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Increased intrathecal inflammatory activity in
frontotemporal dementia: pathophysiological implications
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Objective: Immunological mechanisms may be part of the pathophysiological mechanisms in
frontotemporal dementia (FTD), but hitherto only vague evidence of such mechanisms has been presented.
The aim of this study was to compare the cerebrospinal fluid (CSF) levels of the pro-inflammatory cytokines
interleukin (IL)-1b and tumour necrosis factor (TNF)-a, and the anti-inflammatory cytokine transforming
growth factor (TGF)-b in patients with FTD and normal controls. Furthermore, serum levels of TNF-a, TGF-
b, and IL-1b were measured in FTD patients.
Methods: The CSF levels of IL-1b, TNFa, and TGF-b were measured using ELISA in 19 patients with FTD
and 24 sex and age matched healthy controls.
Results: The CSF levels of TNF-a (FTD 0.6 pg/mL (median: lower, upper quartile 0.3, 0.7); controls:
0.0 pg/mL (0.0, 0.0); p = 0.008) and TGF-b (FTD 266 pg/mL (157, 371), controls: 147 pg/mL (119,
156); p = 0.0001) were significantly increased in FTD patients compared with controls. No correlations
were found between CSF and serum levels of the cytokines. In the controls, but not in the FTD patients, a
positive correlation was found between the CSF levels of TGF-b and age (r = 0.42, p,0.05). No
correlation was found between any of the cytokines and degree of brain atrophy or white matter changes.
No differences between the groups were found for age, gender, or CSF/serum albumin ratio.
Conclusions: The results suggest an increased intrathecal production of both pro- and anti-inflammatory
cytokines in FTD. As no correlations were found with the albumin ratio, and no correlations between CSF
and serum levels of the cytokines were found, these changes in the CSF cannot be explained by a systemic
overproduction of cytokines.

F
rontotemporal dementia (FTD) is one of the most
common types of primary degenerative dementia. In
post-mortem investigations on demented populations,

the prevalence of FTD has been estimated at 3–10%.1–3 In the
pre-senium, FTD is probably the second most common
primary degenerative dementia, as its onset occurs usually
before the age of 65 years.4

The aetiology of FTD is unknown in most cases, but an
involvement of tau and neurofilament proteins, both
cytoskeleton proteins, has been suggested.5 6 Studies on brain
tissue have found pathological tau proteins in FTD,7 but the
cerobrospinal fluid (CSF) levels of tau are usually normal or
only slightly increased in this disorder.8–11 In hereditary forms
of FTD, mutations have been found in the tau gene on
chromosome 17.12 However, the frequency of these mutations
seems to be low in the FTD population.13 14

Another possibility is that autoimmune mechanisms are
involved in the pathophysiology of FTD. Several studies15–23

have found evidence of an ongoing inflammatory process in
Alzheimer’s disease (AD). That such a process may also occur
in FTD has only tentatively been suggested,24 and no
thorough scientific investigations into the matter have yet
been carried out. However, increased serum levels of
antibodies towards gangliosides have been found in FTD
patients,25 which suggests that autoimmunity and inflamma-
tion may be part of the pathophysiological mechanisms of
FTD.
The objective of the present study was to analyse the CSF

levels of the cytokines tumour necrosis factor (TNF)-a,
interleukin (IL)-1b, and transforming growth factor (TGF)-b
in FTD patients and healthy controls. Serum levels of the
cytokines were also measured in FTD. Our starting point
was that any difference between the groups would support
the notion that underlying inflammation contributes to the
development of FTD.

MATERIALS AND METHODS
Subjects
Nineteen patients with clinical FTD (age range at investiga-
tion 47–80 years) and 24 controls (age range at investigation
50–83 years) were included in the present study. Their
characteristics are summarised in table 1.
The patients had been admitted for clinical evaluation of

dementia and were evaluated in the neuropsychiatric
diagnostic ward at the Institute of Clinical Neuroscience,
Sahlgrenska University Hospital, Mölndal, Sweden. To be
included in the present study, patients had to be 80 years of
age or younger and have mild or moderate dementia.
Excludsion criteria were a clinical diagnosis of AD, vascular
dementia, unspecified dementia, or mixed dementia (for
example, AD and vascular dementia concomitantly present);
a history of severe psychiatric disease (such as schizophrenia
or manic depressive disorder), chronic alcoholism, or distinct
nondegenerative neurological disease (for example, normo-
tensive hydrocephalus); a history of severe head injury,
severe infections in the central nervous system, systemic
diseases (such as malignant tumours), or secondary causes of
dementia (such hypothyreosis), as defined in the DSM-III-R26

or by biochemical criteria. All included patients underwent a
thorough clinical evaluation, including medical history,
physical, neurological and psychiatric examinations, labora-
tory screening tests of blood, routine analysis of the CSF (for
example, cytology), ECG, chest x ray, EEG, and CT or MRI of
the brain. An investigation of the cerebral blood flow, using
single photon emission computerised tomography, was
conducted in most patients.

Abbreviations: AD, Alzheimer’s disease; CSF, cerebrospinal fluid; FTD,
frontotemporal dementia; IL, interleukin; MMSE, Mini Mental State
Examination; TE, echo time; TGF, transforming growth factor; TNF,
tumour necrosis factor; TR, repetition time; WMC, white matter changes
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FTD was diagnosed according to the Lund/Manchester
criteria.27 All patients with FTD presented with a predomi-
nant frontal lobe syndrome, which has been described
previously.28 Only mild, insignificant white matter changes
(WMC) were found on CT or MRI of the brain in the FTD
patients and none of these patients had any signs of infarcts.
The EEG patterns of the FTD patients were normal or showed
only mild changes.
All clinical diagnoses were made by investigators blinded

to the results of the biochemical analyses and vice versa.
None of the patients was being treated for dementia (for
example, with cholinesterase inhibitors). Four patients with
FTD were being treated with selective serotonin reuptake
inhibitors and two were being treated with neuroleptics.
In the demented patients, the degree of cognitive impair-

ment was evaluated using the Mini Mental State Examina-
tion (MMSE). The grading of dementia was made in
accordance with recommendations given in the DSM-III-R.
For control purposes, CSF samples from 24 healthy

individuals without any psychiatric, neuropsychiatric, or
neurological diseases were used to establish the normal
levels of cytokines.
The ethics committee of Göteborg University approved the

study. All the patients (or their nearest relatives) and controls
gave their informed consent for participation in the study,
which was conducted in accordance with the provisions of
the Helsinki Declaration.

CSF analyses
Lumbar puncture was performed at the L3/L4 or L4/L5
interspace. The first 12 mL of CSF were collected in polypro-
pylene tubes and gently mixed to avoid gradient effects. At
the same time, a serum sample was taken. All CSF samples
with more than 500 erythrocytes/mL were excluded. The CSF
and serum samples were centrifuged at 2000 g for 10 min-
utes to eliminate cells and other insoluble material. Aliquots
were then stored at 280 C̊ until biochemical analysis.

Quantitative determination of serum and CSF albumin was
performed by nephelometry, using the Behring Nephelometer
Analyzer (Behringwerke AG, Marburg, Germany). The CSF/
serum albumin ratio was calculated as CSF albumin (mg/L)
divided by serum albumin (g/L) and was used as the measure
of blood2brain barrier function. The normal value is ,10;
one of the FTD patients had an albumin ratio value just above
10. All in the control group had normal values.
The CSF and serum levels of TNF-a, IL-1b, and TGF-b

were estimated using ELISA (Quantikine R&D Systems,
Minneapolis, MD, USA), as previously described.21 22 The
detection levels of TNF-a, IL-1b and TGF-b were 0.2. 0.1, and
7 pg/mL respectively. Values below the detection levels were
considered to be negative.

CT
All CT scans were performed without contrast enhancement
and with 10 mm continuous slices through the cerebrum and
5 mm slices through the cerebellum. Seven FTD patients
underwent CT examinations, all of which were performed on
a Siemens Somatom Plus. All CT scans were examined and

rated by radiologists without knowledge of the clinical
diagnoses.
The method used for rating atrophy and WMC was initially

developed for CT but is also useful for MRI scans and has
been described previously.29 For ratings of the intensity of
atrophy, the images were divided into six separate regions:
frontal cortical, temporal cortical, parietal cortical, occipital
cortical, frontal central (ventricles), and occipital central. The
degree of atrophy was rated for each region using a 4 point
scale: 0=no atrophy, 1= slight atrophy, 2=moderate
atrophy, and 3= severe atrophy. For rating of the intensity
of WMC (lesions), the white matter was divided into three
separate regions: frontal (mainly around the frontal horns),
paraventricular/parietal (defined as parietal and/or paraven-
tricular), and occipital white matter. The degree of WMC was
rated for each region using a 4 point scale: (0=no lesions,
1=mild lesions, focal lesions, 2=beginning confluent
lesions, 3= severe extensive lesions). The presence, locations,
and sizes of infarcts were also evaluated.

MRI
MRI was performed on a 1.0 T magnet (Siemens Magnetom
Impact, Germany), and conventional spin echo sequences
were used. These included proton density weighted and T2
weighted images (repetition time (TR)/echo time (TE) 2250/
20–80 ms) and T1 weighted axial scans (TR/TE 500/15 ms).
In eight of the 15 FTD patients that were quantitatively
evaluated, the brain was examined using contiguous slices
with 6 mm slice thickness in the transversal and sagittal
planes. The scans were evaluated by experienced neuro-
radiologists, who were blinded to the clinical evaluations.
Ratings of intensity of cortical atrophy and WMC were
performed similarly to the CT scans.29

Statistical analysis
As one of the effect variables (CSF TNF-a) was not normally
distributed and a log transformation, in spite of yielding a
normally distributed variable, resulted in zero values for
several cases, it was decided to use the Mann-Whitney U test
to investigate differences between FTD patients and controls.
However, in order to investigate the possible effect of
covariates, two way analysis of covariance was also used. In
this, TNF-a was first log transformed to meet the demands of
normal distribution. Two way analysis of covariance was then
performed with diagnostic groups and gender as factors, CSF
levels of TNF-a, IL-1b, and TGF-b as effect variables, and age
and albumin ratio as co-factors. Factors and covariates that
did not contribute to the variance were excluded and the
analysis redone. Pearson product moment correlation was
also calculated on normally distributed variables (log
transformed CSF TNF-a). A p value ,0.05 was considered
statistically significant. Fisher’s exact test was used to
analyse differences in proportion.
In order to investigate correlations between the CSF levels

of TNF-a, TGF-b, or IL-1b and measures of cerebral atrophy
and WMC, Spearman rank correlation test was used. This
was also used for correlations between CSF and serum levels
of the cytokines.

Table 1 Clinical characteristics

Subjects n Sex (M:F) Age (years)
Age at onset
of dementia (years)

Duration
of dementia (years) Albumin ratio MMSE score

FTD 19 6:13 66.2 (8.0) 61.0 (8.0) 5.2 (3.9) 6.4 (3.0) 17.1 (5.0)
Controls 24 7:17 68.0 (7.0) — — 5.1 (1.5) 29.1 (0.8)

All the values are expressed as means (SD). The following abbreviations are used: N, number of individuals; M, male; F, female; MMSE, Mini Mental State
Examination; FTD, frontotemporal dementia.
The albumin ratio is CSF albumin (mg/L) divided by serum-albumin (g/L).
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Demographics
There were no significant differences in age, gender, or CSF/
serum albumin ratio between the groups (see table 1).

RESULTS
From the two way analysis of covariance, it was concluded
that there was no effect on the variance in the effect variables
(TNF-a, IL-1b, and TGF-b in the CSF) for gender, age, or
albumin ratio. A significant effect was found only for
diagnosis (F=9.3, df=3, p=0.0001).
Fifteen of the 19 FTD patients but only 5 of the 24 controls

had detectable levels of TNF-a in the CSF (p=0.001). The
CSF levels of TNF-a were significantly increased in the FTD
patients compared with the controls (mean (median: lower,
upper quartile): FTD 0.6 pg/mL (0.3, 0.7); controls 0.0 pg/mL
(0.0, 0.0); p=0.008).
Detectable CSF TGF-b levels were found in all included

individuals; however, eleven of the 19 FTD patients had a
higher level of CSF TGF-b compared with the maximum level
among the control individuals. CSF TGF-b was significantly
increased in FTD patients compared with controls (FTD
266 pg/mL (157, 371), controls: 147 pg/mL (119, 156);
p=0.0001).
Only one FTD patient and no control individual had a

detectable level of CSF IL-1b. No significant difference in CSF
IL-1b levels was found between FTD patients and controls.
In the control group, but not in the FTD group, there was a

positive correlation between age and CSF TGF-b (r=0.42;
p,0.05). No significant correlation was found in either group
between the degree of dementia, as measured with MMSE,
and the CSF levels of the cytokines. No correlations were
found with duration of disease or treatment with SSRI or
neuroleptics in the FTD group (fig 1).
No correlations were found between TNF-a, TGF-b, or IL-

1b in the CSF and quantitative measures of cerebral atrophy
or WMC.(table 2). Furthermore, no significant correlations
were found between CSF and serum levels of the cytokines in
FTD (for TGF-b, r=20.14, NS; for TNF-a, r= 0.41, NS). The
serum levels of the cytokines in FTD were: TNF-a 3.4 pg/mL
(2.6, 3.9) and TGF-b 19.3 ng/mL (13.8:24.0) (mean (median:
lower, upper quartile). The serum levels were within normal
limits in all cases.

DISCUSSION
Increases in both TNF-a and TGF-b were found in the CSF of
FTD patients compared with controls. The increases in these
cytokines were not related to a disturbance of blood2brain
barrier function or leakage through the blood2brain barrier,
nor were they related to differences in age or gender.
Furthermore, the increases in the CSF were not due to
increased systemic levels, as no correlation was found
between the CSF and serum levels of the cytokines.
Instead, the increases in CSF TNF-a and TGF-b may reflect
an increased intrathecal immunoactivity in FTD. The under-
lying cause of this increase is largely unknown. Increased
CSF TNF-a is not related to brain damage such as stroke,30

but it is increased in dementia disorders22 in which
inflammatory changes occur.15–19 TNF-a is produced by
several cell types in the CNS, for example macrophages,
astrocytes, and microglia.31 It is also pro-inflammatory. It acts
as a tissue destructive protein and can induce apoptosis. It
has also been shown to protect neurones from the toxic
effects of b-amyloid,32 the central peptide in neuritic
plaques.33 Thus, the increase may both lead to tissue
destruction and have protective effects in the brains of FTD
patients.
TGF-b is a pleiotropic cytokine; its cellular sites of

synthesis and targets are widely distributed throughout the
body, including the CNS. Within the CNS, TGF-b is produced
by both glial and neuronal cells.34 The production of TGF-b is
regulated by other cytokines, including TNF-a.35 In the
cytokine network, TGF-b acts as an anti-inflammatory
cytokine, inhibiting the production of pro-inflammatory
cytokines such as TNF-b, IL-1, and IL-6 by astrocytes,36 37

and suppressing the activation and proliferation of micro-
glia.37 Thus, in patients with FTD, the increased levels of TNF-a
may trigger the production of TGF-b by a negative feedback
mechanism and counteract the pro-inflammatory effects of
TNF-a. The increase in CSF TGF-b is thus related to an
activation of inflammatory mechanisms and, as the blood2
brain barrier seems to have been intact and there was no
systemic overproduction in these patients, this increase in
CSF TGF-b is intrathecal—that is, derived from the brain.
In FTD, a common change is mild gliosis of the white

matter.38 39 Gliosis involves astrocytes, and there is a
functional relationship between gliosis, astrocytosis, and
changes in the CBF in FTD.40 Astrocytosis is also related to
activation of apoptotic mechanisms.41 Based on histological
findings that microglial activity is largely confined to the
white matter in frontal lobe degeneration, some investigators
argue that FTD is probably a white matter disease.42 An
exception is the FTD subtype, Pick’s disease, in which

Figure 1 Plot of CSF TGF-b and TNF-a in FTD and controls.

Table 2 CT and MRI ratings of cortical and
central atrophy and degree of white matter
changes in FTD

Degree of atrophy/WMC

Parameter measured 0 1 2 3

Cortex
Frontal 1 5 8 1
Temporal 1 3 10 1
Parietal 9 3 3 0
Occipital 13 2 0 0

Atrophy
Frontal central 4 8 3 0
Posterior central 9 5 1 0

WMC
Frontal 11 4 0 0
Paraventricular/parietal 13 2 0 0
Occipital 14 1 0 0

FTD, frontotemporal dementia; WMC, white matter change.
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microglial activity is more widespread. These WMC may be
related to increased inflammatory activity, and the increase
in the CSF levels of the cytokines may be a reflection of that.
In the present study, no relationship was found between
WMC and the CSF levels of the cytokines. A possible
explanation is that WMC were uncommon in this group of
FTD patients.
The present study has some weaknesses. Firstly, there was

no neuropathological confirmation of the FTD cases. Thus,
some of these cases may have been misdiagnosed as frontal
AD43 or some other neurodegenerative disorder. However,
there are strong arguments in favour of the notion that
clinical diagnosis of FTD can based on consensus criteria
alone.2 Moreover, frontal AD is very uncommon,43 especially
at those ages studied in the present study. Secondly, it is not
known how many of the FTD cases included were due to tau
gene mutations. However, this type of mutation is uncom-
mon in the FTD population13 44 and was also found to be
uncommon among our FTD patients.44 Thirdly, although
inflammatory mechanisms most probably are involved in the
pathogenesis of FTD, it is not known at what stage they
become active participants. Inflammation may be a primary
event in the pathophysiology of frontal lobe degeneration of
non-Alzheimer type or it may be secondary to other changes.
Fourthly, although increases in CSF cytokine levels in FTD
were shown in the present study, it is not known what event
or intracerebral changes they correspond to. These putative
weaknesses must be taken into consideration when inter-
preting the results and when designing future studies of
inflammatory markers in FTD.

CONCLUSIONS
Taken together, this study found evidence for increased levels
of the inflammatory cytokines TNF-a and TGF-b in the CSF
of FTD patients compared with controls. This increase was
not due to differences in age or gender, nor to leakage
through the blood2brain barrier. Neither was it due to a
systemic overproduction, but is intrathecal. Although these
changes are not specific for FTD, they suggest that
inflammatory mechanisms are part of the pathophysiological
mechanisms that lead to FTD.
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28 Sjögren M, Edman Å, Wallin A. Symptomatological characteristics distinguish
between frontotemporal dementia and vascular dementia with a dominant
frontal lobe syndrome. Int J Geriatr Psychiatry 1997;12:656–61.
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William John Adie (1886–1935)

W
illiam John Adie is best known for his account of the
tonic pupil, a physical finding of a dilated pupil that
reacts poorly to light but better to accommodation.

The reaction of the pupil is sluggish and is usually unilateral,
most often seen in women, commonly with absent leg tendon
reflexes.1 2 The pathology is now localised to the ciliary
ganglion. The preserved response of the pupil to accommoda-
tion results from the higher percentage of fibres from the
ciliary ganglion that innervate the iris for accommodation
than for constriction to light.
Adie described 19 patients, 13 with absent tendon reflexes,

and noted 44 reported cases of tonic pupil. In an exemplary
clinical essay, he outlined four incomplete forms (the last
would not now be accepted):

1) The complete form—typical tonic pupil and absence of
reflexes

2) Incomplete forms: a) tonic pupil alone; b) atypical phase
of the tonic pupil alone (iridoplegia; internal ophthal-
moplegia); c) atypical phases of the tonic pupil with
absent reflexes; and d) absent reflexes alone.

Adie did not claim originality, recognising descriptions
from 1902. However, James Ware in 1813 and Hughlings
Jackson in 1881 both provided convincing accounts;3 Gordon
Holmes described the same disorder in 19314 but is
surprisingly not acknowledged in Adie’s Brain paper.2

William John Adie was born in Geelong, west of
Melbourne on the southern Australian coast. He was
educated at Flinder’s School, but at the age of 13 had to
leave in order to support the family, as his father had died in
1899. He worked as an office errand boy. One of his
employers recognised his abilities and paid for his tuition.
Thus he passed the examination for university entry. Dr
Arthur South in Geelong inspired Adie to embark on a
medical career, but medical school fees in Melbourne were
high and an uncle paid for his £19 one way ticket to England.
He obtained a scholarship that enabled him to read medicine
at Edinburgh, where he graduated in 1911. He then visited
German clinics and returned to the National Hospital, Queen
Square, as house physician.
At the outbreak of world war one Adie joined the

Northamptonshire Regiment and served as medical officer
in France, where he took part in the retreat from Mons,
although his regiment was annihilated. He was transferred to
the Leicestershire Regiment and saw active service. In 1916
he was mentioned in despatches for saving a number of
soldiers in one of the early gas attacks by improvising a mask
of clothing soaked in urine. He subsequently took charge of
the 7th General Hospital, and also acted as a consultant in
the management of head injuries.5

After the war he became medical registrar at Charing Cross
Hospital, London. In 1916 he married Lorraine Bonar; they
had a daughter and a son. He was appointed to the staff of
the National Hospital, Queens Square, and Moorfields Eye
Hospital. His clinical acumen and diagnostic skill were soon
evident; his teaching was also much in demand. With
Macdonald Critchley he described in frontal lobe disease ‘‘a
syndrome of forced grasping and groping’’.6 He lucidly
described narcolepsy,7 and wrote important papers on
pituitary tumours and disseminated sclerosis. With James
Collier, he wrote the section on neurology in Price’s Textbook
of medicine, generally considered the finest general textbook
account of neurology.
He earned several honours. The University of Edinburgh

awarded him their gold medal and he was a founder of The
Association of British Neurologists (ABN). The ABN was
initiated at a meeting in the house of Gordon Holmes at 9
Wimpole Street, on 28 July 1932. Present were: WJ Adie,
E Bramwell, EF Buzzard, H Cohen, JS Collier, DE Core,
A Feiling, RG Gordon, JG Greenfield, G Hall, W Harris,
W Johnson, FJ Nattrass, C Worster-Drought, SA Kinnier
Wilson, and G Holmes.
Sadly, when aged 45 Adie developed angina and in 1935

was obliged to resign his post when only 48. He died from a
myocardial infarct on 17 March 1935.
Adie was admired for his intelligence and powers of

shrewd clinical observation. Above all, he was esteemed as a
modest generous man loved by his students. He was a keen
bird watcher and tennis player. In his native town, the youth
who had accomplished so much on the other side of the
world was not forgotten. The daily newspaper, Geelong
Advertiser, headed a long obituary: ‘‘Geelong boy who made
good in London’’.

J M S Pearce
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