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Abstract 

Aims: A hallmark in the neuropathology of temporal lobe epilepsy is brain inflammation which has 

been suggested as both a biomarker and a new mechanistic target for treatments. The translocator 

protein (TSPO), due to its high upregulation under neuroinflammatory conditions and the availability 

of selective PET tracers, is a candidate target. An important step to exploit this target is a thorough 

characterisation of the spatiotemporal profile of TSPO during epileptogenesis.  

Methods: TSPO expression, microglial activation, astrocyte reactivity and cell loss in several brain 

regions were evaluated at five time points during epileptogenesis, including the chronic epilepsy 

phase in the kainic acid-induced status epilepticus (KASE) model (n= 52) and control Wistar Han rats 

(n= 33). Seizure burden was also determined in the chronic phase. Furthermore, 18F-PBR111 PET/MRI 

scans were acquired longitudinally in an additional four KASE animals.  

Results: TSPO expression measured with in vitro and in vivo techniques was significantly increased at 

each time point and peaked two weeks post-SE in the limbic system. A prominent association 

between TSPO expression and activated microglia (p<0.001; r=0.7), as well as cell loss (p<0.001; r=-

0.8) could be demonstrated. There was a significant positive correlation between spontaneous 

seizures and TSPO upregulation in several brain regions with increased TSPO expression. 

Conclusions: TSPO expression was dynamically upregulated during epileptogenesis, persisted in the 

chronic phase and correlated with microglia activation rather than reactive astrocytes. TSPO 

expression was correlating with spontaneous seizures and its high expression during the latent phase 

might possibly suggest being an important switching point in disease ontogenesis which could be 

further investigated by PET imaging.  
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Introduction 

Epilepsy is one of the most common chronic neurological disorders with an estimated prevalence of 

about 65 million people worldwide (Ngugi et al., 2010). It has a devastating impact on the patients’ 

everyday life as it is characterised by spontaneous recurrent seizures (SRS) due to aberrant neuronal 

excitation. The medicinal therapies available are purely symptomatic, have significant side effects 

and are ineffective in up to 30% of the patients. Furthermore, the neurobiological processes that 

result in (acquired) epilepsy remain unclear, which strongly impedes the development of more 

potent, targeted and efficient treatments. Interestingly, immune-challenging insults like fever, 

infection and trauma, are associated with the acute occurrence of seizures and with a higher risk of 

developing epilepsy later in life (Ravizza et al., 2011; Vezzani et al., 2011). In addition, recent studies 

have demonstrated that a vast number of different inflammatory mediators are present in both 

human as well as preclinical resected epileptic brain tissue. Moreover, insults triggering 

epileptogenesis can cause an immediate upregulation of inflammatory processes in the affected 

brain areas (Friedman et al., 2009; Dedeurwaerdere et al., 2012b). As a result, it has been 

demonstrated that brain inflammation can be regarded as both cause and consequence of epileptic 

seizures. Given that inflammation may be an important factor in the reorganisation of a normal 

neuronal network into an epileptic one, this offers a new target for the development of therapies 

and diagnostic tools. Nevertheless, brain inflammation constitutes both beneficial and detrimental 

aspects. More specifically, innate defensive mechanisms are believed to safeguard the organism 

from invading pathogens or insults while chronic inflammation is believed to have a negative impact 

on disease. Due to this complex nature of inflammation it is of vital importance to understand the 

inflammation context that is created during disease and to characterise the broad spectrum of 

molecules and processes involved (Dedeurwaerdere et al., 2012a; Amhaoul et al., 2014). These 

fundamental insights are necessary to completely understand the role of brain inflammation in the 

pathophysiology of epilepsy, to fully profit from the potential of anti-inflammatory strategies and to 

explore the possibilities of using inflammation as a potential biomarker (Amhaoul et al., 2014).  
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A potential candidate biomarker is the translocator protein (TSPO) (Dedeurwaerdere et al., 2012a). 

This protein, previously known as the peripheral benzodiazepine receptor, prominently features in 

brain tissue of patients with temporal lobe epilepsy (TLE). TSPO is normally present in low 

concentrations in glial cells, but upon activation of these cells, it becomes significantly upregulated. 

Although this indirect relation between brain inflammation and TSPO has been known for several 

decades, the actual progression of TSPO expression during epileptogenesis has not been fully 

described. In addition, its role in disease ontogenesis and progression still remains elusive. Therefore, 

to disentangle the functional implications of TSPO up to the molecular mechanistic level and to 

elucidate whether TSPO could be a valid biomarker for epilepsy, firstly requires a clear understanding 

of the spatial expression pattern of TSPO during the different stages of pathology.  

Kainic acid-induced status epilepticus (KASE) in rats is a well-established model for TLE, which is the 

most common and refractory form of focal, acquired epilepsy in adults. In this model, 

epileptogenesis is triggered by the status epilepticus (SE). After a latent period, which is not per se a 

silent period and cannot be exactly outlined in time, SRS occur. With this study, we firstly 

characterised the spatiotemporal profile of TSPO post-mortem in the rat brain of the KASE model 

using a cross-sectional study design. Secondly, we assessed the relationship of TSPO with other 

pathologic hallmarks of the KASE model, namely neuronal cell loss and glial activation. Thirdly, the 

epileptic outcome, namely SRS, was determined during the chronic period as well as its relationship 

with TSPO expression. Finally, we followed-up TSPO expression longitudinally and three-

dimensionally (3-D) using in vivo imaging of TSPO with 18F-PBR111 positron emission tomography 

(PET). 
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Materials and methods 

Animals 

Seven week old male Wistar Han rats (Charles River Laboratories, France) were single housed under a 

12 h light/dark cycle, in a temperature and humidity controlled environment. Food and water were 

available ad libitum. Animals were allowed five days of acclimatization to the animal facilities before 

the start of the experiments and were treated in accordance with the guidelines approved by the 

European Ethics Committee (decree 86/609/CEE) and the Animal Welfare Act (7 USC 2131). All 

animal experiments were approved (ECD 2014-39) by the ethical committee of the University of 

Antwerp (Belgium). 

Study design 

To study TSPO expression, glial activation and cell loss during epileptogenesis and established 

epilepsy, control and KASE animals were sacrificed at five crucial time points in disease progression: 

i.e. 2 days (early phase), 1 week (latent phase), 2 weeks (latent phase), 6 weeks (transition phase) 

and 3 months (chronic phase) post-SE. At the start of the experiments, the number of animals for the 

first three time points was 4 to 6 for the control and 6 to 9 for the KASE group. A higher number of 

animals were included in the groups of the 6 weeks and 3 months’ time points as seizure burden by 

means of video-electroencephalography (vEEG) was assessed in these subjects (control n= 7-12; KASE 

n= 12-14). To assess whether the implantation of the electrodes itself would cause brain 

inflammation, a subset of animals (control n= 3, KASE n= 2) included in the 3 months’ time point 

were not implanted. No differences could be demonstrated between animals that underwent 

surgery and those who did not for all studied histology variables, and thus were included in the 

analysis. Upon termination of the experiment, brains were dissected for histological investigation.  

A descriptive PET investigation was executed to illustrate the results of the cross-sectional study in 

vivo and to assess the feasibility of measuring TSPO upregulation longitudinally in rats with a non-
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invasive, previously validated protocol (Dedeurwaerdere et al., 2012a). For this, four KASE animals 

were repeatedly scanned 2 and 4 weeks post-SE by means of 18F-PBR111 PET. An additional scan 6 

weeks post-SE was only available for two out of the four animals. A control animal was scanned 2 

weeks post-sham SE. Magnetic resonance imaging (MRI) scans were taken in parallel for co-

registration purposes. 

Induction of SE in the KASE model 

The animals were repeatedly administered low-dose subcutaneous (s.c.) injections of kainic acid (KA; 

initial dose 5 mg/kg – subsequent doses 2.5 mg/kg; A.G. Scientific, USA), as this method has proven 

both its efficacy and low mortality rate, while controls received saline injections (Dedeurwaerdere et 

al., 2012a). Importantly, this protocol allows for each individual animal to receive a personalized dose 

of KA, thus rendering the proconvulsant less lethal. 

At SE induction, the rats were aged 7.5 weeks weighing 222 ± 1.8 g for the control animals (n= 33) 

and 224 ± 1.7 g for the KASE group (n= 56). About 45 min after the initial KA injection (5 mg/kg, s.c.) 

repetitive injections of 2.5 mg/kg were given every half an hour unless the rats showed non-

convulsive epileptic behaviour. In that case, the injections were delayed and stopped when 

convulsive seizures started. During the entire induction period, the animals were continuously 

observed and after 4 h of SE, diazepam (4 mg/kg; NV Roche SA, Belgium) was administered 

intraperitoneally to arrest the seizures. All, but three KASE animals of the 2 days’ time point, reached 

SE after receiving an average dose of 13.6 ± 0.91 mg/kg KA. Control animals received a saline 

injection. To prevent dehydration, Hartmann’s solution (10 ml/kg, s.c.; Viaflo Baxter Healthcare, 

Belgium) was administered at the end of the procedure. Additional care was taken the days following 

SE by providing the animals with enriched soft food pellets and Hartmann’s solution. One animal died 

during SE, while two others died the first day post-SE (5.4 % mortality rate). These animals belonged 

to the 6 weeks’ time point and were excluded from analysis. In addition, the three animals that did 

not reach SE were also excluded from the study.   
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vEEG 

EEG-electrode implantation 

This procedure was performed in anesthetized animals (isoflurane: 5% induction, 2.5% maintenance; 

Forene, Belgium) two weeks before the start of the vEEG recordings, guaranteeing an adequate 

recovery. Six bilateral epidural electrodes were implanted: two frontal, two parietal and two occipital 

(right= reference, left= ground) according to van Raay et al. (2009). These electrodes were fixed into 

a plastic plug (Bilaney consultants, Plastics one Inc., UK) and secured to the skull using dental cement 

(Simplex Rapid, Kemdent, UK; Durelon, 3M ESPE, USA). At the end of the surgery, local 

administration of xylocaine (2%; AstraZeneca, Belgium) and injection of buprenorphine (0.01 mg/kg, 

s.c.; Ecuphar, the Netherlands) was given for pain relief, as well as Hartmann’s solution to prevent 

dehydration (10 ml/kg, s.c.). Animals were returned to their home cages for recovery while kept 

warm. 

vEEG recording and analysis 

A total of 100 h of vEEG data was collected directly before sacrification from freely moving control 

and KASE rats. The animals were connected via a six-channel cable (Plastics One Inc., USA) to a swivel 

and six-channel commutator (Plastics One Inc., USA). The commutator was connected to the digital 

EEG acquisition system (Brain-lab Measure Station, OSG bvba, Belgium; Ponemah P3 Plus, Data 

Sciences International, USA). The camera (Sony Handycam DCR-HC51E, Sony Corporation, Japan; Axis 

P1353, Axis Communications, Sweden), used to record synchronized video, was positioned above the 

cages allowing simultaneous visualisation of four animals. An additional night vision infrared LED light 

bar was installed to enable recordings during the dark period.  

Analysis was performed manually using BrainRTTM (OSG bvba Rumst, Belgium) or Ponemah P3 Plus 

software (Data Sciences International, USA). Identification of SRS was based on previously defined 

criteria (van Raay et al., 2009; Williams et al., 2009; White et al., 2010; Dedeurwaerdere et al., 2011). 
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Briefly, a seizure was recognised on EEG as a signal with an amplitude of at least three times baseline 

signal and evolving peak frequency which persists for at least five seconds. In addition, to be 

classified as epileptic activity, the severity of the SRS based on the behavioural scale of Racine 

(Racine, 1972) was determined by the video-recordings.  

Histology 

At each time point, the animals were sacrificed by rapid decapitation and brains were immediately 

removed from the skull. If the animals were monitored by vEEG, they were sacrificed directly 

thereafter. All right hemispheres were directly fresh-frozen in 2-methylbutane (VWR, USA) at -35°C 

and were preserved at -80°C. The left hemispheres were fixed in 4% paraformaldehyde (VWR, USA) 

overnight and were subsequently drenched in 20% sucrose solution enriched with 0.1% sodium azide 

(VWR, USA) for another 24 h. In turn, the fixed tissue was snap-frozen in 2-methylbutane at -40°C 

and stored at -80°C. Serial coronal sections (20 μm) were collected at -3.24 mm (dorsal hippocampus) 

and at -10.20 mm (cerebellum) from bregma (Paxinos and Watson, 2007), in triplicate, on coated 

glass slides using a cryostat (Leica, Germany). One control animal of the 6 weeks group was not 

dissected out properly and therefore excluded from further processing. 

Immunohistochemistry 

Nissl and NeuN staining 

Cresyl violet staining, also known as the nissl staining, was performed on freshly-frozen cryosections 

to visualise cell loss. However, it does not exclusively stain neurons and therefore a NeuN staining 

was additionally performed for quantification purposes. NeuN is a neuronal nuclear antigen which is 

used as a marker for neurons. Briefly, cryosections were dried and washed using phosphate buffered 

saline (PBS). Next, non-specific binding was blocked using 0.5% Triton X-100 and 0.05% normal horse 

serum in PBS. Subsequently, the sections were incubated overnight with the primary antibody 

against NeuN (mouse anti-rat; 1:2000; Merck Millipore, Germany) in antibody diluent containing 
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0.5% Triton X-100 and 0.05% normal horse serum. The next morning, sections were washed prior to 

being incubated for 2 h with peroxidase-conjugated secondary antibody (donkey anti-mouse; 1:500; 

Jackson Immunoresearch, UK). Finally, in order to visualise the binding, sections were exposed to the 

colorimetric diaminobenzidine staining. 

NeuN was scored visually in accordance to Dedeurwaerdere et al. (2013) on images taken at a 4x 

magnification in the hippocampal subregions cornu ammonis (CA) 1, CA3, CA4 and dentate hilus 

(DH). The score for the hippocampus was obtained by the composite score of its subregions. The cell 

score, which represents the cell density, ranged from 4 (normal) over 3 (some cell loss), 2 (obvious 

cell loss) and 1 (severe cell loss) to 0 (no cells and total destruction of normal tissue architecture) 

(Supplementary figure 1). All scoring was done blinded for treatment by three different investigators 

on triplicate sections of which the mean score was used for statistical analysis. The cresyl violet 

staining was only used for visualisation purposes.  

OX-42 and ED-1 staining 

Microglia were visualised by immunohistochemical staining against both the CD11b- (OX-42) and 

CD68-receptor (ED-1), which were carried out as previously described (Van den Eynde et al., 2014). 

The CD11b-receptor is also known as the complement receptor 3 and is a macrophage associated 

marker expressed by all microglia (Saijo and Glass, 2011) where it becomes upregulated upon 

inflammation (Noda and Suzumura, 2012). The CD68-receptor is a member of the scavenger receptor 

family, which is predominantly expressed in macrophages, neutrophils and activated microglia on the 

lysosomes, endosomes and to a lesser extent on the cell surface (Patel et al., 2013). Thus it will give 

insights into the presence of activated, phagocytic microglia. Both markers can also stain 

macrophages.  

OX-42 staining was evaluated semi-quantitatively on fixed cryosections in the CA1, CA3, CA4, DH, 

amygdala, piriform cortex, (parietal) cortex, thalamus, cerebellum and pons. The score for the 

hippocampus was obtained as the composite score of its subregions. The scoring was done in 

javascript:void(0);
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accordance with Missault et al. (2014). Briefly, a categorical ranking scale based upon cell 

morphology (0 – resting microglia; 1 – more resting than activated microglia; 2 – predominantly 

activated microglia) and density of cells (0 – low density; 1 – high density, individual cells can still be 

distinguished; 2 – high density, individual cells cannot be delineated) was performed microscopically 

(20x magnification) and blinded for treatment (Supplementary figure 1). A summation of both scores 

and eventually the mean of the triplicate was calculated for statistical analysis. ED-1 staining was also 

assessed semi-quantitatively on fresh-frozen cryosections and blinded for treatment in the same 

regions according to Sharma et al. (2008). Briefly, an estimation of the number of ED-1-positive cells 

was made at a 40x magnification in triplicate, so that eventually a score ranging from 0 to 5 was 

assigned with a score of 0 indicating no ED-1-positive cells in the respective region and a score of 5 

indicating more than 80 ED-1-positive cells (Supplementary figure 1).  

 

Supplementary figure 1. Visual representation of the semi-quantitative scoring of the NeuN, OX-42 

and ED-1 staining. Each row of images represents a different staining. For the NeuN staining the CA1 

region (arrow) of the hippocampus is scored as an example. The score ranges from 4 to 0, with 4 

indicating normal cell tissue architecture and 0 total destruction. For the OX-42 staining, the 

amygdala is scored as an example, with 0-0 indicating the normal situation while 2-2 indicates the 

most severe condition with an extreme high density of amoeboid microglia. Finally, the ED-1 scoring 

is exemplified in the CA1 region of the hippocampus, with 0 indicating no ED-1 positive cells at all, 

while 5 indicates a very high number of ED-1 positive cells.   
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GFAP staining 

Visualisation of the involvement of reactive astrocytes was done by immunohistochemical staining of 

the glial fibrillary acid protein (GFAP), which is an important intermediate filament protein and is 

upregulated upon activation of astrocytes. Briefly, fixed cryosections were dried and washed using 

PBS. Next, non-specific binding was blocked using 3 % hydrogen peroxide followed by 10 % normal 

goat serum in 10 % milk. Subsequently, the sections were incubated overnight with the primary 

antibody against GFAP (rabbit anti-rat; 1:1000; Dako, Denmark) in antibody diluent containing 10 % 

normal goat serum and 10 % milk. The next morning, sections were washed prior to being incubated 

for 1 h with biotinylated secondary antibody (goat anti-rabbit; 1:200; Jackson Immunoresearch, UK). 

Finally, in order to visualise the binding, sections were first exposed to ExtraAvidin peroxidase before 

the colorimetric diaminobenzidine staining was applied. 

GFAP staining was evaluated semi-quantitatively and blinded to treatment according to Sharma et al. 

(2008) in the same regions as assessed for the microglial markers. The same scoring strategy was 

used as for the ED-1 staining. 

Autoradiography 

TSPO expression was detected by in vitro autoradiography with 3H-PK11195 (PerkinElmer, USA); a 

selective radiolabelled ligand of TSPO which directly binds to this receptor with high affinity (Le Fur et 

al., 1983; Pike et al., 1993). Briefly, in order to assess the total ligand-receptor binding, fresh-frozen 

cryosections were dried and incubated in 50 mM Tris-HCl buffer containing 1 nM 3H-PK11195 at 

room temperature for 30 min. Consecutive sections underwent an identical incubation process, with 

the extension that also non-labelled PK11195 (Sigma-Aldrich, USA) was added to the radioligand 

solution in excess (20 μM), so that non-specific binding could also be determined. Subsequently, the 

sections were washed with buffer and distilled water to remove the excess of unbound tracer. All 

sections and a 3H-standard (for calibration; American Radiolabeled Chemicals Inc., USA) were 

exposed to an Amersham Hyperfilm MP (GE Life Sciences, Belgium) for an exposure time of 8 weeks. 
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After the exposure period had passed, films were developed manually. Finally, the autoradiographic 

films were digitalized by an Epson V700 photo scanner (Seiko Epson Corporation, Japan).  

Specific binding of TSPO was quantitatively measured in the following regions of interest (ROIs): 

(parietal) cortex, corpus callosum, CA1, CA2, CA3, dentate gyrus (DG), amygdala, entorhinal cortex, 

piriform cortex, thalamus, hypothalamus and cerebellum. The hippocampus as a whole was assigned 

a value corresponding to the sum of all its subregions. All ROIs were delineated manually in triplicate 

both on the total and non-specific binding sections using ImageJ (National Institute of Health, USA). 

In order to quantify TSPO expression, the optical density (OD) for each ROI was converted to doses of 

radioactivity (Bq/mg tissue) with the 3H calibration values in GraphPad Prism 6 (GraphPad Software 

Inc., USA). The specific binding of the radioligand was determined (in grey values) by subtracting the 

non-specific binding from the total binding.  

On the autoradiograms, it seemed that within some ROIs there was a more localised binding. This 

was quantified using the threshold tool of ImageJ (National Institute of Health, USA), which was 

visually set to include only the area of increased TSPO specific binding. The area with an OD above 

the threshold was determined as a percentage of the total ROI. In addition, the total 3H-PK11195 

binding in that area was measured. For this analysis only the KASE rats were included as there were 

no focal areas with elevated TSPO in the control rats. The TSPO focal binding and the TSPO % area 

values were statistically analysed further.  

Longitudinal in vivo brain imaging using 18F-PBR111 PET and T2 MRI 

18F-PBR111 radiosynthesis was performed according to Dedeurwaerdere et al. (2012a). PET scanning 

was executed at the Molecular Imaging Center Antwerp on an Inveon PET/computed tomography 

(CT) scanner (Siemens Preclinical Solution, USA) and physiological monitoring was performed as 

previously described (Dedeurwaerdere et al., 2012a). Rats were anesthetised using isoflurane in 

medical oxygen and scanned for 60.7 min. Thirty seconds after start of the scan, the radiotracer 

(injected dose 9.62 ± 1.65 MBq, specific activity 124.3 ± 18.1 GBq/μmol, cold mass 0.08 ± 0.004 nmol 
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or 0.35 nmol/kg in a volume of 0.5 ml) was administered into the tail vein over a duration of 1 min 

with an automated pump (Pump 11 Elite, Harvard Apparatus, USA) and a glass syringe (Model 1001 

LT SYR, Hamilton Company, USA). An arterial blood sample was taken 50 min after the start of the 

scan for metabolite analysis according to Katsifis et al. (2011). After the PET scan, a 10 min 80 kV/500 

μA CT scan was performed for attenuation correction. 

List mode PET data were sorted into 28 frames (60.7 min; frames: 8 x 15 s, 6 x 20 s, 6 x 60 s, 3 x 180 s, 

5 x 500 s). Iterative image reconstruction was accomplished by fourier rebinning (Defrise et al., 1997) 

followed by 4 iterations of two-dimensional ordered-subset expectation maximization algorithm 

(Hudson and Larkin, 1994) using 16 subsets  provided by the manufacturer. Normalization, dead time 

correction, random subtraction, CT-based attenuation, and single-scatter simulation scatter 

corrections were applied.  

In the same week as the PET/CT scans were acquired, MRI scanning was performed at the Bio-

Imaging Lab of the University of Antwerp. The animals were anesthetized using isoflurane in a 

mixture of N2/O2 and placed in prone position into the scanner (9.4T Biospec, Bruker, Germany) with 

the head fixed in a head holder. After the Tripilot scout images, a rapid acquisition with relaxation 

enhancement sequence was used to obtain 70 coronal slices with a 0.4 mm thickness. Other imaging 

parameters were: TR/TE= 8283.5 ms/33.5 ms; acquisition matrix= 256 x 344; field of view= (30 x 40 x 

28) mm³; resolution= (0.17 x 0.114 x 0.35) mm³). The magnetic resonance (MR) image acquisition 

procedure lasted for about 10 min after which the animals were placed in a recovery box. All image 

data were acquired using ParaVision 5.1 (Bruker, Germany). 

Coregistration of PET and MRI was performed by automated rigid matching of CT and MR images 

using PMOD software (PMOD Technologies, Switzerland). Since PET and CT were acquired 

sequentially on the same bed, the CT to MR transformation was used to overlay the PET and MR 

images. For each animal, volumes of interest (VOIs) were individually delineated on the MR images, 

since structural abnormalities were present in post-SE animals (PMOD software, PMOD Technologies, 
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Switzerland). The relevant VOIs included the olfactory bulb, frontal cortex, hippocampus, amygdala, 

insular cortex, entorhinal cortex, piriform network (rostral part of the piriform cortex and 

endopiriform nucleus), thalamus, hypothalamus, ventricles and cerebellum. Raw data statistics were 

generated with PMOD for further analysis. The ratio between the VOI activity and the metabolite-

corrected plasma activity (50’ ratio) (PET) according to Dedeurwaerdere et al. (2012a) and volumes 

(MRI) were determined.  

Statistical analysis 

Data in some of the groups were not normally distributed, and therefore all data were analysed using 

non-parametric tests. The Mann-Whitney U test was performed to determine differences between 

control and KASE animals at each time point for all histology variables. The Spearman’s rank 

correlation test was used to investigate the relationship within KASE animals between TSPO binding 

on the one hand and the histology variables on the other hand. This was executed on the composite 

score for the hippocampus. The correlations for the separate time points did not yield additional 

information, therefore, to increase statistical power all time points were analysed together. The 

temporal changes of the histology variables were studied for the KASE animals using a Kruskal-Wallis 

test with a post-hoc Dunn’s multiple comparisons test. Each comparison was made to the time point 

with the highest value. For this statistical analysis, the OX-42 and GFAP score needed to be 

normalized because these two variables showed fluctuations in the control group. This was done by 

subtracting the mean value of the corresponding control group from each value in the KASE group. 

Finally, a Spearman’s rank correlation test was used to investigate the relationship within KASE 

animals between the number of SRS per day and the TSPO binding. For this correlation an in house 

dataset (n= 9) was added to increase statistical power. Importantly, all these animals were treated in 

the same way as the animals of this study. All analyses were done using Graphpad Prism 6, except for 

the Mann-Whitney U test which was done using SPSS (IBM SPSS Statistics 20, USA). Statistical 

significance was set at p≤0.05. 
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Results 

TSPO upregulation, glial activation and neuronal cell loss in the KASE rat model of TLE    
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Figure 1. Cell loss, glial activation and TSPO upregulation in the KASE rat model of TLE. Cell loss 

(cresyl violet), reactive astrocytes (GFAP), activated microglia (OX-42 and ED-1) and TSPO 

upregulation (3H-PK11195) on coronal brain sections through the hippocampus of representative 

control and KASE rats. For each time point, sections are shown of the same animal. Brain 

inflammation and TSPO upregulation is peaking around 2 weeks post-SE and is gradually declining, 

but remains elevated throughout the chronic epilepsy phase. Inserts are taken in the CA1, CA4 or 

dentate hilar region. Scale bar= 100 µm. Abbreviations: KASE= kainic acid-induced status epilepticus; 

TSPO= translocator protein. 

 

TSPO expression profile in the brain changes over time 

The specific binding of 3H-PK11195 was primarily increased in the temporal lobe, a region known to 

be involved in epileptic activity, which includes the hippocampus, amygdala, piriform cortex and 

entorhinal cortex (Figure 1). Consistently, at each time point investigated, significant upregulation of 

the specific binding was demonstrated in these regions in the KASE group compared to the control 

group (Figure 2A). The corpus callosum, parietal cortex, thalamus and hypothalamus occasionally 

showed a significant higher TSPO specific binding in the KASE group (Figure 2A), although not to the 

extent as the temporal lobe. 

 

Figure 2. TSPO’s spatiotemporal distribution pattern. A. Upregulation of the TSPO specific binding 

was evident at all time points with highest values 2 and 6 weeks post-insult. B. Regions of interest 
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delineated on a representative KASE animal (2 weeks post-SE) according to the Paxinos and Watson 

atlas (Paxinos and Watson, 2007). Data are represented as median ± interquartile ranges; *p<0.05, 

**p<0.01 and ***p<0.001 compared to control; Mann-Whitney U test. Abbreviations: CTX= cortex; 

CC= corpus callosum; CA= cornu ammonis; DG= dentate gyrus; AMYG= amygdala; PIR= piriform 

cortex; ENT= entorhinal cortex; THAL= thalamus; HYP= hypothalamus; CB= cerebellum.    

 

When evaluating the temporal expression profile of the TSPO specific binding, it was obvious, 

especially for the temporal lobe regions that the expression peaked during the latent phase, more 

specifically 2 weeks post-SE (Figure 2A). Significant differences over time (Kruskal-Wallis test) could 

be demonstrated for the temporal lobe regions (p value ranging from <0.05 to <0.001), the cortex 

(p<0.05) and cerebellum (p<0.05). Compared to the time point with the highest expression (2 weeks 

post-SE), post-hoc tests revealed a significant increase of TSPO expression from 2 days to 2 weeks 

post-SE for the amygdala (p<0.05) and piriform cortex (p<0.01), and from 1 week to 2 weeks post-SE 

for the cortex (p<0.05). At the 6 weeks’ time point, a significant decrease was found in the 

hippocampal subregions CA2 (p<0.01) and DG (p<0.01), and cortex (p<0.05). At the 3 months’ time 

point, specific TSPO binding was even more decreased than at 6 weeks post-SE, and compared to 2 

weeks post-SE significant decreases could be demonstrated in CA1 (p<0.05), CA2 (p<0.001), CA3 

(p<0.001), DG (p<0.001), amygdala (p<0.01) and entorhinal cortex (p<0.01). However, at each time 

point the TSPO specific binding was still obviously higher in KASE animals compared to control rats. 

Interestingly, the increased expression of the TSPO specific binding was most of the time confined to 

a subarea within the delineated brain region (Figure 2B). The temporal pattern of this focal TSPO 

binding was different to that of the TSPO specific binding across the whole ROI. As shown in figure 

3A, this peaked 6 weeks post-SE in all temporal lobe regions, except for the piriform cortex where 

the TSPO focal binding reached a peak 2 weeks post-SE. When analysing the temporal evolution of 

the size of the focal expression of TSPO ( TSPO % area), a similar pattern as the TSPO specific binding 

was demonstrated, with the highest spatial coverage 2 weeks post-SE (Figure 3B).  



19 
 

 

Figure 3. Temporal evolution of the TSPO focal binding and focus size in the temporal lobe regions. 

A. TSPO total binding in the focus area was increasing up to 6 weeks, and again decreasing to 3 

months post-SE for all regions, except for the piriform cortex. TSPO focal binding in the piriform 

cortex peaked 2 weeks post-SE. B. Measured focus size of TSPO binding, given as the TSPO % area 

above the threshold of the whole ROI was increasing up to 2 weeks post-SE, and decreasing to 3 

months post-insult. Data are represented as median ± interquartile ranges; *p<0.05, **p<0.01 and 

***p<0.001 compared to the peak; Kruskal-Wallis test with Dunn’s multiple comparisons test. 

Abbreviations: CA= cornu ammonis; DG= dentate gyrus; AMYG= amygdala; PIR= piriform cortex; 

ENT= entorhinal cortex. 

 

Spatiotemporal activation pattern of microglia  

By using two different histological markers for the visualisation of microglia (OX-42 and ED-1), our 

results clearly demonstrate the prominent presence of activated microglia in the KASE model (Figure 

1). Similar to TSPO expression, significant increased scores could be demonstrated at all time points, 

especially in the temporal lobe regions when comparing the KASE to the control group (Figure 4 and 

5). The temporal pattern of the ED-1-positive microglia was different from that of OX-42-positive 
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microglia: while the expression of ED-1 peaked 6 weeks post-SE, which was similar to the TSPO focal 

binding pattern, OX-42-immunoreactivity peaked 2 weeks post-SE. 

 

Figure 4. Spatiotemporal distribution of OX-42-positive cells. A significant higher number of OX-42-

positive cells was demonstrated at each time point, mainly in the temporal lobe regions. Data are 

represented as median ± interquartile ranges; *p<0.05, **p<0.01 compared to control; Mann-

Whitney U test. Abbreviations: CTX= cortex; CA= cornu ammonis; DH= dentate hilus; AMYG= 

amygdala; PIR= piriform cortex; THAL= thalamus; CB= cerebellum. 
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Figure 5. Spatiotemporal distribution of activated microglia (ED-1). Already two days post-insult 

until the chronic phase, significant differences could be demonstrated between control and KASE 

animals. Again, the temporal lobe regions are the main regions affected. Data are represented as 

median ± interquartile ranges; *p<0.05, **p<0.01; ***p<0.001 compared to control; Mann-Whitney 

U test. Abbreviations: CTX= cortex; CA= cornu ammonis; DH= dentate hilus; AMYG= amygdala; PIR= 

piriform cortex; THAL= thalamus; CB= cerebellum. 

 

Spatiotemporal activation pattern of astrocytes 

The presence of activated astrocytes was evaluated by visualizing GFAP (Figure 1) which showed a 

more homogenously layered pattern compared to the sometimes focal increases observed for ED-1 

or OX-42. For instance, at six weeks the whole CA1 area was covered by reactive astrocytes, while 

activated microglia (and TSPO) were confined to the pyramidal cell layer (Figure 1). Again, increased 

GFAP scores compared to control animals were found in the temporal lobe regions of the KASE 

animals (Figure 6). Importantly, increased GFAP scores were primarily significant 2 and 6 weeks post-

SE. Compared to the OX-42 and ED-1 results, fewer regions showed GFAP enhancement at the other 

time points. When evaluating the temporal evolution of the GFAP enhancement, a consistent pattern 

was only visible for the hippocampus showing a peak 2 weeks post-SE in all subregions.  
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Figure 6. Spatiotemporal distribution pattern of reactive astrocytes. GFAP enhancement was 

evident especially 2 and 6 weeks post-SE when comparing control with KASE animals. Data are 

represented as median ± interquartile ranges; *p<0.05, **p<0.01 compared to control; Mann-

Whitney U test. Abbreviations: CTX= cortex; CA= cornu ammonis; DH= dentate hilus; AMYG= 

amygdala; PIR= piriform cortex; THAL= thalamus; CB= cerebellum.  

 

Cell loss in the hippocampus 

NeuN staining showed a decrease in cell density in all subregions of the hippocampal formation at all 

time points (Figure 7). When evaluating the hippocampal neuronal cell loss within the KASE group 

over time, no significant changes could be demonstrated indicating that the decrease in cell density 

remained stable over time in the KASE animals. 
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Figure 7. Neuronal cell loss in the hippocampus. Decrease in cell density was present at all time 

points. A higher NeuN score indicates less neuronal cell loss, while a lower score indicates more cell 

loss. There was no variability between the control animals over the different time points and 

therefore, they were pooled together for comparison with the different KASE groups. Data are 

represented as median ± interquartile ranges; *p<0.05, **p<0.01, ***p<0.001 compared to control; 

Mann-Whitney U test. Abbreviations: CA= cornu ammonis; DH= dentate hilus. 

 

TSPO upregulation reflects microglial activation and neurodegeneration 

Visually, the regional expression profile of TSPO broadly corresponded to the spatial pattern of OX-

42- and ED-1-immunoreactivity (Figure 1). Relating the OX-42 score of all KASE animals across time 

with the different TSPO variables (TSPO specific binding, TSPO focal binding and TSPO % area) for the 

hippocampus resulted in significant positive correlations (p<0.001 and r=0.6; p<0.01 and r=0.6, and 

p<0.01 and r=0.5 respectively). Moreover, when correlating the ED-1 score with these variables, even 

stronger and significant positive correlations were seen (p<0.001; r=0.8, r=0.7 and r=0.8 

respectively). When associating astrocyte reactivity with these variables, significant positive, but 

weak correlations could only be demonstrated for the TSPO specific binding (p<0.01 and r=0.5) and 

TSPO % area (p<0.01 and r=0.6). In parallel to microglial activation, the NeuN score also strongly 
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related to all three variables for the hippocampus (p<0.001 and r=-0.7; p<0.001 and r=-0.8, and 

p<0.001 and r=-0.7 respectively). In figure 8, the correlation between the TSPO focal binding and the 

different histological markers is shown. 

 

Figure 8. TSPO upregulation reflects microglial activation and is positively correlated with cell loss. 

The graphs represent the relationship between TSPO focal total binding and the ED-1, OX-42, GFAP 

and NeuN score respectively, in the hippocampus. Microglial activation, especially the ED-1-positive 

cell population significantly correlates with TSPO which is in contrast to astrocyte reactivity. A 

relationship between the reduction of hippocampal cell loss and TSPO focal total binding could also 

be demonstrated. *p<0.05, **p<0.01 and ***p<0.001; Spearman’s rank correlation test. 

Abbreviations: HC= hippocampus. 

 

Evaluation of spontaneous recurrent seizures: positive relationship between seizures and TSPO 

binding  

During the transition phase (6 weeks post-SE), only two out of the 10 KASE animals experienced SRS 

(0.24 and 0.48 per day). In contrast, during the chronic phase (3 months post-SE), 9 out of 12 (75%) 
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animals experienced seizures. The number of SRS ranged between 0 to 1.68 per day (0.64 ± 0.15 SRS 

per day). Control animals did not experience any seizures. According to the scale of Racine, the two 

animals of the 6 weeks’ time point experienced type 4 seizures, while the chronic epileptic animals 

displayed seizures covering the entire scale. However, the large majority of the observed seizures 

were convulsive seizures (29 out of 32).  

The relationship between the number of SRS per day and the TSPO specific binding was studied to 

assess whether TSPO expression in the chronic period is associated with the epilepsy outcome. 

Significant positive correlations (Spearman’s rank) could be shown for the DG (p< 0.01 and r= 0.6), 

entorhinal cortex (p< 0.05 and r= 0.5), piriform cortex (p< 0.05 and r= 0.7), thalamus (p< 0.01 and r= 

0.6) and parietal cortex (p< 0.01 and r= 0.6) (Figure 9). Thus showing a higher TSPO expression in 

several regions in the KASE animals that experienced more SRS per day. 
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Figure 9. Relationship between SRS and TSPO in chronic epilepsy rats. A positive and significant 

relationship could be established between the number of SRS per day and the TSPO specific binding 

for the DG, entorhinal and piriform cortices, thalamus and (parietal) cortex within the KASE group. 

*p< 0.05, **p<0.01; Spearman’s rank correlation test. Abbreviations: CTX= cortex, CA= cornu 

ammonis; DG= dentate gyrus; AMYG= amygdala; PIR= piriform cortex; ENT= entorhinal cortex; THAL= 

thalamus; HYP= hypothalamus. 
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Successful in vivo longitudinal follow-up of TSPO expression 

Due to the advantage of 3-D visualisation of TSPO binding in the whole brain with PET (compared to 

sectional histology), it was seen that TSPO increases extended across the whole limbic system. The in 

vivo follow-up of TSPO expression in the brain by means of consecutive 18F-PBR111 PET scans, 

executed 2 and 4 (for four animals), and also at 6 weeks (for two out of the four animals) post-SE 

showed high 18F-PBR111 binding 2 weeks post-SE in the limbic system, which declined over time 

(Figure 10). At 4 weeks post-SE a decrease of about 15 to 30% was seen in the different limbic 

regions. We could still visualise TSPO overexpression in those regions 6 weeks after induction of the 

SE (Figure 10 and Supplementary video 1, see online). However a decrease of about 40 to 50% was 

noted compared to 2 weeks post-insult. The MRI scans, which were taken in parallel, showed 

volumetric increase of the ventricles and hippocampal shrinkage in some animals. The volumetric 

changes of the ventricles were ongoing during the latent (2 weeks post-insult) and transition phase (4 

and 6 weeks post-SE) in one out of the four animals. Hippocampal shrinkage was visible in two out of 

the four animals from 2 weeks post-SE to 4 weeks post-insult. The decrease in hippocampal volume 

in the two animals that were additionally scanned 6 weeks post-SE seemed to be ceased at that time 

point.  
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Figure 10. Longitudinal follow-up of TSPO binding in the KASE model of TLE. A. The 2-week 18F-

PBR111 PET scan showed high levels of TSPO binding in vivo. Longitudinal PET scans consistently 

demonstrated a decrease in 18F-PBR111 tracer binding in all regions investigated at 4 weeks post-

insult when compared to 2 weeks post-SE for all four KASE animals. The same was applicable when 

comparing 6 weeks to 2 weeks post-insult for the two KASE animals scanned 6 weeks post-SE. B. 18F-

PBR111 PET image (50’ ratio) and corresponding MRI of a control animal 2 weeks post-insult and a 

KASE rat taken 2, 4 and 6 weeks post-SE.  The decrease of TSPO binding was clearly visible over time 

in the temporal lobe regions (arrows) shown on the PET images, while ventricular enlargement and 

hippocampal shrinkage was visible on the MRI images (arrows). Abbreviations: OB= olfactory bulbus; 

FRONT= frontal cortex; INS= insular cortex; PIR= piriform network; THAL= thalamus; HYP= 

hypothalamus; HC= hippocampus; TEMP= temporal cortex; CB= cerebellum; WB= whole brain. 

Supplementary video 1 (see online doi: 10.1016/j.nbd.2015.09.004.). 3-D visualisation of the 

spatiotemporal distribution of the TSPO PET 50’ ratio. The three videos belong to the same animal 

but to different time points post-SE, namely 2, 4 and 6 weeks post-SE. The initial high increases in 

TSPO binding in the limbic regions were substantially decreasing, but still detectable towards 6 weeks 

post-SE.  
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Discussion 

To summarize, our results suggest that TSPO upregulation is associated with activated microglia 

rather than reactive astrocytes during epileptogenesis and established epilepsy in the temporal lobe 

regions of KASE animals. A decrease in neuronal cell density was visible in the hippocampus at each 

time point and was associated with increased TSPO levels. Importantly, a positive relationship 

between the number of SRS per day and the TSPO binding was also shown in the chronic epilepsy 

phase. Finally, longitudinal non-invasive PET measurements allowed identifying the evolution of 

TSPO binding within brain networks in the same subject over time which was confirmed by the post-

mortem results. 

A regional distribution of TSPO upregulation was evident, i.e. the hippocampus, amygdala, piriform 

cortex and entorhinal cortex were the main regions showing increased expression in contrast to the 

parietal cortex, hypothalamus and cerebellum. This was expected because the temporal lobe regions 

are known to be susceptible to the development of seizures (Kelly and McIntyre, 1996; Ebert et al., 

2000; Wittner et al., 2005). The PET studies showed that the increase in temporal lobe regions 

encompasses the whole limbic system. This is in accordance to our previous results (Dedeurwaerdere 

et al., 2012a) and the findings of other research groups (Altar and Baudry, 1990; Johnson et al., 1992; 

Kumlien et al., 1992). 

When evaluating the temporal pattern of TSPO expression, our findings indicate an overall 

upregulation during the early, latent and chronic phase. Highest TSPO expression was seen 2 weeks 

post-SE, which declined, but remained high 6 weeks after the insult in the temporal lobe regions. In 

accordance, preceding animal studies have demonstrated enhanced TSPO levels up to 6 weeks after 

an epileptogenic insult (Altar and Baudry, 1990; Guilarte et al., 1995). The current findings extend 

beyond this point and show persistent TSPO upregulation 3 months post-SE (established epilepsy). 

This is in agreement with studies in patients with TLE, represented by the chronic phase in the KASE 

model. Studies on post-surgical human tissue found increased TSPO expression in specific regions 
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important for seizure generation (Johnson et al., 1992; Kumlien et al., 1992; Sauvageau et al., 2002). 

To further investigate the evolution of TSPO expression, we also analysed the focal binding and the 

percentage area of the focal expression. A difference was demonstrated for the focal binding as this 

peaked 6 weeks instead of 2 weeks post-SE when compared to the TSPO % area and the TSPO 

specific binding. Thus the upregulation of TSPO was most intense during the transition phase, while 

the TSPO % area of the focal expression and, in parallel, the TSPO specific binding peaked earlier 

during epileptogenesis (latent phase). This might imply that during the latent phase when the normal 

brain is undergoing several different changes, TSPO is more widely expressed within the brain 

regions important for seizure generation. However, during the transition phase when the probability 

for the occurrence of SRS is much higher and the normal brain has changed more or less to an 

epileptic one, TSPO is really confined to much smaller areas. This could be relevant when 

determining the therapeutic window for manipulating TSPO expression.  

In a previous study, we suggested that TSPO upregulation is confined to areas with higher levels of 

microglia activation (OX-42) in the KASE model (Dedeurwaerdere et al., 2012a). However, we did not 

look at the association with other microglia markers, such as ED-1, or with astrocytes. Overall, 

microglial activation as well as astrocyte reactivity were increased during the latent and transition 

phase and decreased towards the chronic phase, which was in accordance with studies executed 

before (Hattiangady et al., 2004; Ravizza et al., 2008; Sharma et al., 2008; Drexel et al., 2012). An 

important contribution of this study was the investigation of the association between TSPO 

expression and glial cells. The spatial expression of the microglial markers OX-42 and ED-1 resembled 

the pattern of TSPO enhancement (Figure 1) during the different phases of epileptogenesis in 

different brain regions. More specifically, a consistent and strong positive correlation was found 

between TSPO expression and ED-1-immunoreactivity in the hippocampus. Indeed, other animal 

models of brain damage have shown that microglia can be the cellular source of TSPO expression by 

co-localization of microglial markers and TSPO with immunofluorescence double labelling (Ji et al., 

2008; Cosenza-Nashat et al., 2009; Martin et al., 2010). Importantly, recent studies also have shown 
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astrocytes to increase TSPO expression when activated (Cosenza-Nashat et al., 2009; Lavisse et al., 

2012). However, Ji et al. (2008) revealed microglia, in contrast to astrocytes, to colocalise with TSPO 

in the KASE model (1 week post-SE) herein using an in-house developed NP155 antibody for TSPO. 

Our data showed that the association was much stronger with ED-1 than with OX-42, which suggests 

that TSPO upregulation might be even more related to the activated, phagocytic microglia 

population. However, this has to be confirmed by a colocalisation study which was unfortunately not 

performed due to the absence of a well-performing commercial available TSPO antibody for rat.   

Our study showed a prominent association between decreased neuronal cell density and the TSPO 

levels in the hippocampus. Altar and Baudry (1990) proposed that early TSPO upregulation in the 

KASE model serves as an inherent glial response to neuronal loss. In a rat model of excitotoxicity and 

Parkinson’s disease, it was demonstrated that brain inflammation and neurodegeneration, assessed 

by visualisation of TSPO, occurred concomitantly over time (Maia et al., 2012; Arlicot et al., 2014). 

These studies support the association between cell loss and TSPO and thus our observation. We 

believe that this relationship reflects the association of brain inflammation in general, for example 

microglial activation, and cell loss. Cell loss results in cell debris which is cleared by activated and 

phagocytic microglia that upregulate TSPO expression. Likewise, different studies showed a link 

between neuronal loss and microglial cells in the CA1 and CA3 hippocampal subregions (Sharma et 

al., 2008; Zattoni et al., 2011). When interpreting the relationship between TSPO expression and cell 

loss in the context of the chronic period, it is important to note that our findings indicated that the 

decrease in neuronal cell density seen in the KASE animals stayed stable over time in the 

hippocampus. This means that probably the cell loss is resulting from cell damage during the early 

phases. However, Pitkänen and colleagues identified degenerating hippocampal neurons up to 68 

days post-SE, indicating that some degree of neurodegeneration can still be ongoing past early 

epileptogenesis (Pitkanen et al., 2002). Therefore, it is conceivable that, although in lower numbers, 

immune-competent cells expressing TSPO may still be clearing degenerating cells at that time point. 
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Our results show persistent upregulation of TSPO, microglia activation and reactive astrocytes 

throughout the chronic phase when the rats have established epilepsy and thus experience SRS. This 

insinuates a potential relationship between chronic inflammation and disease outcome. Indeed, 

previously it has been shown that brain inflammation can cause hyperexcitability through the 

production of certain cytokines, e.g. TNF-α and IL-1β (Hu et al., 2000; Dube et al., 2005; Stellwagen et 

al., 2005; Galic et al., 2012). In addition, a positive correlation was found between brain inflammation 

and seizures (Boer et al., 2006; Ravizza et al., 2006). Thus, while the early and widespread TSPO 

upregulation is likely to be induced by the initial injury, i.e. SE, the persistent presence up to the 

point of chronic TLE suggests potential involvement of TSPO in transition to the epileptic state. In 

accordance, this study showed positive correlations between the number of seizures during the 

chronic period with the post-mortem TSPO binding in limbic regions, but also beyond (thalamus and 

parietal cortex). Also a previous study indicated that in vivo TSPO binding might reflect seizure 

frequency in a SE model (Bogdanovic et al., 2014). However, they could not demonstrate this 

relationship when only taking the 20 – 60 min time frame into account, which is considered to more 

reliably represent the specific binding of the tracer (Bogdanovic et al., 2014; Dickens et al., 2014). 

Chen et al. (2008) showed higher TSPO densities to be related with increased seizure intensity and 

decreased seizure latency in KA-kindled rats. The role of TSPO in epileptogenesis is still unsure. TSPO 

is involved in divergent mechanisms and has been associated with protective homeostatic 

mechanisms, such as in neurosteroid synthesis. This could preserve the rats from having seizures 

(Biagini et al., 2006). On the other hand, TSPO is involved in apoptosis and may also support microglia 

proliferation, which could lead to negative consequences of TSPO upregulation.  

A major advantage of TSPO is that it can be measured in vivo by PET, which is important when 

translating to the clinic. PET imaging of TSPO has already been translated to the clinic on a small 

scale. Case reports using in vivo TSPO PET imaging for determination of the underlying pathology or 

to identify the epileptogenic zone have been published (Banati et al., 1999; Goerres et al., 2001; 

Kumar et al., 2008; Butler et al., 2013). In a study of Hirvonen et al. (2012) with 16 TLE patients, an 
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increased uptake of 11C-PBR028, another TSPO PET ligand, was shown ipsilateral to the seizure focus. 

Accordingly, a recent study in patients with TLE of Gershen et al. (2015) showed increased TSPO 

binding ipsilateral and contralateral to the seizure focus in the temporal lobe regions by 18F-PBR028 

and 11C-DPA713. The non-invasiveness of PET makes it also attractive to follow-up a test subject 

longitudinally. To demonstrate this, we assessed the temporal and spatial evolution of TSPO in KASE 

animals by means of 18F-PBR111 PET. The dynamic nature of TSPO upregulation during 

epileptogenesis in our cross-sectional histology study was visualised within the same animal with the 

PET study. All regions that showed high tracer uptake in early stages, still showed elevated levels of 

18F-PBR111 binding 4 and 6 weeks after induction of the SE as compared to control, but this was 

attenuated as compared to the 2 weeks’ time point. Thus, both the cross-sectional and the 

longitudinal PET study revealed the same results for the temporal expression of TSPO. This signifies 

that in vivo PET imaging with 18F-PBR111 is a valid method to follow-up TSPO expression over time in 

the same subject. The dynamic temporal pattern of TSPO binding is reflected by the TSPO specific 

binding measurement rather than the focal binding on autoradiography. This can be attributed to the 

partial volume effect, typical for PET imaging (lower resolution compared to autoradiography). 

Importantly PET allows investigating 3-D changes in TSPO binding and our PET data revealed that also 

other regions than the regions investigated with autoradiography had a high TSPO expression.  

TSPO PET imaging could be a powerful tool in identifying network dysfunctions in prospective 

studies. New studies can now investigate whether the huge increases in TSPO after brain insult are 

related to the epilepsy outcome. Potentially, these network alterations after an initial insult may help 

stratifying subjects before epilepsy diagnosis. Altogether, this raises the possibility to follow up 

patients at risk over time and to evaluate in vivo new therapies which manipulate TSPO expression.  

To conclude, we demonstrated that TSPO upregulation follows the same spatiotemporal pattern as 

that of activated microglia in the KASE model. It peaks during the latent period and persists 

throughout the chronic period when animals have developed epilepsy. In addition, this biomarker for 
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brain inflammation was shown to be associated with the number of seizures during the chronic 

period. Finally, we successfully followed up the evolution of this biomarker in vivo over time using 

18F-PBR111 PET. Follow-up studies are necessary to further unravel the complex relationship 

between TSPO expression and epilepsy outcome, and the role of TSPO in epileptogenesis. This will 

teach us whether TSPO is a potential candidate for the development of novel treatment strategies 

and a potential biomarker for predicting epilepsy outcome. 
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