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Perspectives in TSPO PET Imaging for Neurologic Diseases
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Abstract
The translocator protein (18 kDa) (TSPO) is a mitochondrial transmembrane protein, which has brought attention as a
neuroinflammatory biomarker. Positron emission tomography (PET) imaging studies have been done for several decades, since
neuroinflammation has been implicated as an important pathophysiology of several common neurologic disorders. However,
despite numerous previous studies with positive findings, its clinical significance is not yet clear. Various attempts to overcome
the limitations are ongoing, in order to bring acceptance for use in clinics.
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Introduction

Recently, neuroinflammation has been suggested to play a
major role in the development of multiple neurologic diseases.
However, due to the complex mechanism and signaling cas-
cade, yet, little is known about its distinct role in the genera-
tion and progression of various neurologic diseases.
Moreover, the central nervous system (CNS) has a separate
immune system compared with other organs, consists of sev-
eral distinguishable factors. For example, the blood brain bar-
rier functions as a mechanical barrier, protecting the brain
from external pathogens or irritants. Also, there are dedicated
immune cells in the nervous system, the microglial cells,
which act as the primary defense mechanism of the CNS.
Investigating the physiology of neuroinflammation has re-
ceived remarkable interest for several decades, with numerous
studies being conducted in various neurologic diseases.

The translocator protein (18 kDa) (TSPO) is a transmem-
brane protein known to mainly express in the mitochondria. It
is generally involved in the regulation of cholesterol transport
and the synthesis of steroid hormones [1]. In the CNS, TSPO
is usually expressed in the microglia, along with astrocytes
[2]. The expression of TSPO increases under the activation
of glial cells, in response to neuron injury. For this reason,

TSPO has been currently under investigation as the primary
biomarker for neuroinflammation. Various radioligands
targeting TSPO for positron emission tomography (PET) im-
aging have been developed, and have shown promising results
in numerous human studies. In this article, we review the
associated issues of applicating TSPO targeting radioligands
as a PET imaging biomarker for neurodegenerative disorders.

Current Value of TSPO Imaging in Neurologic
Diseases

Despite numerous previous studies, TSPO PET imaging is not
yet widely applicated in the clinics. For Alzheimer’s disease
(AD), TSPO imaging has been attempted sinceβ-amyloid and
hyperphosphorylated tau were known to induce neuroinflam-
mation by activating microglia [3, 4]. However, it is contro-
versial whether TSPO PETcan identify significant differences
between AD patients and normal controls. Some studies have
reported increased binding of TSPO targeting radioligands in
AD patients compared with normal controls, with positive
correlation of TSPO targeting radioligand binding and clinical
severity [5, 6]. However, some studies found no differences
between AD patients and normal controls [7–9], and only
weak or no correlation between TSPO and amyloid imaging
[10, 11]. It is yet unclear whether neuroinflammation conducts
an important role in the development of AD, or whether neu-
roinflammation takes part in the conversion of mild cognitive
impairment to AD. It also lacks reproducibility of correlation
between clinical performance factors and TSPO uptake.
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TSPO PET imaging needs further prospective trials to be con-
ducted, before it may be used for diagnosis, prognosis, and
risk stratification for AD.

There are several other studies that investigated neuro-
degenerative disorders other than AD. For dementia with
Lewy bodies, one study demonstrated increased TSPO
radioligand binding in the cortex and cerebellum [12].
Several other studies of patients with frontotemporal lobar
dementia [13], corticobasal degeneration [14], and pro-
gressive supranulcear palsy [15] also described significant
increased uptakes of TSPO radioligands, but results are
quite preliminary and require further evaluation for clini-
cal application. These studies were done with a small
number of patients, and used reference tissue regions that
are not free of TSPO binding. For multiple system atro-
phy, one study reported increased TSPO binding, while
one study reported decreased TSPO binding after
minocycline treatment [16, 17]. For Parkinson’s disease,
one study reported no significant differences of TSPO
radioligand binding of the patient group compared with
the healthy control group [18]. Overall, there are not
enough significant data of TSPO PET imaging for neuro-
degenerative disorders other than AD.

For ischemic stroke, several studies described increased
TSPO radioligand binding in ischemic regions and peri-
infarct regions of post-stroke patients [19–21]. However,
TSPO radioligand binding has diverse spatial and temporal
features in stroke patients. Binding peaks at 3–4 weeks after
the ischemic event, and also increases in regions remote to the
infarction, which is probably associated withWallerian degen-
eration [20, 22]. The increased uptake in areas remote to the
infarction area were reported to appear even weeks and
months after the stroke event. Furthermore, it is yet uncertain
whether the post-stroke neuroinflammation has a protective
effect, or a proinflammatory effect, in relation to its temporal,
regional characteristics. Future studies on TSPO PET imaging
in stroke needs to focus on the temporal changes, remote re-
gion findings, and its clinical correlation to patients’
prognosis.

In conclusion, the clinical impact and usefulness of TSPO
PET imaging is still uncertain. Further studies with larger
number of patients are needed in most neurologic disorders.

Nucleotide Polymorphism of the TSPO Gene

Human application of several second-generation TSPO-binding
radioligands, such as 11C-PBR28, 18F-PBR06, 18F-FEPPA, 11C-
DAA1106, 11C-DPA713, and 18FPBR111, have revealed sub-
stantial variation in binding affinity among normal population.
The radioligands bind to the brain as three different clusters, the
high-affinity binders (HAB), the low-affinity binders (LAB), and
the mixed-affinity binders (MAB). This is due to a variation

caused by a common polymorphism (rs6971) in the TSPO gene,
which leads to a single amino-acid substitution (Ala147Thr) [23].
Alanine 147 is suggested to contribute to maintaining the helical
structure of the transmembrane domain of the TSPO protein.
However, the amino acid substitution to Threonine 147 intro-
duces a substantial conformational change, which alters the ter-
tiary structure of TSPO, eventually altering the binding region of
TSPO targeting radioligands [24, 25]. The ratio of polymorphism
rs6971 among normal subjects depends on ethnicity, in which ~
70% of the Caucasian is HABs. However, there are no current
data on the Korean population. Due to this polymorphism, pa-
tients undergoingTSPOPETimaging has to undergo genotyping
to know the existence of individual amino-acid substitution, be-
fore PET imaging. Recently developed TSPO-binding
radioligands such as 18F-FEBMP and 18F-GE-180 are less affect-
ed by the polymorphism, but requires further validation [26, 27].
Not only does this polymorphism affect the binding of TSPO
targeting radioligands but also it has been suggested that it affects
the phenotype of patients. Previous studies have reported
t h a t A l a 1 4 7Th r s u b s t i t u t i o n may a f f e c t t h e
hypothalamus-pituitary-adrenal axis regulation, resulting
in an increased association with bipolar disorders or panic
disorders [28, 29]. In conclusion, a genotyping test is
necessary in current TSPO PET imaging studies, for the
determination of radioligand binding affinity to different
cluster population, and its association with clinical
phenotypes.

Methodological Issues of TSPO Radioligand
Quantification

Quantification of TSPO-binding radioligands has encountered
several challenges. One factor comes from the difficulty of
obtaining the accurate measurement of free plasma concentra-
tions. For 11C-PK11195, which is the first generation TSPO
radioligand, the fraction of radioligands bound to blood cells
are unstable, and also are affected by plasma proteins that are
upregulated in reaction to peripheral inflammatory events [30].
This difficulty of obtaining accurate free plasma concentration
also applies to several other second-generation TSPO
radioligands [31]. Additionally, there exists an irreversible
TSPO-binding component in the endothelial cells of venous si-
nuses, arteries, and the blood brain barrier of the brain [32]. This
results in the need for an additional consideration of the presence
of an irreversible component, during kinetic modeling. Another
obstacle is selecting the reference region for kinetic modeling.
Since microglia is distributed in the whole brain, TSPO is also
expressed correspondingly. Moreover, normal TSPO expression
levels of respective brain regions are yet unknown.

To overcome these problems, several measurement
methods have been proposed. First is to use the volume of
distribution (VT). However, an accurate measurement of the
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VT is dependent on the arterial plasma input function, which
may be complicated as previously discussed. Second, measur-
ing the standardized uptake value (SUV) at a certain time
interval, but which is also sensitive to blood flow. Finally,
the distribution volume ratio (DVR) or standardized uptake
value ratio (SUVR) may be used by employing a pseudo-
reference region, but also has a limitation that the uptake ratio
of the pseudo-reference region is hard to know [31, 33, 34].

Conclusion

Multiple previous studies have suggested the value of TSPO
PET imaging for the past few decades. However, it has not
been widely accepted in clinics, since it is yet challenging to
quantify the uptake of TSPO expression. As a consequence,
several clinical studies have shown inconclusive or conflicting
results. Despite the shortcomings, TSPO PET imaging still has
the potential to be applicated in various neurologic diseases.
Moreover, recently developed TSPO radioligands have shown
promising in vitro results with high signal-to-noise ratio [35].
Prospective longitudinal human studies are needed, that may
clarify the role of TSPO PET imaging in neurologic disorders.
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