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FIGURES 

Personeel : 320 fte + 50 PhD

40 medical specialists + 25 in training 

6 medical physicists + 4 in training

5 (radio)chemists + 2 radiopharmacists

2 biologists

2 managers, 1 Q manager

surgeon, psychiatrists, organic chemist

Total +200,000

Bucky 123.300 

CT 23.100 

MRI 18.300 

Interventions 4.800 

Doorlichting   8.300 

Echo 18.400 

SPECT 8.000

PET 3.000

BDM 5000

RNT 150

SYSTEMS

5 MRI : 3* 1,5 T en 2 * 3T

5 CT 

2 PET-CT

2 SPECT-CT & 1 SPECT

2 Angio rooms 

Bone densitometer

Echo, bucky, etc



INK/EFQM 



Photo courtesy Dr J Pruim

Von Gahlen

15 hot cells

Cleanroom PET (GMP): 

11 hotcells, 3 laminar flow cabinets

PET research lab: 

6 hotcells, 8 shielded fumehoods 

Cleanroom SPECT (GMP):

including a dedicated hot cell for 89Zr labeling

Research labs for long-lived isotopes, 

metabolite analysis and in-vitro experiments



PET tracers NMMI

Clinic and Human Research Animal Research Only
Metabolic Activity [11C]-methionine, [11C]-choline, [11C]-

HTP, [18F]-DOPA, [18F]-FDG, [18F]-FLT, 
[18F]-fluoro-D-methyltyrosine

[11C]-thiothymidine

Hypoxia/Angiogenesis [18F]-FAZA, [18F]-RGD-K5, [89Zr]-
bevacizumab

Hormones [18F]-FES, [11C]-metomidate [18F]-bombesine
Growth Factor Receptors [89Zr]-trastuzumab [89Zr]-cetuximab, [89Zr]-GC1008, 

[89Zr]-IGF-1RmAB, [89Zr]-RO5323441
Dopamine [11C]-raclopride, [18F]-DOPA
Serotonin [11C]-MDL100907, [11C]-DASB [11C]-HTP
Sigma Receptors [11C]-SA4503 [18F]-FE-SA5845
Adenosine [11C]-MPDX
Acetylcholine [11C]-MP4A
P-glycoprotein [11C]-verapamil [11C]-MC18, [11C]-MC244
Plaques [11C]-PIB
Blood Flow [15O]-water
Microglia/Macrophages [11C]-PK11195 [11C]-DAA1106, [11C]-DPA-713, [18F]-DPA-714

T-lymphocytes [18F]-IL2

Metabolism [18F]-FDG
Beta-adrenoreceptor [11C]-CGP12388
Innervation [11C]-mHED
Perfusion [13N]-ammonia
Miscellaneous [18F]-NaF, [18F]-FHBG [18F]-FEAnGA, [89Zr]-alemtuzumab



PET IMAGING OF INFLAMMATION



PET imaging of activated microglia

• Activation of microglia is accompanied by an 
increased expression of the translocator 
protein (TSPO)

• TSPO is an attractive target for imaging of 
microglia activation

TSPO
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2015 : CT
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Nuclear Medicine and Molecular Imaging - University Medical Center 
Groningen

2015 : PET-CT 

& Hologic
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+ upgrade AVANTO FIT

2016 : MRI



Radiology, University Medical Center Groningen
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THE FUTURE OF IMAGING - UMCG



PhD-students

Collaborations

Groningen

MIC

AN INTERNATIONAL NETWORKSHAPER



University Medical Center Groningen, the Netherlands

Febr 17-22nd 2014



University Medical Center Groningen, the Netherlands

Dr. Ana da Silva and dr C.M. Moriguchi Jeckel (PUCRS)



Staff ambassador UMCG - USP

University Medical Center Groningen, the Netherlands



IAEA Training program

IAEA fellows:

• 2013 Renato Arthur Benvenutti, Instituto de Pesquisas 
Energéticas e Nucleares (IPEN): 

Training PET tracer production

• 2015 Samira Marques de Carvalho, Brazilian National 
Nuclear Energy Commision (CNEN): 

Training in radioprotection and radiopharmacy

• 2016 Prof. dr. P.H. Elsinga

IAEA training course in Sao Paulo

University Medical Center Groningen, the Netherlands



Science without Borders

• “PET imaging of disease-related processes in 
multiple sclerosis”, Buchpiguel & de Vries
• Vistiting Scienctist Dr. E.F.J. de Vries (2014-2016)

• Invited lectures and mini-courses (e.g. USP, 
IPEN, Brazilian Nuclear Medicine Congress): 

– Radionuclide production 

– Radiochemistry 

– Regulations

– Brain imaging

– Hormone receptors

University Medical Center Groningen, the Netherlands
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Science without borders



University Medical Center Groningen, the Netherlands

Science without Borders: 
First Marmoset brain images



Collaboration: NMMI – Sao Paulo

Joint PhD students (Abel Tasman talent program):

1. Myeline imaging, Daniele de Paula Faria (2011 – 2013)

2. Neuroinflammation in Schizofrenia, Alexendre Shoji 
(2012 – 2014

Postdocs:

1. P-glycoprotein, Marcel Benadiba (2011)

2. Labeling 18F-Losartan, Emerson Soares Bernardes 
(2012)

3. Effect exercise on neuroinflammation, Caroline Cristiano
Real Gregório (2015

University Medical Center Groningen, the Netherlands



Joint USP – UMCG PhD project 
Daniele de Paula Faria

University Medical Center Groningen, the Netherlands



Myelin

• Myelin form a protective 
layer around neuron

• In the CNS, myelin is 
produced by 
oligodendrocytes

• In MS, oligodendrocytes 
and myelin are 
destroyed

University Medical Center Groningen, the Netherlands



Lysolecithin rat model

Stereotactic injection:

• Saline

• Lysolecithin 1%

Dynamic PET scan  

+ blood sampling 

• Day 3

• Day 6-7

• Day 28-30

Male Sprague-

Dawley rat

University Medical Center Groningen, the Netherlands



Control (day 3)

Lysolecithin (day 3)

Lysolecithin (day 7)

Lysolecithin model: [11C]PK11195 PET



Lysolecithin model: [11C]MeDAS PET

Control
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0,80

0,85

0,90

0,95

1,00

1,05

LESION BRAIN

L
e
ft

 -
ri

g
h

t 
ra

ti
o

Control 1 week

Lysolecithin 1 week

Lysolecithin 4 weeks

*

*

• ROI for lesion site based on 

immunohistochemistry 

• IHC: little remyelination after 

4 weeks



Alexandre Shoji

PK11195 PET: 

Clozapine – but not haloperidol –

has anti-inflammatory properties in the HSV 

encephalitis model in rats



Caroline Real Gregorio

• Beneficial effect of exercise in a PD rat model

– Exercise prevents neuroinflammtion (PBR28 PET) 
and dopaminergic degeneration (FDOPA PET)

University Medical Center Groningen, the Netherlands
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Project dr. Marcel Benadiba

Clinical Pharmacologist,
PhD at University of São Paulo

Start March 2012- end  2013

Project UMCG 
”Development and evaluation of tracers for 
assessment of ABC transporters at the blood –
brain barrier”

Supervisor; dr. Gert Luurtsema



P-glycoprotein: modulation



In vivo screening of new PET Tracers

RAT

Mice



Output

PET Imaging of ABC transporters in the blood-brain barrier.  

M. Benadiba, H. Savolainen, A.D. Windhorst, N.A. Colabufo, A. van Waarde and G. 

Luurtsema, 

PET and SPECT of Neurobiological Systems. 2014



Collaboration: NGMB – PUCRS
Joint PhD students (Abel Tasman talent program):

1, Neuroinflammation in depression / social defeat

Paula Kopschina Feltes (2014 – 2016)

2, Image quantification

Isadora Lopes Alves (2014 – 2016)

3, Interaction between diabetes and neurodegeneration

Luiza Reali Nazario (2016 – 2018; just started in Brazil)

Master project: PET imaging in Zebrafish

4, Interaction neuroinflammation, BDNF and behavior

Bruno Lima Giacobbo (to be accepted)

University Medical Center Groningen, the Netherlands



Paula Kopschina Feltes

Abel Tasman Talent Program

Promotor: Prof. Dr. R.A.J.O. Dierckx , C.M. Moriguchi Jeckel (PUCRS)

Supervisors: Dr. E.F.J. de Vries, Dr. J. Doorduin (UMCG)

May, 2016

Working title: 

The role of neuroinflammation in the development of 

major depressive disorder: a PET imaging study

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjhgvLeoazNAhWqCcAKHYORDQoQjRwIBw&url=https://nl.linkedin.com/in/paula-kopschina-feltes-9689102b&psig=AFQjCNHr8qfu-rcK4s_0eGdFn2wRbvITtQ&ust=1466156759798244


University Medical Center Groningen, the Netherlands



Working title:

Quantitative brain PET imaging: 
opportunities and limitations

Isadora Lopes Alves

Abel Tasman Talent Program

Promotor(s): Rudi Dierckx, Ana M. M. da Silva

Supervisor(s): Michel Koole, Antoon Willemsen, 
Ronald Boellaard
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AIMS OF PROJECT
1) Making PET protocols faster and more 

accessible

2) Exploring tracer kinetics and proposing 
optimized quantification

Simplify mathematical model -> shortened protocol

For [11C]raclopride studies (JCBFM, 2016)

Similar for [18F]FDOPA studies (submitted to JCBFM)

Test different models -> 

define best quantification method

For [11C]flumazenil in rats 



Data acquisition Quality Control Method Development Quantification Analysis Manuscript

Chapter 1

(Introduction)
20% N/A N/A N/A -

Chapter 2

Reference tissue dual time point 

method for irreversible tracer 

kinetics quantification: validation 

for [18F]-FDOPA brain PET imaging

100% 100% 100% 100% 100%

Chapter 3

Dual time point imaging for post-

dose binding potential estimation 

applied to a [11C]raclopride PET 

dose occupancy study

100% 100% 100% 100% 100%

Chapter 5

Automatic detection of 

neuroinflammation in pre-clinical 

PET imaging with [11C]PBR28

100% 100% 100% 100% 40%

Chapter 6

[11C]flumazenil kinetics in the rat 

brain

100% 100% 100% 100% 30%

Chapter 7

Parametric quantification of pre-

clinical flumazenil data

100% 100% 100% 60% 20%

Progress of the project since January 2015



University Medical Center Groningen, the Netherlands



University Medical Center Groningen, the Netherlands

Thank you !



University of Groningen 
Abel Tasman Talent Program

• Research vouchers: support for 1 month stay of 

prospective Master & PhD students (orientation)

• Summer school ticket: covers registration fee

• Research Master’s scholarship: tuition fee + €800 
allowance per month for 2 years

• PhD sandwich scholarship: 2 year PhD in Groningen + 2 
year at home institute; scholarship for 2 year in Groningen 
(covers tuition, benchfee, insurance, living expenses)

• Staff ticket: to set up cooperation; covers cost of stay

17-6-2016
Dept. of Nuclear Medicine & Molecular Imaging #42

,



University of Groningen 
Abel Tasman Talent Program

For information: 

• Google: “abel tasman rug”

• Website university: www.rug.nl

• Website university medical center: www.umcg.nl

• Contact Groningen: Erik de Vries

• email: e.f.j.de.vries@umcg.nl

17-6-2016
Dept. of Nuclear Medicine & Molecular Imaging #43
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