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Abstract: Background: Alzheimer’s disease (AD) is the second-most frequent cause underlying corticobasal
syndrome (CBS). However, a reliable diagnosis using clinical, neuropsychological, or neuroimaging
approaches has not yet been achieved.
Methods: Clinical, neuropsychological, imaging, and neuropathology studies were undertaken in a large
Spanish family with early-onset familial AD (EOFAD) carrying a Met233Leu mutation linked to presenilin-1 gene
(PSEN-1).
Results: Two of three examined members of this family presented with the usual amnestic pattern. At the age
of 47 years, a third family member, in whom pathology was later confirmed, developed prominent CBS
combined with severe neuropsychiatric and behavioral disturbances resembling those often found in EOFAD.
Conclusion: Although CBS in EOFAD appears to be rare, demonstration of a linkage to PSEN-1 gene
mutations may permit in vivo diagnosis.

Corticobasal degeneration (CBD) was first described around

50 years ago as a primary motor disorder that exhibits an asym-

metric akinetic-rigid syndrome and apraxia along with charac-

teristic pathology findings.1,2 Diverse clinical presentations have

now been identified,3 and neuropathological criteria have hence

been modified.4,5 Because the underlying pathology in patients

displaying symptoms similar to CBD is heterogeneous,6–9 the

term corticobasal syndrome (CBS) was introduced for patients

awaiting pathological confirmation.10

In 23% to 25% of all patients, CBS is linked to Alzheimer-

type pathology (CBS-AD),11–14 and therefore represents the

second-most common type of clinically diagnosed CBS.15 To

date, it has not been possible to establish specific features that

might allow a definite diagnosis of CBS-AD before pathologi-

cal confirmation, despite proposals based on selected sets of

clinical symptoms, neuropsychological profiles, or neuroimag-

ing findings.16 In consequence, the diagnosis during the

patient’s lifetime remains uncertain.17 Tau/Abeta ratio in cere-

brospinal fluid (CSF) may represent a useful way to detect

CBS-AD in vivo, although neuropathological confirmation is

not yet forthcoming18 and the technique’s sensitivity for

detecting CBS-AD at an early stage has yet to be deter-

mined.19

CBS-AD series published to date correspond to genetically

sporadic patients. We describe a Spanish family with pathologi-

cally confirmed cases of early-onset, autosomal-dominant famil-

ial Alzheimer’s disease (EOFAD) linked to a Met233Leu

mutation of the presenilin-1 gene (PSEN-1). Three family

members carrying the mutation were examined by us, and 2

presented the amnestic form of the disease. In contrast, the

third member studied presented with neuropsychiatric symp-

toms, a severe behavior disorder and a clear-cut CBS, as docu-

mented in Video 1, and AD was pathologically confirmed. We

believe this combination of clinical and genetic features, as well

as its relevance in CBS-AD diagnosis, has not been previously

described.

Methods

Genetics and Neuropathology

We describe a large Spanish family in which 8 members repre-

senting four generations developed progressive dementia with

onset at an early age (Fig. 1). The diagnosis of AD in case III5

has been confirmed by a neuropathology study at another insti-

tution. Genetic testing in 3 family members (III6, III7, and
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IV14) personally examined by us identified a M233L mutation

in exon 7B of PSEN-1 after analysis of exons 4, 5, 6, 7B, 10,

11, and 12 by DNA-polymerase chain reaction using specific

oligonucleotides. No mutations were found in tau protein asso-

ciated with microtubule-associated protein tau (MAPT) gene.

Subjects III7 and IV14, a mother and son, had been studied in

our neurology department’s memory clinic some years before

and has undergone long-term follow-up since being diagnosed

with EOFAD. Patient III6, subsequently attended by the move-

ment disorders unit in the same department, presented a promi-

nent CBS combined with severe neuropsychiatric disturbances.

Owing to lack of detailed information at time of admission, the

initial studies of this patient were carried out without knowl-

edge of his family history. Shortly thereafter, we were able to

draw up a detailed family tree using multiple sources of

information.

Results

Patient Characteristics

Case 1

This 48-year-old right-handed man (III6), a retired former

clerk, lived alone. He had been observed oddly dressed and

wandering near his apartment building. When questioned, he

reported that foreigners were living in his flat and would attack

him if he entered it. He spoke softly on the phone alleging he

was being spied on. Workers in a restaurant he frequented

noticed changes in his eating habits, including unusual rituals

such as eating calamari almost exclusively or breaking bread into

small pieces and mashing them into lumps before eating. The

local parish priest who knew him well provided this informa-

tion.

He expressed that his obvious difficulties moving his left arm

were the result of violent assault. A close friend reported grad-

ual onset of his behavior disorder beginning around 1 year

before. He had been dismissed from his job because of numer-

ous unjustified absences and abnormal behavior. Finally, Com-

munity Social Services brought him to the hospital after they

noticed the inaccuracy of his complaints and his poor living

conditions.

Results from his general physical examination were unre-

markable. During the neurological examination, he was cooper-

ative and oriented in time, place, and person, but he seemed

apathetic and slow. His spontaneous speech was sparse, but he

answered in well-articulated short sentences. He was able to

describe in detail the route from his home to the hospital. The

patient felt that nothing was really wrong with him and

explained that he would return to his flat once its illegal occu-

pants were gone. He held his left arm immobile and markedly

flexed, with no associated movements while walking, although

he was able to perform elementary movements with this limb

when prompted to do so.

Spontaneous left-sided gaze was rare. He displayed prominent

apraxic defects in sequencing complex symbolic gestures with

his left arm, and in placing a sheet of paper in an envelope or

putting on his jacket. Marked grasping was noticed in both

upper limbs. Continuous, brief, irregular twitching of the fin-

gers could be observed in his left hand, which increased in

amplitude on action or when the hands were outstretched.

Twitching could be provoked easily by applying light pinpricks

to the dorsal aspects of the fingers. Tapping the forearm muscles

or the sternum elicited a sudden jerk of the entire left upper

limb. High-amplitude, short-duration (<50 ms) spontaneous

potentials were recorded on electromyography simultaneously

with the muscular jerks. No large somatosensitive cortical

potentials were recorded on stimulation of the median nerve.

The patient was able to carry out simple sequential move-

ments with his left upper limb with marked slowness. His left

extremities displayed no cogwheel rigidity, but instead severe

paratonic rigidity when doctors attempted to manipulate the

limb. Deep tendon reflexes were normal in all four extremities

and plantar responses were flexor. Sensory testing was unreli-

able. There were no cerebellar signs in the right upper limb or

either lower extremity. In summary, abnormal neurological

motor findings were confined to the left upper extremity and

included abnormal flexor posturing, spontaneous and reflex

myoclonus, severe paratonic rigidity, and bradykinesia. In addi-

tion, the patient displayed anosognosia, left limb kinetic apraxia,

and left hemispatial neglect.

Routine hematological and urinary analyses, folic acid and

vitamin B12 levels, thyroid antibodies, thyroglobulin and

cardiolipin, antinuclear antibodies, and antiextractable nuclear

antibodies, serum copper, ceruloplasmin, immunoglobulin mea-

surements, and tests for acquired immune deficiency syndrome

and syphilis yielded normal results. CSF examination showed

no abnormalities, including absence of 14-3-3 protein and

mutations in the PRNP gene encoding the PrP protein. MRI

of the brain revealed marked asymmetric (right greater than left)

cortical atrophy and mild-to-moderate subcortical and periven-

tricular white matter signal changes. Ventricular enlargement

was particularly marked in the right occipital horn (Fig. 2A,B).

Marked right frontotemporal hypometabolism was identified

on single-photon emission CT (SPECT) imaging (Fig. 2C).

Genetic testing revealed that the patient was a carrier of the

mutation met233leu of the PSEN-1 gene.

Neuropsychology

Neuropsychological assessment at admission had some limita-

tions owing to lack of proxy informants and patient apathy and

slowness. He scored 2 points below the expected level for age

and education on the Mini–Mental State Examination

(MMSE)20 and obtained low scores on the Wechsler Adult

Intelligence Scale-Revised digit span subtest.21 No specific lan-

guage abnormalities were found in a Spanish adaptation of the

Goodglass and Kaplan battery.22 He scored 69/100 on the

Addenbrooke Cognitive Examination (ACE)23 revealing impair-

ment in multiple cognitive domains, particularly those items

related to learning (0/21). The patient also showed very low

scores on most Frontal Assessment Battery subtests,24 as well as
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perseverations on the Wisconsin Card Sorting Test (WCST),25

which is consistent with severe frontal executive dysfunction.

Visuoperceptive and -spatial abnormalities were evident in the

copy of pentagons and different geometric designs. The patient

omitted the left half of designs, suggesting left visual neglect.26

Neuropathology

Legal permission was obtained to carry out a diagnostic cerebral

biopsy. A sample from the right anterior frontal lobe, including

cortex and adjacent white matter, was sent to the tissue bank

for neurological research at Complutense University of Madrid.

Findings included mild-to-moderate neuronal loss and superfi-

cial spongiosis and gliosis. Immunostains for ß-amyloid showed

numerous plaques with amyloid deposits with frequent density

according to Consortium to Establish a Registry for Alzheimer’s

Disease (CERAD) criteria. Amyloid deposits were also found in

meningeal and cortical vessels. Sections were also immuno-

stained with a mouse monoclonal antibody against hyper-

phosphorylated tau (AT100 and AT8), and ubiquitin

demonstrated the neuritic nature of the plaques. No astrocytes

with tau deposits were observed, and no thick filaments were

found in the white matter. Ubiquitin and tau immunostains did

not show balloon neurons. Histological findings were consistent

with AD and excluded frontotemporal degeneration and CBD.

Postmortem examination was limited to the cranial cavity

(Brain Bank, Alcorc�on Foundation, Madrid, Spain). There was

marked cortical atrophy and global ventricular dilatation. The

right hemisphere was frozen at �80°C for future molecular and

biochemical studies. Histological examinations of the left hemi-

sphere were performed on 4-lm-thick sections using several

staining methods, including hematoxylin and eosin, Kl€uver-

Barrera, and Gallyas-Braak. Sections were also immunostained

with a mouse monoclonal antibody against hyperphosphorylated

tau, ß-amyloid, RD4, and RD3. There was marked neuronal

loss, astrocytosis, and frequent neuritic plaques (CERAD score)

in primary motor and sensory cortices. Intense astrocytosis, neu-

ronal loss, and neuropil rarefaction were also evident in the

amygdala and entorhinal cortex. Neuronal loss and astrocytosis

were moderate in the basal ganglia, with a lower density of tau
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Figure 1 Family tree showing the 3 examined PSEN-1 patients: III6 (CBS-AD, arrow); III7 (AD); and IV14 (AD).
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pathology and neuritic plaques. No astrocytic plaques or tufted

astrocytes were observed. In addition, mild alpha-synuclein

pathology was found in the insula. The findings were consistent

with a high level of AD neuropathological changes (A2 B3 C3)

according to the Hyman et al. criteria27 and high probability of

AD (criteria NIA/Reagan, Braak stage VI; Fig. 3).

Case 2

This female patient (III7) was evaluated at the age of 48 years

with a 6-month history of memory loss, as reported by her hus-

band. Her neurological examination, routine laboratory tests,

and a CT scan were normal, but she scored 7 points below the

cut-off level on the MMSE. Four years later, she required help

performing daily activities and her MMSE had decreased by 14

points. Examination showed nonfluent aphasia, frequent phone-

mic paraphasias, and impaired repetition. Her MRI showed

symmetrical frontal and temporal cortical atrophy, and SPECT

imaging revealed bilateral parietal and temporal hypoperfusion,

with mild anterior frontal involvement. At the age of 54, she

suffered a generalized seizure and has since developed spontane-

ous axial myoclonus. Two years later, she was confined to a

wheelchair. The patient was a carrier of the met233leu muta-

tion of the PSEN-1 gene.

Case 3

This 38-year-old male patient (IV14), a professional nurse, was

seen because of progressive loss of memory in the preceding

2 years. His memory loss had led to problems at work, such as

administering the wrong medication or not administering it

when requested. MMSE score was normal (29/30); ACE score

was 96/100 with one error on the subtraction subtest, but 3

errors of 21 on the immediate memory subtest. He showed

moderate-to-mild impairment for perseverative and nonpersev-

erative items on the WCST,25 scoring 36 (percentile >90) on

the Rey-Osterrieth Complex Figure Test,28 but 19 (25th per-

centile) on the delayed visual memory subtest. A brain MRI

was considered normal. SPECT images showed bilateral temp-

oro-parietal-occipital perfusion defects that were more marked

R L

A B C
Figure 2 Axial T1-weighted head MRI of CBS patient (III6) reveals severe asymmetric cortical atrophy (right more than left) and mild-to-mod-
erate subcortical and periventricular white matter signal changes (A). Marked right occipital horn enlargement can be seen in coronal T-
weighted images (B). Brain imaging with SPECT shows pronounced right temporoparietal hypoperfusion (C).

Figure 3 Left primary visual cortex, tau-immunostain (409), showing numerous neurofibrillary tangles (Braak VI) and neuropil threads (A).
Frontal cortex (409), immunostain for ß-amyloid (B).
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on the left, including left posterior frontal involvement. He

asked to know his genetic status and was confirmed as a carrier

of the met233leu mutation of the PSEN-1 gene.

Discussion
Patients III7 and IV14 in the extended family presented here

display typical findings of EOFAD linked to PSEN-1 mutations,

and the disease was confirmed pathologically in 1 family

member (III5). Essential features of the family consist of autoso-

mal-dominant inheritance pattern, memory problems at presen-

tation, and the occasional association of myoclonus, seizures, or

aphasia in advances stages of the disease.29,30

A Met-Leu amino acid substitution at codon 233 had been

identified in early-onset forms of AD in patients from the same

city as the family we describe.31 Although no relationship could

be demonstrated between the two families, a remote common

founder cannot be ruled out. The mutation was also found in a

referral-based series screening for PSEN-1 mutations in early-

onset AD.32 Interestingly, severe frontal dysfunction at presenta-

tion, similar to that in patients with CBS-AD, has been

reported in 2 Met-233-Leu PSEN-1 patients with sporadic

early-onset AD.33,34

Some characteristics of our patient with CBS-AD, such as

family history, very early disease onset, and severe neurobehav-

ioral disorders at presentation are more in keeping with features

often found in families with EOFAD and PSEN-1 mutations,

whose genetics he shared, rather than the sporadic, compara-

tively late onset of CBS-AD cases reported to date. Familial AD

secondary to PSEN-1 mutations may therefore exhibit initially

psychiatric or behavioral traits,35,36 sometimes mimicking the

behavioral variant of frontotemporal dementia,37 whereas myoc-

lonus and seizures are also well known.38–40 Some patients clin-

ically diagnosed with CBS and showing Alzheimer-type

pathology lacked the usual clinical asymmetry for motor and

sensory signs,15,41 which has been suggested as a predictive fea-

ture of CBS-AD. In this regard, we must emphasize the marked

clinical and neuroimaging asymmetry displayed by our case.

Patients clinically resembling our case III6 were reported on

in 1966 by Heston et al.42 Those researchers presented a family

of 19 patients spanning four generations with progressive

dementia combined with prominent parkinsonism and pyrami-

dal tract signs. Focal motor findings represented the first sign of

neurological abnormality in 2 of the patients personally exam-

ined by the authors, manifesting as progressive clumsiness and

weakness of their right hands and legs. Symptoms at onset in

another patient (IV2) consisted of stiffness and tremor in the left

extremities. AD was confirmed pathologically in 4 of the 19

individuals affected. Some EOFAD variants linked to PSEN-1

mutations may express early motor disturbances, such as spastic

paraparesis43,44 or parkinsonism.45,46 Case III6 and those from

the Heston et al. family42 might thus represent another motor

disturbance, such as CBS related to PSEN-1 mutations.

Thus far, genetic CBS has been reported in families with

autosomal-dominant frontotemporal lobar degeneration (FTLD)

linked to progranulin (PGRN) gene mutations, which represent

between 5% and 7.9% of all cases in large series.47 As in our

patient III6, CBS in PGRN families may occur in young

adults48 and neurobehavioral abnormalities may be associated at

onset.49 FTLD may underlie a wide range of clinical presenta-

tions50; in contrast, 2 of the 3 family members described here

presented with a pure amnestic disorder. Mutations in the

MAPT gene have been demonstrated in a sporadic case of

CBD51 and in 2 elderly first cousins, 1 of whom had additional

pathological findings consistent with AD.52

Pathogenic C9orf72 repeat expansions are rarely found in

patients with CBS and diverse forms of parkinsonism.53 A study

screening 37 patients with CBS features for this gene found

repeat expansions in only 3 patients. However, a positive family

history of FTLD or of motor neuron disease in a CBS patient

would justify screening for this mutation.54As a result, we pro-

pose testing for PSEN-1, PGRN, MAPT, and C9of72 gene

mutations, particularly in patients with CBS and a positive

family history suggesting a neurodegenerative condition.55,56

Predicting the underlying pathology in CBS-AD has proved

difficult,17 although it might be theoretically possible in cases

linked to mutations in the presenilin genes.57 We conclude that

CBS may represent an atypical clinical presentation in autoso-

mal-dominant EOFAD. In addition, evidence of mutations

linked to the PSEN-1 gene may represent a unique opportunity

to predict Alzheimer-type pathology in vivo.
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Supporting Information
A video accompanying this article is available in the supporting

information here.

Video 1. Segment 1: Patient shows marked postural flexion

of left upper limb. Segment 2: Spontaneous jerking of fingers of

left hand. Segment 3: Muscular jerks increase during activity

(on the left), but are not seen on the right. Segment 4: Left-

sided jerks are also evident when the patient’s hands are out-

stretched. Segment 5: Light pinpricks on the dorsal aspect of

fingers of his left hand triggers a circumscribed jerking move-

ment of that finger. A tap on left forearm and chest triggers a

jerk of the entire left upper limb. Segment 6: Paratonic rigidity

with attempts to mobilize the patient’s left arm.
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