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The notion that inflammation and immune signals may play
a role in the pathophysiology of psychiatric conditions has
been gaining considerable support. In no small part, this
support was driven by imaging studies assessing
neuroinflammation-related markers. In particular, microglia
activation has been reported in several psychiatric condi-
tions, including schizophrenia and clinical high risk (CHR)
subjects, using PET ligands that bind to the 18 kDa
translocator protein (TSPO) (Bloomfield et al, 2016). Despite
the excitement the initial findings generated, studies have not
been consistent. In the current issue, Hafizi et al (2017)
report lack of differences in CHR subjects compared to
controls. This is the largest study assessing neuroinflamma-
tion in this population so far, and the authors controlled
carefully for genotype and other factors. The authors have
also used a validated outcome measure, a two-tissue
compartment model that provides total volume of distribu-
tion (VT). This contrasts with previous studies that used
ligand distribution volume ratio (DVR), a measure con-
sidered unacceptable by most PET imagers (Innis et al,
2007). So, yet another negative finding with TSPO binding in
a psychiatric condition raises a number of questions for
the field.
One conclusion could be that there simply is no microglia

activation in CHR subjects. But to make sense of the data
(both presented in this issue and reported previously), we
need to solve a few outstanding issues. First, we need to
understand better what exactly TSPO ligands are binding to.
TSPO is a mitochondrial protein that was reported elevated
in the brain, initially in hepatic encephalopathy. Soon after,
reports emerged of elevated TSPO binding in several
neurodegenerative conditions, and more recently psychiatric
conditions. It was assumed for quite some time that
increased TSPO activity selectively reflects activation of
microglia, the resident brain macrophages. However, it is
now evident that TSPO is expressed in mitochondria of
many brain cell types beyond microglia, including astrocytes

(Lavisse et al, 2012) and neurons (Notter et al, 2017). Thus,
increased TSPO binding may reflect the functional state of
mitochondria in several cell types and not necessarily
inflammatory processes. It could well be that conditions of
strongly active microglia and immune activation, such as
neurodegenerative disorders, show large and reliably mea-
surable TSPO binding. If microglia were indeed activated in
psychiatric conditions, this activation would likely be
moderate and perhaps not easy to distinguish from the
natural variability TSPO ligands. Unfortunately, it is
becoming clear that the question of whether there is immune
activation or neuroinflammation in psychiatric conditions
cannot be answered with TSPO binding studies.
A second issue relates to the heterogeneity of subjects with

psychiatric conditions, which may be even more pronounced
in subjects at risk. Therefore, subjects enrolled in these
studies may not be completely uniform in their underlying
pathophysiology. It is possible that some, but not all patients
exhibit brain inflammation or immune activation. The fact
that despite the overall negative data, this study identified a
correlation between one domain (apathy) and FEPPA VT in
the hippocampus may reflect the possibility that whatever
TSPO binding is measuring, it could be present in a specific
domain within the CHR population.
Third, an important caveat in this type of studies is lack of

statistical power. The authors recognized this issue and
determined the sample size needed based on the known
variability of other TSPO ligands. It cannot be ignored that
despite this being the largest study in CHR subjects, it is still
underpowered. However, the data showed a trend towards
reduced TSPO binding in CHR subjects, suggesting it is
unlikely that an elevation would be observed.
What do TSPO binding studies really tell us? Could this

mitochondria-linked marker be expression of mitochondria
health in different cell types? If so, more than neuroin-
flammation, TSPO binding could be reflection of redox state
or metabolic activity in different brain cells. As neurodegen-
erative disorders and to some extent psychiatric disorders
may show oxidative stress in the brain (Steullet et al, 2016), it
is possible that the positive studies are picking up a mild
signal driven by oxidative stress and altered mitochondria
activity. Indeed, neurodegeneration in the brain will be
accompanied by cell damage and diseased mitochondria. A
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more subdued process, perhaps driven by genetic or
environmental changes in immune signals in the brain,
which are essential for synaptic remodeling and function,
could also yield changes in mitochondria activity (and even
oxidative stress). As those changes are subtle and perhaps
present in just a subset of patients, TSPO binding may not be
the ideal tool to assess them. If redox state and cell metabolic
activity is what TSPO binding captures, finding correlations
with symptoms and disease domains will not be straightfor-
ward. Of note, blood redox state correlates with a functional
measure of sensory processing, mismatch negativity (MMN),
but only in controls. The correlation is lost in schizophrenia
patients (Ballesteros et al, 2013). If TSPO binding reflects
mitochondria activity, it could be correlated with functional
domains in healthy brains but the correlation may be lost in
a diseased brain, making it difficult to obtain a conclusive
measure. The better we are at parsing out specific domains
and making a priori hypotheses about linking immune and
redox processes to these domains, the sooner we will have
clear answers about the role of these processes in psychiatric
disorders.
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