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In vivo PET imaging of 
neuroinflammation in familial 
frontotemporal  
dementia
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Uncovering disease mechanisms in frontotemporal dementia: 
neuroinflammation under the spotlight

There is increasing clinical, genetic, 
molecular and cellular evidence that 
neuroinflammation plays an important 
role in sporadic and genetic frontotem-
poral dementia (FTD), with mutations 
in Progranulin (GRN), microtubule- 
associated protein tau (MAPT) or repeat 
expansions in chromosome nine open 
reading frame 72 (C9orf72).1 GRN 
and C9orf72 are highly expressed in 
microglia.2 Genes involved in immune 
pathways are significantly associated with 
FTD, and upregulated expression of astro-
cytic and microglial proteins are found in 
FTD brains. Furthermore, higher levels of 
neuroinflammatory biomarkers are found 
in the cerebrospinal fluid (CSF) of patients 
with FTD compared with controls or 
presymptomatic mutation carriers.2

Translocator protein 18 kDa (TSPO) 
positron emission tomography (PET) 
ligands are used as marker for in vivo 
inflammatory microglia.

The report by Malpetti et al3 describe 
the individual patterns of neuroinflam-
mation, together with abnormal protein 
aggregation visualised by [18F]AV-1451 
tracer in seven symptomatic genetic FTD 
cases. Interestingly, the regions of [11C]
PK11195 binding correlated with the 
clinical heterogeneity in the different 
patients with genetic FTD, although the 
sample size is small. This suggests that 
microglia- mediated neuroinflammation 
may contribute to the development of 
specific clinical syndromes.

[11C]PK11195 is a well- established 
first- generation TSPO tracer that has 
been studied in several neurodegenerative 

diseases. The major disadvantage of 
[11C]PK11195 is its non- specific binding 
and low brain penetration. The novel 
second- generation tracers, such as [11C]
PBR28 and [18F]DPA-714 radioligands, 
have been developed to improve signal- 
to- noise ratio and binding affinity. 
However, the binding activity of these 
second- generation tracers is partly deter-
mined by a single- nucleotide polymor-
phism (SNP) of the TSPO gene (rs6971). 
In contrast to this, first- generation 
tracers, like [11C]PK11195, have the 
advantage to be relatively insensitive to 
this polymorphism. Therefore, the use 
of [11C]PK11195 radioligand is prefer-
able in studies with a small number of 
cases, as low- affinity binders for second- 
generation tracers can still be included.

Further work is needed to explore the 
role of TSPO tracers in genetic FTD. TSPO 
studies in presymptomatic gene carriers, 
very limited to date, would provide insight 
into the time of occurrence of neuroin-
flammation in FTD. This may help to 
determine whether neuroinflammation 
is already present before disease onset 
or whether it occurs close to conversion 
to the symptomatic stage. Studies using 
a TSPO tracer in combination with the 
[18F]AV-1451 radioligand may also clarify 
whether neuroinflammation precedes 
tau or TDP-43 accumulation, or whether 
it is induced by already ongoing protein 
accumulation.4 Because of the lack of PET 
ligands for TDP-43 to date, [18F]AV-1451 
is currently the best proxy measure of 
TDP-43 pathology.

The detection of neuroinflammation 
early in the disease process in genetic 
FTD may also provide a selection crite-
rion to include presymptomatic carriers 
in upcoming clinical trials. To date, only 
neurofilament light chain in either CSF 
or serum has been shown to increase 

shortly before conversion from presymp-
tomatic to symptomatic stage,5 and could 
therefore be used as a biomarker to select 
presymptomatic carriers for therapeutic 
trials. Studying neuroinflammatory 
mechanisms by means of TSPO PET has 
thus the potential to open new avenues 
for understanding FTD pathophysiology, 
predicting the course of disease and 
monitoring the effect of future thera-
peutic interventions.
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