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Background: Frontotemporal lobar degeneration com-
prises a group of diseases with clinical presentations and
underlying histopathologies that overlap. Familial dis-
ease occurs in up to 50% of frontotemporal lobar degen-
eration cases. One of several underlying histopathologi-
cal abnormalities is of ubiquitin-positive tau-negative
inclusions, similar to those in motor neuron disease.

Objective: To compare clinical features of familial and
sporadic cases in this pathological subgroup.

Design and Patients: Case note review of dementia
patients with ubiquitin-positive tau-negative inclusion
pathological abnormalities proven by autopsy.

Setting: United Kingdom tertiary referral center.

Main Outcome Measures: Analysis of clinical fea-
tures.

Results: Eleven familial cases (autosomal dominant) and
18 sporadic cases were identified. Most familial case pa-
tients presented with behavioral disturbances similar to
those seen in sporadic behavioral cases. Semantic de-
mentia was only seen in sporadic cases. Atypical fea-
tures occurred in a minority. Sporadic and familial be-
havioral cases showed no differences in age at onset or
disease duration. Neuropsychological test results re-
vealed frontal or temporal deficits in most, but unex-
pected early parietal deficits in 1.

Conclusions: Behavioral features in familial and spo-
radic cases were similar, but semantic dementia only oc-
curred in sporadic cases. Diagnostic confusion with Alz-
heimer disease and corticobasal degeneration occurred
in some cases.
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T HE PATHOLOGY UNDERLY-
ing frontotemporal lobar
degeneration (FTLD) has
been defined more clearly
in recent years.1 Clinical

and pathological features overlap, such that
apparently similar clinical presentations
can be due to different histopathological
abnormalities. Frontotemporal lobar de-
generation also occurs in both familial and
sporadic forms, with 10% to 50% of cases
being familial.2 It is not clear whether spo-
radic disease and familial disease differ in
clinical phenotype. Mutations in the tau
gene occur in only half of familial cases.3

At least 3 different gene loci have been pro-
posed for familial FTLD occurring with-
out tau deposition or tau mutations.4 An
understanding of the similarities or oth-

erwise of familial and sporadic disease will
become increasingly important when these
genes are identified.

Neary et al5 defined 3 clinical presen-
tations of FTLD: frontotemporal demen-
tia (FTD), progressive nonfluent apha-
sia, and semantic dementia (SD).
Pathological entities include glial and neu-
ronal tau deposition, Pick disease, corti-
cobasal degeneration, neurofilament in-
clusion body disease, frontotemporal
dementia and parkinsonism linked to chro-
mosome 17, nonspecific histological fea-
tures, and tau- and �-synuclein–negative
ubiquitin-positive inclusions. The latter 3
usually account for familial FTLD.3

The ubiquitin-positive tau- and
�-synuclein–negative inclusions seen in
some cases are similar to those observed
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in motor neuron disease (MND), although in patients with
dementia these may occur in extramotor cortices and den-
tate fascia without anterior horn cell disease.6 Various
terms are used for this occurrence. We favor the term de-
mentia with ubiquitin-positive tau- and �-synuclein–
negative inclusions (DUI), which avoids implications about
clinical presentation or a link to MND. Cortical and/or
dentate ubiquitin inclusions may also be seen in pa-
tients with MND without dementia.7

Clinical features of MND may be associated with
FTLD,8 usually with behavioral disturbance before fea-
tures of MND appear. However, diagnosis of FTLD may
follow that of MND,9 and features of MND may occur in
patients with FTLD.10

Several pedigrees with this pathological abnormality
have been reported,11-13 but this is the first large series of
cases comparing familial and sporadic disease.

METHODS

Cases were identified from the postmortem series of the De-
mentia Research Centre, Institute of Neurology, London, En-
gland. Patients presented with cognitive impairment and met
standard criteria for dementia. A secondary diagnosis of MND
was allowed only if the initial presentation was with cognitive
impairment (2 cases).

Neuropathological examination included hematoxylin-
eosin and silver stains and immunohistochemical analysis with
antibodies for tau protein (AT8), ubiquitin, �-synuclein, A�,
prion protein (12F10), glial fibrillary acidic protein, and neu-
rofilament proteins (RT97 and BF10).

Pathological criteria for diagnosis of DUI were based on ac-
cepted consensus,14 ie, intraneuronal inclusions, commonly in
layer 2 of the frontal, temporal, and parietal cortex and in gran-
ule cells of the dentate gyrus of the hippocampus, stained by
ubiquitin but not by tau or �-synuclein (Figure).

Clinical features were extracted from hospital records and
cases were divided into familial and sporadic groups. Familial
cases met criteria for autosomal dominant inheritance as de-
fined by Cruts et al,15 whereby a minimum of 3 affected mem-
bers in 2 generations are required. For familial cases, muta-
tions in exons 9 to 13 of the tau gene had been excluded in
either the patient or an affected first-degree relative. Cases were
further grouped according to predominant clinical features. In

our analysis, t tests compared age at onset and disease dura-
tion. The Fisher exact test was used to compare the propor-
tions of familial and sporadic cases in each clinical group.

RESULTS

Twenty-nine cases were identified from a postmortem se-
ries of 234 patients with dementia. Six of these cases had
been the subjects of previous reports,16-19 including 1 re-
port18 in which recent review of the pathological fea-
tures led to reclassification as DUI. Twenty-four cases were
assessed clinically at this center. Five cases were re-
ferred to the brain bank for research purposes only, and
clinical information was obtained from notes available
at the time of donation.

Eleven cases from 8 families were familial. Six famil-
ial and 12 sporadic cases were men. Mean ages at onset
were 56.3 years for sporadic cases and 54.3 years for fa-
milial cases (P=.44). Mean durations of disease were 9.3
years (sporadic) and 6.6 years (familial) (P=.05). How-
ever, durations were very similar in the 2 groups if cases
in which the clinical phenotype was itself associated with
very long (semantic) or very short (MND) disease dura-
tion were excluded: 8.0 years (n=9; sporadic) and 6.6
years (n=11; familial), at P=.46. Age at onset and dis-
ease duration for each of the 6 clinical groups defined
below are given in Table 1.

Contemporary clinical diagnoses were of FTD (10
cases), MND (2 cases), SD (7 cases), progressive apha-
sia (1 case), Alzheimer disease (AD; 5 cases), cortico-
basal degeneration (1 case), uncategorized dementia (2
cases), and unknown (1 case). Without reference to the
original clinical diagnoses, cases were divided into 6
groups according to the predominant clinical features:
behavioral (13 cases, 5 familial), semantic (7 cases, none
familial), mixed amnesic and behavioral (5 cases, 3 fa-
milial), mixed language and behavioral (2 cases, 1 famil-
ial), parietal (1 case, familial), and features of cortico-
basal degeneration (1 case, familial). Behavioral features
are summarized in Table 2. The Fisher exact test dem-
onstrated that the proportions of familial and sporadic
cases were significantly different in the various clinical
groups (P=.04). Further comparison of semantic and non-
semantic presentations showed that semantic cases were
significantly more likely to be sporadic (P=.03).

All cases were assessed before the Neary criteria5 were
published. Therefore, we applied these criteria (sub-
types FTD, SD, and progressive nonfluent aphasia) ret-
rospectively. All semantic cases and 10 of 13 behavioral
cases fulfilled the criteria. For 2 behavioral cases there
was insufficient information available, and 1 patient had
blackouts of uncertain cause at onset but otherwise had
a typical FTD presentation. None of the mixed amnesic/
behavioral cases met FTD criteria, and there was insuf-
ficient information available in the remaining cases.

BEHAVIORAL CASES

Disinhibition and apathy occurred with similar fre-
quency in familial and sporadic cases. Two patients (spo-
radic cases) later developed features of MND. Initial neu-

Figure. Ubiquitin-positive intraneuronal inclusion (arrow) in the dentate
gyrus.
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rological examination results revealed a range of only
minor nonspecific abnormalities outside cognition in 8
patients (of which 5 cases were familial).

Neuropsychological testing results (available for 11
cases) demonstrated executive dysfunction in all cases.
Ten of 11 cases also had weak or impaired memory on
formal testing.

Language difficulties (predominantly in naming) were
noted in 9 of 10 assessed patients, and perceptual diffi-
culties were observed in 2 of 10 patients, both assessed
when they were moderately affected.

SEMANTIC CASES

Neurological examination abnormalities were confined
to cognition. Neuropsychological testing results demon-
strated profound naming difficulties, fluent dysphasia,
and associative agnosia. Episodic memory was impaired
in only 3 patients and was less affected than semantic
memory. Executive and perceptual deficits were absent.
Two cases had early minor behavioral changes.

MIXED AMNESIC AND BEHAVIORAL CASES

Early memory problems were as prominent in the his-
tory as behavioral disturbance, causing diagnostic diffi-
culty. Four patients were clinically diagnosed with AD.
Four patients had neuropsychological testing, showing
impairment of memory (all 4 patients) and impairment
of executive function (3 of 3 patients assessed), but pres-

ervation of perceptual skills (4 patients). Behavioral
changes included apathy, irritability, and agitation.

OTHER PRESENTATIONS

One patient had early parietal deficits revealed by neu-
ropsychological testing, along with behavioral features.
In 2 cases, language disturbance and behavioral change
were of similar dominance in the history, but informa-
tion was limited. One patient with features of cortico-
basal degeneration has been previously described.18

ATYPICAL FEATURES

Atypical features included visual hallucinations (1 case),
nonepileptiform blackouts (2 cases), emotional lability
(4 cases), early paranoia (2 cases), and tinnitus (2 cases).
Three behavioral patients also had a degree of speech and
language disturbance. Four patients showed neuropsy-
chological evidence of parietal dysfunction, including dys-
calculia, dysgraphia, and visuospatial and visuopercep-
tual impairments, in addition to other deficits.

IMAGING AND
ELECTROENCEPHALOGRAPHIC FINDINGS

Electroencephalograms were available for 19 cases. Re-
sults of 13 patients (4 familial) were normal, 4 patients
(none familial) showed minor disturbance of back-
ground rhythm, and 2 patients (both familial) were of

Table 1. Age at Onset and Disease Duration

Clinical Group
Total No.
of Cases

No. of
Familial Cases

Age at Onset,
Mean (SD), y

Age at Death,
Mean (SD), y

Disease Duration,
Mean (SD), y

Behavioral 13 5 56.6 (6.7) 62.0 (7.4) 5.4 (2.7)
Semantic 7 0 56.9 (7.1) 70.0 (5.1) 13.1 (2.7)
Mixed amnesic/behavioral 5 3 54.2 (4.9) 62.7 (6.3) 8.5 (1.5)
Mixed language/behavioral 2 1 48.0 57.9 9.9
Parietal 1 1 45 62.3 17.3
CBD 1 1 64 67.6 3.6

Abbreviation: CBD, corticobasal degeneration.

Table 2. Behavioral Features Noted at or Shortly After Presentation

Clinical Group

Any Early
Behavioral

Change Disinhibition Apathy
Excess
Sleep Paranoia

Self-
neglect

Rigid/
Obsessive/
Compulsive

Behavior
Emotional

Lability

Excessive
Alcohol
Intake

Excessive
Eating

Sporadic (n = 18) 13 5 4 1 3 1 5 1 1 4
Familial (n = 11) 11 2 4 3 0 2 1 3 2 4
By major feature

Behavioral 13 7 6 4 3 1 4 2 3 6
Semantic 2 (Minor) 0 0 0 0 0 1 (Minor) 0 0 0
Amnesic/behavioral 5 0 2 0 0 1 0 0 0 1
Corticobasal degeneration

features
1 0 0 0 0 0 0 1 0 1

Language/behavioral 2 0 0 0 0 0 1 0 0 0
Parietal 1 0 0 0 0 1 0 1 0 0
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low amplitude. Twenty-three patients (9 familial) had
brain imaging performed: 10 patients had computed to-
magraphy and 13 patients had magnetic resonance im-
aging. Atrophy was noted in 22 patients, although focal
atrophy was specifically reported in only 10 patients
(2 of which were familial). Asymmetry was noted in 10
patients (4 familial and 6 sporadic).

COMMENT

A range of clinical phenotypes was seen in both familial
and sporadic cases of DUI. These phenotypes broadly fell
within the clinical spectrum of FTLD, although a de-
gree of overlap between syndromes occurred with 6 cases
showing mixed features and not meeting the Neary cri-
teria for FTLD. The definition of familial cases by family
history (minimum of 3 affected members in 2 genera-
tions) is necessary, as the causative gene(s) for this patho-
logical abnormality are yet to be identified. The lack of
tau mutations in familial cases is therefore as expected.

Familial and sporadic cases with a behavioral presen-
tation showed no apparent differences in clinical fea-
tures; positive features, such as disinhibition, and nega-
tive features, such as apathy, occurred in both groups. The
similar ages at onset and disease durations also suggest no
significant difference between familial and sporadic dis-
ease when it manifests with early behavioral change.

Statistical analysis supported the finding of a greater
proportion of sporadic cases with a semantic presenta-
tion, and indeed we are not aware of any reports of fa-
milial FTLD with an SD phenotype. If confirmed, this may
reflect a genetic influence on the distribution of patho-
logical change. While an SD diagnosis may occasionally
be overlooked, that is unlikely here as this center had a
particular interest in this entity20 even before the publi-
cation of the Neary criteria.

Cases with a mixed amnesic/behavioral picture pre-
sent diagnostic difficulty owing to phenotypic overlap with
AD. Frontal features may occur in pathologically con-
firmed AD, but some cases of apparent AD with frontal
features may have DUI.

Poor memory test scores can be difficult to interpret in
patients with clinical presentations suggestive of FTLD, and
the scores should not be overinterpreted. Neary et al5 high-
light that while FTD patients are not clinically amnesic, they
may perform inefficiently on formal memory tests.

The finding of parietal dysfunction in 4 cases (early
in 1 case) suggests that DUI may sometimes present with
features other than those of the 3 recognized presenta-
tions of FTLD. The distribution of the pathological change
in 8 of the 11 familial cases has been previously re-
ported.21 Significant reductions in parietal (as well as fron-
tal and temporal) cortical width and neuronal density in
these cases were found when compared with normal con-
trols. If further studies confirm that early parietal dys-
function may occur with this pathological abnormality,
there would be significant implications for accurate clini-
cal diagnosis.

Only 2 patients went on to develop features of MND.
Those with predominantly motor features of MND would
probably not have been referred to a cognitive disorders

clinic. Current evidence favors a clinicopathological con-
tinuum relating MND and DUI.4,8 None of our patients
had a family history of MND, although pedigrees have
been reported with some individuals affected by FTD and
others by MND.22

The electroencephalograms from patients with FTLD
are expected to be normal,5 although this was so in only
two thirds of cases for which electroencephalograms were
available. Abnormalities were nonspecific. Focal atro-
phy and asymmetry were noted on brain imaging in about
half of the cases, which included both familial and spo-
radic cases. A relatively low number of patients under-
went magnetic resonance imaging examination (13 of 23
patients), possibly explaining why focal atrophy was not
noted in the remainder.

CONCLUSIONS

Familial patients presented with behavioral distur-
bances, with additional amnesic features in a minority,
while semantic dementia was only found in sporadic cases.
Within the behavioral group, clinical features were in-
distinguishable in sporadic and familial cases. A range
of phenotypes was found in both familial and sporadic
cases, some with features atypical for FLTD, emphasiz-
ing the importance of pathological confirmation of
diagnosis.

Accepted for Publication: December 13, 2004.
Correspondence: Martin N. Rossor, MD, FRCP (m.rossor
@dementia.ion.ucl.ac.uk).
Author Contributions: Study concept and design: God-
bolt and Rossor. Acquisition of data: Godbolt, Josephs,
Revesz, Lantos, Fox, Al Sarraj, Cipolotti, Khan, and Ros-
sor. Analysis and interpretation of data: Godbolt, War-
rington, King, Fox, Al Sarraj, Holton, Cipolotti, Khan,
and Rossor. Drafting of the manuscript: Godbolt, Revesz,
Warrington, Lantos, Fox, and Khan. Critical revision of
the manuscript for important intellectual content: God-
bolt, Josephs, Warrington, King, Al Sarraj, Holton, Cip-
lotti, and Rossor. Obtained funding: Lantos and Rossor.
Administrative, technical, and material support: Josephs,
Lantos, King, Al Sarraj, Cipolotti, and Khan. Study su-
pervision: Warrington, Fox, Cipolotti, and Rossor.
Funding/Support: This study was supported by grant
PG2003A from the Alzheimer’s Research Trust, Cam-
bridge, England, and by grant QLK3-CT-2001-02362 to
the Early Diagnosis Alzheimer’s Disease and Related
Dementia Consortium from the European Commission,
Brussels, Belgium.
Acknowledgment: We thank the patients and their fami-
lies, the patients’ clinicians, and Dr Nigel Cairns, for-
merly of the Institute of Psychiatry, King’s College, Lon-
don, England, for pathological evaluation of some cases.

REFERENCES

1. McKhann GM, Albert MS, Grossman M, Miller B, Dickson D, Trojanowski JQ.
Clinical and pathological diagnosis of frontotemporal dementia: report of the Work
Group on Frontotemporal Dementia and Pick’s Disease. Arch Neurol. 2001;
58:1803-1809.

(REPRINTED) ARCH NEUROL / VOL 62, JULY 2005 WWW.ARCHNEUROL.COM
1100

©2005 American Medical Association. All rights reserved.



2. The Lund and Manchester Groups. Clinical and neuropathological criteria for fron-
totemporal dementia. J Neurol Neurosurg Psychiatry. 1994;57:416-418.

3. Morris HR, Khan MN, Janssen JC, et al. The genetic and pathological classifi-
cation of familial frontotemporal dementia. Arch Neurol. 2001;58:1813-1816.

4. Tolnay M, Probst A. Frontotemporal lobar degeneration–tau as a pied piper?
Neurogenetics. 2002;4:63-75.

5. Neary D, Snowden JS, Gustafson L, et al. Frontotemporal lobar degeneration: a
consensus on clinical diagnostic criteria. Neurology. 1998;51:1546-1554.

6. Jackson M, Lennox G, Lowe J. Motor neurone disease-inclusion dementia.
Neurodegeneration. 1996;5:339-350.

7. Piao YS, Wakabayashi K, Kakita A, et al. Neuropathology with clinical correla-
tions of sporadic amyotrophic lateral sclerosis: 102 autopsy cases examined be-
tween 1962 and 2000. Brain Pathol. 2003;13:10-22.

8. Bak TH, Hodges JR. Motor neurone disease, dementia and aphasia: coinci-
dence, co-occurrence or continuum? J Neurol. 2001;248:260-270.

9. Lomen-Hoerth C, Murphy J, Langmore S, Kramer JH, Olney RK, Miller B. Are
amyotrophic lateral sclerosis patients cognitively normal? Neurology. 2003;
60:1094-1097.

10. Lomen-Hoerth C, Anderson T, Miller B. The overlap of amyotrophic lateral scle-
rosis and frontotemporal dementia. Neurology. 2002;59:1077-1079.

11. Rosso SM, Kamphorst W, de Graaf B, et al. Familial frontotemporal dementia
with ubiquitin-positive inclusions is linked to chromosome 17q21-22. Brain. 2001;
124:1948-1957.

12. Kertesz A, Kawarai T, Rogaeva E, et al. Familial frontotemporal dementia with
ubiquitin-positive, tau-negative inclusions. Neurology. 2000;54:818-827.

13. Kovari E, Leuba G, Savioz A, et al. Familial frontotemporal dementia with ubiq-

uitin inclusion bodies and without motor neuron disease. Acta Neuropathol (Berl).
2000;100:421-426.

14. Mann DM. Dementia of frontal type and dementias with subcortical gliosis. Brain
Pathol. 1998;8:325-338.

15. Cruts M, van Duijn CM, Backhovens H, et al. Estimation of the genetic contribu-
tion of presenilin-1 and -2 mutations in a population-based study of presenile
Alzheimer disease. Hum Mol Genet. 1998;7:43-51.

16. Rossor MN, Revesz T, Lantos PL, Warrington EK. Semantic dementia with ubiquitin-
positive tau-negative inclusion bodies. Brain. 2000;123:267-276.

17. Cipolotti L, Warrington EK. Semantic memory and reading abilities: a case report.
J Int Neuropsychol Soc. 1995;1:104-110.

18. Brown J, Lantos PL, Rossor MN. Familial dementia lacking specific pathological
features presenting with clinical features of corticobasal degeneration. J Neurol
Neurosurg Psychiatry. 1998;65:600-603.

19. Harvey RJ, Fox NC, Summerfield JA, Warrington EK, Rossor MN. Dementia as-
sociated with haemochromatosis: a report of two cases. Eur J Neurol. 1997;
4:318-322.

20. Warrington EK. The selective impairment of semantic memory. Q J Exp Psychol.
1975;27:635-657.

21. Cairns NJ, Brannstrom T, Khan MN, Rossor MN, Lantos PL. Neuronal loss in
familial frontotemporal dementia with ubiquitin-positive, tau-negative inclusions.
Exp Neurol. 2003;181:319-326.

22. Gunnarsson L, Dahlbom K, Strandman E. Motor neuron disease and dementia
reported among 13 members of a single family. Acta Neurol Scand. 1991;84:
429-433.

Trial Registration Required

As a member of the International Committee of Medi-
cal Journal Editors (ICMJE), Archives of Neurology will
require, as a condition of consideration for publication,
registration of all trials in a public trials registry (such
as http://ClinicalTrials.gov). Trials must be registered at
or before the onset of patient enrollment. This policy ap-
plies to any clinical trial starting enrollment after July
1, 2005. For trials that began enrollment before this date,
registration will be required by September 13, 2005, be-
fore considering the trial for publication. The trial reg-
istration number should be supplied at the time of sub-
mission.

For details about this new policy, and for information
on how the ICMJE defines a clinical trial, see the edito-
rial by DeAngelis et al in the January issue of Archives of
Dermatology (2005;141:76-77). Also see the Instruc-
tions to Authors on our Web site: www.archneurol.com.
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