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1 OVERVIEW
Malignant brain tumors are the most common cause of solid cancer death in children. Innovative
therapies are vital to improve treatment outcomes, but must be developed to enable trafficking across the
blood brain barrier (BBB). For this advent, animal models provide important information prior to clinical
studies. Among the different in vivo models orthotopic patient-derived xenograft (PDX) models represent
the diversity seen in patient tumors and hence replicate response rates in the clinical trials better as
compared to other more simplistic models.

Especially in the brain tumor field, imaging has a central role in clinical diagnosis and as a prognostic
factor to monitor therapy response. It enables longitudinal patient monitoring in a fully translational
manner. Magnetic resonance imaging (MRI) and positron emission tomography (PET) are widely used for
clinical diagnosis and disease follow up. Choosing the most suitable imaging application depends of the
target of interest or mechanism of action. MRI offers unprecedented soft tissue contrast, high spatial
resolution and non-invasive nature renders MRI in rodents a perfect tool for preclinical work in
oncological applications. In case of orthotopic brain tumor models, MRI offers the state-of-the-art
anatomical tumor monitoring over disease progression. PET can be applied to study tumor proliferation,
metabolism, metastasis as well biodistribution of novel antibodies. Further, a novel approach to study
cerebral blood flow was applied using functional ultrasound. 3D reconstruction of the brain can be utilized
to study vasculature.

The purpose of this work was to characterize orthotopic PDX brain tumor model using MRI, functional
ultrasound and PET imaging. By direct comparison of the imaging data derived from the preclinical
mouse model with similar data-sets from the donor patient the translational value of the model as well as
the read-out system will be achieved.

As a conclusion, translational in vivo imaging techniques were applied to study orthotopic tumor model.
These readouts provide a powerful and translational research tool together with oncological disease
animal models allowing comprehensive evaluation of disease progression and treatment interventions for
in vivo studies.

2 MRI ,  fUS AND PET IMAGING
Total of 8 NSG mice were used to model an orthotopic paediatric PDX glioma. During the course of the
experiment weight of the animals was monitored daily. The experiment was conducted in AAALAC
accredited facilities.
MRI. Anatomical imaging was performed at day 7 post-implantation using 11.7 T small animal scanner
(Bruker BioSpin, Germany). Experimental protocol consisted breathing gated localizer images, multi-slice
multi-echo sequence for absolute T2 mapping and fid-FISP sequence for high resolution anatomical
images, spin-echo diffusion maps. (FIGURE 1.)
FUNCTIONAL ULTRASOUND. Tomographic ultrasound imaging was performed using a prototype
functional ultrasound system (Iconeus, France), consisting of ultra-fast ultrasound imaging system,
miniature probe allowing precise positioning in 3 orthogonal planes. Plane-wave ultrasound imaging of
the brain at high frame rate was performed in 3D mode, which enables reconstruction of high-resolution
map of perfusion in arterioles. Isoflurane–anesthetized mice were shaved, fixed into the pre-heated fUS
holder and then imaged with ~100 um in-plane resolution from -5 mm to +2 mm from bregma. (FIGURE
2A.)
PET. For the metabolic activity imaging at day 7, mice were cannulated, aligned to PET/CT scanner
(BioPET/CT, Sedecal), dosed with 18F-FDG and scanned 30 – 55 min post dosing. 3D OSEM
reconstruction was applied prior quantitative analysis (PMOD v3.7). (FIGURE 2B– 2E.)

4 CONCLUSIONS
In this study individual pathological findings in PDX glioma model were studied using
translational imaging modalities. MRI clearly showed the pathological changes in brain as well
variation within model, which resembles well the clinical situation. Perfusion maps obtained with
fUS demonstrated vascular abnormalities along the enlarged ventricles but no dramatic
changes in local perfusion. Metabolic changes reflecting brain functionality, damaged and
proliferating/inflammatory areas were visualized. Further, neurological scoring was applied to
monitor general health status of studied animals. As a summary, the used PDX model showed
similar pathological findings as reported in clinical patients.
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3 NEUROLOGICAL INDEX
NEUROLOGICAL CHRACTERIZATION. Each mouse
was observed over 1-2 minutes to score neurological
index. The following 30 behaviors were evaluated:
Head Tremor, Head Twitch, Head Bobbing, Head
Searching, Body Tremor, Body Twitch, Tail Tremor, Tail
Twitch, Straub Tail, Piloerection, Shallow Respiration,
Flattened Body Posture, Swollen Face, Ptosis,
Irritability, Seizure, Urine Staining, Lacrimation,
Salivation, Limb Splay, Catalepsy, Abnormal Gait, Tip
Toe Walking, Slow Careful Movements, Excessive
Grooming, Circling, Sniffing, and Chewing. In addition
to the above occurrences the chronic observational
phase includes excessive locomotor activity, loss of
startle response, loss of righting reflex, dehydration and
tail pinch. The assessment was performed as follows: A
score of 0 was assigned for normal features (such as
locomotor activity) or for the absence of abnormal
features (such as absence of piloerection); a score of 1
was given when mild abnormalities were observed; and
a score of 2-3 was given when severe abnormalities
were observed. All of these features were scored from
simple observation of the mice in their cage, except for
the startle, tail pinch and righting reflexes which are
direct manipulations. To test the startle reflex, a small
hand clicker was used to generate a loud popping
noise and the following behaviors were identified during
this process: jumping, freezing, and rapid eye blinks.
For the righting reflex, each mouse was then removed
from its home cage and placed on its back allowing the
mouse to correct itself. Tail pinch was tested by gently
squeezing the end of the tail with forceps. (FIGURE 3.)

FIGURE 2. A) Morphology of vasculature and changes
related to cerebral blood flow as a result of pathological
change or alteration related to pharmacological effect can
be visualized longitudinally. B, C) Metabolic activity in
brain was decreased in damaged regions and increased
due to proliferation or inflammation compared to naïve
mouse (D). E) Whole-body imaging supports to study
possible peripheral metastases.
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FIGURE 3. Neurological scoring can be
applied to monitor general welfare of the
animals.

FIGURE 1. Pathological findings in pediatric PDX glioma model. Anatomical images (left panel) as coronal slices are shown
in caudal to rostral direction from 2 individuals (A-B) with corresponding T2 heat maps (right panel). Increased amount of
CSF especially in 4th ventricle was observed (red arrow). Further, acute obstructive hydrocephalus/aqueduct stenosis caused
by extrinsic compression was observed in all shown animals. For clinical diagnosis, features and causes related to acute
obstructive hydrocephalus include e.g. enlargement of the temporal horns, transependymal edema, or periventricular oozing
of lateral ventricles and outward bowing of the lateral walls of third ventricle. In clinical cases pathological background for this
can be divided to congenital as gliosis or aqueductal webs, extrinsic reasons as compression due to brain tumors of different
origin or intrinsic reasons related to meningitis or subarachnoid hemorrhage. As a summary, similar pathological findings
were seen using MRI in this pediatric PDX glioma model as described in clinical patients. T2 heat maps can be used to
visualize condition of brain and numerical readout (T2 relaxation time) can be derived from regions of interest.
C) As a comparison for this study with PDX glioma model, case example images of solid glioma model in rat (BT4c-tk cells)
over time. Rats were scanned on days 13, 21 and 42 post intracranial cell infusion. These images demonstrate precise
approach for volumetric analysis using MRI in orthotopic glioma models.
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