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Summary

Recent studies have shown that progressive supranuclear tremor, three with dementia, one with parkinsonism, two
palsy (PSP) could be inherited, but the pattern of with tremor, dystonia, gaze palsy and tics, and one with
inheritance and the spectrum of the clinical findings in  gait disturbance. The presence of affected members in at
relatives are unknown. We here report 12 pedigrees, least two generations in eight of the families and the
confirmed by pathology in four probands, with familial absence of consanguinity suggests autosomal dominant
PSP. Pathological diagnosis was confirmed according to transmission with incomplete penetrance. We conclude
recently reported internationally agreed criteria. The  that hereditary PSP is more frequent than previously
spectrum of the clinical phenotypes in these families was thought and that the scarcity of familial cases may be
variable including 34 typical cases of PSP (12 probands related to a lack of recognition of the variable phenotypic
plus 22 secondary cases), three patients with postural expression of the disease.

Keywords: progressive supranuclear palsy; Steele—Richardson—Olzsewski syndrome; genetics; akinetic rigid syndrome;
dementia

Abbreviation: PSP= progressive supranuclear palsy

Introduction

Progressive supranuclear palsy (PSP) is a neurodegenerativeThe cause is unknown but toxic and infectious aetiologies
disease clinically characterized by a variable combination ohave been considered, based upon the pathological similarities
akinesia, supranuclear gaze palsy, rigidity, axial dystoniawith post-encephalitic parkinsonism, metal poisoning and
gait disturbance and frontolimbic dementia. Pathologicalwith the Parkinson—dementia complex of Guam (Jellinger,
abnormalities include neuronal loss, gliosis and the presencE71; Steele, 1972, 1975; Jankovic, 1984; Kristensen, 1985;
of neurofibrillary tangles and neuropil threads, mainly inJendroskaet al, 1994; Lilienfeld et al.,1994). Because of
basal ganglia, diencephalon, brainstem and frontal anthe coexistence of cerebrovascular disease in some cases a
temporal lobes (Steelet al., 1964). Atypical cases with vascular mechanism has also been postulated (Dubinsky and
characteristic pathological findings but an incomplete clinicalJancovic, 1987; Winikates and Jankovic, 1994). PSP is still
syndrome have been previously described (Hatial., 1994;  considered a sporadic disorder, despite a small number of
Collins et al,, 1995; Daniekt al., 1995; Litvanet al., 1996; recent reports suggesting familial clustering (Daeidal.,
Verny et al., 1996). 1968; Mataet al, 1983; Ohareet al, 1992; Brownet al,
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1993; Gazely and Maguire, 1994; Tetred al, 1994; de cousins) of the probands when possible. Children of probands
Yébeneset al,, 1995; Golbeet al.,, 1995; Lanottest al,1996; were excluded since they were too young to clinically
Tetrud et al., 1996). In view of the few families reported it express PSP.
is not possible to decide whether familial and sporadic PSP
are the same disease.

In this study we investigated our cases of PSP in order tRaglts

describe familial aggregation, clinical phenotypes and patte”lbescription of the families

of inheritance. A brief description of the pedigrees is presented in Table 1
and Fig. 1 (relationship, age of onset, years of evolution,
medical history and clinical diagnosis). Detailed clinical

Methods henotypes and responseLtalopa therapy are described in
A retrospective study of all patients with familial PSP seen$able 2y P P P by

by or referred to one of us (J.G.Y.) during the period 1991—
97 was carried out. The index cases were seen at the
Movement Disorders Clinic, Department of Neurology, )
Fundacim Jimeez Dez (five cases), the Institute of Family 1
Neur0|ogy, Queen Square, London (tWO Cases), Hosp”:dPrOband, |nd|V|dua| 1”|12Th|5 was a 57-year-0|d
General de Segovia (one case),fital Neurologique, Lyon female who presented progressive difficulty in doing up
(one case), Columbia University, New York (two cases) andPuttons and turning in bed. She had a long history of smoking
Kingston General Hospital, Ontario (one case). Review oftind hypercholesterolaemia. At the age of 60 her neurological
medical records, professional or domestic videosgXxamination revealed moderate axial and limb rigidity, and
photographs, samples of hand writing, telephone calls anélystonia in the left arm. She was diagnosed as having
visits to the homes of the patients and relatives werd>arkinson’s disease and treated witHopa, which improved
undertaken by members of the research team when need88" symptoms but induced akathisia and orolingual
in order to evaluate Secondary cases. dySkineSiaS. She was then seen by one of us (JGY) at age
The diagnosis of PSP in a proband required either (5. She complained of slowness, gait disturbance, speech
pathology proven diagnosis according to international criterid?roblems with hypophonia and progressive dysphagia. A
(Hauw et al, 1994; Litvanet al, 1996), (ii) the presence bruit was heard over the left carotid artery. Mental status and
of the international clinical research criteria for the diagnosiscranial nerves were normal with the exception of limitation
of PSP (Litvanet al., 199@) or (iii) in some cases, analysed Of downgaze. She had dystonic posturing of the neck
retrospectively, with insufficient details in the available (anterocollis) and dystonic up-going toes. She showed severe,
history to fulfil the international clinical research criteria, the generalized akinesia and postural instability with a tendency
diagnosis of PSP was accepted if the patients had at |ea§2 fall backwards. MRI of the brain was normal. She became
five out of the seven most common clinical symptoms of thelnresponsive to-dopa and pergolide and died at the age of 67.
disease (bradykinesia, gait disturbance, supranuclear gazeThe macroscopic examination of the brain revealed a
pa|sy, dysphagia, dysarthria, axial dystonia or disab"nd)ﬁle substantia nigra. nght micrOSCOpy examination showed
mental changes with frontosubcortical characteristics) a§euronal loss, gliosis and a high density of neurofibrillary
described in a recent clinicopathological series (Dagiigl.,  tangles in the globus pallidus, putamen, subthalamic nucleus,
1995). The presence of these signs was determined clinicallgubstantia nigra and the inferior olivary nucleus. There were
Supranuc|ear gaze pa|sy was defined by saccades Sma@modera’[e number oftangles in the neocortex (predominantly
than 15° in the vertical or horizontal plane. Wheneverin anterior frontal and parietal regions), hippocampus,
possible, in patients seen at Fundacidimmez Dmz, amygdala, nucleus basalis of Meynert and locus coeruleus.
supranuclear gaze palsy was confirmed by oculo-Tangles were also identified in both colliculi, peri-aqueductal
nystamographic analysis. Abnormal findings were defined by€gion, red nucleus, dentate nucleus and oculomotor complex.
latency, velocity or accuracy of saccadic movements more
than 2 SD away from the mean for that age group. Individual 1.111.3. This was the first cousin of the proband,
When the available information was insufficient to makewith a history of diabetes. His neurological disorder began
a reliable diagnosis of PSP, but it was suggested by theith a progressive slowness of the left arm and leg when he
relatives describing the phenotype as ‘similar’ or ‘the samewas 68 years old. He was thought to have Parkinson’s disease
as the proband, the individual was diagnosed as ‘likely PSP’and received treatment withdopa with improvement of his
We respected the initial diagnosis of other neurologicalsymptoms. At the age of 73 he was evaluated by one of us
disorders including parkinsonism, dementia, etc. when ther€).G.Y.) and the neurological examination revealed slowness,
was not additional clinical information that allowed for clumsiness, severe dysphagia and diplopia. His physical
reclassification. examination revealed a bruit over the left internal carotid
We obtained information on all available or deceased firstartery. Formal neuropsychological testing revealed
and second degree relatives (parents, brothers, sisters, unclbsadyphrenia and abnormalities of executive memory and
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Fig. 1 Familial trees of families 1-12. Arrows point to probands.
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Table 1 Epidemiological data

Family Number Sex Age at onset  Actual age  Age at Actual diagnosis
(years) (years) death
1 11.12 Proband* F 57 - 67 PSP
1.3 Cousin M 68 73 - PSP
2 111.10 Proband* M 53 - 59 PSP
1.1 Grandfather M NA - NA Likely PSP
1.1 Uncle M NA - 81 PSP
1.3 Father M 62 - 71 Likely PSP
1.5 Aunt F 70 - 84 PSP
1.7 Uncle M NA - 77 PSP
1.1 Cousin F NA 73 - Tremor
1.2 Cousin F NA 72 - Dystonia, tremor, gaze palsy, tics
1.3 Cousin M NA 71 - Dystonia, tremor, gaze palsy, tics
1.6 Cousin F NA 63 - Tremor
.7 Cousin M NA 60 - Likely PSP
1.9 Cousin F NA 52 - Tremor
.11 Sister F 53 59 - PSP
111.20 Cousin F 63 71 - Parkinsonism
.26 Cousin M 59 NA - Likely PSP
3 .1 Proband* F 60 - 72 PSP
1.3 Aunt F 70 - 86 Likely PSP
1.4 Aunt F 70 - 74 Dementia
4 1.1 Proband* F 62 - 71 PSP
1.6 Aunt F 91 - 96 Dementia
1.7 Aunt F 73 - 78 Likely PSP
5 1.5 Proband F 75 86 - PSP
.4 Brother M 75 - 86 PSP
1.2 Mother F 73 - 83 Likely PSP
6 1.5 Proband F 37 41 - PSP
1.3 Mother F 41 - 45 PSP
1.1 Sister F 37 - 41 Likely PSP
7 1.1 Proband M 55 59 - PSP
1.4 Father M 70 - 83 PSP
8 1.1 Proband M 49 68 - PSP
1.1 Father M NA - 80 Likely PSP
9 1.1 Proband F 67 69 - PSP
1.2 Mother F 75 - 83 Likely PSP
10 1.1 Proband F 70 77 - PSP
1.2 Brother M 70 76 - Dementia
1.6 Brother M 60 64 - PSP
11 1.6 Proband F 43 - 48 PSP
1.3 Father M 40 - a7 Likely PSP
1.5 Brother M 48 - 53 PSP
12 1.3 Proband F 71 72 - Likely PSP
1.5 Brother M 63 68 - PSP
1.4 Father M NA - 49 Gait disorder

M = male; F= female; NA = not available; PSR- progressive supranuclear palsy. *Pathological confirmation.

learning suggestive of abnormal frontal function. He hadreported elsewhere (de lveneset al.,, 1995). More recently
limitation of voluntary eye movements in all directions, limb we have personally examined 25 additional family members.
rigidity, hypokinesia and gait disturbance which was greateiThe most important new findings are described below.
when turning. The retropulsion test was negative but he had

bilateral Babinski signs. The patient was thought to have] . . . .
: ) _ - “"qndividual 2.11.7. He died at the age of 77. His relatives
PSP. He informed us that two of his brothers had d|p|0p|aSaid that he had ‘the same’ neurol%gical syndrome as his

but they have not been examined yet. brothers. He had parkinsonism, proven by pictures, and
micrographia as shown by samples of his handwriting.

Family 2

Clinical data from the proband and other family relativesIndividual 2.11l.1. The 73-year-old female was a cousin

(individuals 2.111.10, 2.1.1, 2.1l.1, 2.I11.3, 2.11.5) have been of the proband, who suffered from postural hand and head
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Table 2 Clinical features

No. Akinesia Gait Gaze Dysp. Dysa. Axial Dementia Other Response Initial diagnosis Actual diagnosis
dystonia toL-dopa

Family 1

11.12 + +  + + + + - 6 + Parkinsonism pPSpP*

1.3 + - + + + - + + Parkinsonism PSP
Family 2

.10 + + 4+ + + + + + PSP PSP*

1.1 + + 4+ - - - - NA NA Likely PSP

11.3 - + o+ + - - - NA NA Likely PSP

1.1 + + 4+ + - - + NA NA PSP

1.5 + + 4+ + + - + NA NA PSP

1.7 + + - - - - - . NA NA PSP

1.1 + - - - - - - 1 NA Tremor Tremor

1.2 - - + - - - - 1,2,3 NA Dystonia Dystonia, tremor gaze palsy, tics

1.3 - - + - - - - 1,2,3 NA Tremor, dystonia Dystonia, tremor gaze palsy, tics

1.6 - - - - - - - 1,4 NA Tremor Tremor

.7 + +  + - - - - 1 NA Tremor Likely PSP

1.9 - - - - - - - 1 NA Tremor Tremor

.11+ +  + + - + - 6 + Parkinsonism PSP

.20+ + - + - - - 1 NA NA PK

.26+ -+ - + - - 1 NA NA Likely PSP
Family 3

1.1 + + + + + + + 2,56 + Binswanger PSP*

11.3 + + - - + - - 1 NA Parkinsonism Likely PSP

1.4 - + - - - - + NA Dementia Dementia
Family 4

1.1 + +  + - + - - - Parkinsonism PSP*

11.6 - + - - - - + NA Dementia Dementia

1.7 + + - + + - - NA Parkinsonism Likely PSP
Family 5

ns  + + + -+ + + 6,7 NA PSP PSP

1.4 + + 4+ + + - + 2 - PSP PSP

1.2 + + = + — — — NA NA Likely PSP
Family 6

1.5 + + 4+ + + + + 56 - PSP PSP

11.3 + + 4+ + + - - 1 NA Parkinsonism PSP

1.1 + +  + - + - - 5 - Parkinsonism Likely PSP
Family 7

1.1 + +  + + - + + 5 NA PSP PSP

1.4 + + 4+ + - + + 1,5 - Parkinsonism PSP
Family 8

1.1 + +  + + + + + 1 + Parkinsonism PSP

1.1 + + - + - - + NA Dementia Likely PSP
Family 9

1.1 + + 4+ - + + - 6 NA PSP PSP

1.2 - + - + + - + 1 + Parkinsonism Likely PSP

1.1 + + 4+ + + + - 56 - PSP PSP
Family 10

1.2 - - = - - - + . NA Dementia Dementia

111.6 + + 4+ - + - - 2 - Gait disorder PSP
Family 11

1.6 + + 4+ + + - - NA PSP PSP

1.3 - +  + - - - - NA CJD Likely PSP

1.5 + + 4+ + + - - NA PSP PSP
Family 12

1.3 + +  + - - - - . - NA Likely PSP

1.5 + + o+ + + + + 1,6 - Neurodeg. dis. PSP

1.4 - + - - - - - . NA NA Gait disorder
Gait = gait disturbance; gaze supranuclear gaze palsy; dysp.dysphagia; dysa= dysarthria;+ = present ; —= absent; 1=

tremor; 2= cranial dystonia; 3= tics; 4 = orofacial dyskinesia; 5 apraxia of eyelid opening; & limb dystonia; 7= myoclonic
jerks; PSP= progressive supranuclear palsy; CJD: Creutzfeldt—Jacob disease; neurodegndixodegenerative disease; NAnot
available. *Pathological confirmation.
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tremor, compatible with essential tremor and mild During the following year he developed an akinetic syndrome
bradykinesia. At present she is considered not to have PSRvith gait disturbance, hypomimia, generalized rigidity,
dystonia in the lower face and supranuclear gaze palsy
Individual 2.111.2. The 72-year-old female had cranial with slowing of horizontal and vertical saccades in the
dystonia (blepharospasm and dystonia in the lower half obculonystagmographic study. Cognitive testing was normal.
the face), postural tremor, facial tics and vertical supranuclear
gaze palsy. Her neuropsychological examination was normal.
Family 3
Individual 2.1ll.3. The 71-year-old male had Proband, individual 3.llI.1.This 72-year-old female
blepharospasm and oromandibular dystonia, facial and phonieveloped a lack of initiative, lack of social interest and
tics, vertical upward gaze palsy, predominantly axial rigidity apathy at age 60. One year later she had speech abnormalities
and postural tremor in the right arm. His oculo- and gait disturbance with frequent falls. She had hypertension
nystagmographic examination revealed slow verticaland a history of smoking. Her neurological examination at
saccades, with a marked decrease in range and precisioage 64 revealed hypomimia, bradykinesia, hyperreflexia and
both with predictable and random stimuli, and breakdown ofgait disturbance and she was diagnosed as having
optokinetic nystagmus in the vertical plane. His Binswanger’s disease. Her symptoms worsened slowly over
neuropsychological testing was normal. the following years, her walking became progressively worse
and she developed limitation of downgaze. Two years later
Individual 2.111.6. The 63-year-old female had orofacial she complained of dysphagia and urinary incontinence. At
dyskinesia, increased blink rate, postural tremor in the lefage 69 she was treated witkdopa, which produced a mild,
arm, and axial and right arm rigidity. Her mental status andransient improvement, and with dopamine agonists, without
gaze were normal. improvement. She was examined at age 70 when there was
evidence of frontal lobe dysfunction, severe dysarthria and
Individual 2.111.7. The 60-year-old male had bruxism, dysphagia, facial dystonia and apraxia of eyelid opening. The
akinesia and rigidity predominantly in the left arm and legoculomotor examination revealed limitation of downgaze,
and postural tremor in the arms. He also had exophoria andifficulty in convergence and slowing of horizontal and
failure of convergence. His mental status was normal. vertical saccades. Her neurological examination revealed
rigidity and akinesia predominantly in her left limbs,
Individual 2.111.9. The 52-year-old female had postural retrocollis and left lower limb dystonia. Her stretch reflexes
tremor for several years in the upper limbs and a diminishedvere exaggerated and she had left foot dystonia. Investigation
left arm swing. Neuropsychological testing and of her regional cerebral blood flow by HMPAO-SPECT
oculonystagmographic analysis were normal. (single photon emission tomography) revealed a deficit of
perfusion in the frontal region. A cerebral MRI showed
Individual 2.111.11. This was a sister of the proband who midbrain and subcortical atrophy which was more severe
was diagnosed as having Parkinson’s disease at age 53 whenfrontal region. During the ensuing months she became
she required medical attention for a slowly progressivewheelchair bound, unable to read because of complete vertical
akinetic rigid syndrome without tremor. She was treated withand horizontal gaze palsy and she developed severe dysphagia
small doses of-dopa and her symptoms improved greatly,and oromandibular dystonia but she declined gastrostomy.
although she developed visual hallucinations. At the age oShe died of pneumonia at age 72. Macroscopic examination
57 she developed typical wearing off fluctuations and at agef the brain was normal except for pallidal atrophy with
59 she complained of swallowing problems which werebrownish discoloration and loss of pigment in the substantia
accompanied by severe weight loss. On examination she hatdgra. Light microscopy revealed neuronal loss, gliosis and
generalized slowness, difficulty in convergence, anterocollifigh density of neurofibrillary tangles and neuropilic threads
and limb dystonia in the four extremities, a persistent glabellawith positive immunoreactivity to tau and PHF-1 (paired
tap reflex, brisk sustained palmomental responsedelical filaments) in globus pallidus, subthalamic nucleus,
hyperreflexia and extensor plantar reflexes. She developeslibstantia nigra, peri-aqueductal region and oculomotor
increasing gait difficulty with frequent freezing. complex. There was a moderate number of tangles in caudate,
putamen, locus coeruleus, pontine nuclei, inferior olive,
Individual 2.111.20. This patient complained of head nucleus ambiguus, raphe nuclei and dentate nucleus.
tremor at age 63 and progressive slowness and tremor in her
right arm. At age 71 she is still active, but with moderatelndividual 3.11.3. This was the proband’s aunt on whom
right side akinesia and rigidity, mild walking difficulty, we only have retrospective information from relatives.
dysphagia and urinary incontinence. Photographs of the patient taken during her youth and early
adult life did not reveal any neurological disease. She
Individual 2.111.26. At age 59 he complained of tremor developed a parkinsonian syndrome around age 70 with
at rest in the right hand, hypophonia and excessive sweatingremor in her hands, early gait disturbance with frequent falls
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and speech difficulties. She developed progressive and seveshe was 85 years old, a neurological examination revealed
deterioration of her gait and speech and became bedriddeatisorientation, abnormalities of memory, limitation of vertical
and virtually mute for the last few years before her death agaze, generalized rigidity (predominantly axial), retrocollis,
age 86. facial and upper limb dystonia. She was unable to walk
and she had a spontaneous tendency to fall backwards.
Individual 3.11.4. This was the proband’s aunt on whom Occasionally she had myoclonic jerks in the arms. She is
we only have reports from relatives. In the last years of hestill alive at age 86.
life she developed dementia with frequent hallucinations and
severe gait disturbance and she died at age 74. Individual 5.111.4. This was the proband’s brother and his
neurological disorder began at age 75 with an akinetic
rigid syndrome, dementia, dysphagia, dystonia (antero- and
Family 4 retrocollis) and blepharospasm. His neurological examination
Proband, individual 4.11l.1.This was a 62-year-old 10 years later revealed hypokinesia, upgaze abolition,
woman with a history of hypertension, diabetes and smokingeduction of the verbal fluency and axial and limb rigidity.
who developed progressive gait disturbance and speeoh cerebral MRI revealed corticosubcortical and brainstem
difficulty. One year later her neurological examination atrophy. He was unable to walk, developed severe dysphagia
revealed dysarthria with orolingual apraxia, and persistenand he lost 12-15 kg. He died at the age of 86. During the
glabellar tap and palmomental reflexes. Her mental statulast few months of his life he took-dopa without apparent
was normal. She had ocular dysmetria, slowing of saccademprovement.
and breakdown of vertical opticokinetic nystagmus. Standing
and tandem walking were difficult. She was treated with Individual 5.11.2. This was the mother of the previous
dopa without improvement and at age 65 she lost verticapatients for whom we only have information from relatives.
gaze (up and down) with abolition of vertical optokinetic For several years she had a neurological syndrome similar
nystagmus. She had axial and limb rigidity, facial dystonia,to that suffered by her children before dying aged 83.
bradykinesia and loss of balance and gait difficulty. A cerebral
MRI revealed corticosubcortical and brainstem atrophy,
mostly in the mesencephalic tegmentum. She died at ageamily 6
71 and had a post-mortem examination. Light microscopyProband, individual 6.111.5.At age 37 she developed
revealed neuronal loss, gliosis and presence of neurofibrillargeneralized slowness, gait disturbance with frequent falls and
tangles and neuropil threads in neurons and glia in globumicrographia. Her neurological examination 1 year later
pallidus (more severe in the medial segment), frontal cortexsevealed dysarthria, difficulty in convergence, abolition of
subthalamic nucleus, substantia nigra, red nucleusjpgaze and apraxia of eyelid opening. Stretch reflexes were
oculomotor complex, locus coeruleus, dentate and inferioexaggerated, the left plantar response was extensor and she
olivary nucleus. Tangles were also identified in Meynert'shad axial rigidity and right arm dystonia. She was treated
nucleus, hippocampus, subiculum and pons. for 3 months withL-dopa without improvement and in the
following years she developed axial dystonia, vertical gaze
Individual 4.11.6. This was the proband’s aunt for whom palsy and slow horizontal saccades. Her dysphagia became
we only have reports from relatives. In the last years ofso severe that she lost weight and required percutaneous
her life she had a neurological syndrome characterized bgastrostomy. She became virtually mute only being able to
dementia, gait disturbance and severe weight loss. She diexkpress affirmation or negation with slow movements of her
aged 96 years. hand. Cognitive evaluation was difficult but she was suspected
by her physicians to have frontal lobe dementia. She is now
Individual 4.11.7. This was the proband’s aunt and a sister41 years old.
of 4.11.6 for whom we only have reports from relatives. She
was said to have Parkinson’s disease in her seventies. Shadividual 6.11.3. This was the proband’s mother whose
moved slowly, had no tremor, had frequent falls backwardspeurological disorder began at age 41 with tremor in the left
developed severe dysphagia and dysarthria and died at age #m and progressive slowness. She was diagnosed with
Parkinson’s disease 2 years later. When she was 44 years old
she had hypophonia, dysphagia and gait disturbance with
Family 5 frequent falls. Neurological examination revealed rigidity,
Proband, individual 5.111.5.This 75-year-old female exaggerated stretch reflex, left extensor plantar response and
had a progressive syndrome characterized by slownesmicrographia. A right thalamotomy was performed without
clumsiness and dementia. Her neurological examination @mprovement. One year later her left arm was fixed in flexion
age 83 revealed facial dystonia, dysarthria, rigid-akineticand pronation, she had severe generalized bradykinesia and
syndrome and gait disturbance. A cerebral MRI revealedxtensor plantar responses. A few months later there was
corticosubcortical atrophy. During a visit to her home whenevidence of voluntary upgaze paralysis and she died at age 45.
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Individual 6.111.1. This was the proband’s sister who Two years later she developed dysarthria, palilalia, facial
developed a progressive akinetic syndrome when she was 2lfstonia and axial and right arm dystonia. Vertical ocular
years old. Two years later she had a gait disturbance witmovements were abolished and horizontal ones were slow.
frequent falls and micrographia and neurological examinatiorshe developed urinary incontinence and loss of balance with
revealed hypophonia, a reduced range of vertical gaz&equent backwards falls.
movements, difficulty for ocular convergence, apraxia of
eyelid opening, exaggerated stretch reflexes and axial rigiditgndividual 9.1.2. This was the proband’s mother who, at
She was treated with bromocriptine without improvementage 75, developed loss of balance, gait disturbance, postural
and died aged 41. tremor, dementia, dysarthria and severe dysphagia with
weight loss. She received treatment wittdopa with clear

. improvement, but she had hallucinations. She died at age 83.
Family 7
Proband, individual 7.lll.1. A 55-year-old male
presented with loss of memory and progressive gaiFamily 10
disturbance, frequent backwards falls and dysphagia, anPropband, individual 10.111.1.At the age of 70 this
neurological examination 3 years later revealed downgazgdy developed unexplained falls. Her balance progressively
limitation. He is now 59 years old and has an akinetic rigidgeteriorated with frequent falls and she also had micrographia
syndrome with severe gait disturbance, retrocollis, apraxigng general slowness of movement. By the time we examined
of eyelid opening and downgaze limitation with occasionalher 7 years after symptom onset, she was unable to stand
diplopia. unaided but was able to walk with the aid of two people,
. _ , with a tendency to fall backwards. Her neck was fixed in
Individual 7.11.4. This was the proband's father who, . anteroverted position and she had a complete vertical

during the last 13 years of his life, had an akinetic rigid g, a0 clear palsy with slow and hypometric lateral saccades,
syndrome with postural tremor in the left arm, dementia W'thblepharospasm and apraxia of eye lid opening. She had a

apathy, gait di.sturbance', dysphagia and significf';mt Weig_%w pitched dysarthria and mild symmetrical distal
loss. Neurological examination revealed retrocollis, aprax'aoradykinesia and rigidity. There was intermittent dystonic

of eyelid opening and micrographia. He was treated With 4 ring of the right leg with extension at the knee and
dopa without improvement. Later he lost vertical downgazeplantar flexion at the ankle

and developed diplopia. He died at age 83.

Individual 10.111.2. At the age of 70 this man developed
Family 8 nocturnal restlessness and was frequently found by his wife

Proband, individual 8.11.1This was a 49-year-old male wandering around the house. He developed urinary frequency

who developed bradykinesia in his left arm. He was diagnose@"d mild short-term and remote memory loss. At the age of
with Parkinson’s disease and was treated wittiopa and 76 he was unable to answer any questions or follow commands

bromocriptine with clear improvement for many years. WhenbUt _he had dressing apraxia and required assistance for
we saw him for the first time at age 63 he was hallucinatingfeed'ng' He walked unaided with steady balance as he turned
and examination revealed hypokinesia, bilateral rest an nd his eye movements were normal. Although he CO!J'd r_not
postural tremor, somnolence and fatigue. Two years later hg€ formally examined there was no obvious bradykinesia,
had frequent falls, dysarthria and memory loss and at age ,t the,fe was r_’n|.ld. symmetrlc_al cogwhegl rigidity, together
the akinetic syndrome had progressed and he had horizont‘é’lIth mild axial ”g'F"W anq wrning anq sittingn blo'c'Ther'e
gaze limitation, difficulties in convergence and ‘frontal were small gm_phtu_de wregular, stimulus sensitive finger
dementia’. After 15 years af-dopa therapy his akinesia was movements |n(_j|ca'F|ng cor_tu_:a_l myocI(_)nus. He d_e\_/elo_ped
still improved but now at age 68 he has dysphagia, facia[narke.d bradyk.mesm _and_ rigidity following a depot injection
dystonia, retrocollis, supranuclear gaze palsy affecting alf’ @nti-psychotic medication.

directions and gait disturbance. ..
rect gag Gt Individual 10.111.6. At the age of 60 this man developed

Individual 8.1.1.This was the proband’s father on whom difficulty walking with unsteadiness and backwards falls
we only have reports from relatives. He had an akinetic rigid¥hile pushing a wheelbarrow. Over the following year he

loss and he died at age 80. in confined spaces, although he walked with normal step

size. He also developed mild micrographia. At this time he

had no bulbar symptoms and examination of his extraocular
Family 9 movements was normal. His cranial MRI showed no vascular
Proband, individual 9.11.1At the age of 67 this woman changes and the diagnosis was of a frontal gait disorder.
had a predominantly right-sided akinetic rigid syndrome.Four years after symptom onset he developed mild dysarthria
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and difficulty with reading. Examination showed that he hadand had difficulty looking down, particularly when going
developed mild slowing of vertical saccadic eye movementslown stairs or eating . Anti-parkinsonian therapy was initiated
and blepharospasm. but with no benefit. On examination she had a ‘dystonic,
pseudobulbar’ face, markedly impaired vertical gaze
(supranuclear), impaired vertical pursuit, hypometric saccades

Family 11. . | ) and square wave jerks. On motor examination there was
Proband, individual 11.111.6At the age of 43 this lady  aqykinesia, tone was normal and there was no cogwheeling.

developed a lack of interest in day-to-day events and chronigyeich reflexes were exaggerated but the plantar responses
insomnia. She had slowing of her speech, difficulty in shifting,\ere down going. Her gait was narrow-based and unsteady

her gaze and she became obsessional about performigg, ynpredictable falls and there was limited arm-swing and
particular tasks. Two years after symptom onset she hadhe turned en bloc. She is still alive.

impairment of postural reflexes and a complete absence of
vertical saccadic eye movements to command but well .. . . .
preserved smooth pursuit eye movements. The mini-ment dividual 12.111.5. This man began having symptoms at

test score was 30/30 but there was impaired verbal fluenc ne age of 63 with personality changes anq increasing
Over the next few years she developed increasingly seve érltablhty. He subsequently developed dysarthria followed

dysarthria and dysphagia and died of a respiratory infectioﬁ’y falls and an unsteady gait. One year later a ‘wide—eygd’
5 years after symptom onset. stare was evident and he later developed coarse rhythmical

activity and posturing in his right hand. The family noted

Individual 11.11.3. In his forties this man developed "gidity and dysphagia as well as cognitive changes (poor
‘problems with his eyes’, gait unsteadiness and frequent fallsneémory and judgement) but he did not benefit fromopa.
some of them quite serious. He also found it hard to judgéDn examination he had typical PSP facies and there was also
distances and frequently bumped into people, and he iBypophonia and fluctuating dysarthria. He had impaired
recalled by his family as having had staring eyes. Hevertical gaze and pursuit with a normal oculocephalic reflex.
deteriorated quite rapidly, was transferred to a nursing homahere was left facial weakness. On motor examination there
and then to a hospital where he died in 1954 at the age d/yas.bradykinesia, axial dystonia and dys.tonic posturing of
47 years. The death certificate diagnosis was of CreutzfeldtliS right hand. There was also a coarse, intermittent tremor
Jacob disease but no pathological report has been ever fourff. Nis right hand and gegenhalten was present in the legs.
Both his children are now dead and we have never obtaineti® had a persistent glabellar tap and grasp reflex, rapid
medical records or the post-mortem details on him. Howeveg@lternating movements were severely impaired, there was
from accounts given by his daughter and members of théxial dystonia and his gait was unsteady. He is still alive.
broader family that this patient had the same staring eyes

and other neurological features observed in his children wéndividual 12.11.4.This man died at the age of 49 years
feel that there is sufficient grounds to be suspicious of PSHrom liver disease. He had gait problems with frequent falls.

Individual 11.1II.5. He was a professor of economic

geography who, in his forties, was noted by his work _ . . .

colleagues to become obsessive and worried about sma(f?l'n'cal ger_l_etlcs

details. At the age of 48 he developed difficulty in focusing!" these families we have found 22 secondary PSP cases
and then in reading and started to have frequent falls angMmong 133 first and second degree relatives from whom

memory loss, particularly for recent events. When seen by €€ was available information. All the patients with ‘likely
neurologist in 1989 he had symmetric akinetic—rigid PSP" @ = 12) had supranuclear gaze palsy and/or frequent

syndrome with severe supranuclear downgaze palsy, slurring/lS Or gait disturbance early in the course of the disease.
of speech, marked hypomimia, diffuse pyramidal signs, ther individual members of these families presented with
brisk jaw jerk and bilateral grasp reflexes. At the age of 520ther neurological disorders including isolated tremor<(

he had a severe supranuclear gaze palsy and was profoundy dementiart = 3), parkinsonismr{ = 1), gait disturbance
bradykinetic and dysarthric with marked postural instability. (N = 1), and tremor, dystonia, gaze palsy and ties<(2).

There were no sensory or cerebellar signs and he scored In these families we found 34 individuals with clinical or
25/30 on the Mini-Mental State Examination. All laboratory Pathological criteria of PSP (12 probands and 22 familial
tests were normal anckdopa was tried without benefit, He C€a@Ses). Seventeen were male and 17 female and the mean

became mute and increasingly immobile and died at the ag@d€ &t onset of symptoms was 5&912.4 yearsf = 28).
of 53. In 17 of these patients there was information available about

vascular risk factors: five (29.41 %) were heavy smokers,

two had high blood pressure (11.76 %) and two diabetes
Family 12 (11.76%). The duration of the disease from clinical onset to
Proband, individual 12.111.3This right-handed woman death was 8.8%+ 3.76 years 1f = 16). Bradykinesia was
started to fall at 71 and she also complained of unsteady gaihe presenting feature in 15 patients, gait disturbance in five
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Table 3 Clinical features in 34 individuals with PSP The recognition of familial cases of PSP requires (i)

intensive investigation of the families including field trips

n % .. . .

and home visits of apparently healthy family relatives and
Bradykinesia 31 91 (i) long-term care and follow-up of the proband and relatives
Gait disturbance 32 94 by specialized neurologists. These methods of evaluation and
SUPF%”U‘?"%“ gaze palsy 2229 85 long-term follow-up are not common in our health care
Bﬁgrtﬁ%g 21 gg systems. For example, patient 1.111.12 was thought to be a
AXial dystonia 12 35 sporadic case of PSP during her lifetime, although an intensive
Dementia 14 41 search for other cases in the family was performed. However,
Tremor _ _ 8 23 4 years after the proband’s death a secondary case appeared
Alpra;]"a of eyelid opening g 18 in her family. Patient 2.111.10 was thought to have sporadic
Ei;% 3;2?53? g 236 PSP during his lifetime. He had a sister who at first was
Myoclonic jerks 1 3 considered to have idiopathic.dopa responsive, Parkinson’s
Response ta-dopa 7 44% disease but 1 year after the proband’s death, his sister

developed severe dysphagia, weight loss and opthalmoplegia.
Four years later a first cousin developed akinesia, apathy,
cranial dystonia and gaze palsy. After interviewing around
and change in personality in three. In nine patients it was30 family relatives we concluded that five deceased ancestors
not possible to determine the initial clinical symptom. considered, during their lives, to have ‘parkinsonism’,
The frequency of the different clinical symptoms is ‘dementia’, ‘senility’ or ‘cerebrovascular disease’ in fact had
summarized in Table 3. Gait disturbance was the mosPSP. Patient 7.1l1.1 was thought to have idiopathic Parkinson’s
frequent alteration during the progression of disease (94% dlisease. His attending neurologist was not told that the
the patients). Seven out of 16 patients treated witfopa patient’s father died of ‘parkinsonism’. Interviews with the
improved initially (three out of the four cases confirmed by patient's mother and brother, in addition to a review of the
pathology) and in three of them this response was sustainegcords and family pictures, provided convincing evidence
for more than 3 years. In one patiemtdopa therapy was of PSP.
thought to be of marginal efficacy, but its discontinuation The pattern of inheritance is compatible with autosomal
because of paralytic ileus produced a malignant catatonidominance with reduced penetrance. Lack of evidence for
syndrome that caused his death in spite of intravenousertical transmission in three or more generations, except in
administration of lisuride. one family, could be related to insufficient information about
In order to evaluate if there were any differences betweemgrandparents of elderly patients, most of them with some
familial and sporadic PSP we compared clinical features okind of cognitive impairment. There are, however, other
the five probands from the families seen in Fundadineez  explanations. The disease was only described 3 decades ago
Diaz with the last five cases of sporadic PSP seen by us in th&teeleet al,, 1964) and people lose contacts with their place
same hospital (Table 4). We did not find clinical differencesof origin because of the strong migratory movements that
between familial and sporadic PSP in terms of age at onsétave taken place in many parts of the world, and the increased
and initial clinical findings. Patients with familial PSP more life expectancy of around 25 years that has occurred during
frequently had dystonia which may have reflected the morghis century. Since the prevalence of PSP is age related
prolonged follow-up. (Daniel et al.,, 1995) the chances of developing the disease
in gene carriers is now much greater than at the beginning
of the century.
Discussion The proportion of affected individuals in different
This study presents a set of clinical data and clinical geneticgenerations increases with age. The number of secondary
of familial PSP. In 12 families from Europe and North cases in the generation of the probands (6 out of 37 siblings
America we found 22 secondary cases compatible with PSBnd 3 out of 34 cousins, i.e. 9 out of 71) was smaller than
in addition to the 12 probands, all with typical clinical the number of secondary cases in the previous generation (7
features. Four of the probands had neuropathologicabut of 24 parents and 5 out of 37 uncles and aunts, i.e. 12
confirmation of the diagnosis of PSP. In these families ther@ut of 61) (Table 3). This is not surprising since the mean
were relatives with other neurological disorders includingage of the siblings is 53 years and the age adjusted annual
tremor (three patients), adult onset focal dystonia, tremorincidence of PSP increases from 1.4 at age 50 to 14.2 per
gaze palsy and tics (two patients), dementia (three patients},00 000 inhabitants at an age higher than 80 years (Bower
parkinsonism (one patient) and gait disorder (one patient)et al., 1997). Therefore, it is likely that some living relatives
Most of these disorders are frequent in the general populatiowill develop the disease in the future.
and, therefore, it is not possible to conclude whether these The diagnosis of PSP is difficult in patients with atypical
disorders appeared in these families by chance or aglinical phenotypes. Confirmed cases of PSP by autopsy have
oligosymptomatic manifestation of PSP. been diagnosed in life as Parkinson’s disease, corticobasal

*Percentage of 16 patients who receivedopa.
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Table 4 Clinical features in sporadic and familial PSP

Sporadic ( = 5) Familial h = 5)
Age of onset* 59.2+ 6.8 60.2+ 6.2
Smoking 2 4
High blood pressure 2 1
Other 1 diabetes mellitus 1 high cholesterol levels
Presenting feature 4 gait disorder, 1 cognitive changes 3 bradykynesia, 1 gait disorder,
1 cognitive changes
Bradykinesia 5 5
Gait disturbance 5 5
Supranuclear gaze palsy 5 5
Dysphagia 3 4
Dysarthria 4 5
Axial dystonia 1 5
Dementia 4 3
Tremor 1 1
Apraxia of eyelid opening 1 1
Blepharospasm 1 0
Limb dystonia 0 3

*Mean = SE.

degeneration, multisystemic atrophy or Alzheimer’s diseaseontrol study by means of questionnaires answered by 50
(Jacksoret al., 1983; Bolleret al., 1989; Rajpukt al, 1991; patients it was found that parkinsonism (odds ratio 5.0) and
Hugheset al., 1992). The pathology of PSP is characterizeddementia (odds ratio 3.6) were more common among first
by a variable combination of neuronal loss, gliosis anddegree relatives of PSP patients (Dagisal., 1988) but, due
neurofibrillary tangles in many brain areas including theto the small size of the cohort, the difference was not
cerebral cortex, basal ganglia and the brainstem (HetLal, significant. Recent reports of familial PSP have raised the
1994; Daniel et al, 1995). Although typical cases are possibility of a genetic factor in the cause of this disease
characterized by akinesia, supranuclear gaze palsy, rigidityDavid et al., 1968; Mataet al,, 1983; Ohareet al., 1992;
axial dystonia, gait disturbance and dementia, there arBrownet al, 1993; Gazely and Maguire, 1994; Tetretdal.,
patients with atypical symptoms and typical pathology (Daniell994; de Yéeneset al, 1995; Golbeet al, 1995; Lanotte
et al., 1995). In some of these patients the diagnosis of PSEt al., 1996; Tetrudet al, 1996). The pattern of inheritance
could be easily missed. in these previous reports was variable. Four of these families
Improvement with L-dopa is considered typical of had affected members in two or more generations, suggesting
Parkinson’s disease and rare in PSP to the point that lack @futosomal dominant transmission, while five families had
response is considered support criteria for the diagnosis dffected individuals in the same generation and consanguinity
PSP (Jellinger, 1995). However, 35-50% of the patientsvas observed in one. So far, familial clustering PSP has been
improve their bradykinesia or rigidity with-dopa (Nieforth  reported in 20 families including those in the present study.
and Golbe 1993; Litvaret al, 1997). In the present study There is evidence for vertical transmission in 10 families,
we found that 7 out of 16, 44% of the treated patients,consanguinity in one and horizontal aggregation in 13
improved with this treatment. Furthermore, three out of thefamilies. Considering the difficulties in the diagnosis it is
four cases confirmed by pathology responded-tiopa. In  likely that the number of familial aggregates of PSP is greater
most of the patients the response was modest and transietttan previously thought, suggesting that PSP could be a
but in three individuals (1.111.3, 2.1.11 and 8.ll.1) the hereditary disorder, at least in some families.
benefit was maintained for several years. These patients were Recent reports (Conraat al., 1997; Lazzarinet al., 1997)
considered to have Parkinson'’s disease before they developédve described a higher prevalence of thgpalymorphism
the complete typical syndrome of PSP. The possibility thabf the gene for tau in patients with sporadic PSP than in the
some of these patients had Lewy body pathology cannot bgeneral population. Higgins and colleagues (Higgstsal,
ruled out in spite of the lack of Lewy bodies in the three 1998) confirmed these data and suggested that familial PSP
patients with pathological confirmation of PSP and responseould be inherited as an autosomal recessive disorder linked
to L-dopa. Unfortunately, we could not obtain post-mortemto the tau gene. These observations are interesting since the
evaluation of some of the relatives of the probands withpathological lesions found in the brain of patients with PSP
atypical clinical findings but fF]dopa and deoxyglucose- are tau containing neurofibrillary tangles. The significance
PET scans have revealed abnormal data compatible with PS® this finding, however, is very difficult to interpret since
in members of these families with atypical phenotypes ohomozygosity for the 4 polymorphism occurs in around
who are clinically asymptomatic (Piccieit al., 1998). 55% of the population while the prevalence of PSP, even in
Genetic risk factors for PSP are uncertain. In a caseaged individuals, is only 70 out of 100 000 inhabitants.
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Furthermore, no linkage has been found (J. Hoenickagde Yebenes JG, Sarasa JL, Daniel SE, Lees AJ. Familial progressive
M. Paez, J. Peez-Tur, A. Barabash, M. Godoy, R. Astarloa, supranuclear palsy. Description of a pedigree and review of the
J. Avila, T. Nyggard, J. G. de Yenes, unpublished results) literature. [Review]. Brain 1995; 118: 1095-103.
in the region 17q 21-22 where the gene for tau is localizedpypinsky RM, Jankovic J. Progressive supranuclear palsy and a
during a genomic search performed in families 2 and 7 oimulti-infarct state. Neurology 1987; 37: 570—6.
this study. In addition, we found that the polymorphisighas
a similar distribution in affected and non-affected members o
families 2 and 6 of this study (Hoenickat al., manuscript
in preparation), and no evidence of linkage was foundGolbe LI, Dickson DW. Familial autopsy-proven progressive
between the PSP phenotype and the gene for tau aftékipranuclear palsy [abstract]. Neurology 1995; 45 (4 Suppl): A255.
analysing the data for both a pattern of autosomal dominanay 33, Daniel SE, Dickson D, Horoupian DS, Jellinger K, Lantos
and recessive inheritance in these families. _ PL, et al. Preliminary NINDS neuropathologic criteria for Steele-

It is very important that the familial character of PSP is Richardson-Olszewsky syndrome (progressive supranuclear palsy)
recognized in order to look for additional families that could [Review]. Neurology 1994; 44: 2015-9.
]E)e |n(‘éluded Ilr:j abgenetlc search. Flndlng a genz ref.s’pdanIb‘siggins JJ, Litvan |, Pho LT, Li W, Nee LE. Progressive supranuclear
or PSP cou ea grgat _step orward towards finding agaze palsy is in linkage disequibrium with the tau and notahe
valuable treatment for this disease. synuclein gene. Neurology 1998; 50: 270-3.

azely S, Maguire J. Familial progressive supranuclear palsy
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