaluation with population-validated batteries (see Supplementary
methods). The pedigree reconstruction was done by patient and family

member interviews during the medical assessment.

2.2 | Laboratory tests

All the subjects were tested for vitamin B12 serum levels, syphilis
(Venereal Disease Research Laboratory [VDRL]), free thyroxine (T4),
thyroid-stimulating hormone (TSH), antinuclear antibodies (ANAs),
and human immunodeficiency virus (HIV).
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2.3 | Neuroimaging

Magnetic resonance imaging (MRI) of the brain and spinal cord were
done on a 3T Siemens Skyra machine (Erlangen, Germany). Brain imag-
ing included axial and coronal T2-weighted spin echo (SE) images,
axial fluid-attenuated inversion recovery (FLAIR), three-dimensional
(3D) T1-weighted magnetization-prepared rapid gradient-echo imag-
ing (MPRAGE), axial susceptibility weighted imaging (SWI), and axial
diffusion MR sequence. Cervical and thoracic spinal cord sequences
included axial and sagittal 2D T1 and T2-weighted fast spin echo (FSE)

sequences and axial T2*-weighted multi-gradient echo (GRE).

2.4 | Cerebrospinal fluid biomarkers

Cerebrospinal fluid (CSF) was obtained from all three cases and
amyloid beta (AB) 1-42, tau protein (t-tau), and phosphorylated-tau
(p-tau)_protein levels were measured using the Lumipulse G chemilu-
minescent enzyme immunoassay (CLEIA) on the LUMIPULSE G600II

benchtop analyzer (Fujirebio Inc).

2.5 | Electrophysiology

Nerve conduction studies and electromyography were performed with
a Cadwell Sierra Wave machine focusing on representative muscles of
the bulbar, cervical, and lumbar segments. Nerve conduction studies
were performed with the recommended standard technique, evaluat-
ing sensory and motor responses in the median, ulnar, peroneal, and
tibial nerves.

2.6 | Genetic sequencing

Whole genome sequences from the siblings were obtained and
screened for pathogenic variants in genes associated with adult-onset
dementia or motor neuron diseases. Target genes including those in
the following the Online Mendelian Inheritance in Man (OMIM) phe-
notypic series and phenotypes; spastic paraplegia [MIM:PS303350],
frontotemporal dementia, and/or amyotrophic lateral sclerosis
[MIM:PS105550, MIM:PS167320, MIM:PS105400];
disease [MIM:PS168600], and Alzheimer’s disease [MIM:104300,
MIM:607822, MIM:606889] as described in Acosta-Uribe, et al.12
Participants were also genotyped for PSEN1 NM_000021.4c.851C>T
p.Pro284Leu (rs63750863) through Sanger sequencing.

Parkinson

2.7 | Neuropathological study

After the deaths of two of the three patients, the family autho-
rized the donation of their brains for autopsy studies and signed the
informed consent approved by the IRB. Brains were extracted follow-

ing standard protocols. Extensive brain examination and staining were

RESEARCH IN CONTEXT

1. Systematic review: Authors reviewed the literature for

» o«

“PSEN1,” “primary lateral sclerosis (PLS),” “spastic para-
paresis (SP),” and “neuropathology.” It is worth noting that
although the association between SP, cotton wool plaques
(CWPs), and Alzheimer’s disease (AD) is well-established,
the documentation of PLS as a manifestation of genetic
AD, and its neuropathological characterization, remains
scarce.

2. Interpretation: The evidence suggests that PLS may rep-
resent a motor phenotype of AD and recommends testing
for pathogenic variants in presenilin 1 (PSEN1) in cases
of hereditary PLS. Neuropathological findings highlight
the association of CWPs with AD motor phenotypes,
regardless of TAR DNA-binding protein 43 (TDP-43)
accumulation or Lewy body presence.

3. Future directions: The mechanisms linking amyloid beta
accumulation, CWP, and myelin degeneration observed
in SP and PLS are yet to be clarified. Future research on
brain tissues across PSEN1 variants is crucial for uncov-
ering the pathways that contribute to the AD motor
phenotype.

done. Tissue was stained with hematoxylin and eosin (H&E), Luxol fast
blue/periodic acid Schiff (LFB/PAS), and immunohistochemical (IHC)
stains for Ag (BAM-10), p-tau (AT8), and TAR DNA-binding protein 43
TDP-43 (phospho Ser409/410). Automated immunostaining was per-
formed with a Ventana Benchmark GX system (Roche) according to the
manufacturer’s instructions [see Supplementary methods]. Additional
automated IHC staining for phosphorylated neurofilament (SMI-31)
was performed on sections of the spinal cord using a Bond RX system

(Leica).

3 | RESULTS

3.1 | Case 1 (index case)

A 40-year-old woman experienced lower limb weakness, initially
affecting her left side, which caused her to drag her foot while walk-
ing. This condition began at the age of 37 and was soon accompanied
by slurred speech and impaired balance. By the time of her ini-
tial assessment, she also exhibited symptoms of depression and had
significant memory complaints. Neurological examination identified
mild dysarthria, spastic quadriparesis, and hyperreflexia, with greater
involvement of the left lower limb. No fasciculations were observed.
MRI of the brain and spine, as well as electromyography and nerve
conduction studies, were reported as normal. Neuropsychological eval-

uation highlighted normal attention and executive functioning but
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TABLE 1 Clinical and paraclinical findings in evaluated cases.

Case 1

Age at onset of specific symptoms, years

Age at first symptom 37
Difficulty walking 37
Dysarthria 37.5
Spastic paraparesis 40
Cognitive symptoms 40
Behavioral symptoms 40
Dysphagia 42
Pseudobulbar affect 42
Spastic Quadriparesis 43
Urinary incontinence 43
Age at death 46
Clinical evaluation

Clonus +
Babinski A
Facial palsy +
Sensitivity Normal

Fasciculations

Paraclinical tests

Not present

APOE €3/e3

EMG and NCV Normal

MRI brain Global atrophy with white
matter hyperintensities

MRI spine Cervicodorsal atrophy

NIA/AA ABC score

A3,B3,C3

Alzheimer’s &Dementia® | s
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Case 2 Case 3

32 27

32 36

34 36

36 Not present at last evaluation
36 31

37 27

37 Not present at last evaluation
37 Not present at last evaluation
39 Not present at last evaluation
39 Not present at last evaluation
40 Alive, 37 years old

+ Not present at last evaluation
+ +

+ Not present at last evaluation
Normal Normal

Not present

€3/e3
Normal

Global atrophy with white
matter hyperintensities

Cervicodorsal atrophy

A3,B3,C3

Not present at last evaluation

€3/e3
Not performed

Small non-confluent white
matter hyperintensities

Normal

Not applicable

Notes: EMG and NCV, electromyography and nerve conduction velocity in the four extremities. MRI, Magnetic resonance imaging.
NIA/AA ABC, National Institute on Aging (NIA) in collaboration with the Alzheimer’s Association (AA) neuropathologic assessment score. ABC is in relation to:

«

Thal phases of amyloid beta (AB) deposition (“A”), Braak staging for neurofibrillary degeneration (“B”), and Consortium to Establish a Registry for Alzheimer’s

»

Disease (CERAD) neuritic plaque score (“C”").

revealed deficits in controlled learning, language skills, and construc-
tional praxis, meeting the criteria for mild cognitive impairment (MCI)
(Tables 1 and S1). The patient had a family history of an autosomal
dominant form of neurodegeneration (Figure 1) but had never under-
gone genetic testing. Whole genome sequencing was performed and
screened for pathogenic variants in genes associated with adult-onset
dementia or motor neuron diseases. The patient was found to be a
carrier of the PSEN1 pathogenic variant Pro284Leu (rs63750863). No
other pathogenic variants were identified in the candidate genes (see
genetic sequencing methods).

By age 43, the patient’s condition had progressed, necessitating the
use of a walker for ambulation due to severe spastic quadriparesis, now
more pronounced on the right side. She also exhibited corticobulbar
dysfunction, dysphagia, and pseudobulbar affect. She maintained the
ability to perform tasks with her hands, such as eating with a spoon.

The patient lost the ability to walk at the age of 44, requiring
wheelchair use. She developed urinary and fecal incontinence and lost
the ability to perform motor tasks with her hands, becoming dependent

for dressing and bathing. In addition, the patient had a compromise
of facial musculature, leading to anarthria, sialorrhea, and facial pare-
sis. There were no fasciculations or sensory function impairment. Eye
movements remained normal, with adequate saccades and no compro-
mise of upward or downward gaze. A neuropsychological examination
could not be conducted, as the patient was unable to understand simple
commands.

By 45, the patient became completely dependent on all basic activ-
ities of daily living (ADLs), experienced severe dysphagia, and could
not track objects with her eyes. Brain MRI revealed moderate general-
ized atrophy, with cortical volume loss and widening of peripheral sulci.
Multiple hyperintensities were observed in subcortical and periven-
tricular white matter, classified as Fazekas scale grade 2-3 on axial
FLAIR images. SWI sequence identified multiple subcortical microb-
leeds. In addition, significant loss of brainstem volume was noted,
predominantly affecting the midbrain and pons (Figure 2A). The cervi-
cal and thoracic spinal cord showed atrophy, with annular disruptions
and hyperintensity of the posterolateral columns.
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FIGURE 1

Pedigree of the family. The diagram represents the extended family using the standardized human pedigree nomenclature. Circles

represent females, squares represent males. AAO, age at onset; AAD, age at death.

The patient died at the age of 46 due to sepsis secondary to broncho-
aspiration. Her brain was donated following ethical guidelines.

3.2 | Case2

A male sibling of the index case, presented with progressive asymmet-
ric lower limb spasticity, dysarthria, and hypophonia starting at age 32.
At 34, during his first neurological evaluation, he exhibited hypomet-
ric saccades, left facial palsy, an exaggerated palmomental reflex, and
emotional incontinence. Muscle strength was normal across all limbs,
but presented generalized hyperreflexia and spasticity. Babinski’s sign
was positive on both sides. There were no fasciculations, atrophy, or
sensory impairments. He was a PSEN1 Pro284Leu carrier as well and
did not have any other pathogenic variant in a gene associated with the
phenotype.

By 36, the patient required a walker for ambulation but remained
independentin all ADLs. He reported mild forgetfulness and occasional
anomia. Neurological examination revealed sialorrhea, pseudobulbar
affect, scissor gait, bilateral patellar clonus, and an inexhaustible
glabellar reflex, without sensory impairment or fasciculations. Brain
MRI indicated mild involutional changes, peripheral sulci widening,
and subcortical hyperintensities, especially in the superior frontal
lobe (Fazekas scale grade 2) (Figure 2G,H). Cervical spinal cord T2
images showed mild volume loss and subtle posterolateral column
hyperintensity (Figure 2F).

At 37, he lost the capability to walk and developed spastic quadri-
paresis, leading to complete dependence for ADLs. Significant mood
alterations and aggressive behaviors were noted. A comprehensive
neuropsychological assessment identified anterograde amnesia, atten-
tional deficits, executive dysfunction, constructional apraxia, and lexi-
cal access difficulties. These cognitive and functional impairments led
to a diagnosis of mild dementia (Tables 1 and S1).

He died at 40 from pulmonary infection complications. His brain was

donated following ethical guidelines.

33 | Case3

A male sibling of Cases 1 and 2 was included in the current study. He
had no motor symptoms but was identified as a carrier of the PSEN1
Pro284Leu variant. At his initial evaluation at 31, he reported a decline
in episodic memory over the previous year. Following a traumatic brain
injury, the family observed personality changes, including disruptive
behavior, childish speech, inappropriate laughter, and an inability to
manage his finances. Although these behavioral symptoms remained
stable, his memory continued to decline. His medical and neurological
examinations were normal.

Neuropsychological assessment revealed normal attention, execu-
tive function, and lexical access capabilities. However, his performance
was below the age and schooling expectations in episodic memory,
controlled learning, and constructional praxis. Despite retaining full
independence in ADLs the patient met the criteria for MCI (Tables 1
and S1). At the age of 35, brain MRI identified a few small, non-
confluent signal hyperintensities in the white matter (Fazekas grade 1).
The brainstem was morphologically normal with proper signal inten-
sity, but showed signal hyperintensity and gliosis in the straight gyrus,
likely a result of his traumatic brain injury history (Figure 2K). By the
age of 36, the participant began experiencing asymmetric gait difficul-
ties, pronounced weakness in the lower right limb, and a wide-based
gait. At the same time, his healthy relatives noticed a worsening of his
episodic memory and slurred speech.

3.4 | Neuropathological findings

34.1 | Case 1 (index case)

The brain weighed 1039 g and exhibited generalized gyral atrophy,
particularly in the frontoparietal regions. Sections of the cerebral hemi-
spheres showed slight dilation of the lateral ventricles and a moderate

reduction in the size of the hippocampi. There was moderate thinning
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FIGURE 2 MRl of Case 1. (A) Sagittal T1 sequence showing generalized atrophy and loss of brainstem volume. (B-D) Axial flair sequence
showing subcortical and periventricular white matter hyperintensities at three different levels. Magnetic resonance imaging (MRI) of Case 2. (E)
Sagittal T1 showing atrophy. (F) Axial T2 images of cervical spinal cord showing posterolateral column hyperintensity. (G,H) Axial fluid-attenuated
inversion recovery (FLAIR) images showing peripheral sulci widening, and subcortical hyperintensities. MRI of Case 3. (I-L) Axial FLAIR images at
different levels evidence small white matter hyperintensities and gliosis in the straight gyrus.

of the cerebral cortex throughout. The substantia nigra displayed slight
depigmentation, whereas the locus coeruleus had normal pigmenta-
tion. There was a reduction in cerebellar white matter, although the
folia and vermis remained normal. The spinal cord, especially in the
cervical region, showed a slight reduction in caliber.

Light microscopy demonstrated abundant p-tau (AT8) immunore-
activity in the form of neurofibrillary tangles (NFTs), neuritic plaques

(NPs), and neuropil threads (NTs) in the hippocampus, neocortex

(including primary motor cortex) (Figures 3 and 4), and a portion of the
calcarine cortex, corresponding to Braak stage VI and the Consortium
to Establish a Registry for Alzheimer’s Disease (CERAD) plaque grade
“frequent.” This pathology was also present in the striatum. AS cotton
wool plaques (CWPs) were abundant in the hippocampus, neocortex
(including the primary motor cortex) (Figures 3 and 4), and striatum,
mirroring the distribution of p-tau immunoreactive NP, as well as amy-

loid angiopathy. AB plaques and angiopathy were also observed in the
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FIGURE 3

(A) Hippocampus stained with hematoxylin and eosin (H&E). Black arrows show the cotton wool plaques displacing neurons in the

pyramidal cell layer; scale bar 200 um. (B) Amyloid beta (Af) immunohistochemical staining of hippocampus section displayed in A; scale bar 200
um. (C) Cross section of spinal cord of Case 2 demonstrating decreased Luxol fast blue staining for myelin in the lateral corticospinal tracts; scale

bar 1 mm.

cerebellar gray matter (Thal stage 5) and the gray matter of the spinal
cord (Figures S1 and S2). The density of tangles, plaques, and dys-
trophic neurites was similar between the primary motor cortex and
the non-motor cortical areas examined. The ABC score was A3 B3
C3, corresponding to “high-level AD neuropathologic change” accord-
ing to the 2012 National Institute on Aging/Alzheimer’s Association
(NIA/AA) guidelines. There was no tau immunoreactivity in sections of
the spinal cord.

LFB/PAS myelin staining demonstrated myelin pallor in the lateral
corticospinal tracts at cervical, thoracic, and lumbar levels of the spinal
cord (Figure 3); there was also slight myelin pallor in the midportion
of the cerebral peduncle, corresponding to the location of the cor-
ticospinal tract. Phosphorylated neurofilament staining of the spinal
cord demonstrated a slight decrease in the density of staining in the

lateral corticospinal tracts (Figures S1 and S2).

No Lewy bodies, a-synuclein, or TDP-43 immunoreactivity was
observed in the motor cortex, medulla, or spinal anterior horn. Bunina
bodies were not observed in spinal cord sections.3-15

3.4.2 | Case 2 (sibling of index case)

The brainweighed 1143 g and displayed moderate generalized atrophy,
most notably in the fronto-parietotemporal regions. Sections of the
cerebral hemispheres showed moderate dilation of the lateral ventri-
cles and moderate hippocampal atrophy. The cerebral cortex exhibited
slight thinning across its extent. The caudate nucleus was slightly
diminished in size. Both the substantia nigra and locus coeruleus had
moderate depigmentation. The cerebellar folia, dentate nucleus, and

white matter were reduced in size. The spinal cord was grossly normal.
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FIGURE 4 Amyloid beta (AB) and tau deposition in primary motor cortex of Cases 1 and 2. Low- (A), medium- (B), and high- (C) power views of
ABimmunohistochemical staining demonstrating frequent neocortical amyloid plaques from Case 1. Low- (G), medium- (H), and high- (1) power
views of AB immunohistochemical staining demonstrating frequent neocortical amyloid plaques from Case 2. Low- (D), medium- (E), and high- (F)
power views of -tau immunohistochemical staining demonstrating frequent neocortical neuritic plaques, neurofibrillary tangles, and dystrophic
neurites from Case 1. Low- (J), medium- (K), and high- (L) power views of p-tau immunohistochemical staining demonstrating frequent neocortical
neuritic plaques, neurofibrillary tangles, and dystrophic neurites from Case 2. (A, D, G, J) Scale bar 2 mm. (B, E, H, K) Scale bar 200 um. (C, F, I, L)
Scale bar 50 pym.
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Light microscopy demonstrated abundant p-tau immunoreactive
NFTs, NPs, and NTs in the hippocampus and neocortex (including
primary motor cortex), corresponding to Braak stage VI and CERAD
plaque grade “frequent.” This pathology extended to the striatum
and midbrain tegmentum. In addition, there were abundant CWPs
in the hippocampus, neocortex (including the primary motor cortex)
(Figure 4), and striatum, mirroring the distribution of p-tau immunore-
active NPs, alongside amyloid angiopathy. A8 plaques and amyloid
angiopathy were also present in the midbrain tegmentum, in the gray
matter of the cerebellum (Thal stage 5), and in the gray matter of the
spinal cord. The density of tangles, plaques, and dystrophic neurites
was similar between the primary motor cortex and the non-motor
cortical areas examined. The ABC score was A3 B3 C3, corresponding
to “high-level AD neuropathologic change” by 2012 NIA/AA guide-
lines. There was no tau immunoreactivity in sections of the spinal
cord.

LFB/PAS staining showed myelin pallor in the lateral corticospinal
tracts at the cervical, thoracic, and lumbar levels of the spinal cord;
slight pallor was also noted in the medullary pyramid. Phosphorylated
neurofilament staining of the spinal cord revealed only a faint decrease
in the density of staining in the lateral corticospinal tracts (Figures S1
and S2).

No Lewy bodies, a-synuclein, or TDP-43 immunoreactivity was
observed in the motor cortex, medulla, or spinal anterior horn. Bunina

bodies were not observed in spinal cord sections

4 | DISCUSSION

In this study, we explored the clinical and neuropathological char-
acteristics of a Colombian family exhibiting a PLS phenotype linked
to the PSEN1 Pro284Leu variant. Our findings provide a compelling
link between AD, CWP, and upper motor neuron syndrome in these
subjects.

The association of AD, CWP, and SP has been discussed widely
following the initial report by Crook et al.’® Subsequent documen-
tation by Tabira et al.}” detailed five Japanese patients with SP and
CWP, including an individual carrying the PSEN1 Pro284Leu variant.
More recently, other PSEN1 variants (Pro88Leu and Leu166Pro) were
identified in association with PLS.11

The clinical manifestations in this family more closely resemble
those of PLS rather than SP. Their symptoms initially present unilater-
ally and involve bulbar and pseudobulbar syndromes from the outset.
They experience loss of strength in both lower and upper extremi-
ties, cognitive decline, and behavioral alterations. However, there are
no gaze abnormalities, signs of parkinsonism, or lower motor neuron
involvement to suggest progressive supranuclear palsy (PSP) or amy-
otrophic lateral sclerosis (ALS). Thus our patients meet the criteria for
defined PLS (age >25 years, symptoms of progressive upper motor
neuron (UMN) disease for at least 2 years in at least two of the three
regions: lower extremity, upper extremity, and bulbar; and absence of
significant active lower motor neuron degeneration 4 or more years

from symptom onset).

Memory impairment was a common finding across all cases. Cases 1
and 3, diagnosed with MCI, experienced difficulties in memory recall
during controlled learning exercises, indicating potential disruptions
in information storage mechanisms. Case 2, diagnosed with demen-
tia, exhibited extensive deficits in verbal and visual memory along with
other cognitive impairments. All three cases also had trouble with
visuoconstructional tasks.

Although some studies, such as those of Piquard,'® Caselli,? and
De Vries, 20 highlight the influence of executive functions on memory
tasks in non-dementia patients, including those with ALS, our findings
suggest that memory deficits might not stem solely from executive
dysfunction but could also be indicative of direct information storage
issues.2!

CSF levels of amyloid markers (A342 and AB42-40 ratio) in the three
cases were consistent with AD (Table 2). Specifically, Case 2 exhibited
an abnormal increase in CSF p-tau levels, indicating a more extensive
degree of neurodegeneration.

Neuropathological assessment of Cases 1 and 2 revealed signifi-
cant similarities with other PSEN1 SP cases in the existing literature,
including the presence of CWPs, cerebral amyloid angiopathy, and
degeneration of the corticospinal tracts and motor cortex, features
also associated with PLS.1022-25 Although PLS has been observed in
concomitance with PSP, the extensive presence of AS is against it.2%2”

The neuropathological findings in the motor cortex and the lateral
column pallor in these patients point to death or dysfunction of primary
motor cortex neurons resulting in Wallerian degeneration. We do not
believe that the observed condition is due to spinal cord white matter
toxicity from myelin deposits for the following reasons. First, there is no
evidence of amyloid deposition in the spinal cord white matter. Second,
the observed pallor in myelin stains, and in at least one case, the neu-
rofilament stain as well, is confined to the lateral corticospinal tracts.
This indicates an isomorphic pattern, where changes align precisely
with a specific neuroanatomic tract. Furthermore, there is pronounced
involvement of the brain across multiple structures beyond the corti-
cospinal tract, which contrasts with the lesser involvement observed
in various structures of the spinal cord. Given that the burden of tan-
gles in the neocortex is not extreme, whereas the amount of amyloid
deposition (especially in the form of CWPs) is very high, we believe
that the cerebral cortical amyloid burden more than the p-tau burden
is the more likely basis of upper motor neuron dysfunction. A plausible
explanation is that there may be an element of amyloid toxicity caus-
ing neuronal dysfunction without a requirement for significant tangle
formation.

In this study, we examined a Colombian family with PLS and
identified the pathogenic PSEN1 Pro284Leu variant through a com-
bination of clinical assessments, genetic sequencing, neuroimaging,
biomarker analysis, and neuropathological examination. The findings
provide insights into the genetic basis and pathological mechanisms of
PLS associated with PSEN1 variants, underscoring the potential geno-
typic and neuropathological overlap among various neurodegenerative
diseases. We conclude that PLS should be considered as a motor syn-
drome linked to AD, which reinforces the importance of genetic testing

in diagnosing hereditary motor neuron syndromes.?> Future research
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TABLE 2 Biomarkers in cerebrospinal fluid from each of the assessed siblings.

Casel
Age at testing (years) 45
AB 1-42 (pg/mL) 55
ApB 1-42/1-40 ratio 0.02
Total tau (pg/mL) 269
Phosphorylated tau (pg/mL) 54

Abbreviations: A3, amyloid beta; NA, not applicable.

will help understand the nature of the relationship between PLS and
AD, which will be of great relevance, both for identifying therapeutic
targets and for selecting patients for clinical trials that target these

neurodegenerative diseases.
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