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Abstract

We present two cases of early-onset Alzheimer's disease due to a novel N135Y mutation in
PSENI. The proband presented with memory and other cognitive symptoms at age 32. Detailed
clinical characterization revealed initial deficits in memory with associated dysarthria, progressing
to involve executive dysfunction, spastic gait, and episodic confusion with polyspike discharges on
long-term electroencephalography. Amyloid- and FDG-PET scans showed typical results of
Alzheimer's disease. By history, the proband's father had developed cognitive symptoms at age 42
and died at age 48. Neuropathological evaluation confirmed Alzheimer's disease, with moderate to
severe amyloid angiopathy. Skeletal muscle showed type 2 fiber— predominant atrophy with pale
central clearing. Genetic testing of the proband revealed an N135Y missense mutation in PSENJ.
This mutation was predicted to be pathogenic by /n silico analysis. Biochemical analysis
confirmed that the mutation caused an increased AB42/AB40 ratio, consistent with other PSENI
mutations and with a loss of presenilin function.
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1. Introduction

Mutations of the presenilin 1 (PSENI) gene on chromosome 14 account for 76.4% of the
known cases of autosomal dominant Alzheimer's disease (ADAD) (Shea et al., 2015; Ryman
etal., 2014). They cause a more aggressive form of ADAD than PSEN2 mutations and APP
mutations/duplications, with earlier age of onset (43.3 + 8 years) and possibly a shorter
duration until death (Shea et al., 2015). Clinically, those with PSENI mutations may exhibit
more prominent aphasia, myoclonus, seizures, spasticity, or cerebellar dysfunction (Miller
and Boeve, 2009; Shea et al., 2015).

The PSENI gene is located on chromosome 14 and consists of 13 exons encoding multiple
protein isoforms through alternative mRNA splicing (Miller and Boeve, 2009). The resulting
PS1 protein has 467 amino acids with nine transmembrane domains. A systematic review of
ADAD suggests a distinction between PSENI mutations before and after codon 200 (Shea et
al., 2015). Patients with PSENZ mutations on the amino side of codon 200 have slightly
earlier onset and are more likely to be affected by seizures and myoclonus than those with
mutations on the carboxy side of codon 200. Patients with PSENI mutations after codon 200
are more likely to be affected by visuospatial impairment and spastic paraparesis (Shea et
al., 2015). However, this distinction has not been observed among participants in the
Dominantly Inherited Alzheimer's Network (DIAN) (Tang et al., in press). Pathologically,
amyloid plaques, neurofibrillary tangles, and amyloid angiopathy are common (Miller and
Boeve, 2009).

The PS1 protein is a critical component of y-secretase, a protease required for p-amyloid
formation from amyloid precursor protein (APP) (De Strooper, 2003). PS1 forms a protein
complex with three other proteins within neuronal membranes: nicastrin, anterior pharynx-
defective 1 (Aph1) and presenilin enhancer 2 (Pen2). The complex has aspartyl protease
activity and cleaves APP within the transmembrane domain, liberating the C-terminal
fragment of APP. It is the final enzymatic step in the production of AB40 and Ap42 (Miller
and Boeve, 2009). /n vitro studies suggest that pathogenic mutations within PSEN increase
the ratio of AB42, which is more amyloidogenic, to Ap40 (Duff et al., 1996; Scheuner et al.,
1996; Kumar-Singh et al., 2006). More than 220 mutations in the PSENI gene have been
identified (Shea et al., 2015). Here, we describe the features of ADAD caused by a PSEN1
mutation that has not been previously reported.

2. Materials and Methods

2.1 Genetic Testing

Genetic testing was performed by Athena Diagnostics (Worcester, MA), with screening for
sequence variants in APP, PSEN1, PSENZ, and for duplication of APP.
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As part of the Dominantly Inherited Alzheimer's Network (DIAN) (NIA # U19 AG032438,
R. J. Bateman, PI) the participant received a high-resolution (1.1 x 1.1 x 1.2 mm voxel) T1-
weighted MPRAGE series acquired in the sagittal direction on a 3T scanner. This structural
MRI acquisition was performed using the Alzheimer's Disease Neuroimaging Initiative
(ADNI) protocol (Jack et al., 2008; Jack et al., 2010). Images were screened for artifacts and
protocol compliance by the ADNI imaging core prior to analysis. Volumetric segmentation
and cortical surface reconstruction was performed using FreeSurfer 5.1 (Fischl, 2012).
Automatic segmentation of subcortical and cortical structures was accomplished using a
probabilistic atlas to assign each voxel an anatomical label (Fischl et al., 2002; Desikan et
al., 2006). A trained rater in the DIAN imaging core visually verified segmentations and
surfaces for accuracy. Structural MRI volumes were adjusted for differences in head size
using a regression approach. A regression was fitted with intracranial volume (ICV) as the
independent variable and the region of interest (ROI) as the dependent variable to obtain “B
weight”. Then a normalization procedure was performed by subtracting the mean ICV of 28
controls from the subject's ICV, multiplying by the “B weight,” and subtracting this total
from the raw regional volume.

All DIAN sites undergo evaluation to ensure their PET scans are in compliance with
common ADNI protocols. All PET images were initially quality controlled by the ADNI
Quality Control team. Amyloid imaging was performed with a bolus injection of
approximately 15 mCi of [11C] PiB. Dynamic imaging acquisition started either at injection
for 70 minutes or 40 minutes post-injection for 30 minutes. The PiB PET data 40 to 70
minutes post-injection was used for analyses. Metabolic imaging with [18F] FDG-PET was
performed with a dynamic acquisition that began 30 minutes after a bolus injection of
approximately 5 mCi of FDG and lasted for 30 minutes. The last 25 minutes of the FDG
scans were used for analyses.

Each PET scan was motion corrected and registered to the same individual's MRI
(Eisenstein et al., 2012; Rowland et al., 2005). PET data were analyzed using a region-of-
interest (ROI) approach (Su et al., 2015; Su et al., 2013) and corrected for partial volume
effects using a regional spread function method (Rousset et al., 1998; Su et al., 2015).
Regional values were converted to standardized uptake value ratios (SUVRS) relative to the
cerebellar cortex.

2.4 Neuropsychological Assessments

As part of the Dominantly Inherited Alzheimer Network (DIAN), three domain-specific
cognitive composites and a global cognitive composite were calculated by averaging z
scores from a battery of 13 standard paper-and-pencil neuropsychological tests. Episodic
memory testing included Logical Memory Immediate Recall and Delayed Recall and Word
List Immediate Recall and Delayed Recall. Language function testing included: Letter
Fluency for the letters “F”, “A”, and “S,” Category Fluency for animals and vegetables, and
the 30-item version of the Boston Naming Test. The working memory portion of testing
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included Digit Span (Forwards and Backwards), the Trail Making Test Parts A and B, and
the Digit Symbol Coding test.

2.5 Biochemistry

7PA2 Chinese hamster ovarian (CHO) cells (Walsh et al., 2005) stably over-expressing
human APP were rapidly thawed from storage in liquid nitrogen using pre-warmed media.
Residual freezing media was exchanged to remove dimethyl sulfoxide after the cells had
been allowed 1-2 hours to adhere to flasks. Colonies were then expanded, trypsinized, and
re-seeded evenly on tissue culture-treated 12-well plates at 1 x 105 cells/well. At
approximately 75% confluency, the cell colonies were transiently transfected with wild-type
PSENI (negative control), N135D PSENI (positive control), and N135Y PSEN1
(experimental) using serum-free media and FUGENE® HD transfection reagent at a 3:1 ratio
of reagent:DNA. PSENI constructs were expressed from an OmicsLink™ CMYV promoter-
based overexpression vector called pReceiver-M02 (©GeneCopoeia). 1 pg of plasmid per
well was sufficient to achieve roughly ~70% transfection efficiency at 48 hours post-
transfection (as estimated by GFP signal at 485 nm excitation). Approximately 48 hours
post-transfection, the media was replaced with a reduced volume of serum-free culture
medium to limit extraneous protein accumulation and to slightly concentrate the secreted
proteins. The 7PA2-conditioned media was collected the following morning and frozen at
—80°C with 1:100 HALT™ protease inhibitor. Cells were maintained in Dulbecco's
Modified Eagle's Medium supplemented with G418 selection antibiotic, penicillin/
streptomycin, L-glutamine, and fetal bovine serum at 37°C in humidified 5% CQO2.

Conditioned media harvested from the transfected cells was collected and assayed for the
relative ratio of Ap42:40 using a two-site sandwich ELISA to measure AB1-42 and Ap1-40
levels (Millipore EZHS-SET).

3. Results

3.1 Case 1: Clinical and Imaging Characterization

A 36-year-old right-handed white woman presented to the Memory Disorders Clinic at the
University of Alabama at Birmingham with the chief complaint of forgetfulness. Her
husband provided the history and stated that he had noticed the insidious onset of memory
problems about four years earlier. At that time, he felt that she was forgetting “little things,”
or would retrieve only parts of memories for recent events, but performed better when her
memory was supported with cues. There was gradual progression and at the time of
presentation he stated that she no longer seemed to benefit from cues and had become more
repetitive. It would not be unusual for them to have the same conversation three times in a
row or for her to write herself more than one identical reminder note. She did not have word-
finding difficulty or problems with single-word comprehension, but he had begun to notice
slurred speech. On a few occasions she had had difficulty finding her way home when
driving. She was still managing some of her instrumental activities of daily living, but he had
taken over the household finances 18 months earlier. She was continuing to drive a car and
had not been involved in any accidents, nor had she received any tickets. However, she was
driving alone less often than before. She was not getting lost in familiar settings and was
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continuing to cook, but he was concerned about her ability to handle meat with sanitary
technique. There was no evidence of hallucinations or delusions, but she was quieter and
sometimes tearful.

Past medical history was significant for By, deficiency secondary to GI surgery.

Family history revealed that her father had died at the age of 48 from dementia and a brain
autopsy had revealed Alzheimer disease (AD) (see Case 2). There were no other known
cases in the family, although the pedigree was fairly small.

She had a high school education and was employed in the service industry, although she was
having some more difficulty with her work duties. She rarely consumed alcohol and never
drank to excess, nor did she use any tobacco products or illicit drugs.

The general examination was unremarkable. She scored 16/30 on the Mini-Mental State
Examination. On the orientation items, she gave only the state correctly. She missed three
points on spelling WORLD backwards and two points on delayed recall. On fluency testing,
she generated lists of 12 animals and 10 F-words in one minute each with no repetitions. She
was able to draw a clock fairly well, placing all the numbers in the correct positions and
arranging the hands correctly to indicate ten minutes past eleven. She performed well with
simple monetary calculations except for stating that ten nickels make one dollar. The cranial
nerves were intact except that speech was slow and mildly dysarthric. Strength, muscle tone
and bulk, coordination, and gait were normal. Sensation was largely unimpaired, except for
apparent difficulty detecting small excursions of the fingers and toes during joint position
sense testing. Reflexes were 3+ throughout. Clonus was noted at both ankles. A slight jaw
jerk and right palmomental sign were elicited.

Previous laboratory studies included a B1o level of 271 pg/ml (normal range 211-911) and
thyroid stimulating hormone level of 0.2 ng/ml (normal range 0.3-5.6). An EEG showed
mild slowing in the theta range. Blood was drawn for a complete blood count, which
revealed mild anemia with a normal mean corpuscular volume and red blood cell
distribution width. An MRI scan of the brain performed three years before presentation to
our clinic revealed minimal cerebral atrophy and minimal deep white matter ischemic
changes, but there were bilateral dilated perivascular spaces in the temporal stems. She and
her husband were in agreement that they preferred for her not to take an acetylcholinesterase
inhibitor at that time. An MRI scan of the cervical spine was done and was normal.

The patient underwent a battery of neuropsychological tests, with the conclusion that there
was a possible cognitive disorder but a concern regarding symptom validity due to
variability in performance on the tests. She appeared “lethargic/tired throughout the
assessment” and “made self-disparaging remarks regarding her performance.” She had
significant deficits in semantic fluency, verbal memory, and executive function (all < 15t
percentile).

The patient returned to the clinic three months later with her husband, who stated that she
continued to repeat questions, but remained independent with her basic ADLs. He stated that
she no longer had the capability to put a complete meal together and had forgotten how to
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cook some things. She was still driving “occasionally” but her husband had mostly taken it
over. Her husband reported that her By, level, checked by her primary care physician, had
increased to a satisfactory level but the exact level was not documented. She had lost seven
pounds but her general exam was otherwise unchanged. She scored 18/30 on the MMSE,
missing eight orientation items, all three recall items, and the drawing of pentagons. Her
clock drawing was more disorganized than at her original visit and the hands pointed to the
wrong numbers. A repeat MRI was requested and compared to the initial scan, with the
observation that during the intervening three years there had been progression of atrophy in
the parietal lobes and hippocampal nuclei. A commercial test for genetic causes of familial
AD was ordered. At that time, there was a high clinical suspicion for early onset Alzheimer's
disease in the setting of her clinical picture and family history.

Genetic testing revealed a novel g.73173630A>T [chr14, hg38] substitution, corresponding
to coding nucleotide 403 in transcript variant 1 of PSEN1(NM_000021.3), causing an
asparagine (N) to tyrosine () substitution at amino acid 135. There were no duplications in
APP or abnormal DNA sequence variants in APPor PSENZ.

After receiving the results of the commercial genetic test, the patient enrolled in the
Dominantly Inherited Alzheimer Network (DIAN) study through which she had a uniform
clinical assessment, neuropsychological testing (Table 1) and quantitative structural,
functional, and amyloid imaging. Structural brain MRI (Fig. 1) showed decreased volume in
the bilateral precuneus, hippocampus, entorhinal, parahippocampal, lateral occipital,
amygdala, supramarginal gyrus, and right bank of the superior temporal sulcus with left
superior temporal and superior frontal volume loss (Supplementary Table 1). FDG-PET
showed decreased metabolism in the bilateral precuneus, posterior cingulate, and lateral
orbitofrontal cortices (Fig. 2). On quantitative analysis, there was unilateral decreased
metabolism in the left inferior temporal, right precentral, right middle temporal, and right
supramarginal cortical areas (Supplementary Table 2). There was a striking degree of
hypermetabolism in the left hippocampus (Supplementary Table 2). A Pittsburgh Compound
B (PiB) amyloid PET (Fig. 3) showed increased PiB standardized uptake value ratio
(SUVR) in the brainstem, striatum, bilateral banks of the superior temporal sulci, inferior
parietal lobes, inferior temporal lobes, lateral occipital lobes, posterior cingulate gyri,
precunei, superior frontal lobes, and superior parietal lobes (Supplementary Table 3). There
were unilateral increases in the left fusiform gyrus, pericalcarine gyrus, superior temporal
lobe, and supramarginal gyrus. PiB uptake was corrected using measurements from the
cerebellum due to atypically high brainstem PiB uptake (SUVR 2.193).

Due to episodic increases in confusion and the hippocampal hypermetabolism on FDG-PET,
the patient underwent long-term video electroencephalogram (EEG) monitoring. She had
mild generalized slowing suggestive of a mild, nonspecific encephalopathy. She also had
frontal spike/polyspike and wave discharges of fluctuating predominance on the right and
left. No seizures were seen, but frontal lobe epilepsy was suspected. An anti-thyroperoxidase
antibody was checked given her history of thyroid cancer and was negative. She was started
on levetiracetam, but was sleepy and more confused on this anticonvulsant and was
transitioned to lamotrigine after two months. Lamotrigine did not produce significant
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drowsiness or confusion and she had no clinically evident seizures upon follow up five
months later.

By age 39, she had spasticity in bilateral upper extremities, with brisk deep tendon reflexes
throughout, sustained clonus at bilateral ankles, and wide-based and scissoring gait. The
motor symptoms had developed progressively since initial evaluation despite repletion of
vitamin B12 deficiency and a normal MRI of the cervical spine. Brief bedside cognitive
testing continued to decline as did her independence performing her basic activities of daily
living.

3.2 Case 2: Neuropathological Characterization

According to his autopsy report, the proband's father had onset of cognitive symptoms at age
42, with rapid onset of a dementia syndrome accompanied by visual and auditory
hallucinations. Although a detailed clinical characterization is not available, he was
clinically diagnosed as AD. He died at the age of 48 years after being in a severe stage of
dementia for the 3 years prior to his death (described as “vegetative” in the autopsy report).
He had a history of a seizure disorder as a child, hypertension, and diabetes mellitus. He had
suffered from aspiration pneumonia on 3 separate occasions leading up to his death.

Per the autopsy report, macroscopic evaluation of the brain revealed striking cerebral
atrophy with a brain weight of 1150 g, frontal and temporal lobe predominant, with some
parietal lobe involvement. There was relative sparing of the superior gyrus of the temporal
lobes. There was striking atrophy of the hippocampus and amygdala while the basal ganglia,
subthalamic nucleus, red nucleus, and substantia nigra were relatively well-preserved. There
was moderate reduction of white matter volume, most prominent in the anterior corpus
callosum and there were mild to moderate dilations of perivascular spaces in the basal
ganglia. In the frontal, temporal, parietal lobes and cingulate gyrus cortex, the number of
neuritic plagues ranged from “moderate” to “frequent” using the Consortium to Establish a
Registry for Alzheimer Disease (CERAD) semi-quantitative terminology (Mirra et al.,
1991). This resulted in a “C” age-related plaque score and in the clinical setting the
neuropathologic probabilistic statement of “definite Alzheimer disease” was based on the
numerous neurofibrillary tangles in the hippocampal formation and the neocortex. The
calcarine cortex also showed scattered tangles and plaques and, in aggregate, a Braak and
Braak stage of V/VI was assigned (Braak and Braak, 1991). No Lewy bodies were noted in
the brainstem, limbic lobe, amygdala, or neocortex.

The patient had mild, patchy atherosclerosis in scattered vessels with a maximum stenosis of
5-10%. Mild to moderate arteriosclerosis of cerebral arteries and dilation of perivascular
spaces in the basal ganglia and thalamus, as is seen in the setting of hypertension, were
identified. There was moderate to severe amyloid deposition within subarachnoid and
cerebral cortical arteries which was diagnostic of moderate to severe congophilic amyloid
angiopathy using the Vonsattel grading scheme (Vonsattel et al., 1991). Mild hypoxic
changes were noted in neurons in various cortical, hippocampal, and cerebellar sections,
consistent with terminal hypoxia. There was no cerebral dysplasia or heterotopia or evidence
of previous meningitis that would explain the patient's history of childhood seizures.
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The skeletal muscle was symmetrically atrophied. The right quadriceps muscle was biopsied
and showed type 2 fiber predominance greater than is usual for this muscle. No fiber type
grouping or grouped atrophy was noted. His type 2 atrophy was consistent with his history
of disuse. There were very thin aggregates of granular material noted on H&E and trichrome
staining that resembled rimmed vacuoles lacking the vacuolated appearance in the center.
The centers of these aggregates were pale and lacked inflammation as is seen in inclusion
body myositis. Peripheral nerves showed very mild reduction in the number of myelinated
axons, consistent with that seen commonly in adults.

3.3 Biochemical Characterization of N135Y

The N135Y variant in PSEN has not been reported in published studies or in ClinVar.
However, N135 is homologous to N141 in PS2, the site of the classical PSEN2 mutation
identified in Volga German kindreds (Levy-Lahad et al., 1995). N135D and N135S
mutations at the same residue in PSENI mutation have been identified in other AD kindreds
(Crook et al., 1997; Rudzinski et al., 2008). The nucleotide variant underlying the N135Y
mutation has a CADD (v1.3) score of 27.7, which places its damage ranking in the top 0.2%
of all possible variants in the genome (Kircher et al., 2014). Other tools, such as PolyPhen-2
(Adzhubei et al., 2010) and PROVEAN (Choi et al., 2012), also suggested a high likelihood
that the N135Y mutation would be pathogenic.

To determine the effects of N135Y on PS1 function, we expressed this mutant in cultured
cells stably expressing human APP. AD-associated mutations in PSENI cause a loss of
function that selectively affects production of Ap40 relative to AB42, resulting in an increase
in Ap42/AB40 ratio (Chavez-Gutiérrez et al., 2012, De Strooper, 2007, Xia et al., 2015). We
observed this expected effect with N135D PS1, which had lower AB40 production and a
higher Ap42/AB40 ratio than wild-type presenilin (Fig. 4). Consistent with its predicted
pathogenicity, N135Y had indistinguishable effects from N135D (Fig. 4). We evaluated this
mutation according to a decision tree developed for assessing pathogenicity of mutations
hypothesized to cause AD (Guerreiro, 2010). Based on this decision tree, we conclude that
N135Y is definitely pathogenic, citing (1) our evidence of early-onset AD in two related
individuals, (2) previous reports of early-onset AD due to two other mutations at N135, (3)
conservation of N135 between PSENI and PSENZ, with pathogenic mutations described at
the homologous site in PSENZ, (4) the observation that N135 lines up with the loci of other
pathogenic mutations in the second transmembrane domain of presenilin (Hardy and Crook,
2001), and (5) the effect of N135Y on Ap42/AB40 ratio, which is similar to that seen in
other PSENI mutations.

4. Discussion

This is the first report of the clinical syndrome associated with a N135Y mutation in the
PSENI gene. The cases we identified developed AD in their 30s—40s associated with
spasticity, hippocampal hyperexcitability, and epileptiform discharges. Differences in age at
onset of 10 years among individuals with the same mutation are not common, but do occur
(Ryman et al., 2014), and may result from the contribution of other genes to overall
dementia risk (Lalli et al., 2015). Due to the limited pedigree and the proband's co-
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morbidities, it is not possible to say with certainty which of her clinical and imaging features
are due to a direct effect of the mutation.

The proband developed progressive spasticity, with early dysarthria and eventual paraparesis
and gait disorder. Although her history of gastric bypass and By, deficiency could suggest an
alternative explanation for her spasticity, continued progression of the spastic gait despite
adequate repletion of By, suggests that the mutation is a contributing factor. Spasticity has
been described in many kindreds with ASEN mutations and seems to be a unique feature as
it is rare in patients with PSEN2 mutations, APP mutations or duplications, or sporadic AD
(Shea et al., 2015). The cause of spasticity may be due to age of onset, mutation effect,
distribution of pathology (e.g., atypically high deposition of amyloid in brainstem), or other
factors. Although a higher prevalence of spasticity among individuals with mutations after
codon 200 has been reported in the literature, a more recent study of the DIAN cohort
suggests little difference in spasticity prevalence between mutations pre and post codon 200
(Tang et al., in press).

Hyperexcitability is another interesting feature of the clinical case. The proband had very
strong hyperactivity of the left hippocampus on FDG-PET (the left hippocampus was more
atrophic on structural imaging). She also had fluctuating confusion that, along with the
imaging finding, prompted video-EEG telemetry monitoring. This demonstrated
epileptiform activity in both frontal lobes. Hyperexcitability has been described in both
sporadic and autosomal dominantly inherited AD, more commonly in the latter (Palop and
Mucke, 2009). The observation of epileptiform activity without overt seizures raises the
question of whether routine EEG screening may have value in patients with EOAD and
whether hyperexcitability or seizures are more common with some mutations than others. In
the case we describe, it is not clear whether use of anticonvulsants benefited the patient in
terms of cognition or rate of functional decline, but these questions may be addressed in
future clinical trials.

The patient's father's abnormal skeletal muscle findings suggest a possible variant of
inclusion body myositis (IBM) without the typical inflammatory changes. A PSEN1
mutation mouse model also developed histopathological features in skeletal muscle
resembling IBM including centric nuclei, intracellular accumulation of A peptide, and
enhanced inflammation around affected muscle fibers (Kitazawa et al., 2006). Muscle
pathology in AD has been understudied and represents a future research need.

AD-causing mutations in PSENI are spread throughout the protein, particularly in regions
that code for the transmembrane domains of the protein. N135 is in the second
transmembrane (TM2) domain of PS1, near the interface with the extracellular/luminal side
of the membrane. Many other PSENI mutations map to TM2, including common mutations
at M146, identified in the original reports of PSENI mutations (Sherrington et al., 1995),
and other mutations at PSENI N135, including N135D and N135S (Crook et al., 1997;
Rudzinski et al., 2008). Of note, N135D represents a transition from a polar asparagine
residue to a charged (acidic) aspartate residue. Such changes between amino acid categories
are often pathogenic. However, the two other mutations described at this site (N135Y and
N135S), both substitute other polar residues for the asparagine. This finding indicates that
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changes within amino acid categories remain pathogenic, and suggests that the asparagine
itself may be critical to normal presenilin-1 function. N135 is homologous to N141 in PS2,
which is the site of the mutation identified in the original Volga Germans with PSEN2
mutations (Levy-Lahad et al., 1995). Our biochemical analysis indicates that N135Y has
effects on AP production consistent with those previously described for other pathogenic
AD-causing mutations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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. We report a father and daughter with a previously undescribed
presenilin-1 mutation

. The proband had a memory disorder with spastic gait and polyspike
discharges on EEG

. The father had autopsy-confirmed Alzheimer's disease

. Biochemical analysis confirmed an increase in AB42/Ap40 ratio due to
the mutation
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Fig. 1.
Structural MRI for Case 1 depicting substantial atrophy throughout cortical and subcortical

regions.
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Amyloid Deposition

Fig. 2.
PiB-PET image for Case 1 depicting elevated amyloid deposition in the precuneus, medial

prefrontal cortex, bilateral parietal cortex, as well as the basal ganglia and brainstem. Values
represent SUVRs relative to cerebellar grey
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FDG-PET for Case 1 depicting metabolism across the cortex at baseline and annual follow-
up one and two years later. There is progressive hypometabolism in the precuneus, which is
typical for ADAD mutation carriers as the disease progresses. Of particular note is elevated

metabolism in the left hippocampus relative to the right throughout the course. Values
represent SUVRs relative to cerebellar gray.
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Fig 4.

Biochemical characterization of N135Y PS1. Wild-type, N135Y, and N135D PS1 were
expressed in cells stably transfected with human APP, and Ap42 and Ap40 were measured
by ELISA in cell culture supernatants. A. Compared to wild-type PS1, both the known
mutation N135D and the novel mutation N135Y suppressed AB40 production selectively
(ANOVA, p <0.05; N = 3; * indicates p < 0.05 on post-hoc tests). B. As a result, both
mutations produced a higher AB42/Ap40 ratio (ANOVA, p < 0.05;. N = 3; * indicates p <

0.05 and t indicates p = 0.06 on post-hoc tests).
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Table 1
Comparison of Case 1's DIAN neuropsychological test scores to 31 matched mutation-free

Control Group | Case 1

Mean SD z
Boston Naming Test 27.86 1.81 0.08
Animal fluency 23.29 5.63 -2.00
Vegetable fluency 16.90 3.82 -2.60
WAIS Digit-Symbol Sequencing 65.68 | 10.37 -5.08
Digit span backwards (# correct sequences) 7.58 2.28 -1.57
Digit span backwards (longest correct sequence) 5.32 1.30 -1.79
Digit span forwards (# correct sequences) 9.39 1.82 -1.31
Digit span forwards (longest correct sequence) 7.06 1.00 -1.07
A-words 10.61 3.37 -0.77
F-words 13.42 4.26 -0.80
S-words 15.10 4.26 -1.67
Correct memory units from logical memory 13.13 4.96 -2.65
Logical memory story A 14.23 4.39 -3.01
Mini-mental state exam 29.29 1.24 -9.88
Trails A errors 0.19 0.40 -0.48
Trails A (time in seconds) 20.32 5.10 10.33
Trails B errors 0.32 0.83 105.36
Trails B (time in seconds) 51.13 | 18.64 NC
Delayed word list recall 3.48 1.75 -1.99
Immediate recall of word list 5.97 1.68 -2.36
Letter Fluency total 39.13 | 10.05 -1.31

Page 18

Mean and standard deviation (SD) are for a group of age-matched controls in the DIAN study. Z = z-score for Case 1; NC = task not completed. Z-
scores with absolute value of at least 2.0, indicating tests where the proband's performance was at least two SD's from the mean, are in bold font.
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