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Dementia of frontal lobe type: neuropathology
and immunohistochemistry
D M A Mann, P W South, J S Snowden, D Neary

Abstract
Brains from 12 patients dying with a
clinical diagnosis of frontal lobe demen-
tia have been examined at post mortem.
In pathological terms four groups were
encountered. Groups A and B showed
severe frontal and temporal lobe atrophy
characterised histologically in group A
by severe neuronal loss, spongiform
change of the superficial laminae, and
mild astrocytosis; in group B severe neu-
ronal loss was accompanied by intense
gliosis but with little or no spongiform
change. Two patients in this latter group
also showed inclusions in frontal cortex
and hippocampus typical of "Pick bod-
ies"; such patients were considered as
having classic "Pick's disease". Group C
patients showed severe striatal atrophy
with variable cortical (frontal or tempo-
ral) involvement, with histological
changes similar to patients in groups A
and B. The single patient in group D
showed mild frontotemporal atrophy
with spongiform degeneration of the
superficial laminae of the cortex and
nigral damage, and was considered to
have motor neuron disease with demen-
tia. This study is consistent with previous
reports showing that the clinical syn-
drome of frontal lobe dementia is patho-
logically heterogeneous. However, the
nosological relationships within these
pathological variants, and between them
and conditions such as progressive apha-
sia where similar histopathological
changes are present, remain uncertain.
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In the not too distant past it was widely
accepted that patients with cerebral atrophy
could be confidently assumed to have
Alzheimer's disease (AD) once cerebrovascu-
lar disease, trauma, and alcohol had been
excluded, particularly during the presenium.
However, it is now becoming increasingly
recognised that certain non-Alzheimer forms
of cerebral atrophy are more common than
has been generally supposed and these may
make a significant proportional contribution
to all cases of dementia. In several surveys -3

their prevalence, compared with AD, has
been estimated as 1:5, 1:8, or 1: 1 1 respective-
ly. One such condition, clinically termned
frontal lobe dementia45 or dementia of frontal
lobe type (DFT)I presents typically with

behavioural disturbances that lead to mutism
and dementia. In about half of patients affec-
ted by DFT, a family history of a similar dis-
order seems to be present6; the pattern of
inheritance being suggestive of the action of
an autosomally dominant gene. Neuropatho-
logical descriptions of the brains of patients
dying with DFT, however, remain scant.24
The nosological and pathological relation-
ships between DFT and Pick's disease and
between DFT and other neurodegenerative
disorders such as motor neuron disease
(MND) with dementia7 8 and progressive
aphasia9, remain uncertain. We present
the neuropathological findings in the brains
of 12 consecutive patients dying with a
clinical history compatible with that of
DFT.16

Materials and methods
Brains were obtained at necropsy from 12
patients with a clinical diagnosis of DFT (see
Neary et all for criteria and tables 1 and 2 for
relevant demographic and clinical details).
Brains were fixed, by immersion in 10% neu-
tral formalin, for three to four weeks, then cut
coronally into 2 cm slices. In some patients
the right hemisphere was frozen for neuro-
chemical analysis and in these only the left
hemisphere, cerebellum, and brainstem were
fixed for histology. From the fixed tissue,
blocks were cut from all major cortical and
non-cortical regions, processed routinely into
paraffin wax, and serially sectioned at 5 ,um
thickness. Certain sections were stained using
conventional neurohistological methods
including Palmgren silver stain for neuro-
fibrillary tangles'0 and methenamine silver
stain for amyloid (fl/A4) protein." 12 Other
sections were stained immunohistochemically
using a conventional avidin-biotin-peroxidase
method'2 and employing primary antibodies

Table 1 Demographic details ofpatients 1-12

Age at Duration of Family
Patient Sex onset (years) illness (years) history

1 M c.50 11 +
2 F 64 7 +
3 F 53 8 +
4 F 62 1 n/a
5 F 61 8 -
6 M 46 10 +
7 F 53 7 -
8 M 55 13 -
9 M 50 23 -
10 M 46 4 -
11 M 45 4 +
12 M 59 4 -

n/a = no details avaiable.
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Table 2 Clinical details ofpatients 1-12

Prominent behavioural syndrome SPET
Patient Extrapyramidal area of
No features Apathy Disinhibition Stereotypy CT reduced uptake

1I + - + - n/a n/a
2 + - + - n/a n/a
3 ?- + - n/a n/a
4 - + - - atrophy normal
5 + - - + n/a n/a
6 + - + - atrophy, especially bilateral frontal

frontal L> R
7 - + - - atrophy, especially bilateral frontal

frontal L> R
8 - - + - atrophy bilateral frontal

(MRI especially temporal) L> R
9 + - - + n/a n/a

10 + - - + atrophy anterior subcortical
11 + - - + atrophy normal
12 + - + - atrophy, especially L frontal

frontal

In common: "Frontal lobe syndrome"-gross alteration in personality and social conduct. Failure on "frontal lobe tasks" and
demonstration of poor powers of abstraction, planning, and strategic functioning.
In addition, all showed progressive loss of language skills, with reduced verbal output, echolalia and perseveration,
and, finally, mutism.
n/a = no details available.

against amyloid (fl/A4) protein (1/200),"3 tau
protein (1/500) (Sigma), ubiquitin (1/500)
(Dako), and glial fibrillary acidic protein,
GFAP (1/750) (Sigma).

Results
GENERAL NEUROPATHOLOGICAL CHANGES
Patients 1-8
In these patients the brain weight (where
recorded) was grossly reduced, ranging from
870-1130 g. The cerebral cortex was atro-
phied, this being present to varying degrees
throughout the entire hemisphere but usually
most severe within, and sometimes restricted
to, frontal lobes, frontoparietal cortex, and
anterior temporal lobe (figs la, b) (table 3). A
moderate or severe atrophy of the hippocam-
pus, amygdala, and corpus striatum (fig lb)
was often also present. The globus pallidus,
thalamus, mid brain, brainstem, and cerebel-

lum were usually normal or only mildly atro-
phied. The lateral ventricles were usually
grossly enlarged particularly anteriorly (fig
lb) as were the temporal horns. The major
cerebral arteries were either unaffected, or
only minimally affected, by atheroma with no
evidence of cerebral infarction.
The histopathological changes within

affected areas of the cerebral cortex were
characterised by a severe (and sometimes
almost total) loss of nerve cells, particularly
from cortical layers II and III but also affect-
ing to a lesser extent those of layer V (figs 2a-
d). Remaining cells in layers III and V were
usually shrunken, though in patient 6 an
occasional swollen neuron (that is, a "bal-
looned Pick cell") was noted. In patients 1-4
a pronounced spongiform change, mainly
affecting layer II, was seen (fig 2a). A reactive
astrocytosis was present in all patients that,
while affecting all cortical layers to some

Figure 1 Coronal sections
of brainfrom patient 5 at
levels of thefrontal cortex
(a) and corpus striatum
(b) showing the severe
atrophy of the frontal and
temporal lobes and gross
enlargement of the lateral
ventricle. (a) x 1-4;
(b) x 1.
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Frontal lobe dementia 607

Table 3 Topographic distribution of atrophy within the brains ofpatients 1-12

Brain Anterior Cerebellum
Patient weight temporal (plus) Posterior Anterior Posterior brain
No (g) Frontal entorhinal) temporal parietol parietal Occipital Hipipocampus Amygdala Striatum stem

1 1016 +++ +++ ++ ++ + + ++ ++ ++ 0
2 955 +++ +++ ++ +++ ++ ++ +++ +++ ++ +
3 900 +++ +±++ ++ +++ ++ + ++ ++ ++ 0
4 1130 + ++ + + + + 0 ++ + 0
5 870 +++ +++ ++ +++ ++ + ++ +++ ++ +
6 1110 +++ +++ ++ ++ + + ++ +++ ++ 0
7 n/a +++ +++ ++ ++ + + ++ +++ ++ 0
8 n/a + + +++ ++ ++ + + + +++ + 0
9 1115 + +++ +++ ++ + + +++ +++ +++ 0
10 1160 ++ ++ ++ + 0 0 ++ ++ +++ 0
11 1290 ++ ++ ++ ++ + + ++ ++ +±++ 0
12 1270 ++ + + + 0 0 0 0 ++ 0

0 = no atrophy; + =mild atrophy; + + = moderate atrophy; +++ = severe atrophy.
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Figure 2 Histological changes in the frontal cortex ofpatient 1 (a) and (b), and patient S (c) and (d). Inpatient 1
there is a prominent spongiform change in layer II (a) with only a mild and mostly subpial gliosis (b). In patient S there is
little, if any, spongiosus (c) though aflorid astrocytosis affecting all contical layers is present (d). (a), (c) Weigert's
haematoxylin and eosin, (b), (d) Phosphotungstic acid and haematoxylin. All x 114.
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Table 4 Topographic distribution of histological changes within the brains ofpatients 1-12

Areas Cerebral Cortex Hippocampus Amygdala Striatum Substantia nigra
Patient grossly
No affected NCL SC G NCL SC G NCL SC G NCL SC G NCL SC G

1 F,AT,AP,S +++ +++ + 0 0 + 0 0 + +++ + + 0 0 0
2 F,AT,AP,S +++ ++ +++ + 0 ++ + 0 + + 0 + 0 0 0
3 F,AT,AP,S +++ +++ + ++ 0 ++ + 0 + + 0 + ++ 0 0
4 F,AT ++ + + 0 0 0 0 0 0 0 0 0 0 0 0
5 F,AT,AP,S +++ + +++ ++ 0 + ++ 0 ++ 0 0 ++ +++ 0 ++
6 F,AT,AP,S +++ + +++ 0 0 0 0 0 + 0 0 + 0 0 0
7 F,AT,AP,S +++ + +++ + 0 0 + 0 + 0 0 ++ 0 0 0
8 F,AT,AP,S +++ + +++ 0 0 + + 0 + + 0 ++ 0 0 0
9 AT,PT,S +++ 0 +++ +++ 0 +++ +++ 0 +++ ++ 0 ++ 0 0 0
10 F,AT,PT,S + 0 + +++ 0 +++ +++ 0 +++ +++ 0 +++ +++ 0 +++
I11 F,AT,AP,S +++ 0 +++ +++ 0 +++ ++ 0 ++ +++ 0 +++ 0 0 0
12 F,AT,AP,S ++ ++ + 0 0 ++ 0 0 ++ 0 0 + +++ 0 +++

F = frontal lobe; AT =anterior temporal lobe; PT =posterior temporal lobe; AP = anterior parietal lobe; S = striatum; NCL = nerve cell loss; SC = spongiform
change; G = gliosis.
0 = absent; + = mild; ++ = moderate; +++ = severe.

extent (especially in patients 5-8 (fig 2d)),
was usually most severe within layers I-I and
layers V-VI (fig 2b). Considerable loss of
myelin and axons from the white matter was
seen and a mild reactive astrocytosis was also
usually present here. The changes were most
severe within frontal, anterior temporal (mid-
dle and inferior temporal gyri), entorhinal,
anterior parietal, insular, and cingulate cor-
tices, decreasing in severity in posterior pari-
etal and posterior temporal (middle and
inferior gyri) cortex. They were usually mini-
mal or absent in superior temporal gyrus (at
all levels), pre and post central gyri, and

Figure 3 Inclusions
(arrowed) within the
hippocampus (a) and (c),
andfrontal cortex (b) and
(d) ofpatient 6. These are
argyrophilic (a) and (b)
and also immunoreactive
with antisera to human
tau proteins (c) and (d)
and ubiquitin (not shown).
(a), (b) Palmgren silver
stain. (c), (d)
Immunoperoxidase and
haematoxylin. All x 475.

occipital (including calcarine) cortex.
Although all eight patients showed these three
histopathological features (that is, nerve cell
loss, spongiform change, gliosis) the emphasis
varied between patients with patients 1-4
showing a moderate to severe spongiform
change with mild gliosis (fig 2a, b) whereas
patients 5-8 showed a minimal spongiform
change with intense gliosis (fig 2c, d); severe
nerve cell loss was common to all eight
patients (table 4).

In patients 2, 3, 5, 7 a variable loss of
nerve cells from CAl, GA4/5, and subiculum
of the hippocampus and the basolateral nuclei
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Frontal lobe dementia

of the amygdala had taken place together with
a similar level of gliosis (table 4). In the other
patients these regions showed either no obvi-
ous changes or a mild gliosis in areas CA4/5
alone (for example, patients 1 and 8).
Argyrophilic inclusions were noted in the
granule cells in the dentate gyrus of the hip-
pocampus (fig 3a) and within neurons of the
frontal cortex (fig 3b) in patients 6 and 7.
Although the corpus striatum was grossly
atrophied in many patients (table 3), histolog-
ically this area usually appeared normal
except for a mild or moderate gliosis in
patients 1, 2, 3, 5, 6, 7, and 8; only in
patients 1 and 2 did there appear to be any
significant neuronal loss and only in patient 1
was there any spongiform change. The thala-
mus and globus pallidus were normal in all
patients. In most patients the nucleus basalis
appeared normal though in patients 1 and 2
some shrinkage and loss of nerve cells had
occurred. The cerebellum and brainstem
(particularly the hypoglossal nucleus) were
histologically normal in all except patients 3
and 5 where some loss of cells from the sub-
stantia nigra had occurred which, in patient
5, was accompanied by a reactive gliosis.

Patients 9-11
Patients 9-11 showed less overall reduction

in brain weight (1115-1290 g) than patients
1-8 (table 3) but displayed more variable pat-
terns of atrophy. In patient 9, atrophy was
focused upon the temporal lobe (including
the hippocampus and amygdala) and striatum
whereas in patients 10 and 1 1 (fig 4a) atrophy
was most severe within the striatum (and
globus pallidus and thalamus) with frontal or
temporal lobes respectively being only moder-
ately affected. In all three patients the
cerebellum and brainstem appeared macro-
scopically normal. The lateral ventricles were
grossly dilated anteriorly (fig 4a) as were the
temporal horns. The major cerebral arteries
were free from atheroma in all three patients.

In general histopathological terms, patients
9-11 also showed a loss of large cortical nerve
cells, gliosis, and spongiform change, though
the distribution and balance of these varied
(table 4). In patient 9, nerve cell loss and
gliosis were profound in all parts of the tem-
poral cortex (including the entorhinal cortex),
hippocampus and amygdala, whereas the
frontal and anterior parietal cortices were
only mildly affected; the posterior parietal
and occipital cortex were unaffected. In
patient 10, the frontal cortex was only mildly
affected and all other cortical regions were
histologically normal; however the hippocam-
pus, entorhinal cortex, and amygdala were

Figure 4 Changes in the
brain ofpatient 11. On
coronal section (a) there is
severe atrophy of the
striatum with moderate
atrophy of the temporal
lobe. Histologically the
frontal cortex shows
spongiform change (b)
with severe nerve cell loss
and intense gliosis within
the caudate nucleus (c).
(a) x 0 9; (b), (c)
Weigert's
haematoxylin-eosin; x 114
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severely affected throughout all subregions.
In patient 11, the frontal cortex (fig 4b), but
not other cortical regions, was affected
together with the hippocampus (including
entorhinal cortex) and amygdala. In all three
patients the corpus striatum was the region
most severely damaged, showing a virtually
complete loss of nerve cells from both cau-
date nucleus and putamen with intense gliosis
(fig 4c). The globus pallidus was affected in
patient 11 though the thalamus was histologi-
cally normal in all except patient 10 where a
mild gliosis was present in medial thalamus.
The substantia nigra showed a severe loss of
nerve cells with intense gliosis in patient 10,
but was normal in patients 9 and 11. The
cerebellum and other brainstem regions
(including the hypoglossal nucleus) were nor-
mal in all patients.

Patient 12
The brain weight (1270 g) was only slightly
reduced, cortical atrophy was mild and con-
fined to frontal and frontoparietal regions.
The corpus striatum was moderately atrophic
and the thalamus and globus pallidus were
slightly smaller than usual. The lateral ventri-
cles, including the temporal horn extensions,
were moderately enlarged. The substantia

nigra was poorly pigmented. Histologically, a
similar, though milder, type of change to that
seen in patients 1-4 was present in the
frontal, frontoparietal, and anterior temporal
regions-that is, loss of large cortical nerve
cells, spongiform degeneration of layer II, and
gliosis within layers I-II and layers V-VI (fig
5a). Apart from a moderate gliosis within the
end folium and the basolateral nuclei respec-
tively the hippocampus and amygdala
appeared normal. The substantia nigra (fig
5b) and globus pallidus showed an almost
complete loss of nerve cells and both dis-
played a dense reactive gliosis; only a slight
gliosis was seen in the corpus striatum. All
cranial nerve nuclei appeared normal and the
corticospinal tract, like all other white matter
areas, appeared well myelinated.

Immunohistochemistry
Only in patient 4 were any deposits of amy-
loid (J8/A4) protein detected, these deposits
being present as "diffuse" plaques sparsely
distributed throughout the whole of the neo-
cortex; none were associated with a neuritic
change and no neurofibrillary tangles were
detected in nerve cell perikarya in this or in
any other patient.

Figure 5 Histological
changes in patient 12. The
frontal cortex (a) shows
spongiform degeneration
and the substantia nigra
(b) shows severe loss of
pigmented nerve cels with
intense gliosis. Nerve cells
of layer II of thefrontal
cortex contain inclusions
(arrowed) that display
strong anti-ubiquitin
immunoreactivity (c) and
there is also much
particulate or thread-like
material within the
neuropil (d) (arrowed)
that is also ubiquitin
immunoreactive. (a), (b)
Weigert's haematoxylin
and eosin; x 110 (a),
x 230 (b). (c), (d)
Immunoperoxidase and
haematoxylin; x 450.
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Table S Topographical distribution of immunohistochemical changes within the brains ofpatients 1-12

Cerebral Cortex Hippocampus Amygdala Stiatum Substantia nigra

Patient a tau a ubi a GFAP a a a a a a a a a a a a
No G W G W G W tau ubi GFAP tau ubi GFAP tau ubi GFAP tau ubi GFAP

1 + + Ot+ + + + + 0/+ 0/+ + + 0/+ 0/+++ 0/+ 0/+ + 0 0 0
2 0/+ 0 0/+ 0 + + +++ 0/+ 0 + + 0/+ 0 + 0 0 + 0 0 0
3 0 0 0/+ 0 ++++ 0 0 + 0 0 + 0 0 + 0 0 0
4 0 0 0 + ++ + 0 0 + 0 0 0 0 0 0 0 0 0
5 0 ++ 0 ++++++0 0 0 ++ 0 0 ++ 0 0 ++ 0 0 ++
6 +++ 0 ++ ++ ++ 0 ++ ++ + + 0 + + 0 + 0 0 0
7 ++ 0 + ++ +++ 0 ++ 0 + + 0 + + 0 ++ 0 0 0
8 0/+ 0 + + + + + 0 0/+ 0/+ + 0/+ 0 + 0 0 + + 0 0 0
9 0 0 0 0 +++0 0 0 ++ 0 0 +++ 0 0 +++ 0 0 0
10 0 0 0 0 ++ + 0 0 ++ 0 0 +++ 0 0 +++ 0 0 +++
11 0 +++ 0 +++ ++ + 0 0 ++ 0 0 ++ 0 0 +++ 0 0 0
12 + ++ ++ + +++ +++ 0 0 ++ + + ++ + + + ++ ++ +++

G = grey matter; W = white matter; ubi = ubiquitin; GFAP = glial fibrillary acidic protein; tau = microtubule associated protein, tau.
0 = absent; 0/+ = found only after intensive search; + = mild; ++ = moderate; +++ = severe.

Anti-tau and anti-ubiquitin immunohisto-
chemistry showed widely differing patterns of
staining, failing to reveal changes common to
all, or even most, patients (table 5) with dis-
tinctive changes being demonstrated only in
patients 6, 7, and 12. In patient 6 most sur-
viving nerve cells within layer II of the frontal
cortex, anterior temporal cortex, and entorhi-
nal cortex displayed a strong anti-tau
immunoreactivity; many nerve cells in layers
III and V also showed this change. The tau-
staining appeared mostly diffuse and granular
though sometimes well defined inclusions
were seen (fig 3d). Many of the tau positive
cells and inclusions were also detected,
though less strongly, with anti-ubiquitin. The
white matter showed a pronounced granulari-
ty with anti-ubiquitin but not with anti-tau.
This granularity of white matter staining with
anti-ubiquitin is seen in other neurodegenera-
tive diseases (for example, Alzheimer's dis-
ease, Mann unpublished observations) and
increases with age in non-demented individu-
als14; it may represent a non-specific phenom-
enon (in disease terms) which is related to
axonal loss or degeneration. These kinds of
cortical change were less prominent within
anterior parietal and posterior temporal
regions, being absent in posterior parietal and
occipital cortices. In the hippocampus many
granular neurons of the dentate gyrus (fig 3c)
and pyramidal neurons within areas CAI and
subiculum showed strong anti-tau immunore-
activity that was again granular in nature with
clearly defined inclusions only occasionally
seen. These same cell types were also stained,
but again less strongly, using anti-ubiquitin.
In the amygdala and corpus striatum occa-
sional cells were stained with anti-tau (but
not anti-ubiquitin), in a diffuse and granular
manner without formation of inclusions.
Similar, though less extensive, changes to
these were seen in patient 7
(table 5).

In patient 12 a moderate number of nerve
cells within frontal and anterior temporal cor-
tex showed a strong reaction with anti-ubi-
quitin with staining being either diffusely
granular or occasionally present as well
defined rounded inclusions (fig 5c). Much
particulate material was present within the
neuropil often with a "thread"-like appear-
ance (fig 5d). Anti-tau immunostaining

revealed a similar though much less intense
pattern of staining. Much granular material
was present in the white matter (see above).
Occasional nerve cells in the amygdala and
striatum and nearly all surviving cells within
the substantia nigra displayed a diffuse anti-
tau and anti-ubiquitin immunoreactivity.

In patients 1, 2, and 8 occasional nerve
cells in the cerebral cortex, hippocampus
(dentate gyrus, CAI) amygdala, and striatum
showed a weak granular reaction with both
anti-tau and anti-ubiquitin but no inclusions
were seen. In patients 1, 4, 5, 8, and 11 the
frontal and temporal cortical white matter
showed a diffuse granularity that was anti-
ubiquitin (and in patients 1 and 5 anti-tau)
positive. In patient 3 much fine particulate
and thread-like material that was anti-ubiqui-
tin (but not anti-tau) positive was seen in grey
(but not white) matter of frontal and tempo-
ral cortex. Patients 9 and 10 were entirely
unreactive with either anti-tau or anti-
ubiquitin.

In all 12 patients, affected regions of brain
showed an increased cerebral cortical GFAP
immunoreactivity within reactive astrocytes.
Three patterns of gliosis were noted. In one
(patients 1, 2, 3, 4, 9, 11, and 12) astrocyto-
sis was mild overall but most prevalent in
layers I-II and layer VI, being sparse in layers
III-V and in white matter; patient 12 showed
similar grey matter changes, but with a heavy
white matter gliosis whereas patient 9
showed no white matter changes. In the sec-
ond (patients 5, 6, 7, and 8), a heavy gliosis
of layers I-IH was seen, with all other layers
being equivalently, but slightly less, affected;
there were no white matter changes. Patient
10 showed an idiosyncratic pattern with a
moderate gliosis present in layers I, III, V-VI,
and white matter, but no gliosis within layers
II and IV. All 12 patients showed a mild
to moderate gliosis within the
hippocampus that affected either the end
folium alone (patients 4, 6, 8, and 12), CAl
and subiculum alone (patient 7), or both
(patients 1, 2, 3, 5, 9, 10, 11) according to
whether and to what extent nerve cell loss
had occurred. Gliosis was also diffusely seen
throughout the amygdala and striatum (espe-
cially caudate nucleus) in all except patient 4,
though only in patients 9, 10, and 11 was
this severe. A moderate to severe gliosis was
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Table 6 Topographical summation ofgross, histological, and immunohistological changes in the brains ofpatients 1-12

Patient No Frontal Temporal Limbic Striatal Nigral Cerebellar

1 +++ ++ 0 ++ 0 0
2 + + + ++ 0 0
3 +++ +++ ++ ++ ++ 0
4 + + 0 0 0 0
5 +++ +++ ++ + 0
6 +++ +++ ++ ++ 0 0
7 +++ ++ ++ ++ 0 0
8 +++ +++ + + 0 0
9 0 +0++++0++++

10 + 0 +++ +++ +++ 0
11 +++ ++ ++ 0 0
12 ++ 0 + ++ +++ 0

0 = absent; + = mild; ++ = moderate; +++ = severe.

seen within the substantia nigra in patients 5,
10 and 12.

Summary of results
The topographical distribution of the gross,
histological and immunohistochemical
pathologies and their severity is presented for
all 12 patients in table 6. It is clear that the
clinical syndrome that we have termed
dementia of frontal lobe type'6 is pathologi-
cally heterogeneous and appears to comprise
several distinctive subgroups.
The first subgroup (type A) (patients 1-4)

is characterised by a frontotemporal atrophy
defined histologically by a loss of large corti-
cal nerve cells, a spongiform degeneration of
the superficial neuropil, and a minimal and
restricted gliosis. No distinctive changes
(swellings or inclusions) within remaining
nerve cells are seen. The limbic system and
the striatum are affected but to a much lesser
extent.
The second subgroup (type B) (patients

5-8) is also characterised by a frontotemporal
atrophy but which is defined by a loss of large
cortical nerve cells with widespread and
abundant gliosis but minimal or no spongi-
form change. Swollen neurons or inclusions
that are both tau and ubiquitin positive are
sometimes typically present in some patients
and the limbic system and striatum are more
seriously damaged.

In the third subgroup (type C) (patients
9-11) the brunt of the pathology is borne by
the striatum with (usually) severe limbic
involvement but variable cortical and nigral
involvement. Immunohistochemistry reveals
no significant changes.

In the last subgroup (type D) the atrophy
is mostly frontal, with some temporal involve-
ment, characterised by loss of large cortical
nerve cells, spongiform change, and mild
gliosis; limbic involvement is slight, though
nigral damage is severe. Ubiquitinated inclu-
sions are present within the frontal cortex.

CLINICOPATHOLOGICAL RELATIONSHIPS
These four groupings are based on the mor-
phological characteristics of brains retrieved
from patients who in life had undergone lon-
gitudinal neuropsychological analysis and
brain imaging. These clinical data were exam-
ined retrospectively and compared with the
pathological findings in order to determine
any salient clinicopathological relationships.

Demographic features
There were no group differences with respect
to age of onset, duration of illness, or patient
gender (table 1). However, the presence of a
family history of dementia in a first degree
relative characterised group A, whereas in
group B there was an absence of a family his-
tory in most instances. There was a positive
family history in one of the three patients in
group C, but none in the patient in group D.

Clinical syndromes
All patients showed those features associated
with dementia of frontal lobe type' (table
2)-that is, profound personality change and
social misconduct followed by progressive
language impairment. Nevertheless, signifi-
cant clinical distinctions emerged in group C
patients where a stereotyped behaviour repre-
sented the dominant clinical feature. Whereas
overeating and food fadism occurred in all
patients, hyperorality, with the mouthing of
inanimate objects, was an early characteristic
of group C only. With progression of disease
all patients developed neurological signs of
akinesia, muscular rigidity, and tremor.
However, these were very early and promi-
nent features of group C. The single patient
in group D had not had any observable evi-
dence of amyotrophy, but neurophysiological
investigations of muscular denervation had
not been performed.

SPETfindings
Of the seven patients scanned (table 2), the
three from group B had symmetrical reduc-
tion of tracer uptake in the frontotemporal
lobes. One patient from group A with very
rapid decline and modest frontotemporal
atrophy had a normal scan. One patient from
group C had reported "anterior change in a
subcortical distribution" in keeping with the
pathological findings. Another patient from
group C, with severe ritualistic behaviour,
had a normal scan. The single patient from
group D had asymmetrical frontal lobe
changes on scanning.

Discussion
To date there have been only two other major
studies24 and a couple of case reports'516 on
the histopathology of these non-Alzheimer
forms of dementia.
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Frontal lobe dementia

Brun4 described the pathological changes
in the brains of 20 patients suffering from
DFT. Four showed a frontal or frontotempo-
ral atrophy characterised histologically by
neuronal loss, a moderate or severe gliosis
and a fine superficial spongiosus. All cases
had swollen (Pick type) cells and inclusions
(Pick bodies); a diagnosis of Pick's disease
was ascribed. The hippocampus and anmyg-
dala were slightly or moderately affected in
these patients. The other 16 patients showed
mostly a frontal and anterior temporal degen-
eration characterised by neuronal loss, slight
gliosis, but prominent "spongiosus" of layers
I-ILI. Although occasional "swollen cells"
were found in four patients, none demon-
strated inclusions. The hippocampus and
amygdala were slightly affected in a minority
(three) of patients; in these a diagnosis of
frontal lobe degeneration was given.
Knopman et al 2 reported the pathological
changes in 14 patients with a condition they
termed "dementia lacking distinctive histo-
logical features" (DLDH). These showed a
mild to moderate atrophy of the frontal lobes
in which the histological changes comprised
of a vacuolation of the second cortical layer
and an astrocytosis that was prominent in the
deeper layers in some patients but generalised
in others; no senile plaques or neurofibrillary
tangles were seen and no swollen neurons or
ones containing inclusions were present. The
hippocampus was affected in all patients
where areas CAl and subiculum showed cell
loss and gliosis. The amygdala was inconsis-
tently affected and several patients showed
striatal and thalamic gliosis. Although the
nucleus basalis and locus caeruleus were
mostly unaffected, the substantia nigra was
always, though variably, damaged. Five
patients also showed hypoglossal degenera-
tion and of these, at least two had developed
clinical motor neuron disease. These
latter patients appear to conform to other
reports67 17 of MND with dementia in which
the cortical degeneration, typified by large
cell loss, gliosis, and spongiform change, is
augmented by severe nigral degeneration and
involvement of cranial nuclei and anterior
horns. Although in MND and dementia no
swollen cells or inclusions are readily observ-
able in cortical regions in routine histological
preparations immunohistochemistry'7 has
highlighted the presence of inclusions within
the dentate gyrus of the hippocampus and
lamina 2 of the frontal cortex that seem
specific for this condition. Such inclusions
are ubiquitin-positive but tau and silver nega-
tive'7; findings that set them apart from the
inclusions of Pick's disease, within these same
cell types, that are both tau and ubiquitin
positive, as well as argyrophilic (see here,
patients 6, 7, and reference 17). Such cortical
and hippocampal inclusions are not seen in
typical MND17 without dementia. Knopman
et a12 did not use immunostaining in their
study, so it is not clear whether all five of
their demented patients showing cortical, stri-
atal, and hypoglossal changes could be
classed in this way.

The four patients which we have classed as
type A would appear to conform both clini-
cally and pathologically (as do those of Kim et
al5 and Masse et al'6) to those 16 patients
designated by Brun,4 as having frontal lobe
degeneration and those nine patients (without
hypoglossal involvement) which Knopman et
al2 have termed as having DLDH. Of the
four patients designated by us as type B, at
least two (patients 6 and 7) clearly conform,
on the basis of the topographical distribution
of the brain atrophy, the large cortical cell
loss and pronounced gliosis and the presence
of tau and ubiquitin positive inclusions within
the hippocampus and neocortex, to a diagno-
sis of typical Pick's disease. The other two
patients in this group appeared histologically
identical except that the inclusions were not
present; whether these should also be classed
as Pick's disease remains uncertain, though in
the absence of any definitive marker distin-
guishing such cases with or without Pick bod-
ies it seems safest at present to include all
under the rubric of Pick's disease.

Another major concern is to what extent
are patients represented by type A or type B
(with or without Pick cells) pathologies mem-
bers of one and the same disease entity?
Certainly in the past patients dying with loss
of large cortical nerve cells, gliosis, and
spongiform change, in the absence of
Alzheimer-type lesions or typical Pick cells or
inclusions, have been considered to represent
variants of the Pick's disease spectrum.'819
While DFT and Pick's disease are clinically
very similar and display overlapping neu-
ropsychological profiles6 it is apparent from
this present study that distinctions other than
the presence or absence of swollen cells and
cellular inclusions (see2 4) set them apart. For
example, in DFlT a spongiform degeneration
of the superficial cortex is a prominent fea-
ture and astrocytosis is only mild. A family
history of a similar disorder seems to be
strongly associated with this pathology (see
here and Knopman et al2). In our four
patients with "Pick's disease", spongiform
change was not prominent though astrocyto-
sis was florid; in most instances (3/4) a family
history did not seem to be a feature of this
pathology. Hence, there may be good
grounds for drawing a clear distinction
between DFT and Pick's disease on both
pathological and demographic grounds.
Our single patient in group D shows close

pathological similarity to those with DFT and
motor neuron disease, both in general histo-
logical8 and in immunocytochemical'7 fea-
tures. On clinical examination no signs of
amyotrophy were present but neurophysio-
logical evidence of denervation was not
sought. The spinal cord was not available for
inspection in this patient, though examination
of the brainstem showed no obvious cell loss
from the hypoglossal nucleus and a normally
myelinated corticospinal tract. Nonetheless,
the frontal lobe spongiform degeneration8, the
hippocampal and nigral changes,8 and the
ubiquitin positive inclusions'7 are all indica-
tive of the disease and are quite distinct from
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Mann, South, Snowden, Neary

patients with DFT (type A) alone. It is
possible that this patient had a more chronic
form of DFT and MND (duration of illness
was at least four years compared with the 2-3
years typically seen8) and that given time clin-
ical signs ofMND might well have emerged.
The remaining patients (patients 9-1 1)

collected into group C are enigmatic. Their
extreme striatal degeneration sets them apart
from the other three subgroups and suggests
a primary subcortical disorder with variable
cortical involvement. Although a family histo-
ry occurred in patient 1 1, this was not appar-
ent in the other two. The extrapyramidal
features and the nigral and striatal involve-
ment in these patients are clinically reminis-
cent of corticobasal degeneration,20 yet the
absence of the characteristic posterior parietal
lobe pathology20 and the whorled basophilic
inclusions20 within nigral and other subcorti-
cal neurons would dictate an alternative diag-
nosis. At present the nosological status of
such patients remains uncertain. Although
they bear some pathological resemblance to
the other groups, their stereotypic behaviour
and the early emergence of extrapyramidal
signs (reflecting the predominantly subcorti-
cal pathological changes) sets them apart
from the more prototypical syndrome ofDFT
in patients from groups A, B, and D. In these
three cases the frontal and temporal cortices
may be functionally deafferented rather than
primarily structurally impaired.

It appears, therefore, that at present, the
clinical entity of DFT is represented by at
least four distinctive pathologies; frontal lobe
degeneration, Pick's disease, frontal degener-
ation with MND, and assorted striatocortical
degenerations. To what extent these may
reflect differing manifestations of a common
or a similar aetiological event with the patho-
logical outcome being dictated by a balance
of genetic and environmental factors remains
uncertain. It is also unclear how these condi-
tions relate to another pathologically similar
condition, progressive aphasia,9 21 in which
the atrophy again principally affects frontal,
temporal, and frontoparietal regions but can
be symmetrical or asymmetrical (usually left
> right). This condition is also characterised
pathologically by a loss of large cortical nerve
cells, spongiform change, and gliosis in the
absence of swollen cells or neuronal inclu-
sions, even when immunohistochemical pro-
cedures are used (Mann, unpublished
observations). Moreover, as well as sharing a
similar pathological appearance with group A
patients, there is likewise a strong familial
incidence. It is possible therefore that the
clinical syndrome of progressive aphasia may
represent an asymmetrical distribution of a
more common pathological change so that
the linguistic functions of the left dominant

cerebral hemisphere are impaired initially and
preponderantly. Clearly a definitive answer to
the nosological status of these various disor-
ders based on morphological and clinical cri-
teria alone is currently not available; a specific
biochemical or molecular marker is necessary
before a more rational basis for "lumping" or
"splitting" these overlapping pathological
conditions can be determined.
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