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SUPPLEMENTAL MATERIAL 

Inclusion criteria of healthy controls and SPMS patients 

Main inclusion criteria for SPMS patients were: age between 18 – 75 years, 

definite MS diagnosis1,2 for more than 5 years prior to enrolment, a progressive 

course of MS for a minimum of two years, and a moderate to heavy lesion load 

(> 9 T2 hyperintense MS-lesions) in brain MRI. Exclusion criteria were disease 

modifying treatment within 3 months, or corticosteroid treatment within thirty 

days of evaluation, EDSS score > 8, active neurological or autoimmune disease 

other than MS, or another comorbidity considered significant. The control 

subjects were age and sex matched healthy individuals with no known 

neurological symptoms or diseases. Initially, 10 healthy controls and 10 SPMS 

patients were enrolled in the study. One control subject (male, age 62 years) 

was excluded because of unexpected, multiple white matter lesions of vascular 

origin in the MRI, and one healthy female’s (44 years, no prior history of 

anxiety) 11C-PK11195 PET data was discarded because of poor image quality 

due to excessive head movements during the scan caused by sudden anxiety. 

Therefore, 8 control subjects were included in the final evaluation. In addition, 

one SPMS patient had a single right-sided, cortical occipital lesion consistent 

with an old ischemic infarction, but no other ischemic changes. Due to the 

volume reduction caused by the infarction, this patient was excluded from the 

volumetric correlational analyses. One healthy control had mild ischemic 

degenerative changes in the WM without consequent tissue loss or old 

infarctions. None of the ischemic lesions in either group were included in ROI 

analyses. 
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Methodology for obtaining conventional MR images and MR image 

parameters 

Brain MRI with Philips Gyroscan Intera 1.5 T Nova Dual scanner (Philips, 

Best, the Netherlands) was performed on all subjects for neuroradiological 

analysis and acquisition of anatomical reference for the PET images. The MRI 

sequences included axial T1 and T2 weighted, coronal T2 weighted fluid 

attenuated inversion recovery (FLAIR), and axial Gadolinium-enhanced 3DT1 

weighted series. Total lesion load of the white matter (WM) MS plaques was 

determined from coronal FLAIR scans using a semiautomated thresholding 

technique.1 The measurement of total brain, WM and GM volumes was 

performed using SIENAX (structural image evaluation, using normalisation, of 

atrophy - v2.6, part of FSL) 2. 

 

Methodology for pre-processing 3DT1 MR images for the parametric PET 

image analysis 

The preprocessing of the 3DT1 MR images for the parametric PET image 

analysis was performed with Voxel-Based Morphometry, version 8 (VBM8)3, 

a toolbox in Statistical Parametric Mapping, version 8 (SPM8),4 running on 

MatLab 2011 (The MathWorks, Natick, MA). The 3DT1 MR images were first 

coregistered to the sum of motion corrected PET images and then segmented 

into WM and GM images. Additionally, the deformation fields used for spatial 

normalisation were calculated via high dimensional DARTEL 5 algorithm 

yielding improved anatomical precision. 
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11C-PK11195 radioligand production 

11C-PK 11195 ((R)-[N-methyl-11C]-1-(2-chlorophenyl)-N-(1-methylpropyl)-3-

isoquinolinecarboxamide) was synthesized using the previously published 

methods1,2 with some modifications.  Briefly, 11C-carbon dioxide was 

converted into 11C-methyl iodide, which was trapped into a solution of 

desmethyl-(R)-PK11195 (1.0 mg) and 3.0 μl of 1.0 M tetrabutylammonium 

hydroxide in dimethyl sulfoxide (150 µl). Reaction mixture was heated at 80 

°C for 3 minutes. Tracer was subsequently purified with semipreparative 

HPLC. 0.5 ml of propylene glycol/ethanol (7/3) was added to the collected 

fraction and the fraction was evaporated. Residue was formulated in 0.1 M 

phosphate buffer (pH 7.4) containing propylene glycol/ethanol (8:2) and sterile 

filtered through Pall Corp. Acrodisc 0.2 µm HT Tuffryn membrane. 

Radiochemical purity of produced 11C-PK 11195 was more than 99 % and 

specific radioactivity was 42 ± 11 MBq/nmol (mean±standard deviation) at the 

time of injection. 
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Supplemental Table 1. Comparison of data processing and modelling methods in analyses of [11C]PK11195 positron emission tomography (PET) studies in 
multiple sclerosis patients by Politis et al.(1) and Rissanen et al. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Politis et al. 2012      Rissanen et al. 

PET motion correction  None / information not available  SPM8* 

MRI-PET coregistration SPM2† SPM8 

Spatial normalisation Atlas based automated segmentation (MAPER)‡. Atlas 
image registered to subject space by using IRTK§. 

MR images in subject space are registered to MNI space by using 
DARTEL║ normalisation in VBM8¶. 

Variable of interest BPnd
# within atlas based ROIs¤ derived from parametric 

BPnd images estimated voxel-by-voxel from dynamic 
images. 

Regional DVR** estimated from regional time activity curves. 
Parametric DVR images estimated voxel-by-voxel from dynamic 
images.  

ROI / VOI acquisition 
method (software used) 

MAPER, ANALYZE¤¤, further segmentation to white 
and gray matter (SPM2)  

Manual delineation of individual ROIs (Carimas††), semiautomated 
segmentation into normal appearing gray and white matter, and 
pathological white matter (SPM8, VBM8 and LST§§) 

Modeling method Parametric BPnd image estimated using BF-SRTM¤¤ with 
SVCA4*** gray reference region input.   
 

ROI-based regional DVR estimates and parametric DVR images 
calculated using Logan††† method with SVCA4 gray reference 
region input.   

Model settings Parameter bounds for basis function method not 
reported. Additional vascular component included in the 
BF-SRTM and the inverse of the frame durations used 
for weighting (2).  

Time range 5-60 minutes selected based on visual inspection of 
Logan plot regression lines. Control and SPMS subjects’ mean 
reference region k2-value (k2=0.145) calculated from thalamus 
using parameter estimates of SRTM with SVCA4 gray reference 
region input. Voxel-wise DVR values limited to range [-1  10].  
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*  SPM8 = statistical parametric mapping  (version SPM8, Wellcome Department of Imaging Neuroscience, UCL) 
†  SPM2 = statistical parametric mapping (version SPM2, Wellcome Department of Imaging Neuroscience, UCL) 
‡  MAPER = multi-atlas propagation with enhanced registration (3) 
§  IRTK = Image registration Toolkit (4) 

║ DARTEL image registration algorithm (5) 
¶ VBM8  = Voxel-Based Morphometry toolbox (version VBM8, university of Jena) 
#  BPnd = binding potential 
 ¤  ROI = region of interest 

**  DVR = distribution volume ratio 
††  Carimas software, version 2.4, Turku PET Centre  
¤¤  ANALYZE medical imaging software (version 8.1, Mayo Foundation) 
§§  LST = lesion segmentation tool (6) 
¤¤   BF-SRTM = basis function method of simplified reference tissue model (7) 
***  SVCA4 = Supervised clustering algorithm with 4 tissue classes.  
†††  Logan = Logan graphical method  (8) 
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