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Abstract 
Purpose: Positron emission tomography (PET) imaging of mutant huntingtin (mHTT) 

aggregates is a potential tool to monitor disease progression as well as the efficacy of 
candidate therapeutic interventions for Huntington’s disease (HD). To date, the focus has 

been mainly on the investigation of 11C radioligands; however, favourable 18F radiotracers will 
facilitate future clinical translation. This work aimed at characterising the novel [18F]CHDI-650 

PET radiotracer using a combination of in vivo and in vitro approaches in a mouse model of 
HD. Methods: After characterising [18F]CHDI-650 using in vitro autoradiography, we assessed 

in vivo plasma and brain radiotracer stability as well as kinetics through dynamic PET imaging 
in the heterozygous (HET) zQ175DN mouse model of HD and wild-type (WT) littermates at 9 

months of age. Additionally, we performed a head-to-head comparison study at 3 months with 

the previously published [11C]CHDI-180R radioligand. Results: Plasma and brain 
radiometabolite profiles indicated a suitable metabolic profile for in vivo imaging of [18F]CHDI-

650. Both in vitro autoradiography and in vivo [18F]CHDI-650 PET imaging at 9 months of age 
demonstrated a significant genotype effect (p<0.0001) despite the poor test-retest reliability. 

[18F]CHDI-650 PET imaging at 3 months of age displayed higher differentiation between 
genotypes when compared to [11C]CHDI-180R. Conclusion: Overall, [18F]CHDI-650 allows 

for discrimination between HET and WT zQ175DN mice at 9 and 3 months of age. [18F]CHDI-
650 represents the first suitable 18F radioligand to image mHTT aggregates in mice and its 

clinical evaluation is underway.   
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Introduction 
Huntington’s disease (HD) is a progressive autosomal dominant neurodegenerative disorder 

linked to the huntingtin (HTT) gene encoding for mutant huntingtin protein (mHTT), the latter 
containing an expanded polyglutamine (polyQ) repeat that leads to the formation of mHTT 

aggregates [1, 2]. Accumulation of mHTT is involved in cellular dysfunction and loss of 
neurons resulting in progressive motor, psychiatric, and cognitive impairments in people with 

HD (PwHD) [3]. 
Several therapeutic interventional strategies directed at mHTT-lowering are currently under 

clinical evaluation [4, 5]. Guiding the therapeutic development and monitoring disease 
progression in (pre-)clinical settings are therefore of great value. Dynamic positron emission 

tomography (PET) imaging of mHTT aggregates represents a strategic evaluation tool due to 

its brain region-based quantification compared to mHTT detection in non-brain compartments, 
such as CSF or plasma quantification using ELISA-based assays [6-8]. 

To date, we have described two 11C radiotracers for use in mHTT aggregate imaging, namely 
[11C]CHDI-626 and [11C]CHDI-180R [9-14]. Specifically, [11C]CHDI-626 displayed rapid 

clearance and kinetics that translated to limited utility for mHTT PET imaging in mice; 
nevertheless, it displayed significantly increased striatal binding in 3-month-old zQ175DN 

heterozygous (HET) mice compared to their wildtype (WT) littermates [12]. In contrast, 
[11C]CHDI-180R showed high binding potency to mHTT aggregates and was metabolically 

stable in mice [9, 11]. Longitudinal studies in HD mouse models suggest a high preclinical 
utility of [11C]CHDI-180R as a mHTT aggregate-directed PET radioligand in mouse [13] and 

nonhuman primate [14] models of HD. Nonetheless, the use of 11C radioligand is limited by 

the short half-life of the radioisotope (20.4 min). To further facilitate clinical translation and 
better clinical practicability, the longer half-life of 18F radionuclides (109.8 min) will be 

preferred, which will allow tracer produced at a cyclotron site to be transported to dispersed 
imaging facilities and allow better adjustment to scan duration and increased numbers of 

scans [15]. In addition, versatility of existing labelling process renders 18F radiotracers a 
cheaper, easier, and thus a more applicable option for PET imaging [16]. This consideration 

led to the synthesis of an 18F-based radioligand with good pharmacological characteristics, 
namely [18F]CHDI-961 [17]. [18F]CHDI-961, however, exhibited bone uptake in vivo likely due 

to fluorine-containing metabolites formed through oxidative defluorination, which negatively 
impacts brain imaging analysis. To suppress this oxidative defluorination, and consequently 

avoid accumulation of [18F]-signal in bones, deuterium atoms were incorporated at the 

proposed site for oxidation, resulting in an improved radioligand, [18F]CHDI-650 [17]. Using 
the zQ175DN mouse model of HD, we first compared the in vivo plasma and brain stability of 
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[18F]CHDI-961 and [18F]CHDI-650. Further, we examined the in vivo kinetic properties of 

[18F]CHDI-650 to quantify mHTT aggregates, including test-retest reliability and detectability 
of genotype effect. Finally, we performed a head-to-head comparison with [11C]CHDI-180R 

[13] in 3-month-old zQ175DN mice to test [18F]CHDI-650 performance at an age with minimal 
mHTT aggregate load. 

 

Material and Methods 
Animals 
A total of 131 9-month-old male HET (n=65) and WT (n=66), as well as 48 3-month-old male 

HET (n=24) and WT (n=24) zQ175DN knock-in mice (B6.129S1-Htttm1.1Mfc/190ChdiJ JAX stock 
#029928) [18, 19], were obtained from Jackson Laboratories (Bar Harbor, Maine, USA). Due 

to sporadic congenital portosystemic shunt occurring in C57BL/6J mice [20], all animals were 

screened at Jackson Laboratories before shipment in order to avoid this confounding factor; 
hence all animals used in this study were shunt-free. Group size, body weight, and age of the 

animals are reported in Supplementary Table S1-S5. Animals were group-housed in ventilated 
cages under a 12 h light/dark cycle in a temperature- and humidity-controlled environment 

with food and water ad libitum. The animals were given at least one week for acclimatisation 
after arrival before the start of any procedure. For the ARG study, brains from 9-month-old 

male HET (n=10) zQ175DN knock-in mice, as well as age-matched WT littermates (n=10), 
were obtained from Jackson Laboratories (Bar Harbour, Maine, USA) (ID = CHDI-81003019). 

Experiments followed the European Committee (decree 2010/63/CEE) and were approved by 

the Ethical Committee for Animal Testing (ECD 2019-39) at the University of Antwerp 
(Belgium). 

 

Radioligand synthesis 
[18F]CHDI-650 and [18F]CHDI-961 were synthesised as previously described [17] but adapted 

to an automated synthesis module (Trasis AllInOne, Belgium). The molecular structures for 
[18F]CHDI-961 and [18F]CHDI-650 are reported in Fig. S1. Firstly, [18F]fluoride was generated 

by cyclotron bombardment of an [18O]H2O target (typical starting activity: ±20 GBq). The 
[18F]fluoride was transported to the Trasis module and trapped on a Sep-Pak QMA cartridge 

(Waters, preconditioned with 5 ml 0,1 M K2CO3 and 5 ml ultrapure water). It was then eluted 
with 0.8 ml of 38 mM tetra-ethyl ammonium bicarbonate (TEAB) solution (9/1 AcN/water) in a 

reactor, followed by azeotropic drying. Afterwards, the Tosylate precursor (3 mg in 1 ml DMSO 

for [18F]CHDI-650; 5 mg in 1 ml DMF for [18F]CHDI-961) was added. The reaction was allowed 
to proceed at 100°C for 5 minutes. 
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For [18F]CHDI-650, the reaction mixture was quenched with 4 ml of ultrapure water and then 

transferred to the HPLC system using a Waters XBridge C18, 5µm, 10×150 mm column 
(Waters Belgium), eluted with ethanol / 0.05M sodium acetate (NaOAc) (pH5.5) (30/70; v/v) 

as mobile phase, at a flow rate of 3 ml/min that allowed for isolation of the desired [18F]CHDI-
650 (typical collection volume: 5 ml). The collected peak was then diluted with 25 ml of 

ultrapure water. This solution was loaded on a Sep-Pak Light tC18 cartridge (Waters, 
preconditioned with 5 ml ethanol and 5 ml ultrapure water) and rinsed with 5 ml of ultrapure 

water. [18F]CHDI-650 was eluted with 1 ml of 50% ethanol in water, followed by dilution with 4 
ml of saline. Finally, this solution was sterile-filtered with an in-line filter (Cathivex GV 25 mm 

disk size; 0.22 µm). 
For [18F]CHDI-961, the reaction mixture, diluted with ultrapure water + 0.1% ascorbic acid was 

purified on an HPLC system using a Kinetex EVO C18, 100 Å, 10×250 mm column 

(Phenomenex), eluted with ethanol / 0.05M NaOAc (pH5.5 + 0.01% ascorbic acid) (30/70; v/v) 
as mobile phase, at a flow rate of 3 ml/min that allowed for isolation of the desired [18F]CHDI-

961 (typical collection volume: 5 ml). The collected peak was then diluted with 10ml of 
ultrapure water + 0.1% ascorbic acid. This solution was passed through a Sep-Pak Light tC18 

cartridge (Waters, preconditioned with 5 ml ethanol and 5 ml ultrapure water) and washed with 
5 ml of ultrapure water. [18F]CHDI-961 was released with 0.5 ml of 96% ethanol via a Nalgene 

sterilising filter (Thermo Scientific; 0.2 µm) and diluted with 5 ml of saline. 
Afterwards, for both [18F]CHDI-650 and [18F]CHDI-961 a Luna C18 (2), 5μm, 100 Å~ 4.6 mm 

x 250 mm (Phenomenex) HPLC column was used, with acetonitrile/0.05 M NaOAc pH 5.5 
(60:40 for 10 min v/v, followed by a gradient to 10:90 and reverse for 10 min) as mobile phase, 

at a flow of 1 ml/min, with UV absorbance set at 283 nm. For [18F]CHDI-650, the radiochemical 

purity determined was greater than 99% and molar activity was 223.55±67.57 GBq/µmol 
(n=30). The decay-corrected radiochemical yield was 25.14±10.20%. For [18F]CHDI-961, the 

radiochemical purity was greater than 99% and molar activity was 278.54±56.19 GBq/µmol 
(n=6). The decay-corrected radiochemical yield was 5.45±2.23%. 

For the comparison study in 3-month-old zQ175DN mice, [11C]CHDI-180R was synthesised 
as previously described [13]. Radiochemical purity was greater than 99% and the molar 

activity was 58.91±9.89 GBq/µmol (n=11). The decay-corrected radiochemical yield was 
13.36±1.91%. 

 

Radiometabolite analysis 
Evaluation of in vivo plasma and brain radiometabolite profiles was performed at 5, 15, 30, 45, 
60, and 90 min post-injection (p.i.) for [18F]CHDI-650 and at 5, 15, 25, and 45 min p.i. for 
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[18F]CHDI-961. The number of animals is reported in the supplementary Table S4. Mice were 

injected via the lateral tail vein with [18F]CHDI-650 (WT: 6.4±1.4 MBq; HET: 6.4±1.3 MBq in 
200 μl) or [18F]CHDI-961 (WT: 8.6 ± 0.8 MBq; HET: 9.1 ± 0.8 MBq in 200 μl) and blood was 

withdrawn via cardiac puncture at designated times and brains were immediately dissected. 
Plasma samples (150 μl), obtained after centrifugation of blood at 4500×rpm (2377xrcf) for 5 

min, were mixed with equal amounts of ice-cold acetonitrile. Whole blood and plasma were 
counted on the gamma counter to obtain the plasma-to-whole blood ratio (p/b ratio). Then, 10 

µl of non-labelled reference was added to plasma samples (1 mg/ml) and subsequently 
centrifuged at 4500×rpm (2377xrcf) for 5 min to precipitate denatured proteins. The 

supernatant was separated from the precipitate and both fractions were counted in a gamma 
counter to calculate the extraction efficiency (percentage of recovery of radioactivity), which 

was 96.2±16.0% for [18F]CHDI-650 and 97.3±3.6% for [18F]CHDI-961. Brain samples were 

homogenised with 1 ml of ice-cold acetonitrile, 10 µl of non-labelled reference were added (1 
mg/ml) and subsequently centrifuged at 4500×rpm (2377xrcf) for 5 min to precipitate 

denatured proteins. The supernatant was separated from the precipitate and both fractions 
were counted in a gamma counter to calculate the extraction efficiency, which was 97.9±2.8% 

for [18F]CHDI-650 and 95.2±7.0% for [18F]CHDI-961. Next, 100 μl of plasma or brain 
supernatant was loaded onto a pre-conditioned reverse-phase (RP)-HPLC system (Luna 

C18(2), 5 μm HPLC column (250x4.6 mm) + Phenomenex security guard pre-column) and 
eluted with NaOAc 0.05M pH 5.5 and acetonitrile: (60:40 for 10 min v/v, followed by a gradient 

to 10:90 and reverse) buffer at a flow rate of 1 ml/min. RP-HPLC fractions were collected at 
0.5 min intervals for 10 min and radioactivity was measured in a gamma counter. The 

radioactivity present in each peak was expressed as a percentage of the total radioactivity 

eluted (i.e., the sum of radioactivity in all fractions) in counts per minute (CPM). Individual 
radioactivity in CPM were standardised by bodyweight and injected activity at the start of the 

gamma counter run. To determine the recovery of [18F]CHDI-650 as well as the stability of the 
tracer during the workup, experiments were performed using control blood spiked with 185 

kBq of the radiotracer or by pipetting the latter directly into the brain homogenate. Sample 
workup, which was identical to the procedure described above, confirmed that no degradation 

of the tracers occurred during preparation in both plasma (99.2±0.0% intact [18F]CHDI-650; 
99.6±0.0% intact [18F]CHDI-961) and brain (99.0±0.0% intact [18F]CHDI-650; 99.6±0.0% intact 

[18F]CHDI-961). 

 

Dynamic PET imaging 
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Dynamic microPET/Computed tomography (CT) images were acquired on Siemens Inveon 

PET-CT scanners (Siemens Preclinical Solution, Knoxville, USA). Animal preparation was 
performed as previously described [21, 22]. Briefly, the animals were placed side by side on 

the scanner bed with the heart of the animals in the scanner’s field of view. Anaesthesia was 
induced by inhalation of isoflurane (5% for induction, and 1.5-2% for maintenance during 

preparation and scanning) supplemented with oxygen. After induction, all mice were 
catheterised in the tail vein for intravenous (i.v.) bolus injection of the tracer and placed on the 

scanner bed. The respiration and heart rate of the animal were constantly monitored using the 
Monitoring Acquisition Module (Minerve, France) during the entire scanning period. The core 

body temperature of the animals was maintained using a warm airflow. At the onset of the 
dynamic microPET scan, mice were injected with a bolus of radiotracer over a 12-second 

interval (1 ml/min) using an automated pump (Pump 11 Elite, Harvard Apparatus, USA). Tracer 

was injected with activity as high as possible to obtain good image quality while keeping the 
cold dose as low as possible to minimise any potential mass effect. Animal and dosing 

information for both WT and HET mice of all paradigms are given in Table S1-S3. 
PET data were acquired in list mode format. Following the microPET scan, a 10 min 80 kV/500 

μA CT scan was performed for attenuation and scatter correction. During the same microPET 
scan, the blood radioactivity was estimated using a non-invasive image-derived input function 

(IDIF). The IDIF was extracted from the PET images by generating a heart volume-of-interest 
(VOI) on the early time frames, considering a lower threshold of 50% of the maximum activity 

as previously described [21-23]. Since the peripheral metabolic profile of [18F]CHDI-650 
displayed an increasing radioactive uptake in the liver becoming noticeable around 60 min of 

scan, we applied an additional step in order to rule out potential spill-in from the liver in the 

VOI of the IDIF. Therefore, we averaged the activity from 60 to 90 min to further restrict the 
VOI of the IDIF by excluding those voxels with an average activity exceeding twice the minimal 

average activity within this time frame. The resulting VOI was used to extract the entire IDIF 
curve.  

Acquired PET data were reconstructed into 33 (60 min) or 39 (90 min) frames of increasing 
length (12x10s, 3x20s, 3x30s, 3x60s, 3x150s, and 9x300s or 15x300s). Images were 

reconstructed using a proprietary list-mode iterative reconstruction with spatially variant 
resolution modelling in 8 iterations and 16 subsets of the 3D ordered subset expectation 

maximisation (OSEM 3D) algorithm [24]. Normalisation, dead time, and CT-based attenuation 

corrections were applied. PET image frames were reconstructed on a 128x128x159 grid with 
0.776x0.776x0.796 mm3 voxels. 
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Image processing and analysis 
Image processing and analysis were performed as previously described with PMOD 3.6 

software (PMOD Technologies, Zurich, Switzerland) [12]. For spatial normalisation of the 
PET/CT images, brain normalisation of the CT image to the CT template was done by 

adjusting the previously described procedure [25]. The VOIs of the Waxholm atlas [26] were 
also adjusted as in previous studies [12, 13] and time activity curves (TACs) of the different 

brain regions were then extracted. The IDIF was extracted from the PET images measuring 
the whole blood activity in the lumen of the left ventricle as described above. For [18F]CHDI-

650 the whole-blood IDIF was corrected for radiometabolites and the p/b ratio was applied for 
subsequent kinetic modelling. For [11C]CHDI-180R, no metabolite correction was needed 

given the high stability in vivo (>95% at 40 min p.i.) nor p/b ratio correction given the stable 

profile. Thus the uncorrected IDIFs were used for further analyses as previously validated [13]. 
TACs, reported as standardised uptake value (SUV), were analysed with kinetic modelling to 

determine the total volume of distribution (VT) using IDIFs to estimate VT(IDIF) as a surrogate of 
VT. Kinetic modelling was performed by fitting these TACs with Logan linear model to calculate 

VT(IDIF). The linear phase was determined from the curve fitting based on 10% maximal error. 
Model fits for Logan were used based on qualitative assessment (i.e. adequate fit) and 

standard error percentage (SE%) (i.e. only if <20%). Animals and regions not passing both 
metrics were excluded from the analysis; animal numbers for each paradigm are listed in Table 

S5. Following models were investigated but no adequate fit could be established due to failure 
during qualitative assessment or SE%: 2-tissue compartment model (2TCM), 2TCM with 

coupled K1/k2 fit & VT (2TCM K1/k2), 2TCM with vascular trapping (2TCM VascTrap), 3-tissue 

compartment model (3TCM), 3-sequential-TCM (3sTCM), and 3sTCM with k6 at 0 (3sTCM 
k6=0). These compartmental models vary in their estimated parameters used for both model 

curve fitting and VT(IDIF) calculation, thus they represent a variety of modelling options. 
Parameters and their standard errors for each compartmental model are given in Table S6. 

Voxel-wise kinetic modelling was performed using the Logan graphical analysis in PXMOD 
(PMOD). The averaged parametric maps were subsequently overlaid onto a Waxholm MRI 

template for anatomical visualisation. 
 

Autoradiography 
Procedure was performed as previously described [17]. Sections were air-dried at room 

temperature (RT) and pre-incubated for 20 min with binding buffer (50mM Tris-HCl + 120 mM 
NaCl + 5mM KCl + 2mM CaCl2 + 1mM MgCl2, pH 7,4). Incubation with total binding solution 

(0.005 to 3nM of [18F]CHDI-650 in binding buffer) and non-specific binding solution (0.005 to 
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3nM of [18F]CHDI-650 + 10 µM of cold CHDI-650 ligand in binding buffer) was performed for 

1 h at RT. Subsequently, sections were washed three times for 10 min in ice-cold washing 
buffer (50mM Tris-HCl, pH 7,4), followed by a brief wash in ice-cold distilled water, and dried 

for 30 min at RT. For calibration, 2 µl of solutions ranging from 0.000625 nM to 5.12 nM were 
pipetted onto absorbent paper. Finally, all sections together with the calibration solution spots 

were exposed on imaging plates (BAS-IP2040, Fujifilm, Japan) for 10 min. Radioactivity was 
detected with a phosphor imager (Fuji FLA-7000 image reader) and quantified based on 

intensity values calculated using the calibration spots and fitted standard curves. The 
anatomical reference images shown in the results are the same as those previously used [13]. 

Analysis was done in Fiji, ImageJ (version: 2.1). 
 

Statistical analysis 
The Shapiro-Wilk test revealed that in vivo data and in vitro data were normally distributed. 

Nonlinear fit was used for tracer signal calculation from autoradiography gray values. Rational 
fit and linear fit were used for IDIF correction. An unpaired T-test was performed to investigate 

differences between genotypes in dosing parameters for scan acquisition and during 
autoradiography analysis. A paired T-test was performed to investigate differences between 

test and retest in dosing parameters for scan acquisition. A Spearman’s correlation with 
interpolation (sigmoidal, 4PL, X is log(concentration)) was applied to injected masses and VT(IDIF) 

values from Logan for visualisation of a potential mass dose effect. Regular two-way ANOVA 
with post hoc Bonferroni correction for multiple comparisons was applied to analyse VT(IDIF) 

value differences between genotypes.  

The individual relative test-retest variability was calculated as follows: 
𝑡𝑒𝑠𝑡 − 𝑟𝑒𝑡𝑒𝑠𝑡

𝑎𝑣𝑒𝑟𝑎𝑔𝑒	(𝑡𝑒𝑠𝑡, 𝑟𝑒𝑡𝑒𝑠𝑡)
 

The individual absolute test-retest variability was calculated as follows: 

|
𝑡𝑒𝑠𝑡 − 𝑟𝑒𝑡𝑒𝑠𝑡

𝑎𝑣𝑒𝑟𝑎𝑔𝑒	(𝑡𝑒𝑠𝑡, 𝑟𝑒𝑡𝑒𝑠𝑡)
| 

In addition, a Bland-Altman analysis was performed to assess the agreement between two 
measures on an individual level. All statistical analyses above were performed with GraphPad 

Prism (v9.2.0) statistical software. Furthermore, the Intraclass correlation coefficient (ICC) for 
the test-retest variability study, reported in the literature to classify the variability of tracers, 

was calculated with the software JMP Pro 17 (v17.0.0). Group x timepoint interaction was set 
as a fixed effect. Animal and timepoint as well as the interaction of animal x group and animal 

x timepoint were estimated as random effects. The interaction animal x group and animal x 
timepoint did not impact the ICC calculation. The ICC is reported as the ratio of the animal 
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variance component for the effect to the sum of positive variance components. In case the 

animal variance component was estimated as negative the ICC is reported as 0. One-tailed 
power analyses were performed in G*Power (v3.1.9.6) with significance level (𝛼) at 0.05 and 

confidence (𝛽) set to 80%. Data are represented as mean ± standard deviation (SD) unless 
specified otherwise. All tests were two-tailed unless stated otherwise. Statistical significance 

was set at p<0.05 with the following standard abbreviations used to reference p values: ns, 
not significant; *p<0.05; **p<0.01; ***p<0.001; ****p<0.0001. 

 
 

Results 
[18F]CHDI-650 autoradiography in zQ175DN mice displays phenotypic difference 
To confirm that [18F]CHDI-650 can differentiate between genotypes that differ in expression of 

mHTT aggregates within the brain, as previously demonstrated [17], an autoradiography study 
was performed (Fig. 1a). A significant difference between the genotypes was observed in both 

striatum and motor cortex (p<0.0001) (Fig. 1b; 1c). As we confirmed [18F]CHDI-650 
differentiates between genotypes further in vivo analysis was conducted. 

 

[18F]CHDI-650 demonstrates improved plasma and brain stability compared to 
[18F]CHDI-961 
[18F]CHDI-650 and [18F]CHDI-961 radiometabolite analysis was performed to determine the 

presence of radiometabolites over time. Comparison of the plasma radiometabolite profile of 

the two radiotracers revealed more intact radioligand and a slower elimination profile for 
[18F]CHDI-650 relative to [18F]CHDI-961. At 40 min p.i., 19.24±3.79% of total radioactivity in 

plasma was accounted for by intact [18F]CHDI-961 while for [18F]CHDI-650 at 45 min p.i., 
30.41±5.08% of total radioactivity was due to the intact radioligand (Fig. 2a). The 

radiometabolite analysis of [18F]CHDI-650 (Fig. S2) and [18F]CHDI-961 (Fig. S3) demonstrated 
at least two highly polar radiometabolites in plasma of both genotypes. [18F]CHDI-650 

displayed a similar plasma profile in WT and HET zQ175DN mice (Fig. S2); therefore, the 
combined radiometabolite data was used for generating a population-based metabolite-

correction curve based on a rational fit (Fig. 2b) for correction of the extracted IDIFs. Next, a 
p/b ratio correction based on a linear fit (Fig. 2c) was also included to generate the final plasma 

metabolite-corrected IDIFs for kinetic modelling (Fig. 2d). Similar to the plasma profile, also 

the brain radiometabolite profile demonstrated the improved stability of [18F]CHDI-650 
compared to [18F]CHDI-961. However, both radiotracers displayed differences in their brain 

profile in WT compared to HET zQ175DN mice (Fig. S2 and Fig. S3). At 40 min p.i. 
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26.92±6.07% and 76.50±4.27% of total radioactivity in brain was accounted for by intact 

[18F]CHDI-961 in WT and HET, respectively (Fig. S3). On the other hand, for [18F]CHDI-650 
at 45 min p.i., 51.03±3.73% and 93.67±0.67% of total radioactivity was due to the intact 

radioligand for WT and HET, respectively (Fig. S2). Nonetheless, this difference was solely 
related to the specific uptake, thus longer retention time, in the brain of HET mice compared 

to WT mice as shown in the standardised CPM of [18F]CHDI-650 (Fig. S4). Accordingly, both 
genotypes displayed negligible radiometabolites in the brain over time, suggesting no brain-

penetrating species. 
 

[18F]CHDI-650 PET imaging reveals differences between genotypes 
Striatal SUV TACs show stable uptake of [18F]CHDI-650 in the brain, with peak activity within 

3 min p.i., with HET mice showing a slower wash-out than WT mice (both 9 months of age) 
(Fig. 3a). When performing kinetic modelling, several models were explored to fit the data. 

None of the tested compartmental models indicated a fully adequate fit for both WT and HET 
mice based on quantitative assessment and SE% exceeding 20%. Overall, when increasing 

the number of compartments in the model the model curve described the data even better as 
visually demonstrated in Fig. S5 and via the R2 value (coefficient of determination) in Table 

S6. The main issue, however, lay with the excessively high SE% of the estimates, especially 
with increased complexity of these models and even less reliable outcomes. Noteworthy, even 

though both WT and HET animals could not be described accurately by any compartmental 
model, the underlying issue slightly differed. For instance, WT data had a greater fit with 2TCM 

curves (R2: 0.97±0.01) than HET data (R2: 0.92±0.03) (Table S6). However, the SE% of the 

estimates, representing the essential challenge, were greater in WT than in HET animals 
(Table S6). 2TCM VascTrap was the only compartmental model with at least half of the 

animals considered valid for both genotypes. To identify a biological indication for this 
dichotomy, we investigated the presence of mHTT in the vasculature with immunostaining. 

However, as shown in Fig. S6, no co-localization of mHTT aggregates with the vascular tissue 
(i.e., lectin immunoreactivity) could be identified for any of the mHTT antibodies tested 

(mEM48, 2B4, and PHP1). As a fallback scenario, we explored the use of Logan graphical 
analysis as a simplified approach to obtain VT(IDIF) as a quantifiable value. Given the suitability 

of Logan (Fig. 3b; 3c), we continued the assessment of [18F]CHDI-650 mindful of the caveat 
that comparative validation of Logan with a compartmental model was unavailable. 

To further assure proper mHTT aggregate imaging, parameters such as duration of the scan 

and injected mass of the radiotracer were investigated. The scans of [18F]CHDI-650 were 
acquired over a 90 min period; however, to increase the throughput rate with a single 
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production and to lower the impact on animals, shortening the scan time is of interest. The 

VT(IDIF) time stability analysis revealed that striatal Logan VT(IDIF) values decreased to 
82.39±2.91% in WT and 74.15±4.21% in HET for a shortened acquisition time of 60 min 

compared to 90 min reference scans (Fig. S7). Thus, 90 min was the recommended scan 
acquisition time for [18F]CHDI-650. With increasing injected masses, a decrease in VT(IDIF) 

values was observed (Fig. S8); hence, the mass injection limit was set to 1 µg/kg for the 
inclusion of scans in all experiments reported here. By adhering to these recommendations, 

the two-way ANOVA (F(1, 125)=1739) performed with a Bonferroni post hoc test revealed a 
significant increase in signal in HET mice compared to their WT littermates in all tested regions 

(p<0.0001) (Fig. 3d) as also evidenced by the averaged parametric maps shown in Fig. 3e. 
Phenotypic VT(IDIF) differences ranged from 149±12.1% in the cerebellum to 360±16.9% in the 

thalamus (Table 1). 

 

[18F]CHDI-650 displays observable test-retest variability  
The reproducibility of the imaging quantification was evaluated in a test-retest study in a 

different cohort than described in the previous paragraph. A comparison of the parametric 
maps for both genotypes at test and retest revealed no clear differences between the two 

scans of either WT or HET mice (Fig. 4a), with the regional quantifications of [18F]CHDI-650 
shown in Table 2. Values for absolute test-retest variability in HET animals span from 

13.1±12.0% in cerebellum to 17.7±11.0% in motor cortex. The absolute test-retest variability 
in WT animals ranged from 10.4±11.0% in cerebellum to 21.8±10.1% in striatum (Table 2), 

whereas the relative test-retest variability displayed an even distribution of VT(IDIF) values for 

both genotypes between test and retest as displayed in a Bland-Altmann plot (Fig. 4b). In 
addition, values for individual animals varied from 28.2% to 33.4% for HET and from 16.5% to 

37.6% for WT between test and retest, respectively. Finally, the ICC values for [18F]CHDI-650 
were between 0.00 and 0.27 depending on the region (Table 2), which classified the test-

retest performance of [18F]CHDI-650 as poor according to the reported classification [27]. 
 

[18F]CHDI-650 outperforms [11C]CHDI-180R in zQ175DN mice at 3 months of age  
Finally, we performed a head-to-head comparison study with previously published [11C]CHDI-
180R in zQ175DN mice at 3 months of age, an age that expresses significantly less aggregate 

load than the previously tested 9 months of age [13]. Average parametric maps for both 

[18F]CHDI-650 and [11C]CHDI-180R are shown in Fig. 5a and 5c. While both radioligands could 
demonstrate statistically significant differences between genotypes ([18F]CHDI-650: 

F(1, 186)=215.5, [11C]CHDI-180R: F(1, 185)=42.73), the magnitude of this difference was greater 
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for [18F]CHDI-650 (for instance in thalamus: [18F]CHDI-650: 48.2±4.8%, p<0.0001; [11C]CHDI-

180R: 11.2±2.2%, p<0.0001) (Fig. 5b; 5d and Table 3). These results were subsequently used 
to perform a power analysis (𝛼=0.05, 𝛽=80%) to estimate the number of animals needed for 

statistical significance within future mHTT lowering therapy studies (Table 4). [18F]CHDI-650 
displayed a higher effect size (measured as Cohen’s d) compared to [11C]CHDI-180R.  
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Discussion 
The detailed in vivo characterisation of [18F]CHDI-650 for mHTT aggregates in the zQ175DN 

mouse model of HD is reported. We performed autoradiography, investigated the 
radiometabolite profile, and conducted an extensive characterisation for in vivo quantification 

in adult animals. Specifically, the radiometabolite profile was explored for both [18F]CHDI-650 
and its non-deuterated version [18F]CHDI-961 to compare their in vivo metabolic stability. It is 

worth noting that [18F]CHDI-961 exhibited significant bone uptake, likely due to its propensity 
for oxidative defluorination, rendering it less favourable for brain imaging analysis [17]. For 

this reason, its deuterated form, [18F]CHDI-650 was profiled here in PET studies and 
supported by autoradiography. 

The radiometabolite analysis of plasma revealed good metabolic stability for [18F]CHDI-650 

following intravenous injection in zQ175DN mice. In addition, we verified the increased in vivo 
metabolic stability of [18F]CHDI-650 (30.4±5.1% at 45 min) compared to [18F]CHDI-961 

(19.2±3.8% at 40 min) resulting, in part, from the addition of deuterium atoms that suppressed 
oxidative defluorination [17]. The plasma radiometabolite profiles of [18F]CHDI-650 in both 

genotypes generated at least two highly polar species of metabolites, which were not 
observed having a brain-penetrating behaviour, thus no impact on kinetic modelling is to be 

expected. Additionally, the intact [18F]CHDI-650 tracer showed a slower elimination from the 
brain of HET animals compared to WT controls, likely due to its binding to the mHTT 

aggregates, which is also seen with SUV TACs from the brain regions. The extracted brain 
signal demonstrated rapid penetration of [18F]CHDI-650 into the brain followed by a moderate 

wash-out of the tracer in HET zQ175DN mice and a faster wash-out reaching plateau around 

60 min in WT littermates, indicating reversible binding in both genotypes. In contrast, 
[11C]CHDI-626 displayed rapid clearance from the brain of WT and HET mice [12], while 

[11C]CHDI-180R shows a long retention time within the HET brain [13].  

The kinetic modelling was challenging as [18F]CHDI-650 could not be mathematically fitted to 

any compartmental models due to high SE% of the estimates or a divergence between the 
data and the model curve. Even though compartmental models with more 

parameters/compartments indicated a closer description of the data (i.e., higher R2 in HET 
animals), the increasing SE% of these additional parameters demonstrated the unreliability of 

these estimates. Significantly, WT zQ175DN mice presented excessively high SE%, 
suggesting that the lack of target for [18F]CHDI-650 in those animals may contribute to the 

inadequate compartmental model fits. Thus, [18F]CHDI-650 is reported without compartmental 

verification unlike [11C]CHDI-626 [12] and [11C]CHDI-180R [13]. Nonetheless, [18F]CHDI-650 
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can be adequately quantified with Logan analysis based on the 90 min acquisition. VT(IDIF) 

quantification of [18F]CHDI-650 in 9-month-old animals suggests high binding in HET mice and 
low uptake in WT animals, reflecting the respective expression of mHTT aggregates in HET 

but not WT mice. This was also demonstrated using autoradiography. The potential of 
[18F]CHDI-650 to quantify mHTT aggregates is highlighted by the higher striatal VT(IDIF) 

differences between genotypes (324±15%) compared to the two previously described 11C 
radiotracers for mHTT PET imaging, [11C]CHDI-626 (53.4±3.9%) [12] and [11C]CHDI-180R 

(63.1±2.8%) [13]. Recently, preclinical evaluation of another 18F radiotracer based on CHDI-
180R has been reported [28]. This 18F analogue of CHDI-180R displayed rapid brain uptake 

but its in vivo specificity for mHTT aggregates remains unresolved; mHTT binding was 
reported through autoradiography analysis in post-mortem brain tissue of PwHD; however, 

there was evidence of white matter accumulation and non-specific binding [28]. On the other 

hand, Liu et al. showed through qualitative analysis of [18F]CHDI-650 a lack of non-specific 
binding in post-mortem brain tissue of PwHD and non-diseased controls [17]. Similarly, we 

could demonstrate this lack of binding of [18F]CHDI-650 in the absence of a target in WT 
zQ175DN at 9 months of age. Thus [18F]CHDI-650, appears to be a tractable radioligand for 

mHTT aggregate imaging. 

The in vivo quantitative reliability of [18F]CHDI-650 was determined as poor through the test-

retest variability analysis despite a low bias (4.3%) displayed in the Bland-Altmann plot. The 
ICC indicates how strongly units of the same group resemble each other, and in this study, 

ranged from 0.00 to 0.27 depending on the brain region, which is classified as poor [27]. Since 
HET and WT animals were affected, scan time duration and mHTT aggregate load could not 

be identified as the main factors to explain the reported test-retest variability. A less-than-

optimal test-retest variability may negatively influence the estimated genotype effect. 
However, the high striatal VT(IDIF) phenotypic difference of 324±15% at 9 months of age 

mitigates the potential effect on reduced statistical significance. Nevertheless, this may pose 
a challenge to its accuracy in monitoring longitudinal changes within the same animal.  

As previously reported for [11C]CHDI-626 and [11C]CHDI-180R [12, 13], [18F]CHDI-650 also 
displayed significant differences in binding levels in HET animals compared to WT mice at 3 

months of age. However, the variance and the standard deviation were reported higher for 
[18F]CHDI-650 than for [11C]CHDI-180R in the same animals, which was already hinted at 

during the test-retest variability evaluation at 9 months of age. Despite the high variability, 

[18F]CHDI-650 could discriminate between genotypes in all tested regions in contrast to 
[11C]CHDI-180R in the same animals. The results reported here concerning [11C]CHDI-180R 
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not displaying significant genotype effects in all regions at 3 months of age are in line with 

previous findings [13]. The subsequent power analysis suggested that [18F]CHDI-650 could 
indicate significant therapeutic effects of at least a 40% decrease in mHTT aggregate levels 

with a considerably small number of animals per group at even 3 months of age ([18F]CHDI-
650: n=26; [11C]CHDI-180R: n=45). Collectively, these findings suggest that [18F]CHDI-650 is 

a suitable 18F radioligand to image mHTT aggregates in living mice with limitations based on 
kinetic modelling and test-retest variability. 

 
 

Supplementary Information 
Supplementary material to this article can be found at the end of this document. 
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Figures 

 
Fig. 1 [18F]CHDI-650 autoradiography displays specific binding only in HET mice. a, 

Exemplary autoradiography images for a WT and a HET 9-month-old mouse. Quantification 
of mHTT aggregates in Striatum (b) and Motor Cortex (c). ****p<0.0001. b and c: WT: n=10; 

HET: n=10 

 
  

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted August 15, 2024. ; https://doi.org/10.1101/2024.05.16.594492doi: bioRxiv preprint 

https://doi.org/10.1101/2024.05.16.594492
http://creativecommons.org/licenses/by-nc-nd/4.0/


 21 

 
Fig. 2 Blood analysis of [18F]CHDI-961 and [18F]CHDI-650. a, Comparison of [18F]CHDI-961 
and [18F]CHDI-650 intact radioligand as fraction in plasma. b, Fraction of intact [18F]CHDI-650 

in plasma with rational fit applied. c, Plasma-to-whole-blood ratio with linear fit. d, Averaged 
uncorrected and corrected IDIF SUV curves of [18F]CHDI-650 over 90 min scan time with 

magnification on x-axis. Data is based on the entire data (WT and HET zQ175DN mice). In d, 
data are represented as mean±SEM. a-c: n=2-6 per genotype, time point, and radiotracer; d: 

WT: n=14; HET: n=14 
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Fig. 3 [18F]CHDI-650 mHTT quantification. a, Average striatal SUV TACs for both genotypes 
at 9 months of age. Exemplary WT (b) and HET (c) Logan fit. d, Significant differences 

between genotypes in VT(IDIF) estimations. e, Group-averaged parametric maps for WT and 

HET zQ175DN mice overlaid onto MRI template in coronal and axial view. In a, data are 
represented as mean±SEM. ****p<0.0001. a, d, and e: WT, n=12-14; HET, n=12-14. STR = 

Striatum; MC = Motor Cortex; HC = Hippocampus; THAL = Thalamus; CB = Cerebellum 
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Fig. 4 [18F]CHDI-650 test-retest variability analysis based on Logan quantification. a, Group-
averaged parametric maps for WT and HET at test and retest at 9 months of age in coronal 

and axial view. b, Bland-Altmann-plot to display the level of agreement between test and retest 
in striatum. WT, n=4-7; HET, n=4-9 
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Fig. 5 [18F]CHDI-650 and [11C]CHDI-180R comparison at 3 months of age. Group-averaged 

parametric maps for WT and HET mice displaying the VT(IDIF) quantified with [18F]CHDI-650 (a) 
and [11C]CHDI-180R (c). Parametric maps are overlaid onto an MRI template and shown in 

coronal and axial views. Significant differences between genotypes in VT(IDIF) estimations with 
[18F]CHDI-650 (b) and [11C]CHDI-180R (d). ns = not significant; *p<0.05; ***p<0.001; 

****p<0.0001. [18F]CHDI-650: WT, n=19-20; HET, n=19-20. [11C]CHDI-180R: WT: n=19; HET: 
n=20. STR = Striatum; MC = Motor Cortex; HC = Hippocampus; THAL = Thalamus; CB = 

Cerebellum 
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Tables  
 
Table 1 [18F]CHDI-650 VT(IDIF) at 9 months of age. Data are given as mean±SD unless stated 

otherwise. WT, n=12-14; HET, n=12-14. ∆ = difference between genotypes; SE = standard 
error 
 
 

 
 

 
 

 

 
 

 
 

Table 2 [18F]CHDI-650 test-retest VT(IDIF) values and relative and absolute test-retest variability 
at 9 months of age. Test-retest variability is given as the average of the individual test-retest 

difference in percent and as the average of the absolute values of the individual test-retest 
difference in percent. The ICC is calculated for each region separately. WT, n=4-7; HET, n=4-

9. rTRV = relative test-retest variability; aTRV = absolute test-retest variability; ICC = Intraclass 
correlation coefficient 

 
 

 

 
 

 WT HET p value ∆±SE (%) 

Striatum 0.38±0.04 1.60±0.19 <0.0001 324±15.0 

Motor Cortex 0.46±0.06 1.48±0.25 <0.0001 225±12.6 

Hippocampus 0.38±0.05 1.53±0.22 <0.0001 299±14.8 

Thalamus 0.35±0.02 1.61±0.18 <0.0001 360±16.9 

Cerebellum 0.49±0.04 1.21±0.16 <0.0001 149±12.1 

 Test VT(IDIF) Retest VT(IDIF) rTRV (%) aTRV (%) ICC 

 WT HET WT HET WT HET WT HET  

Striatum 0.45±0.06 1.33±0.23 0.41±0.07 1.32±0.11 9.7±23.3 -0.2±21.8 21.8±10.1 17.7±11.0 0.03 

Motor Cortex 0.55±0.07 1.20±0.13 0.48±0.03 1.33±0.16 14.1±14.6 -10.7±13.5 14.9±13.4 15.1±5.6 0.27 

Hippocampus 0.44±0.05 1.29±0.20 0.40±0.05 1.18±0.14 9.2±17.2 9.0±20.9 16.4±9.0 16.3±15.0 0.00 

Thalamus 0.40±0.04 1.44±0.21 0.38±0.05 1.41±0.12 11.5±17.2 11.2±26.7 15.1±5.8 14.6±7.5 0.00 

Cerebellum 0.56±0.05 1.07±0.11 0.55±0.05 1.10±0.12 2.7±15.7 -3.4±18.1 10.4±11.0 13.1±12.0 0.00 
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Table 3 [18F]CHDI-650 and [11C]CHDI-180R VT(IDIF) quantitative values at 3 months of age. 
Data is given as mean±SD unless stated otherwise. [18F]CHDI-650: WT, n=19-20; HET, 

n=19-20; [11C]CHDI-180R: WT: n=19; HET: n=20. ∆ = difference between genotypes; SE = 
standard error 

 [18F]CHDI-650 [11C]CHDI-180R 

 WT HET p value ∆±SE (%) WT HET p value ∆±SE (%) 

Striatum 0.45±0.06 0.59±0.08 <0.0001 31.0±4.4 0.47±0.03 0.51±0.03 0.0060 9.6±2.3 

Motor Cortex 0.52±0.07 0.61±0.06 0.0002 16.1±3.8 0.45±0.04 0.46±0.04 >0.9999 1.9±2.3 

Hippocampus 0.44±0.06 0.54±0.06 <0.0001 23.0±4.5 0.45±0.03 0.49±0.03 0.0269 7.2±2.3 

Thalamus 0.42±0.05 0.62±0.07 <0.0001 48.2±4.8 0.48±0.04 0.53±0.03 <0.0001 11.2±2.2 

Cerebellum 0.55±0.06 0.67±0.06 <0.0001 23.6±3.7 0.46±0.03 0.49±0.03 0.0705 6.2±2.3 

 
 
 
 
Table 4 [18F]CHDI-650 and [11C]CHDI-180R power analysis in striatum at 3 months of age. 
One-tailed power analysis with 𝛼=0.05 and 𝛽=80%. Animal numbers per group needed for 

significance between treated and non-treated HET group in a mHTT-lowering study. 

Percentages are the difference between these groups. 100% equals the difference between 
non-treated HET and WT groups. ∆ = difference between genotypes; SE = standard error 

   Phenotypic difference (%) 

 striatal ∆±SE  
(HET vs WT) Cohen’s d 10% 20% 30% 40% 50% 100% 

[18F]CHDI-650 31.0±4.4% 1.98 n=405 n=102 n=46 n=26 n=17 n=5 

[11C]CHDI-180R 9.6±2.3% 1.33 n=697 n=175 n=77 n=45 n=29 n=8 
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Supplemental information 

Immunohistochemistry 
Immunohistochemistry was performed on PFA-perfused frozen tissue of 9-month-old 

WT and HET zQ175DN animals in order to explore the presence of mHTT aggregates 

in the proximity of the vasculature within the brain. Three different antibodies for mHTT 

were used for the investigation of endothelial binding, namely PHP1 (CHDI, 

CH01951), EM48 (Merck, MAB5374), and 2B4 (Merck, MAB5492), which bind to 

different parts and inclusions of mHTT and therefore aided in displaying a more 

complete picture of the co-localization of the vasculature and mHTT. 

Staining with Lectin and PHP1 was performed as follows: sections were acclimatised 

at room temperature (RT) for 5 min and subsequently rinsed with 1x PBS for another 

5 min. Slides were then washed three consecutive times with 1x PBS for 5 min. Then, 

they were incubated in 1% formic acid for 10 min to decalcify the sections followed by 

three washing steps, twice with PBS + 0.25% Triton X-100 for 5 min and once with 

PBS for 5 min. Excess fluid was then disregarded and slides were incubated with 5% 

Normal Donkey Serum (NDS) + 0.5% Triton X-100 in 1x PBS for 30 min. After letting 

excess fluid drop off, a 1 h blocking step to avoid non-specific binding to endogenous 

mouse IgG using Donkey anti-mouse Fab Fragment IgG (10-20 µg/ml in PBS) was 

performed followed by overnight incubation with the primary antibody mouse anti-

mouse mHTT PHP1 1:3000 (CHDI, CH01951) in 1% NDS + 0.1% Triton X-100 in 1x 

PBS at RT. The following day, sections were washed three times with 1x PBS for 5 

min prior to incubation with the secondary antibody donkey anti-mouse AF555 

(1:1000) for 1 h. Sections were then washed another three times with 1x PBS for 5 

min before incubation with Lectin Dylight488 1:25 (Vector laboratories, DL-1174) in 

PBS for 2 h. After a final washing step with 1x PBS, DAPI was added, and the sections 

were mounted with prolong gold antifade and coverslipped. 

Staining with Lectin and EM48 or 2B4 was performed as follows: Sections were 

acclimatised at RT for 5 min and subsequently rinsed with 1x PBS for another 5 min. 

Slides were then put in a container with citrate buffer and the container in turn in a 

60°C water bath. Slides were incubated for 20 min as soon as the water bath reached 

the final temperature of 80°C. A subsequent cool-down step in the citrate buffer for 20 
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min, as well as three washing cycles with 1x PBS for 5 min, preceded the non-specific 

binding blockage of endogenous proteins with 0.5% Triton X-100 + 10% NDS in PBS 

for 30 min. Endogenous mouse IgG blocking was performed with Donkey anti-mouse 

Fab Fragment IgG (10-20 µg/ml) in PBS for 1 h. Slides were then washed again prior 

to the overnight incubation at RT with the primary antibody anti-mouse EM48 (1:200) 

(Merck, MAB5374, IgG) in PBS + 1% NDS + 1% BSA + 0.1% Triton X-100 or anti-

mouse 2B4 (1:500) (Merck, MAB5492, IgG1) in PBS + 1% NDS + 0.1% Triton X-100. 

The next day slides were incubated with the secondary antibody Donkey anti-mouse 

AF555 (1:1000) in PBS (+ 0.2% BSA for EM48) for 1 h after washing three times with 

1x PBS for 5 min. Sections were then washed another three times with 1x PBS for 5 

min before incubation with Lectin Dylight488 1:25 (Vector laboratories, DL-1174) in 

PBS for 2 h. After a final washing step with 1x PBS, DAPI was added, and the sections 

were mounted with prolong gold antifade and coverslipped. 
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Supplemental Figures 

Fig. S1 Molecular structure of [18F]CHDI-961 and [18F]CHDI-650. [18F]CHDI-961 (a) resulted 

in [18F]CHDI-650 (b) through the addition of Deuterium at the 18F site 
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Fig. S2 [18F]CHDI-650 plasma and brain radiometabolite profile and decay-corrected 
reconstructed radiochromatograms in WT and HET zQ175DN mice for plasma and brain. The 

intact radioligand in percentage for plasma (a) and brain (b) displayed a similar decrease in 
plasma between genotypes and the stability in HET brains compared to the decrease in WT 

brains over time. c-f; decay-corrected reconstructed radiochromatograms for all time points in 

plasma (c and e) and brain (d and f) for WT (c and d) and HET mice (e and f). n=3-7 per 
genotype, time point, and radiotracer. [18F]M1 = radiometabolite peak 1; [18F]M2 = 

radiometabolite peak 2 
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Fig. S3 [18F]CHDI-961 plasma and brain radiometabolite profile and decay-corrected 

reconstructed radiochromatograms in WT and HET zQ175DN mice for plasma and brain. The 
intact radioligand in percentage for plasma (a) and brain (b) displayed a similar decrease in 

plasma between genotypes and the stability in HET brains compared to the decrease in WT 
brains over time. c-f; decay-corrected reconstructed radiochromatograms for all time points in 

plasma (c and e) and brain (d and f) for WT (c and d) and HET mice (e and f). n=2-6 per 
genotype, time point, and radiotracer. [18F]M1 = radiometabolite peak 1; [18F]M2 = 

radiometabolite peak 2 
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Fig. S4 [18F]CHDI-650 plasma and brain decay-corrected reconstructed standardised 
radiochromatograms in WT (a and b) and HET (c and d) zQ175DN mice for plasma (a and c) 

and brain (b and d). n=3-7 per genotype, time point, and radiotracer. [18F]M1 = radiometabolite 
peak 1; [18F]M2 = radiometabolite peak 2 

 
  

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted August 15, 2024. ; https://doi.org/10.1101/2024.05.16.594492doi: bioRxiv preprint 

https://doi.org/10.1101/2024.05.16.594492
http://creativecommons.org/licenses/by-nc-nd/4.0/


 33 

 
Fig. S5 Kinetic model fits in both genotypes. Exemplary model fits of striatal SUV TACs of a 

WT and a HET zQ175DN mouse with 2TCM (a), 2TCM K1/k2 (b), 2TCM VascTrap (c), 3TCM 
(d), 3sTCM (e), 3sTCM k6=0 (f) 
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Fig. S6 mHTT aggregates do not co-localise with vasculature tissue in brain of zQ175DN mice 
at 9 months of age. Exemplary images of striatal tissue of WT (a) and HET (b) animals stained 

with Lectin (green) and either mEM48, 2B4 or PHP1 (red). DAPI staining (blue) to visualise 
nuclei. Images are displayed with 60x magnification with relevant areas further magnified. 

Scale indicates 20µm 
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Fig. S7 VT(IDIF) time stability in WT and HET zQ175DN mice. The VT(IDIF) values estimated with 

Logan in WT (a) and HET (b) for 30 and 60 min are normalised to 90 min scan acquisition 
time. Data are represented as mean±SD in percentage. WT: n=12-14; HET: n=12-14 

  

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted August 15, 2024. ; https://doi.org/10.1101/2024.05.16.594492doi: bioRxiv preprint 

https://doi.org/10.1101/2024.05.16.594492
http://creativecommons.org/licenses/by-nc-nd/4.0/


 36 

 
Fig. S8 Mass dose effect in HET zQ175DN mice. Negative correlation of injected masses 
(µg/kg) and striatal Logan VT(IDIF) values. The interpolation estimates the influence of higher 

injected masses on the VT(IDIF) value. Data is represented as individual points. n=32 
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Supplemental Tables 

Table S1 Animal and dosing parameters during the PET imaging study in WT and HET 

zQ175DN mice for the validation at 9 months of age. Values are given as mean±SD. Unpaired 
t-test for comparison of genotypes. EOS=end of synthesis 

 
 
 
 
 
 
 
 
 
 
  

 WT (n = 14) HET (n = 14) p value 

Injected activity (MBq) 7.0±1.9 6.9±3.1 0.9166 

Molar activity 
(GBq/µmol) at EOS 236.1±70.9 221.5±69.5 0.5856 

Weight (g) 34.6±3.3 31.1±3.0 0.0067 

Age (d) 277.4±7.5 278.0±9.2 0.8405 

Injected mass (µg/kg) 0.47±0.07 0.45±0.06 0.4139 
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Table S2 Animal and dosing parameters during the PET imaging study in WT and HET 

zQ175DN mice for the test-retest study at 9 months of age. Values are given as mean±SD. 
Paired t-test for comparison of test and retest. EOS=end of synthesis 

 
 
  

 Test Retest  Test Retest  

 WT (n = 7) p value HET (n = 9) p value 

Injected activity (MBq) 6.5±2.2 6.9±1.9 0.7817 6.9±1.5 6.7±2.4 0.8249 

Molar activity 
(GBq/µmol) at EOS 187.0±71.0 207.7±91.0 0.6491 230.0±79.1 233.8±92.3 0.9921 

Weight (g) 34.3±1.5 33.3±0.9 0.0089 30.7±2.5 29.8±2.4 0.0075 

Age (d) 254.4±1.0 261.1±3.4 0.0016 252.4±5.8 260.6±10.6 0.0013 

Injected mass (µg/kg) 0.55±0.08 0.48±0.06 0.0893 0.53±0.08 0.52±0.09 0.8974 
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Table S3 Animal and dosing parameters during the PET imaging study in WT and HET 

zQ175DN mice for the 3 months of age head-to-head comparison study with [18F]CHDI-650 
(A) and [11C]CHDI-180R (B). Values are given as mean±SD. Unpaired t-test for comparison 

of genotypes for each radiotracer. EOS=end of synthesis 

 
  

 [18F]CHDI-650  [11C]CHDI-180R  

 WT (n = 20) HET (n = 20) p value WT (n = 19) HET (n = 20) p value 

Injected activity (MBq) 6.0±1.6 6.7±2.2 0.2127 2.2±0.3 2.2±0.3 0.9020 

Molar activity 
(GBq/µmol) at EOS 241.1±60.7 257.2±61.6 0.4116 59.5±9.9 59.6±9.4 0.9593 

Weight (g) 26.5±1.2 26.8±1.1 0.4321 27.2±1.1 26.5±1.3 0.0787 

Age (d) 104.4±5.6 106.0±7.0 0.4286 116.2±2.9 115.9±3.1 0.7550 

Injected mass (µg/kg) 0.54±0.07 0.52±0.06 0.4036 0.84±0.19 0.87±0.21 0.5568 
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Table S4 Animal numbers for the radiometabolite profile analysis. Time indicates the blood 

and brain extraction p.i.; Ctrl = control experiments 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

 

Table S5 Animal numbers for dynamic PET imaging. ° = excluded due to spill-in; * = excluded 

due to high SE%. T-RT = test-retest 

 
 
 

 [18F]CHDI-961 [18F]CHDI-650 

 Plasma Brain Plasma Brain 

Time (min) WT HET WT HET WT HET WT HET 

Ctrl 2 2 2 2 3 3 3 3 

5 3 3 3 3 3 3 3 3 

15 5 6 5 6 4 4 4 4 

25 3 4 3 4     

30     6 4 7 4 

40 3 3 3 3     

45     5 4 5 4 

60     5 5 5 5 

90     4 4 3 4 

 9M 3M 

 Quantification T-RT analysis [18F]CHDI-650 [11C]CHDI-180R 

 WT 
(n = 14) 

HET 
(n = 14) 

WT 
(n = 7) 

HET 
(n = 9) 

WT 
(n = 20) 

HET 
(n = 20) 

WT 
(n = 19) 

HET 
(n = 20) 

Striatum 14 14 7 9 20 20 19 20 

Motor Cortex 13 (1°) 14 4 (3°) 4 (3°,2*) 20 19 (1*) 19 20 

Hippocampus 14 14 7 8 (1*) 20 20 19 20 

Thalamus 14 12 (2*) 7 8 (1*) 20 19 (1*) 19 20 

Cerebellum 12 (2°) 14 5 (2°) 8 (1°) 19 (1°) 19 (1°) 19 20 
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Table S6 Kinetic model parameters and their standard errors for all investigated compartmental models in Striatum. Values are given as mean±SD 

or as valid animal number/total animal number. Exclusion of values higher than 105 or lower than 10-5. n = valid animal number after exclusion of 
values due to SE% above 20 for given parameters and visual assessment. SE% = standard error percentage; AIC = Akaike information criterion. 

Unreliable values are indicated in italics 

 

WT VT(IDIF) SE% of VT(IDIF) VS(IDIF) SE% of VS(IDIF) Ki(IDIF) SE% of Ki(IDIF) K1 SE% of K1 R2 AIC n 
(SE%<20) 

2TCM 0.44±0.14 48.0±57.8 / / / / 0.41 ± 0.09 7.2±1.9 0.97±0.01 73.4±18.5 6/14 

2TCM 
K1/k2 0.58±0.42 128.0±236.5 / / / / 0.41 ± 0.09 7.5±1.5 0.97±0.01 73.7±18.9 6/14 

2TCM 
VascTrap 0.19±0.02 10.6±6.6 / / / / 0.46 ± 0.14 10.8±4.3 0.97±0.01 72.1±18.8 10/14 

3TCM / / 0.28±0.31 291.4±439.4 / / 0.42 ± 0.10 10.6±4.8 0.98±0.01 74.9±17.1 1/14 

3sTCM / / / / 0.002±0.000 63.4±32.3 0.41 ± 0.09 9.8±4.6 0.98±0.01 72.4±15.7 0/14 

3sTCM 
k6=0 / / / / 0.002±0.000 25.9±10.7 0.45 ± 0.14 9.5±4.1 0.97±0.01 70.9±19.1 3/14 

            

HET VT(IDIF) SE% of VT(IDIF) VS(IDIF) SE% of VS(IDIF) Ki(IDIF) SE% of Ki(IDIF) K1 SE% of K1 R2 AIC n 
(SE%<20)  

2TCM 1.53±0.19 8.4±2.7 / / / / 0.36±0.11 7.3±1.7 0.92±0.03 51.6±11.7 9/14 

2TCM 
K1/k2 1.51±0.22 8.5±2.7 / / / / 0.36±0.10 7.6±1.2 0.92±0.03 51.6±11.7 11/14 

2TCM 
VascTrap 0.43±0.07 17.1±20.9 / / / / 0.38±0.11 7.3±1.9 0.95±0.02 41.5±14.9 10/14 

3TCM / / 1.39±1.98 492.4±1537.4 / / 0.38±0.09 8.4±1.9 0.95±0.02 42.7±16.1 1/14 

3sTCM / / / / 0.011±0.002 52.5±110.5 0.38±0.09 8.9±1.5 0.95±0.02 42.6±16.1 6/14 

3sTCM 
k6=0 / / / / 0.008±0.001 12.5±15.5 0.39±0.11 8.0±1.5 0.94±0.02 41.4±15.6 12/14 
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