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In some elderly individuals with dementia, hip-
pocampal sclerosis (HS) is the only remarkable
autopsy finding. The cause of HS in this setting is puz-
zling, since known causes of HS such as seizures or
global hypoxic-ischemic episodes are rarely present.
We here describe a series of HS cases that have a
widespread neuronal and/or glial tauopathy. Of 14
consecutive cases of HS, 12 had been clinically
diagnosed with dementia and/or Alzheimer’s dis-
ease (AD) while 2 were non-demented; 7 cases had
also been clinically diagnosed with parkinsonism. In
addition to HS, 6 cases also met pathologic diag-
nostic criteria for AD. Gallyas silver staining and
immunohistochemistry with the AT8 antibody
revealed a glial and/or neuronal tauopathy in 12 of 14
cases, with frequent positive neurons and/or glial
cells in the neocortex, basal ganglia, thalamus
and/or limbic regions; in addition, 8 of the 14 cases
had argyrophilic grains. Screening for known tau
mutations was negative in all cases. Western blots of
sarkosyl-insoluble tau protein showed a mixture of
3- and 4-repeat forms. The results suggest that most
cases of HS dementia are sporadic multisystem
tauopathies; we suggest the term “hippocampal
sclerosis dementia with tauopathy” (HSDT) for
these. 
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Introduction
In a subset of elderly individuals with dementia, hip-

pocampal sclerosis (HS) is the only remarkable autop-
sy finding (1, 13, 15, 17, 31, 35, 41, 50, 52, 53, 55). The
frequency of HS in autopsy series of elderly demented
persons has been reported to be as low as 0.4% (53)
and as high as 26% (17). Others have reported frequen-
cies of 3.2% (13), 4.4% (41), 7.4% (50) and 12% (35).
During life, these cases are usually diagnosed as

Alzheimer’s disease (AD) since they typically present
with short-term memory impairment that progresses to
dementia. The cause of HS associated with dementia
(HSD) is unknown; there is rarely a history of seizures
or of a global cerebral hypoxic-ischemic event, which are
known causes of HS in other settings. It has been sug-
gested that HSD is due to occult hypoxic/ischemic
episodes (15) or is a sequela to limbic encephalitis (13).

The term “tauopathy” has been recently coined to
describe brain diseases that are characterized by abnor-
mal neuronal and glial accumulations of tau protein (2,
10, 14, 16, 19, 26, 38, 40, 42, 46). The primary
tauopathies include progressive supranuclear palsy
(PSP), corticobasal degeneration (CBD), Pick’s disease
and a group of inherited conditions known as fron-
totemporal dementia and parkinsonism associated with
mutations of the tau gene on chromosome 17 (FTDP-17).
Alzheimer’s disease may be considered a secondary
tauopathy, as the primary pathology is amyloid deposi-
tion. The tauopathies have overlapping clinical syn-
dromes whose features include varying degrees of
memory impairment, behavioral changes, dementia and
extrapyramidal motor abnormalities. There is also some
overlap in their histopathologic features as all have glial
and/or neuronal accumulations of hyperphosphorylated
and aggregated tau protein; despite this, some, such as
CBD, PSP and Pick’s disease, may be distinguished by
morphologic and topographic differences in the abnor-
mal tau deposits.

We report that a majority of the HSD cases in our
autopsied population have a widespread neuronal
and/or glial tauopathy resembling that seen in FTDP-17.

Materials and Methods

Subjects. The subjects in this study are derived from
the Brain Donation Program at Sun Health Research
Institute, a non-profit organization devoted to the study
of aging-related diseases. The Institute is located in Sun
City, a suburb of Phoenix, Ariz. Mentally competent
individuals enter the Program by voluntarily agreeing to
brain removal after death; individuals with dementia
are signed into the Program by their legal representative.
The Brain Donation Program has been approved by the
Sun Health Institutional Review Board. This study
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includes all cases diagnosed with hippocampal sclerosis
during the period between January 1, 1997 and July 30,
2001. Hippocampal sclerosis was defined as complete or
near-complete neuronal loss (only rare or widely scattered
neurons remaining) in all or part of area CA1 of the

hippocampus. Cases with moderate or frequent neu-
rofibrillary tangles or “ghost tangles” in CA1 were
excluded. Clinical information was obtained by review
of medical records obtained from the primary care
physician, and from private neurologists, neuropsy-
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Case # Presenting Features Later Features Clinical Diagnoses Family History

1 Memory impairment, odd behavior, Gait abnormality, falling, syncopal Probable AD, none
lack of judgement and insight episodes, rigidity, resting tremor, parkinsonism

dysphagia, mutism, dementia

2 Memory impairment, Angry outbursts, paranoid ideation, AD none
depression impaired language function, falling,

dementia

3 Not available (sparse records) Dementia (sparse records) AD none

4 Memory impairment, falling, Paranoia, apathy, masked facies, PD, dementia none
cogwheeling rigidity, bradykinesia, lip tremor, dysphagia,
dysphagia difficulty speaking, hallucinations,

dementia

5 Memory impairment Parkinsonism (shuffling gait), AD, PD none
falling, dementia

6 Not available (sparse records) Dementia, HT, angina Dementia Yes, AD

7 Memory impairment, word-finding Receptive and expressive aphasia, AD none
difficulty, difficulty reading, agnosia, difficulty with complex
gait imbalance calculations, denial, dementia

8 Parkinsonism (no details) Verbally uncommunicative, falling, PD, AD Yes, AD
wheelchair-bound, dementia

9 Memory impairment, Rigidity, bradykinesia PD, non-demented None
bilateral action tremor of
hands

10 Not available (sparse records) Aphasia, dementia AD AD, PD
+/or FTD
in four
2nd deg.
relatives

11 Memory impairment, Abnormal behavior, delusion, MID, AD, PD Yes, AD
aggressive behavior, lack of rigidity, resting tremor, gait
insight, depression abnormality, difficulty with speech,

dementia

12 Essential tremor, falling Action tremors of head, hands and Tremor disorder, Yes, PD
voice, falling non-demented

13 Memory impairment,denial, Personality change, word-finding AD, DLB, Yes,
alcoholism difficulty, stooped posture, parkinsonism stroke

dysphagia, postural instability,
rigidity, bradykinesia, masked
facies, gait abnormality, dementia

14 Memory impairment, Aphasia, dyspraxia, loss of ability to AD, FTD Yes, AD
personality change walk, dementia
(withdrawal)

Table 1. Clinical features of hippocampal sclerosis cases. Information was obtained from review of clinical records and patient/proxy
questionnaire. Family history is defined as yes only if there were one or more first-degree relatives with the stated condition except
where noted. AD = Alzheimer’s disease; PD = Parkinson’s disease; DLB = dementia with Lewy bodies; MID = multi-infarct dementia;
FTD = frontotemporal dementia.



chologists and psychiatrists, when available (the clini-
cal research component of Sun Health Research Institute
did not open until July 1, 2000 and therefore these cases
had not received standardized clinical assessment). 

Tissue processing. Brains were sliced coronally into
1 cm segments and then divided sagittally into left and
right halves. Left-sided slices were immersion-fixed for
48 hours in 4% paraformaldehyde in 0.1 M phosphate
buffer for 2 days at 4°C and then transferred through cry-
oprotectant solutions (2% DMSO/10% glycerol, then
2% DMSO/20% glycerol). Right-sided slices were rap-
idly frozen between slabs of dry ice. Following fixation
and cryoprotection, diagnostic tissue blocks were taken
from the fixed slices and embedded in paraffin wax;
additionally, large (4 �3 cm) tissue blocks were dissect-
ed for frozen sectioning. Sections from paraffin blocks
were cut at 5 �m and stained with hematoxylin and
eosin (H&E). Frozen sections (40 �m) from the large
blocks were stained with H&E, Campbell-Switzer,
Gallyas (7) and Thioflavine S methods. Immunohisto-
chemical stains were performed on free-floating frozen
sections as described previously (3). Antibodies used
to detect abnormal tau deposits included AT8, which
recognizes tau phosphorylated at Ser-202 and Thr-205,
PHF-1, which recognizes tau phosphorylated at Ser-396
and Ser-404, and Alz-50, which recognizes a distinct tau
conformation independent of phosphorylation state. 

Apolipoprotein E genotyping. DNA for apolipopro-
tein E (apoE) genotyping was extracted from pieces of
fixed cerebellar cortex. Tissue (100 mg) was digested to
completion with proteinase K (1 mg/ml) at 55°C and
extracted multiple times with phenol/chloroform. DNA
was recovered by isopropanol precipitation. For each PCR
reaction, approximately 500 ng of DNA from each sam-
ple was used. PCR primers and amplification condi-
tions employed, and identification of apoE genotypes by
Hha I digestion of amplified material, was carried out
according to published protocols (24). Digested fragments
were separated by electrophoresis through 8% acry-
lamide gels and identified by staining with ethidium
bromide.

Tau mutation screening. All cases were screened for
the presence of mutations in the tau gene using frozen
frontal lobe neocortex. Tau exons 7, and 9 to 13 were
amplified from genomic DNA with primers designed to
include flanking intronic sequences. Cycling conditions
were 35 cycles of 94°C for 30 seconds, 60 to 50°C
“touchdown annealing” for 30 seconds and 72°C for 45

seconds with a final extension of 72°C for 10 minutes.
All products were then purified, and for each exon, 100
ng of product was sequenced in both directions using Big
Dye chemistry (Applied Biosystems) and relevant PCR
primers. Sequencing was performed on an ABI377
automated sequencer and processed using Factura and
Sequence Navigator software (Applied Biosystems).
The presence or absence of tau mutations, as well as the
tau haplotype, was determined from the sequence data.

Tau extraction and immunoblotting. Sarkosyl-solu-
ble and insoluble tau protein fractions were extracted from
fresh-frozen hippocampus and parahippocampal gyrus
according to the method of Greenberg and colleagues
(20). Samples were run on 10% SDS-polyacrylamide gels
(SDS-PAGE), transferred to nitrocellulose membranes
and probed with the WKS-44 antibody, which binds to
the central region of tau.

Results

Clinical features of HSD cases. A summary of the
clinical features is presented in Table 1. Fourteen
(7.9%) cases met histologic criteria for HS, of the 177
consecutive cases in which the primary diagnosis was
dementia. The cases included 10 males and 4 females,
with a mean age at death of 81.7 years (range was 54-100
years). Twelve cases had been diagnosed during life
with dementia; the medical history of the 2 others was
negative for dementia. The mean duration of illness for
the demented cases was 9.2 years (range was 5-17
years). Dementia cases were associated with a clinical
diagnosis of Alzheimer’s disease in 4 cases; with
Alzheimer’s disease and Parkinson’s disease or parkin-
sonism in 4 cases; with Alzheimer’s disease, Parkin-
son’s disease and multi-infarct dementia in one case;
and with Alzheimer’s disease and/or frontotemporal
dementia in one case. One of the non-demented cases was
diagnosed with Parkinson’s disease with memory
impairment, while the other had no specific disease
diagnosis but was noted to have postural instability,
action tremors of the hands and head and a voice
tremor.

Clinical features at presentation were available in 11
of the 14 cases. Memory impairment was the most com-
mon presenting feature, being present in 9 cases. Postural
instability was a presenting sign in 3 cases. Behavioral
changes were present at the outset in 4, depression in 2,
parkinsonism in one and word-finding difficulty in one.
At later stages of disease, dementia was present in 12,
parkinsonism in 7, dysphasia in 8 and personality
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and/or behavioral changes in 7. The latter included odd
behavior, disinhibition, apathy, aggression, paranoia,
and hallucinations. 

The past medical histories were notable for cardio-
vascular disease in 11 of 14; this consisted of hyperten-
sion (3 cases), coronary artery disease (6 cases, with
past myocardial infarctions in 3), cardiac arrhythmias (6
cases, 3 with pacemaker placement) and congestive
heart failure (4 cases). A cerebrovascular disease histo-

ry was present in 3 cases (transient ischemic attacks).
None of the 14 cases had a history of cardiac arrest
and/or stroke and/or seizures which preceded the onset
of dementia. One case had a history of a syncopal
episode that occurred after the onset of dementia.

The family histories were notable for 5 cases in
which one or more first-degree relatives had dementia
and/or parkinsonism, one case in which a son had
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Case # Brain Cerebral Cortex and White Mesial Temporal Lobe Basal Ganglia SN neuron loss
Weight Matter 

1 1070 Atrophy: F++; T+++; P++ Atrophy: +++ in entire Atrophy: None
region; bilateral HS Cd+++

2 780 Atrophy: F+++; T+++; P++; Atrophy: +++ in hip, No changes +++
CWMR: ++ PHG; unilateral HS;

3 1055 Atrophy: + to ++ in all lobes; small Atrophy: ++ in hip, PHG; No changes ++
old infarctions of CBL and SI unilateral HS

4 1360 No changes Atrophy not apparent; No changes +
bilateral HS

5 1150 Atrophy: F++; P++; T+++ ; Atrophy: ++ to +++ in No changes ++ 
CWMR: ++ entire region; bilateral HS

6 835 Atrophy: ++ to +++ in all lobes; Atrophy: +++ in entire No changes None
frequent old cortical microinfarcts; region; bilateral HS
large old PCA infarct of right
temporal and occipital lobe;
CWMR: +++

7 1185 Atrophy: ++ to +++ in all lobes, Atrophy: +++ in entire Atrophy: None
knife-blade in left anterior temporal region; unilateral HS
lobe lentiform

nucleus ++

8 1170 CWMR: + Atrophy: +++ hip, PHG, Sparse lacunar +++
FG; unilateral HS infarcts

9 1130 Difficult to assess: acute subdural Could not be assessed; No changes ++
hematoma with cerebral edema bilateral HS

10 800 Atrophy: +++ in all lobes, knife- Atrophy: +++ in entire No changes ++
blade in anterior frontal lobe; region; bilateral HS
CWMR: +++

11 1140 Atrophy: ++ generally, +++ in Atrophy: +++ in entire Old lacunar infarct +
anterior frontal and anterior region; bilateral HS
temporal lobe; CWMR: ++

12 1160 Atrophy: F+, P+ Atrophy: +++ hip; No changes None
unilateral HS

13 - Atrophy: +++ generally, +++ in Atrophy: +++ entire No changes +
temporal lobe region; bilateral HS

14 980 Atrophy: +++ left F and T, + to ++ Atrophy: +++ entire Atrophy: Cd, +++
in other areas region; unilateral HS Put +++

Table 2. Gross and microscopic pathologic features of hippocampal sclerosis cases. The mesial temporal lobe is defined as the region
encompassing the amygdala, uncus, hippocampal formation and parahippocampal gyrus. + = mild, ++ = moderate, +++ = severe; HS
= hippocampal sclerosis; F = frontal lobe; T = temporal lobe; P = parietal lobe; PHG = parahippocampal gyrus; hip = hippocampus; FG
= fusiform gyrus; Cd = caudate nucleus; Put = putamen; CBL = cerebellum; SI = substantia innominata; PCA = posterior cerebral
artery; CWMR = cerebral white matter rarefaction. 



epilepsy and one case in which 3 second and third
degree relatives had dementia and/or parkinsonism.

Neuropsychologic features of HSD cases. Detailed
neuropsychologic assessments were available on 5
cases. Interpretation of these is complicated by the
presence of conditions other than HS, including left
frontoparietal craniotomy, coincident AD and progres-
sive supranuclear palsy. Comments are based on report
summaries, as the raw data was not available. Howev-
er, the general trend across patients was for an initial pres-
entation with memory and language deficits, with gen-
erative fluency more affected than receptive fluency.
Depression and agitation was evident in most, but not all,
of the tested subjects. 

In one subject, with HSD as the only major pathologic
diagnosis, testing done a year prior to death revealed that
simple attention and working memory (serial 7s,
“world” backwards, digit span forward and backward,
Trails A) were well preserved. However, verbal learning
for stories and word lists, as well as verbal fluency for
letters and category (animals) was severely impaired. A
sequencing task requiring mental set shifting (Trails B)
was also impaired. Copying of a complex figure was
intact, but memory for the figure after a delay was
severely impaired. 

Similarly, a second subject with HSD and
histopathologically mild AD (Braak stage II) assessed 6
years prior to autopsy showed a pattern of impaired
memory for verbal (stories) and visual (paired associates)
material, impaired complex sequencing (Trails B), and
conceptual impairment in understanding tasks. Perfor-
mance on visuo-spatial construction (drawings) and
simple mental and spatial sequencing tasks (WMS-R
mental control, Trails A) were relatively spared. Some
depression and agitation was noted, but the time of
onset of the behavioral symptoms seemed to follow the
cognitive deficits.

A subject with HSD, a past left frontoparietal cran-
iotomy (for a subarachnoid cyst) and concurrent AD
was evaluated 10 and 7 years prior to death. Initial test-
ing showed above average intelligence (FSIQ = 123)
with intact function, except for some problems with
encoding complex material (stories). Testing 3 years
later revealed a significant drop in overall IQ (FSIQ=91),
simple and complex visuo-spatial tracking (Trails A/B),
verbal fluency (to both letter and category tasks), and
memory (verbal worse than visual). 

Another subject with progressive supranuclear palsy
as well as HSD had neuropsychological testing done 6
years prior to death and showed significant depression

but minimal cognitive deficits. Minor deficits were
present in the area of memory, with poor learning,
impaired delayed recall of word lists and poor delayed
recall of visual designs. 

The final subject had HSD as the only major patho-
logic diagnosis. Neuropsychological testing was done one
to 2 years after symptom onset, 4 years prior to death.
Features included a depressed and lethargic affect and a
low average performance on the intelligence scale
(FSIQ = 86). Memory was notably impaired for both
learning and delayed recall of verbal material. Visual
memory was in the low average range for immediate
recall, but was significantly impaired after a delay. The
participant was very concrete and performed poorly on
frontal/executive tasks (Trails B, Stroop and Booklet
Category tests). Fluency and confrontation naming
were also impaired below that expected for his general
level of intelligence. 

Gross findings. The gross findings are summarized in
Table 2. The brain weights varied from 780 to 1360 g,
with a mean of 1063 g. All cases except one had notice-
able gyral atrophy. In 9 cases this was focally severe in
the frontal and/or temporal lobes; 3 of these were
described as ‘knife-edged.” Two cases had old infarcts
in the inferior temporal lobe; in one this was consistent
with a posterior cerebral artery occlusion while the
other was more consistent with a middle cerebral artery
occlusion. All cases except one had severe atrophy of the
hippocampus; in one additional case gross pathology
could not be evaluated due to the effects of a large acute
subdural hematoma. Of the 12 with hippocampal atro-
phy, 11 also had severe atrophy of the parahippocampal
gyrus and in 4 the area of severe atrophy extended to the
adjacent inferior temporal neocortical gyri. Five cases had
severe atrophy of the amygdalae while 4 cases had
marked atrophy of the mammillary bodies. All but 2
cases had moderate or marked dilatation of the lateral ven-
tricles. In 3 cases there was moderate or severe atrophy
of the caudate and/or putamen. The substantia nigra
was markedly depigmented in 6 cases and moderately
depigmented in 4. Four cases showed moderate atro-
phy of cerebellar folia; 2 of these affected the superior
vermis, one involved the inferior vermis and one other
affected the hemispheric cortex. 

Microscopic appearance-classical stains. Staining
with H&E and cresyl violet revealed hippocampal scle-
rosis in all 14 cases (Figure 1A). This consisted of com-
plete or near-complete neuron loss in all or part of area
CA1 (in some cases proximal portions of CA1 were
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spared). Twelve cases had severe gliosis of the hip-
pocampal formation and parahippocampal gyrus (the
latter including subiculum, entorhinal cortex and

transentorhinal cortex). In these cases there was marked
neuron loss in the subiculum in addition to CA1 neuron
loss. In 2 cases limbic gliosis and neuron loss was
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Figure 1. The section depicted in A has been stained with cresyl violet; while B through I are from sections stained with the Gallyas
stain and counterstained with Neutral Red. All panels are taken from 40 �m fixed frozen sections. (A) Low-magnification photomi-
crograph of the hippocampus in an HSD case. A sclerotic portion of CA1 is marked by arrows. In comparison, a non-sclerotic, prox-
imal part of CA1 and CA2 is also present (asterisk). Calibration bar equals 2 mm. (B) Gallyas-positive neurons in the dentate gyrus
granule cell layer (arrows). Calibration bar equals 200 �m. (C) Argyrophilic grains, dots and short threads in the CA3 subfield of hip-
pocampus. Calibration bar equals 100 �m. (D) Argyrophilic grains and threads in a sclerotic portion of CA1. Calibration bar equals
20 �m and serves for D-F. (E) Argyrophilic grains in the transentorhinal cortex. (F) Pick body-like neuronal inclusion in superior frontal
gyrus. (G) Tufted astrocyte in superior frontal gyrus. Calibration bar equals 20 �m and serves for H also. (H) Thorned astrocyte in
the globus pallidus. (I) Coiled body in frontal lobe white matter. Calibration bar equals 10 �m. 



restricted to area CA1 of the hippocampus. In 9 of the 14
cases, HS was bilateral while in 5 it was unilateral;
since examination of the contralateral hippocampus
was restricted to a single anteroposterior plane, there is
a possibility that it may have been present bilaterally in
all cases, if more levels had been examined. Of the
cases with unilateral HS, 4 of the 5 had noticeable neu-
ronal loss and gliosis in the non-sclerotic side. 

There was variable gliosis of neocortical areas. In 8
of the 14 cases this was judged as severe in at least one
location, usually the frontal and/or temporal lobes; in one
case the parietal lobe was also severely affected. The sec-
ond cortical layer usually was the most gliotic and the
gliosis here was often accompanied by considerable
spongiosus. In 4 cases the full cortical thickness was
gliosed. Frontal and/or temporal neocortical neuronal loss
was readily apparent in 2 cases. 

Of subcortical regions, severe gliosis of the amygdala
was present in 8 of the 14 cases, with mild to moderate
gliosis in 5 cases. The caudate nucleus and/or putamen
showed variable gliosis in 8 cases. Of diencephalic
areas, 3 cases showed gliosis of the hypothalamus, 4 cases
had swollen neurons in the hypothalamus, 2 had gliotic
mammillary bodies (but without evidence of Wer-
nicke’s encephalopathy) and 2 showed thalamic gliosis. 

The substantia nigra showed pigmented neuron
depletion (more than expected by age alone) in 7 cases,
accompanied by increased amounts of extraneuronal
pigment and gliosis; 3 cases were severe in terms of
these changes while the others were judged to be mod-

erate. Lewy bodies were present (cortical, subcortical and
brainstem regions) in 3 cases.

The cerebellum showed patchy Purkinje cell loss in
4 cases and dentate nucleus changes in 4 cases (gliosis,
swollen neurons, increased lipopigment in 3 cases,
while one case, with the additional diagnosis of PSP,
showed dentate nucleus grumose degeneration). 

Staining with the Campbell-Switzer, Gallyas and
Thioflavine S stains demonstrated the presence of neo-
cortical senile plaques in 12 of the 14 cases. In most cases,
diffuse plaques were more numerous than neuritic
and/or cored plaques. The latter attained frequent den-
sities in 3 cases, moderate densities in 4 cases and
sparse densities in 4 cases; one case had diffuse plaques
only. Neocortical neurofibrillary tangles were abundant
and widespread in 3 cases (Braak Stage V or VI) while
in 11 cases these were absent, rare or sparsely present
(Braak Stages I-IV). In the hippocampus, sparse to
moderate tangles were present in some cases where part
of the proximal CA1 region was spared from HS, but oth-
erwise tangles were rare or sparse in hippocampal sub-
fields. Ghost tangles were not present in sclerotic
regions of CA1. In the entorhinal cortex, tangles were
present in all cases, attaining frequent densities in 7.
The caudate and/or putamen showed rare or sparse tan-
gles in 5 of the 14 cases while the globus pallidus had
sparse to moderate densities in 2 cases. The subthalam-
ic nucleus had rare tangles in one case and frequent tan-
gles in 2 cases. Seven cases displayed tangles at rare to
sparse densities in the substantia nigra. Argyrophilic
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Case # Major Neuropathology Dx CERAD Neuritic Braak Stage CERAD NP
Plaque Density* AD Dx

1 HS, argyrophilic grains Sparse II Not AD

2 AD, HS Moderate VI Probable 

3 AD, HS, small old infarctions CBL and SI Moderate V Probable

4 PSP, PD, HS Sparse III Possible

5 AD, HS, atrophy of superior cerebellar vermis Zero IV Not AD

6 AD, VaD, HS, argyrophilic grains Frequent V Definite

7 AD, HS, argyrophilic grains, acute purulent meningitis Moderate III Probable

8 PD, AD, HS, argyrophilic grains Frequent III Definite

9 PD, HS, argyrophilic grains, acute subdural hematoma Frequent III Possible (not
demented)

10 HS, argyrophilic grains Sparse III Not AD

11 AD, HS, argyrophilic grains Moderate II Probable

12 HS Zero II Not AD

13 HS, argyrophilic grains Sparse III Not AD

14 HS, atrophy of superior cerebellar vermis Zero I Not AD

Table 3. Neuropathologic scores and diagnoses of hippocampal sclerosis cases. HS = hippocampal sclerosis; AD = Alzheimer’s dis-
ease; PSP = progressive supranuclear palsy; PD = Parkinson’s disease; VaD = Vascular dementia; CBL = cerebellum; SI = substan-
tia innominata. * all cases are over age 75.



grains, which were mostly localized to the insula,
amygdala, hippocampus, parahippocampal and
fusiform gyri, were present in 8 cases (Figure 1C, D, E).
Neuronal Gallyas-positive structures, resembling “pre-
tangles” or the small neuronal inclusions typical of cor-
ticobasal degeneration, were seen in neocortical regions
of 3 cases; one case had rare Pick-body-like neuronal
inclusions (Figure 1F) and one case displayed frequent
small tangles in the granule cells of the dentate gyrus (Fig-
ure 1B). Gallyas-positive glial structures were apparent
in 4 cases; these were present in neocortical and limbic
areas as well as cerebral white matter, caudate nucleus
and putamen. Coiled bodies (Figure 1I) were most fre-
quently seen (4 cases), followed by tufted astrocytes (3
cases; Figure 1G), thorned astrocytes (one case; Figure
1H) and astrocytic plaques (one case). These Gallyas-pos-
itive structures were similar to those which have previ-
ously been described in cases of PSP, CBD and FTDP-
17 (12, 33). 

Four cases had microscopically-verified old cerebral
infarcts. In 3 these were small and few in number, and
were located in the basal ganglia, inferior temporal neo-
cortex or cerebellar cortex. In one case there were fre-
quent old cortical microinfarcts and one large old
infarct of the inferior surfaces of the occipital and tem-
poral lobe, consistent with a posterior cerebral artery
occlusion. Cerebral white matter rarefaction was present
in 6 of the 14 cases. 

Neuropathologic scores and diagnoses. Neu-
ropathology scores and diagnoses are summarized in
Table 3. All cases received the diagnosis of hippocam-
pal sclerosis. Six cases met CERAD criteria (39) for
probable or definite AD; of these, 2 were “definite AD”
and 4 were “probable AD”. Neurofibrillary tangle dis-
tribution was staged by the method of Braak (8); 3 cases
were Braak stage V or VI, 6 were stage III or IV and 5
were stage I or II. Three cases received National Insti-
tute on Aging-Reagan Institute (NIA-RI) (28) designa-
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Case # Gallyas AT8 Blot Genotype

1 AG AG, PRT, AX, T 3R/4R H1H1

2 Negative CB, PRT, NPT, AX, T 3R/4R H1H2

3 Negative CB, PRT, PA, FA, NPT, AX, T 3R/4R H1H2

4 NI, PRT, TA, CB CB, PRT, PA, FA, AX, T 3R/4R H1H1

5 Negative PRT, PA, NPT, AX, T 3R/4R H1H1

6 AG AG, PRT, PA, NPT, AX, T 3R/4R H2H2

7 AG AG, CB, PRT, TA, PA, FA, NPT, AX, T 3R/4R H2H2

8 AG AG, PRT, PA, AX, T 3R/4R H1H2

9 AG AG, PRT, TA, ThA, PA, FA, NPT, AX, T 3R/4R H2H2

10 AG, NI, PRT, CB AG, PRT, PA, AX, T 3R/4R H1H1

11 AG, CB, TA AG, CB, PRT, TA, PA, FA, NPT, AX, T 3R/4R H1H1

12 Negative Negative Negative H2H2

13 AG, PRT, TA, ThA, CB, APL AG, PRT, CB, TA, ThA, PA, FA, NPT, AX, T 3R/4R H1H1

14 Negative Negative Negative H1H2

Table 4. Presence and characteristics of abnormal tau accumulation in hippocampal sclerosis cases. Alzheimer-type changes, ie,
Neurofibrillary tangles, neuritic plaques, are excluded (see Table 3). AG = argyrophilic grains; NI = solid neuronal inclusions (not tan-
gles); NPT = neuropil threads; CB = coiled bodies; PRT = pretangle neurons; TA = tufted astrocytes; PA = protoplasmic astrocytes; ThA
= thorned astrocytes; FA = fibrous astrocytes; APL = astrocytic plaques; AX = axon-like; T = terminal-like.

Figure 2. (Opposing page) All panels are from 40 �m fixed frozen sections stained immunohistochemically with the AT8 antibody.
Sections C-J were counterstained with Neutral Red. (A) Low magnification photomicrograph of the hippocampus, showing tau-reac-
tive pyramidal neurons in the CA2 subfield (arrows). The asterisk marks area CA3. Calibration bar equals 2 mm. (B) The arrows
point to tau-immunoreactive pyramidal cells in area CA3. Calibration bar equals one mm. (C) Low magnification photomicrograph
of cingulate gyrus cortex, showing pattern of tau-immunoreactive astrocytic clusters interspersed with positive neurons. Calibration
bar equals 2 mm and serves for D as well. (D) Low magnification photomicrograph of inferior temporal gyrus cortex, showing band
of dense astrocytic staining in the white matter immediately underlying the cortex (arrows). (E) Tau-immunoreactive pyramidal neu-
rons and protoplasmic astrocytes (arrows) in cortex of superior frontal gyrus. Calibration bar equals 100 �m. (F) Tau-immunoreac-
tive pyramidal neuron and protoplasmic astrocytes (arrow) in cortex of superior frontal gyrus. Calibration bar equals 50 �m. (G) A
cluster of tau-immunoreactive protoplasmic astrocytes (arrow) in cortex of superior frontal gyrus. Calibration bar equals 100 �m.
(H) Modified pyramidal cell in CA4 region of hippocampus. Calibration bar equals 25 �m and also serves for I and J. (I) Tau-immunore-
active dentate granule cell neuron. (J) Tau-immunoreactive pyramidal neuron in cortex of superior frontal gyrus.
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tions of “high probability” that dementia was due to
AD; the remaining cases were “intermediate,” “low,” or
“zero.” Three cases were diagnosed with Parkinson’s dis-
ease due to their initial presentation with signs of
parkinsonism and the presence of Lewy bodies at
autopsy. One of these also met diagnostic criteria for pro-
gressive supranuclear palsy (21) due to the presence of
neurofibrillary tangles in the putamen, globus pallidus,
subthalamic nucleus, substantia nigra, and dentate
nucleus as well as the presence of tufted astrocytes in the
cerebral cortex and putamen and grumose degeneration
in the dentate nucleus. One case was diagnosed with
vascular dementia due to the presence of frequent old cor-
tical microinfarcts, a large temporal and occipital lobe
infarct and severe cerebral white matter rarefaction. 

Immunohistochemical staining for tau protein.
Features of abnormal tau accumulation are summarized
in Table 4. Staining with the AT8, PHF-1 and Alz-50 anti-
bodies was qualitatively similar, but the AT8 antibody
revealed much higher densities of immunoreactive
structures than that seen with the other 2 antibodies.
The following description and figures are therefore
derived from staining obtained with the AT8 antibody. 

Twelve of the 14 cases showed similar staining pat-
terns, with frequent tau-positive structures similar to
those described for FTDP-17 cases. Two cases showed
only rare AT8-positive structures. Positive tau staining
was most frequently present in frontal, cingulate, insu-
lar and temporal association neocortex, as well as the hip-
pocampus and parahippocampal gyrus. Other areas
affected included cerebral white matter, thalamus and
putamen. The amygdala, parietal and occipital lobe cor-
tex, cerebellum and brainstem regions were not
assessed consistently for tau staining.

Affected regions showed frequent AT8-positive neu-
ronal structures. Neuronal staining most frequently was
of the “pre-tangle” type or had a Golgi-like appearance,
with diffuse cytoplasmic staining of the perikarya and
dendrites (Figure 2A-J). Affected neurons were often of
the pyramidal type; pyramidal neurons in hippocampal
subfields CA4 through CA1 (when proximal CA1
regions were not sclerotic) were often heavily affected
(Figure 2A, B, H). Small multipolar and granular neu-
ronal morphologies were also seen. In several cases
some dentate granule cells were diffusely and strongly
stained, including their apical dendrites rising into the
molecular layer (Figure 2I). Neurofibrillary tangles of AD
type were rare to absent in neocortical areas except in the
3 cases which had coincident AD with Braak stage V or
VI. Rare Pick body-like inclusions were seen in the

frontal cortex of one case. Grains identical to those seen
with the Gallyas stain (argyrophilic grains) were seen in
all 8 cases which had Gallyas-positive grains. Dots, tiny
grains and thread-like staining, resembling axons and
presynaptic terminals, were even more frequently pres-
ent, especially in the hippocampal formation, subiculum,
entorhinal and transentorhinal cortex. Sclerotic regions
of CA1 always contained dense fields of these. 

Positive glial staining included forms consistent
with oligodendroglial and astrocytic morphologies (13,
33). Coiled bodies, thought to be contained within
oligodendroglial cell bodies, were often present in large
numbers in both gray and white matter (Figure 3F).
Astrocytic-like staining patterns included tufted (Figure
3E), thorned, fibrous (Figure 3D) and protoplasmic
forms (Figures 2E, F, G; 3A, B, C). The latter were par-
ticularly prominent, often forming densely-packed
clusters (Figure 2C, D, G), giving the impression, at
low magnification, that these were reactions to neuritic
plaques, as has been described previously for fibrous
astrocytes in aging and Alzheimer’s disease (4). However,
this possibility was ruled out since these clusters of pro-
toplasmic astrocytes were also densely present in cases
which lacked diffuse or neuritic plaques. Although pro-
toplasmic astrocytes have not been previously
described as being a feature of the tauopathies, we
decided these astrocytes were best described as proto-
plasmic astrocytes since their processes have numerous
knobby spines, similar to those originally described by
Cajal (11). Fibrous astrocytes have smooth processes
without spines. Also, fibrous astrocytes stain well with
antibodies against glial fibrillary acidic protein
(GFAP), while protoplasmic astrocytes are not detected
with GFAP immunocytochemistry. Double-staining
with antibodies to glial fibrillary acidic protein (not
shown) showed that only very rare astrocytes of proto-
plasmic morphology were double-labeled; this is con-
sistent with the known relative lack of GFAP in proto-
plasmic astrocytes. In several cases a dense band of
immunoreactive fibrous astrocytes was present in the sub-
neocortical U-fibre region of the white matter (Figure
2D). Astrocytic plaques similar to those seen in corti-
cobasal degeneration were seen in 2 cases (not shown).

Apolipoprotein E genotyping. Apolipoprotein E
genotype was determined for all cases. There were 8 cases
with the 3/3 genotype (57%), 4 with 3/4 (29%) and 2 with
2/3 (14%). 

Tau gene sequence findings. No tau gene mutations
were discovered in any of the 14 cases. Seven cases had
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the H1H1 haplotype (50%), 4 were H1H2 (29%) and 3
were H2H2 (21%). 

Tau immunoblot findings. The pattern and intensity
of bands representing sarkosyl-soluble tau protein did not
differ appreciably from that seen in normal control
cases. Ten of the 12 HS cases analyzed, however, had sig-
nificant amounts of sarkosyl-insoluble tau protein. The
cases which lacked sarkosyl-insoluble tau were also
negative for significant tauopathy with AT8 immuno-
histochemistry. Western blots showed that sarkosyl-
insoluble tau consisted of a mixture of 3- and 4-repeat
isoforms, with a pattern similar to that seen in
Alzheimer’s disease (Figure 4). This consists of 3 major
bands at approximately 55, 64, and 69 kD. 

Discussion
The results of this study suggest that a very high pro-

portion of cases with HSD have a generalized cerebral

tauopathy whose pathology resembles that which has
been described for FTDP-17 families. Screening for
known tau mutations was negative. Therefore, it
appears that hippocampal sclerosis dementia with
tauopathy (HSDT) is a sporadic tauopathy, like pro-
gressive supranuclear palsy (PSP), corticobasal degen-
eration (CBD) and Pick’s disease. In our autopsy popu-
lation, HSDT is slightly less common than PSP (12
cases of HSDT versus 16 of PSP over the same time peri-
od) and at least 10 times more common than CBD and
Pick’s disease (one case of each). 

Clinically, HSDT resembles FTDP-17 in that the
syndrome is often characterized by a presentation with
memory deficits and frontal lobe symptoms with later pro-
gression to dementia and parkinsonism. Memory
impairment, typically of short-term memory, has been
described as an early sign in FTDP-17 in several publi-
cations (37, 48) but sometimes this may not occur until
later stages (36). In this and other series of HS demen-
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Figure 3. Tau-immunoreactive glial structures in 40 �m fixed frozen sections stained with the AT8 antibody; sections B-F were coun-
terstained with Neutral Red. (A) Tau-immunoreactive protoplasmic astrocytes with a “hairy” morphology, located in cortex of cingulate
gyrus. Calibration bar equals 100 �m. (B) and (C) Protoplasmic astrocytes in cortex of middle frontal gyrus and inferior temporal
gyrus, respectively. Calibration bar equals 50 �m. (D) Tau-immunoreactive astrocyte with “hairy” fibrous morphology in white mat-
ter of frontal lobe. Calibration bar equals 30 �m. (E) Tufted astrocyte in cortex of superior frontal gyrus. Calibration bar equals 20
�m. (F) Coiled body in white matter of parahippocampal gyrus. Calibration bar equals 10 �m.



tia cases, early short-term memory impairment is very
common (1, 15, 17, 35, 41) . 

Frontal lobe signs in FTDP-17 have included disin-
hibition, personality changes, aggressive behavior, apa-
thy, lack of personal hygiene, hyperorality, repetitive or
compulsive behavior, word-finding difficulty and lack of
judgement (40, 45, 37). Similar symptoms have been
described as being common presentations of HSD,
including disinhibition, odd behavior and social with-
drawal (41, 52). In this study, we found that the major-
ity of HSD cases had frontal lobe signs; 4 cases presented
with frontal lobe signs while another 4 developed these
later. 

Parkinsonism is a frequent but usually later occurrence
in FTDP-17 cases (37, 48 49) and typically consists of
rigidity, bradykinesia and postural instability without a
parkinsonian resting tremor. Parkinsonism was not
reported to be a common finding in previous publications
concerning HSD. One study found bradykinesia and an
abnormal gait with poor balance in 8 of the 26 cases, with
6 of these affected by frequent falls (17). We have
found parkinsonism to be a prominent and common
feature of HSD, with 7 of the 14 cases affected; in addi-
tion, 7 cases had a history of frequent falls. 

Another common clinical occurrence in both FTDP-
17 (19, 48, 49) and HSD (41) is dysphasia, usually of the
motor type, which may progress to mutism. In this

study, 8 of the 14 of the HSD cases had dysphasic
symptoms. 

Neuropsychological test results are consistent with the
theoretical effects of combined degeneration of the hip-
pocampus and frontal neocortex. While there were too
few cases with available testing to draw any definitive
conclusions, a general pattern of memory and expressive
language deficits, followed by deterioration in some
frontally mediated abilities such as sequential set shift-
ing (eg, Trails B) was observed. This pattern seems to
hold regardless of a variety of complicating conditions.
Pathologically, the major distinction between HSDT
and FTDP-17 is the presence of hippocampal sclerosis
in the former. A review of FTDP-17 cases (44) states that
hippocampal neuron loss is usually mild. Two cases,
however, have been reported to have had either severe
neuron loss in the hippocampus and subiculum (16) or
marked atrophy of the hippocampus and parahip-
pocampal gyrus (40) while another case had a heavily gli-
otic perforant pathway termination in the dentate gyrus
molecular layer (37). 

The immunohistochemical morphology of abnormal
tau deposits in HSDT closely resembles that which has
been reported for FTDP-17, although in both conditions
there may be considerable variability from case to case
(34). Generally, in both conditions, tau immunoreactiv-
ity differs from Alzheimer’s disease in that many of the
stained structures are glial rather than neuronal. Glial
deposits in FDTP-17 are reportedly most common in
oligodendrocytes, represented by the coiled body (10, 16,
29, 40, 42, 48, 49); these are also common in HSDT.
Astrocytic structures in FTDP-17 and HSDT resemble
the tufted astrocytes typical of progressive supranuclear
palsy (10, 19) and/or, but much less commonly, the
astrocytic plaques characteristic of corticobasal degen-
eration (19, 38, 42). Common in both conditions is a
prominent band of tau-positive astrocytes in the sub-
cortical U-fiber region (16, 19). A feature of HSDT
which has not been described in FTDP-17 is the presence
of numerous tau-positive astrocytes with a protoplasmic
morphology, which often aggregate into large clusters.

In both FTDP-17 and HSDT, neuronal staining usu-
ally takes the form of diffuse or granular staining of the
perikarya, in the absence of typical silver-positive neu-
rofibrillary tangles (10, 29, 47, 48). This staining, when
intense, has the appearance of a Golgi stain. Thread- and
dot-like structures, presumably representing neuronal
axons, dendrites and presynaptic terminals, are also
present in both conditions. Published cases of HSD and
FTDP-17 have not specified whether argyrophilic
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Figure 4. Western blot of sarkosyl-insoluble tau protein react-
ed with the WKS44 antibody. HS cases are compared with an
AD case. Of 12 HS cases analyzed, 10 had significant
amounts of sarkosyl-insoluble tau (eg, the 6 cases represent-
ed by the 6 lanes on the right side of the panel). Two cases had
very low amounts of sarkosyl-insoluble tau (eg, the case rep-
resented in the lane adjacent to the AD case). The pattern of
bands in HS cases with sarkosyl-insoluble tau resembled that
seen in typical AD cases, with 3 major bands at approximately
55, 64 and 69 kD (eg, 3 strongest bands in the AD case). This
is consistent with a mixture of 3- and 4-repeat tau.



grains were present; we have found that more than half
of HSDT cases possess this change. 

Biochemically, the tauopathies are characterized by
the presence of hyperphosphorylated, sarkosyl-insoluble
tau protein. In FTDP-17, tau isoforms with 4-repeats
predominate in cases which have mutations in or
around exon 10 while mutations at other sites have a mix
of 3- and 4-repeat tau. It has been postulated that the exon
10 splice site mutations disrupt alternative splicing of tau
messenger mRNA (54). In CBD and PSP, 4 repeat iso-
forms predominate while in AD there is a mix of 3- and
4-repeat forms (9). We have found that HSDT cases
have a mix of 3- and 4-repeat tau. The presence of argy-
rophilic grains in 8 of the 12 HSDT cases suggests,
however, that 4-repeat tau may predominate within
some neuronal subsets, as a recent report has docu-
mented that argyrophilic grains contain mostly 4-repeat
tau (51). 

No tau mutations were found in any of the 14 cases
of HSD. As 5 of our cases had a strong family history,
there is a possibility that we may have missed mutations
that may exist outside of the tau gene regions exam-
ined, or that mutations in genes other than tau may be
responsible for familial cases. For example, apparently
pathogenic tau mutations have recently been described
in exon 1 (22), which had previously not been thought
to harbor tau mutations. The fact that these mutations are
very rare suggests, however, that HSDT—like PSP,
CBD, and Pick’s disease—may be a sporadic condition.
Two other novel sporadic tauopathies have recently
been described as single case reports (5, 6). 

Some reports have suggested that certain tau and
apolipoprotein E polymorphisms may be associated
with specific tauopathies. The H1 tau haplotype has a sta-
tistically significant association with PSP and CBD (18,
23, 25) while the apoE �4 allele may be associated with
Pick’s disease (32, 39, 43). Sporadic cases of fron-
totemporal degeneration with anomic aphasia have
increased H2 and �4 frequencies (30, 44). In the HSD
cases of this series, there was a predominance of the H1
haplotype and an increased frequency of the �4 allele
(29%), relative to the general population (published fig-
ures usually find a general population prevalence of
about 15%). Other studies have found �4 frequencies of
12% (50) and 31% (33) in HSD cases.

Most investigators have assumed that HSD is caused
by a global hypoxic-ischemic episode, since it is well
established in both experimental animals and human
case reports that CA1 neurons may undergo selective cell
death after such an event. The literature on HSD, how-
ever, documents only 2 such occurrences (dementia

developed after myocardial infarctions) (52) among 56
reported cases. It has been speculated that subclinical (15)
or occult hypoxic-ischemic events, such as might occur
during general anesthesia, may be responsible for the HS
that occurs in HSD (17).

The evidence that HSD represents a vascular condi-
tion is therefore indirect, relying on the frequent presence
of vascular risk factors. A cardio- or cerebrovascular
disease history is common in HS dementia patients (15,
17, 35). In one study, 7 (87.5%) of the 8 HS dementia
cases had medical histories of cardio- or cerebrovascu-
lar disease, compared to only 16% of a control series of
AD cases (15). Another study found a clinical history of
stroke in 56% of HSD cases as compared with 25% of
a control AD series (35); autopsy findings failed to con-
firm an increased prevalence of infarctions in the HS
cases, however. Neither historical or pathologic evi-
dence of cardio- or cerebrovascular disease correlated
with the presence or absence of HS in yet another study.
In the present study, 76% of HSD cases had a cardio-
vascular disease history; we did not compare this to a con-
trol series. Much larger numbers of HSD and appropri-
ate control cases will be required to adequately address
this association in a statistical manner, but the lack of a
definite history of a global hypoxic-ischemic event in the
overwhelming majority of HSD cases casts considerable
doubt on vascular theories of its pathogenesis.

The presence of a widespread tauopathy in HSDT
cases suggests that this is a neurodegenerative condition
rather than a vascular one. The finding of marked
frontal and temporal lobe gyral atrophy and gliosis in
most cases suggests that the process is not limited to the
hippocampus and adjacent structures. Since hippocam-
pal pyramidal neurons, including those in proximal por-
tions of CA1 that were not sclerotic, were heavily
affected by abnormal tau deposition in our series, it
seems reasonable to postulate that the extreme loss of
CA1 neurons in HS is caused by this. Sclerotic regions
did not contain ghost tangles as in AD, but often had high
densities of grains, dots and threads. The evidence from
human tau mutations, tau transgenic mice and flies is
highly suggestive that abnormal accumulation of tau
protein is neurotoxic (27, 36) and that neuronal death can
occur without the formation of neurofibrillary tangles
(45). Neuronal tau deposits in HSDT may cause cell
death without forming neurofibrillary tangles, leaving no
markers as evidence of their former presence. This may
explain the complete loss of CA1 neurons in the
absence of ghost tangles.

Two of the 14 HSD cases in this series did not have
a tauopathy. The clinical and pathologic profile of these

275Hippocampal Sclerosis Dementia with Tauopathy—Beach et al 



2 cases did not differ in any obvious way from the cases
with tauopathies. Although one of the non-tauopathy
cases was non-demented (having only an action tremor
and postural instability), another of the cases with
tauopathy was also non-demented (but had clinical
parkinsonism and memory impairment). The other non-
tauopathy case presented with memory impairment and
disinhibition, progressing to dementia and aphasia. This
syndrome is typical of the tauopathy cases as well. Both
non-tauopathy cases had only unilateral HS, but 2 of the
12 tauopathy cases also had only unilateral HS. In the
absence of tauopathy, the etiology of HS remains
unclear, but it appears that these cases are much less com-
mon than HS with tauopathy.

In this series of cases as well as in previous series (15,
17, 35), HSD cases often also met diagnostic criteria for
AD. Six of the 14 cases in this series met CERAD cri-
teria for probable or definite AD; in 3 other series 9 of
13 (17), 5 of 8 (15) and 5 of 16 (35) met pathologic cri-
teria for AD. In all of these, the majority of cases were
“plaque-only” AD. In our series also, more cases were
“plaque-only” AD (4 cases), with only 3 of the 7 pos-
sessing substantial numbers of neocortical tangles. The
high prevalence of AD-type changes in HSD suggests that
one condition or both may increase the risk of develop-
ing the other.

Comparison of the clinical features of HSD and AD
emphasizes that it is very difficult, if not impossible, to
distinguish between the two diseases clinically (1, 15, 35).
One group found that HSD cases perform significantly
better on Trails A than AD cases, but only on the initial
visit (35). As HS in the setting of temporal lobe epilep-
sy can be readily detected with MR scans, this may
offer some hope of distinguishing HSD from AD, par-
ticularly if hippocampal atrophy occurs earlier or is sig-
nificantly more severe in the former condition. Only 5 of
the 14 cases in our series received neuroimaging, which
included MRI (3 cases), PET (1 case), SPECT (1 case)
and CT (3 cases). The reports from these did not, how-
ever, comment on hippocampal size.

In summary, HSDT is a multisystem sporadic
tauopathy that is associated with memory impairment,
dementia and parkinsonism. It is probably the third
most common tauopathy, after Alzheimer’s disease and
progressive supranuclear palsy. 
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