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In Vivo Detection of
Microglial Activation in

Frontotemporal Dementia

Annachiara Cagnin, MD,"* Martin Rossor, MD, FRCP,’
Elizabeth L. Sampson, MD,? Toby MacKinnon, MBBS,!
and Richard B. Banati, MD"*°

Using positron emission tomography and [''C](R)-
PK11195, a marker of “peripheral benzodiazepine sites”
that is upregulated on activated microglia during progres-
sive tissue pathology, we show increased binding of
[''C](R)-PK11195 in frontotemporal lobar degeneration in
the typically affected frontotemporal brain regions. This
implies the presence of an active glial response reflecting
progressive neuronal degeneration. It also suggests that in-
creased [''C](R)-PK11195 binding, previously demon-
strated for Alzheimer’s disease, may occur independently
from increased amyloid plaque formation, given that it is
not a characteristic feature of frontotemporal lobar degener-
ation.

Ann Neurol 2004;56:894—-897

Frontotemporal lobar degeneration (FTLD) is charac-
terized by focal atrophy of the temporal and frontal
lobes." Three main histopathological features are
found: nonspecific changes of neuronal loss, micro-
vacuolation, and gliosis; T deposition including Pick
bodies; and ubiquitin-positive, T-negative inclusions.??
Glial changes including activated microglia are com-
mon, but, unlike Alzheimer’s disease (AD), increased
amyloid plaque formation is usually not seen.®>

The isoquinoline PK11195 is a ligand for the “pe-
ripheral benzodiazepine binding site” that is particu-
larly abundant in cells of mononuclear-phagocyte lin-
eage. High-resolution, single-cell, [PH](R)-PK11195
autoradiography combined with immunocytochemical
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double-labeling in experimental models and on human
tissue has shown that brain binding of the (R)-
enantiomer of PK11195 closely follows the distribution
of activated microglia rather than astrocytes.6 In vivo,
in the absence of blood-brain barrier disruption, this is
also likely to hold true, indicating that [''C](R)-
PK11195 positron emission tomography (PET) should
provide a useful marker of activated microglia. We
have previously shown focally increased [''C](R)-
PK11195 signals in multiple sclerosis and Rasmussen’s
encephalitis, but such increases were not observed in
inactive tissue pathology, such as burnt-out muldple
sclerosis plaques, or in scar tissue, such as that found in
stable epilepsy patients with hippocampal sclerosis
characterized by reactive astrogliosis.6 After cerebral
ischemia, increased [PH]PK11195 binding is observed
in and around the infarcted tissue where it colocalizes
with brain macrophages of either microglial or blood-
borne origin.7 Importantly, it is also regularly found in
areas remote from the primary ischemic lesion and
with intact brain barrier, particularly in the thalamus.
This demonstrates that microglial activation also occurs
in areas that are linked to the primary lesion site by
retrograde and anterograde projectioning neuronal fi-
ber tracts, an observation that has been suggested as
one cell-biological correlate of diaschisis.”

In our previous study of patients with mild AD,
["'C](R)-PK11195 binding was increased in entorhi-
nal, temporoparietal, and posterior cingulate cortex,
supporting the notion that AD pathology is associated
with an early inflammatory response in the form of mi-
croglial activation.” However, it remained unclear
whether the increased [''C](R)-PK11195 signal re-
flected the glial response to amyloid aggregation or
could also occur in other dementias without increased
plaque formation, and hence be more directly linked to
the process of neuronal degeneration.”

Subjects and Methods
Subjects

Patients were recruited from the Specialist Cognitive Disor-
ders Clinic, National Hospital for Neurology and Neurosur-
gery (London, UK). We studied five patients with FTLD
diagnosed using established consensus criteria.' In clinico-
pathological series, these diagnostic criteria were shown to
have good sensitivity (FTLD diagnosed or strongly consid-
ered at first presentation in 80% of autopsy-proven cases)
and a specificity of 97% in distinguishing correctly patients
with FTLD from AD paltients.lO Beyond this, the diagnostic
accuracy of all patients was further assured by a minimally
once annual clinical follow-up over a period of 3 to 6 years,
consisting of repeated neurological and neuropsychological
assessments and longitudinal volumetric brain scans, as well
as further follow-up confirmation after this study. In addi-
tion to the exclusion criteria specified by Neary and col-
leagues,' we excluded patients at an advanced stage of FTLD

and those with magnetic resonance imaging (MRI) evidence
of vascular lesions or other focal brain lesions.

Clinically, four patients had symptoms of progressive non-
fluent aphasia, and MRI showed predominant temporal lobe
atrophy; one patient had a dysexecutive and behavioral syn-
drome, relative preservation of language functions, and atro-
phy of the frontal pole. Mean age at onset was 56 years.
Median disease duration was 4 years with an interquartile
range of 2 years. At the time of the PET studies, the mean
age was 61 years (range, 58—69; interquartile range, 4). The
mean Mini-Mental State Examination score was 26 (range,
23-30), indicating that the patients had a mild degree of
cognitive impairment, with one patient, the aforementioned
patient with relative preservation of language functions, scor-
ing 30 of 30 in this assessment. Eight age-matched healthy
volunteers were scanned as a control group (median age, 62
years; interquartile range, 18).

Methods
Fach patient underwent an [''C]J(R-PK11195 PET scan
(ECAT 953B scanner; CT1/Siemens, Knoxville, TN) and a
volumetric T1-weighted MR brain scan (1.0 Tesla, Picker,
Cleveland, OH) on the same day. Dynamic PET data were ac-
quired and analyzed as previously described.*” Because patho-
logical changes in FTLD may be widespread throughout the
brain, the anatomical a priori identification of an unaffected ref-
erence region might be inappropriate. Therefore, as in a previ-
ous study of patients with AD,’ the parametric images of
[''CI(R)-PK11195 binding potential were generated using a
basis-function implementation of a simplified reference-tissue
model, whereby the reference input function is extracted only
from those voxels in whom the kinetic behavior of the ligand
had normal characteristics seen in healthy cortex.®? In this
study, the extracted normal input functions showed no system-
atic differences to those previously used in AD (ie, there were no
significant differences in the shapes of the input kinetics from
the individual FTLD patients and the mean population input
kinetic from the AD patients, underlying the previously pub-
lished regional mean binding potential values with x> test always
yielding » < 0.0001).” The parametric images of [''C](R)-
PK11195 binding potential were used for a volume of interest
analysis of regional mean binding. Before application to the
PET parametric images, volumes of interest corresponding to
anatomical subdivision of the temporal lobe, dorsolateral pre-
frontal cortex, parietal lobule, posterior and anterior cingulate,
insula, and subcortical regions were drawn on the individual
volumetric MRI by an observer blinded to subjects” details and
the results of the individual PET scans who was following pub-
lished criteria.’ Mean, standard deviation, and Z-scores were cal-
culated to determine the significance of the regional increase in
[''C](R)-PK11195 binding in each patient compared with the
control subjects. Z-scores greater than 1.6 (in the one-tailed
Z-test, testing for increase in specific binding) were considered
significant (p < 0.05).

Three dimensional, T1-weighted, brain MRI scans were
obtained for coregistration with PET images and exclusion of
incidental pathology.

Results
All FTLD patients showed asymmetric, predominantly
left temporal atrophy extending into the ipsilateral fron-
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tal lobe and varying patterns of either unilateral or bi-
lateral increased [''C](R)-PK11195 binding in cortical
frontal, mesial temporal, and subcortical regions, as
shown in the Figure.

On group analysis, mean [''C](R)-PK11195 binding
potentials were significantly increased in the left dorso-
lateral prefrontal cortex, the right hippocampus and
parahippocampus, and in the putamen bilaterally (Ta-
ble). A trend toward significance was found in the left
hemisphere in the following regions: the fusiform (p =
0.08) and inferior temporal gyri (p = 0.08), inferior
parietal (p = 0.07), and posterior cingulate cortex
(p = 0.08). Similar to previous ﬁndings,G’9 [MCI(R)-
PK11195 binding was observed in pons and midbrain,
which in the group analysis, however, did not reach the
level of statistical significance.

Discussion

This pronounced frontotemporal pattern of microglial
activation detected by [''C](R)-PK11195 PET in our
cohort of FTLD patients differed from that previously
reported for AD patients in whom the increased
["'C](R)-PK11195 binding was found primarily in tem-
poral, parietal, and posterior cingulate regions.” With re-
spect to the temporal lobe, the previously reported AD
patients showed increased [''C](R)-PK11195 binding
most consistently in the inferior temporal gyrus, whereas
the significant increases in this study’s group of FTLD
patients localized to the entorhinal cortex. Our finding
of bilaterally increased putamen [''C](R)-PK11195
uptake in FTLD agrees with published neuropatho-
logical data showing frequent involvement of the
basal ganglia.* The frontotemporal distribution of re-
gions found in group analysis to have increased
[''C](R)-PK11195 binding matched the predomi-
nandy left hemispheric pattern of brain atrophy seen
in FTLD patients, but group analysis also showed in-
creased [''C](R)-PK11195 binding in the right hemi-
sphere. In accordance with previous observations, this
suggests that microglial activation is indeed present at
stages of tissue pathology before marked macroscopic
changes in brain anatomy have occurred. The failure
to detect significantly increased ["'C](R)-PK11195 bind-
ing in left mesial temporal regions may reflect signal loss
because of severe atrophy. Alternatively, it may indicate
that a previously active disease process associated with
microglial activation had burnt out, resulting in a reduc-
tion of activated microglia, as postmortem investigations
of FTLD brains have indeed suggested.*

Extending previous studies in AD, a condition char-
acterized by a high load of amyloid plaques, our obser-
vation in FTLD, which is not usually associated with an
increased amyloid deposition, suggests that glial re-
sponses are a general phenomenon of neurodegenerative
diseases that do not depend specifically on the presence
of amyloid plaques. Thus, the neuronal loss and axonal
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Fig. First and second column show ["'CJ(R)-PK11195
positron emission tomography images (B, D, F) of a patient
with frontotemporal lobar degeneration (FTLD; age, 69 years;
disease duration, 3 years) coregistered ro patient’s magnetic
resonance imaging scans (A, C, E). In this patient, a signifi-
cant increase 0f[”C](R)—PKI]195 binding is seen in the left
frontal and temporal lobes (B, D) overlapping with the area
of atrophic changes. Widespread [ CJ(R)-PK11195 binding is
seen also in areas with less obvious volume loss, such as the
right frontal cortex, the right mesial temporal lobe, and the
basal ganglia. The color bar denotes [ " CIR)-PK11195 bind-

ing potential values between 0 and 1.

degeneration seen in FTLD is sufficient to induce mi-
croglial activation. Although our results have confirmed
that the distribution pattern of microglial activation con-
forms with the pattern of clinical impairment, which in
the case of FTLD is associated with speech and behav-
ioral difficulties, they also highlight the variability
among patients. This is likely to reflect the considerable
neuropathological heterogeneity within the group of
FTLD patients. Further studies are needed to clarify the
extent to which the pattern of glial dssue pathology be-
yond certain core areas, such as left frontotemporal re-
gions, relates to inherent disease heterogeneity or is the
result of different stages of discase progression.



Table. Mean (SD) [''CJ(R)-PK11195 Binding Potential in FTLD Patients and Age-Matched Normal Controls

Right Hemisphere

Left Hemisphere

Location Controls FTLD ? Controls FTLD p
Dorsolateral prefrontal cortex 0.15 (0.06) 0.22 (0.11) 0.14 0.14 (0.06) 0.24 (0.11) 0.05
Superior temporal gyrus 0.15 (0.03) 0.17 (0.10) 0.31 0.13 (0.04) 0.16 (0.14) 0.32
Inferior and middle temporal gyrus 0.13 (0.03) 0.17 (0.12) 0.26 0.13 (0.04) 0.23 (0.13) 0.08
Fusiform gyrus 0.12 (0.04) 0.19 (0.15) 0.17 0.14 (0.04) 0.24 (0.14) 0.08
Parahippocampus 0.11 (0.06) 0.25(0.11) 0.02 0.09 (0.03) 0.18 (0.11) 0.08
Hippocampus 0.14 (0.06) 0.27 (0.13) 0.04 0.14 (0.05) 0.21 (0.13) 0.16
Amygdala 0.16 (0.06) 0.22 (0.09) 0.11 0.16 (0.07) 0.26 (0.20) 0.17
Insula 0.16 (0.08) 0.20 (0.16) 0.31 0.16 (0.05) 0.13 (0.16) 0.34
Anterjor cingulate gyrus 0.14 (0.04) 0.17 (0.11) 0.34 0.14 (0.07) 0.17 (0.09) 0.26
Posterior cingulate gyrus 0.20 (0.07) 0.24 (0.14) 0.26 0.18 (0.05) 0.27 (0.12) 0.08
Inferior parietal lobule 0.12 (0.05) 0.19 (0.11) 0.13 0.08 (0.04) 0.18 (0.12) 0.07
Pallidum 0.27 (0.08) 0.43 (0.19) 0.07 0.26 (0.07) 0.42 (0.23) 0.10
Putamen 0.25 (0.04) 0.35 (0.10) 0.04 0.26 (0.04) 0.39 (0.15) 0.05
Thalamus 0.44 (0.07) 0.48 (0.14) 0.25 0.40 (0.06) 0.49 (0.17) 0.17
SD = standard deviation; FTLD = frontotemporal lobar degeneration.
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