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 novel  PSEN1  (S230N)  mutation  causing  early-onset  Alzheimer’s
isease  associated  with  prosopagnosia,  hoarding,  and  Parkinsonism
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We  describe  a  novel  mutation  in  PSEN1  associated  with  early-onset  Alzheimer’s  disease.
The  index  patient  had  the atypical  features  of prosopagnosia,  hoarding  behavior,  and  Parkinsonism.
We  demonstrate  segregation  with  the  disease  and  in  silico  evidence  for it’s  pathogenesis.
We  add to knowledge  regarding  the  genetic  basis  of autosomal  dominant  Alzheimer’s  disease  and  it’s clinical  spectrum.
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a  b  s  t  r  a  c  t

We  describe  clinical  and  biomarker  findings  in an  index  patient  with  the  onset  of Alzheimer’s  disease  (AD)
symptoms  at  age  57  and  a family  history  consistent  with  an autosomal  dominant  pattern  of  inheritance.
She  had  the  atypical  early  features  of  visual  agnosia  and  prosopagnosia  followed  by  hoarding  behavior
and  Parkinsonism.  Structural  MRI  revealed  global  atrophy  that  was  most  severe  in  the  lateral  temporal
lobes  and  insular  cortex  bilaterally.  CSF  biomarker  assessment  showed  A�42,  p-tau181, and  total  tau  levels
consistent  with  AD. Genetic  assessment  revealed  a  novel  mutation  in  the PSEN1  gene  (S230N)  in the index
patient  and  her  affected  brother  which  was  absent  in  her  two clinically  unaffected  and  AD-biomarker
SEN1
ovel
230N
rosopagnosia
oarding
arkinsonism

negative  sisters.  The  serine  residue  at  codon  230  in  PSEN1  is  highly  conserved  across  species  and  in  PSEN2,
providing  strong  evidence  for its pathogenicity  in this  family.

©  2017  Elsevier  B.V.  All  rights  reserved.
isual agnosia

. Introduction
Mutations in the PSEN1,  APP, and PSEN2 genes cause autoso-
al  dominant Alzheimer’s disease (ADAD) which is typically of
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relatively young onset. Mutations in PSEN1 are the most com-
mon  with at least 219 pathogenic mutations in this gene having
been described (http://www.molgen.ua.ac.be/admutations). In this
report we  describe a probably pathogenic novel PSEN1 mutation
with prosopagnosia, hoarding behavior, and Parkinsonism associ-
ated with severe bilateral lateral temporal lobe and insular atrophy.
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Fig. 1. Sagittal and coronal T1-weighted image of the index patient at age 65 show-
2 J.M. Ringman et al. / Neuro

. Materials and methods

We  report the clinical presentation and results of the clinical
nd genetic assessments for an index patient, clinical descrip-
ions of the affected mother and brother, and genetic results
rom the affected brother and two unaffected sisters. The index
atient and two  unaffected sisters underwent comprehensive eval-
ations as part of their participation in the Dominantly Inherited
lzheimer Network (DIAN, NIA UF1 AG032438, Principal Inves-

igator, RJ Bateman) [1]. CSF levels of p-tau181 (p-tau) and total
au were measured via Luminex based methods using multiplexed
MAP technology (AlzBio3, Fujirebio, formerly Innogenetics, Ghent,
elgium) and levels of CSF A�42 were measured by plate-based
LISA (Fujirebio, formerly Innogenetics, Ghent, Belgium). Metabolic
maging with [18F]Fluorodeoxyglucose positron emission tomog-
aphy (FDG-PET) was performed for the index patient and the
wo clinically unaffected sisters with a 3D dynamic acquisition
eginning 40 min  after a bolus injection of approximately 5 mCi  of
18F]FDG and lasted for 20 min. Amyloid imaging was  performed
n the two clinically unaffected sisters with a bolus injection
f approximately 15 mCi  of [11C]Pittsburgh Compound B (PiB).
ynamic imaging acquisition started either at injection for 70 min
r 40 min  post-injection for 30 min. For analysis, the PiB PET data
etween 40 to 70 min  were used. PiB+ (positivity) was defined as a
ean cortical binding potential (MCBP) of 0.18 or higher [2].

. Results

.1. Clinical description of the index patient

The index patient is a Caucasian female nurse of northern
uropean extraction with 18 years of education who, at age 57,
nderwent immunization for herpes zoster after which she became
cutely ill with radiculopathic symptoms to the point of being
ed-ridden. She returned to work but was then noted to have the
radual onset and progression of memory loss, slowness consistent
ith bradykinesia, and difficulty recognizing people by their faces

hough recognition by voice was retained. She had increased diffi-
ulty reading, found to be holding a book upside down at one point
hile attempting to do so. She tended to follow her husband around
hen out, once errantly following a stranger in this manner. MRI
as performed at age 59 that was interpreted as showing “mild to
oderate ventriculomegaly with prominence of the subarachnoid

paces, particularly in the temporal lobes and to a lesser extent in
he frontal lobes”. She stopped working again at age 60 to help take
are of her grandchildren. However, she could not return to work
ubsequently due to worsening cognitive deficits. At age 62 she was
ound to be “stashing” things in unusual places around the house
nd was considered a “compulsive organizer” by her husband who
ad to become more involved in the household affairs at that point.
he also was becoming involved in minor motor vehicle accidents
t that time so stopped driving. Blood tests done to evaluate for
eversible causes of cognitive impairment were performed which
ere unrevealing. At age 63, jerking movements consistent with
yoclonus began to become evident, difficulties with facial recog-

ition and dressing apraxia were documented and her Montreal
ognitive Assessment [3] score was 16/30. Her past medical history
as significant for mitral valve prolapse, osteopenia, endometrio-

is, a cholecystectomy, hysterectomy and oophorectomy. She had
lso had depression since her 30 s for which she had been treated
ith multiple different antidepressants.
When seen by the authors at age 65 she had headaches and
ngoing depression as well as anxiety, delusional misidentifica-
ion, irritability, and purposeless repetitive movements. There was
o evidence of dream-enactment behavior. On physical examina-
ing global atrophy most severe in the lateral temporal lobes and insular cortex
bilaterally.

tion she was  noted to have mild bradykinesia and hypomimia, a
moderate bilateral action tremor, arm rigidity (slight on the right,
mild to moderate on the left), severely impaired finger tapping on
the left, moderate bilateral leg rigidity, and slow but independent

ambulation. She had saccadic smooth pursuit eye movements, and
myoclonic jerks of the face and left arm were noted. Reflexes were
diffusely brisk at 3+ throughout except in the lower left extrem-
ity where the patellar and Achilles reflexes were 4+. On cognitive
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Fig. 2. Axial FDG-PET and T1-weighted MR  images of the index patient and her unaffected siblings. The index patient presented hypometabolism and severe atrophy
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ompared to her siblings (white arrows).

esting she was found to have global impairment with an MMSE  [4]
core of 4/30 and demonstrated visual agnosia. She was unable to
omplete the remainder of the neuropsychological battery. On the
PI-Q [5] she was found to have symptoms of severe depression and
oderate agitation, repetitive behaviors, and changes in nighttime

nd appetitive behaviors. Clinical Dementia Rating Scale [6] score
as 2 (sum of boxes score 13), representing moderate dementia.

he had progressive deterioration subsequently with increased dif-
culties in vision, ambulation, and the onset of hallucinations. She
ied 3 months after the evaluation at age 65 with the proximal
ause of her death being unknown and no autopsy was performed.

.2. Family history

The patient’s mother was affected by a similar illness, begin-
ing at age 59 with death at age 64. By family report, the mother’s

llness was characterized by early loss of hygiene and driving privi-
eges, and also with prosopagnosia and a shuffling gait though with

ore severe communication problems than the index patient. The
atient’s father died without dementia at age 85 and there were no
ther affected persons on her mother’s side. The maternal grand-
ather died at age 47 of a myocardial infarction and the maternal
randmother lived to be 88 years of age without dementia.

The patient is the oldest of 5 siblings. One brother had memory
roblems with an age of onset of 55 years. At age 56 he was noted
o have depression, had an MMSE  score of 25/30 and was  noted to
ave mild apraxia. He was thought to meet criteria for mild cogni-
ive impairment. An extensive evaluation for reversible causes of

ognitive impairment was unremarkable. At age 57 an EEG, MRI,
nd FDG-PET scan were reported as being normal. Between ages
6 and 57 he had undergone repeated neuropsychological testing
y the same psychologist and was found to have substantial decline
between the two intervals, qualifying for a diagnosis of dementia
at the time of the later testing.

Two  older sisters, age 59 and 61, were without cognitive decline.
They participated in the DIAN and therefore underwent compre-
hensive evaluations.

3.3. Chemical and imaging biomarker evaluations

A research MRI  from the index patient demonstrated diffuse
atrophy which was  most dramatic in the lateral temporal lobes
and insulae bilaterally (See Fig. 1). The FDG-PET scan showed
hypometabolism in parieto-temporal areas (Fig. 2). Amyloid imag-
ing was  not performed. A lumbar puncture was performed which
revealed a CSF A�42 level of 391.6 (95th CI for NCs, 861–1008),
p-tau of 55.7 (NCs, range 17–21), and total tau of 155.4 (NCs,
range 52–68, all pg/ml). The two clinically- and genetically-(see
below) unaffected sisters had corresponding mean values of 1143.0
(A�42), 21.5 (p-tau), and 56.4 (t-tau). These two unaffected sisters
had negative PiB scans.

3.4. Genetic testing

Genetic testing for a mutation in the PSEN1 gene was performed
on the index patient through a commercial provider. This revealed
a G to A transition at nucleotide position 689 which results in an
amino acid change from serine to asparagine at codon 230 (S230N)
in the fifth transmembrane portion of the protein. This variant had
not previously been reported and was  not found in the clinical

provider’s own series of 13,006 chromosomes, the Exome Variant
Server (http://evs.gs.washington.edu/EVS/) or ExAC (http://exac.
broadinstitute.org). It causes a change in an amino acid that is
conserved across mammals as well as in turkeys and zebrafish,

http://evs.gs.washington.edu/EVS/
http://evs.gs.washington.edu/EVS/
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nd in human PSEN2.  It is predicted to be “not tolerated” by
IFT (http://sift.jcvi.org) and is described as “Probably Damaging”
y PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/). No muta-
ions have been previously described at this codon, but pathogenic

utations have been described at neighboring codons 229 [7] and
31 [8,9].

Subsequent testing for this mutation in UCLA’s Orphan Dis-
ase laboratory confirmed the presence of this same change in the
ndex patient’s affected brother. The two clinically unaffected sis-
ers who participated in the DIAN underwent clinical testing and
ere negative for the S230N PSEN1 mutation. Both were found to

e cognitively normal.

. Discussion

We  report a family with a novel mutation in PSEN1 causing onset
f symptoms of neurodegeneration at a mean age of 57. Though
myloid imaging and neuropathological verification of the diag-
osis was lacking in the index patient, the diminished A�42 and
levated p-tau and total tau in the CSF relative to her unaffected
isters support the diagnosis of Alzheimer’s disease. The S230N
ubstitution was present in both affected persons who were tested
nd absent in the two clinically unaffected sisters, age 59 and 61.
lthough it is possible that these two sisters had not yet mani-

ested symptoms of the disease, their negative PiB scans at these
ges mitigate strongly against the likelihood that they were in the
rodromal phase of the disease[10,11]. We  therefore demonstrate
o-segregation of AD and associated biomarker changes with the
230N PSEN1 mutation. This mutation would therefore qualify as
robably pathogenic according to the criteria by Guerreiro et al.
12]. The lack of this variant in control chromosomes, conservation
cross species and in human PSEN2,  and predicted pathogenicity
n silico provide further support for the causative nature of this
ubstitution for autosomal dominant AD.

Our index patient had the somewhat atypical feature of visual
gnosia with prosopagnosia which was associated with bilateral
ateral temporal lobe atrophy on MRI. Though the degree and nature
f these visuoperceptual problems were not strictly characterized,
hey were clinically relevant in that they interfered with her daily
ctivities. Agnosia is not uncommon [13] but prosopagnosia has
ot to our knowledge been reported in ADAD. When present in
ther neurodegenerative conditions (e.g. the semantic variant of
rontotemporal dementia), prosopagnosia is associated with lat-
ral temporal lobe atrophy, particularly on the right side [14]. The
ndex patient also demonstrated hoarding behavior which has been
ssociated with lateral temporal lobe atrophy in behavioral vari-
nt frontotemporal dementia [15]. Significant Parkinsonism was
lso present which is not infrequent in ADAD [13]. Unfortunately,
athological assessment for the presence of Lewy body pathology
as not performed.

. Conclusions

In this report we describe co-segregation of a novel PSEN1
utation with ADAD and associated biomarkers, providing strong

vidence for its pathogenicity. Age of symptom onset was around
7 years and the index patient demonstrated prosopagnosia and
oarding behaviors associated with a greater degree of lateral

emporal lobe and insular atrophy than typically seen in ADAD.
resymptomatic persons from families such as this at-risk for ADAD
re appropriate candidates for intervention studies to prevent the
isease [16].
 Letters 657 (2017) 11–15
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