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Introduction 

• is a nuclear encoded mitochondrial protein.  

• is abundant in peripheral organs (particularly adrenal glands and kidney) and 
haematogenous cells. 

• its function still needs full elucidation but it plays an important role in steroid 
synthesis and in the regulation of immunological responses in mononuclear 
phagocytes. 

 

Translocator Protein 18kDa (TSPO) 

TSPO  in diseases of the Central Nervous System (CNS) 

• High levels have been observed in infiltrating blood-borne cells and activated 
microglia.  

• Significant microglial activation occurs after mild to severe neuronal damage 
resulting from traumatic, inflammatory, degenerative and neoplastic disease. 

• Microglia are activated in the surroundings of focal lesions but also in the 
distant, anterograde and retrograde projection areas of the lesioned neural 
pathway. 
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[11C ](R)- PK11195 as an imaging marker 
• PK11195 is a selective ligand for TSPO and the reference compound for 

TSPO binding assays  

1983: 7 

1989: 52 

2014: 49 
(23 Sep 2014) 
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[11C ](R)- PK11195 as an imaging marker 

The injection of various amounts 
of PK 11195 (100, 200, or 500 
µg/kg body weight) 30 min after 
injection of the labeled ligand led 
to a rapid fall in radioactivity in 
the heart.  

A linear correlation was demonstrated 
between the concentration of PK11195 
in the heart (expressed as pmol/cm3) 
and the amount of PK 11195 injected 
for doses below 3 nmol/kg (r = .991). 



A Pioneering Research Institute at The University of Manchester 

[11C ](R)- PK11195 as an imaging marker 
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[11C ](R)- PK11195 as an imaging marker 
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[11C ](R)- PK11195 as an imaging marker 
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Plasma input function modelling 
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Plasma input function modelling 
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Reversible two-tissue 
compartment model (2TCM) 

It was concluded that a two-tissue reversible compartment model with K1/k2 fixed 
to whole cortex value is optimal for analyzing (R)-[11C]PK11195 PET brain studies. 

[11C](R)-PK11195 binding could be described 
by 2TCM which was the preferred model. 
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Plasma input function modelling 

Example radiochromatogram obtained from an essay with hepathic microsomes. 

radiolabelled metabolite 
with a retention time close 

to [11C](R)-PK11195 

parent [11C](R)-PK11195 

other 
hydrophilic 

radiolabelled 
metabolites 
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Plasma input function modelling 
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Reference tissue input function modelling 

Simplified reference tissue model is the best 
alternative when no plasma input is available. 
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Adaptation of the 
mixture model 
algorithm by 

Hartigan (1975). 

Reference tissue input function extraction 
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Reference tissue input function extraction 
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Reference tissue input function extraction 

Normalise each frame of the 
dynamic image by subtracting 
its mean and dividing it by its 
standard deviation to create a 
unit input. 

Database of six kinetic classes 
extracted from reference scans 
1. Normal grey matter 
2. White matter 
3. Blood pool 
4. Muscle 
5. Scull / bone 
6. High density TSPO binding 

Describe every pixel Pi(t) as a weighted linear 
combination of the kinetic classes as: 

with wij ≥ 0 

Pi
n(t) … normalised kinetic at voxel i 

Kj
n(t) … normalised kinetic class j (j= 1, …, 6) 

Supervised Cluster Analysis with 6 classes (SVCA6) 

Non-negative least squares (NNLS) algorithm 
to determine the set of weights wij per pixel. 
Use the map wi1 of the normal grey matter kine-
tics to calculate the reference tissue kinetics. 
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Reference tissue input function extraction 

Gray matter, white matter, total cerebellum and cerebrum, and cluster 
analysis were evaluated as reference regions. […] For cerebellum white 
matter, cerebrum white matter, and total cerebrum a considerable number of 
unrealistic BPSRTM values were observed. Cluster analysis did not extract a 
valid reference region in 10% of the scans. […] Most anatomic regions 
outperformed cluster analysis in terms of absence of both scan rejection and 
bias. Total cerebellum is the optimal reference region in this patient 
category. 
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Reference tissue input function extraction 

Supervised cluster and cerebellar input functions produced consistent BPND 
estimates in approximately half of the gliomas investigated, but had a 
systematic difference in the remainder. The cerebellar input is preferred 
based on theoretical and practical considerations. 
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Reference tissue input function extraction 

Only four kinetic classes: 
1. Normal grey matter 
2. White matter 
3. Blood pool 
4. High density TSPO binding 

Supervised Cluster Analysis with Brain Mask (SVCA4) 

Apply a brain 
mask to the 
dynamic data 
before nor-
malisation. 

Negative BPND 



A Pioneering Research Institute at The University of Manchester 

Ongoing clinical research studies: psoriasis 

• Case-controlled cohort study (12 
psoriasis patients and 12 controls) 

• Bars show mean and standard 
deviation BPND, p values derived from 
Mann-Whitney U test. 

• No significant difference for either 
input function (cerebellum, SVCA6). 

• Psoriasis is a chronic inflammatory, immune-mediated skin condition. 

• It is associated with multiple co-morbidities and is widely regarded as a 
systemic inflammatory condition. 

• Human (Drake C et al. Brain Behav Immun 2011; 25: 1113-22) and animal 
(Hannestad J et al. Neuroimage 2012; 63: 232-9) studies have 
demonstrated that peripheral inflammatory insults can induce brain 
neuroinflammation. 

 

Hunter H et al. Is psoriasis associated 
with neuroinflammation? NRM’2014, 
Egmond aan Zee, 21 - 24 May, 2014.  
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Ongoing clinical research studies: 
depression and schizophrenia 

• Both major depressive disorder (MDD) and schizophrenia are thought to be 
associated with neuroinflammation. 

• A recent PET study found no evidence for neuroinflammation in mild-to-
moderate MDD (Hannestad J et al. Brain Behav Immun 2013; 33: 131-8). 

• Two PET studies in schizophrenia have shown evidence for neuroinflam-
mation (Van Berckel BN et al. Biol Psychiatry 2008; 64: 820-2 and 
Doorduin J et al. J Nucl Med 2009; 50: 1801-7). 

• These initial studies might be confounded by mild severity, antidepressant/ 
antipsychotic medication and low numbers. 

• We present an interim analysis of a study investigating neuroinflammation 
in mostly medication-free, moderate-to-severe MDD and schizophrenia. 
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• Grey matter cerebellum input function 
was used to generate parametric maps 
of BPND using the Simplified Reference 
Tissue Model. 
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Ongoing clinical research studies: 
depression and schizophrenia 

• 8 patients with a diagnosis of DSM-IV MDD, 8 with schizophrenia and 8 age 
and gender matched healthy controls. 

• All MDD patients were antidepressant-free and 6 of the 8 schizophrenia patients 
were antipsychotic-free for at least 3 months prior to scanning. All patients had 
moderate-to-severe symptom severity. 

• Globally, mean BPND values were 
higher in depression (0.12 ± 0.06) and 
in schizophrenia (0.10 ± 0.05) 
compared to controls (0.07 ± 0.04). 

• Anterior Cingulate Cortex (ACC): 
highly significant increases (p < 
0.003) in both depression and 
schizophrenia relative to controls. 

Holmes S et al. Evidence for neuroinflammation in major depressive 
disorder and schizophrenia: A PET study using [11C]-(R)-PK11195. 
BAP Summer Meeting, Cambridge, 20 - 23 July, 2014.  
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Developments in pre-clinical data analysis 
For rodent scans, measurement of plasma input functions is challenging. 

Aim: Adaptation of the clinical SVCA to rat brain scans with [11C](R)-PK11195. 

Six male Wistar rats  

Siemens Inveon small animal PET-CT 

Stroke model: middle cerebral artery occlusion (MCAO) 

1. Core of infarct = activated 
tissue 

2. Contralateral region = normal 
tissue 

3. Cerebellar region = 
intermediate binding 

activated 

intermediate 

normal 
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Developments in pre-clinical data analysis 

Sridharan S et al. A data-driven method for automatic extraction of a 
reference tissue kinetic from [11C]-(R)-PK11195 rodent brain scans. 
XIII Turku PET Symposium, 24 - 27 May, 2014.  

Data normalised, sampled 
and averaged across ani-
mals. 

Time-activity curves (TACs) 
for the three regions identi-
fied in the brain of sample 
animal. 

Corresponding normalised TACs 
forming population database 
with three classes, averaged 
across animals, with standard 
deviations. 
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Outlook 
Lipopolysaccharide (LPS, bacterial endotoxin)- induced microglial activation to 
preserve integrity of the blood-brain barrier, doses of 1, 5 and 10 µg 

 

BPND with SRTM (mean±SD) 10 µg 5 µg 1 µg 
[11C](R)-PK11195 2.25 (n=1) 3.20 ± 0.30 (n=2) 2.14 ± 0.42 (n=3) 
[18F]GE-180 4.04 (n=1) 2.96 ± 0.07 (n=2) 2.49 ± 0.76 (n=6) 
[18F]DPA-714 2.53 (n=1) 4.21 ± 0.02 (n=2) 2.95 ± 0.44 (n=5) 
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Outlook 
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Outlook 

Reference region? 
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