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ABSTRACT: Background: In this study, we investigated the feasibility of using a 1.5 Tesla (T) clinical magnetic resonance imaging (MRI)
system for in vivo assessment of three histopathologically different brain tumor models in mice. Methods: We selected mouse models in
which tumor growth was observed in different intracranial compartments: Patched*” heterozygous knock-out mice for tumor growth in the
cerebellum (n = 5); U87 MG human astrocytoma cells xenografted to the frontal lobe of athymic mice (n =15); and F5 (n = 15) or IOMM-
Lee (n = 15) human malignant meningioma cells xenotransplanted to the athymic mouse skull base or convexity. Mice were imaged using a
small receiver surface coil and a clinical 1.5 T MRI system. T1- and fast spin echo T2-weighted image sequences were obtained in all animals.
Gadolinium was injected via tail vein to better delineate the intracranial tumors. Twenty mice were followed by serial MRI to study tumor
growth over time. In these mice, images were typically performed after tumor implantation, and at two week intervals. Mice were euthanized
following their last imaging procedure, and their tumors were examined by histopathology. The histopathological preparations were then
compared to the last MR images to correlate the imaging features with the pathology. Results: Magnetic resonance imaging delineated the
tumors in the cerebellum, frontal lobes and skull base in all mouse models. The detection of intracranial tumors was enhanced with prior
administration of gadolinium, and the limit of resolution of brain tumors in the mice was 1-2 mm?®. Sequential images performed at different
time intervals showed progressive tumor growth in all animals. The MR images of tumor size and location correlated accurately with the
results of the histopathological analysis. Conclusion: Magnetic resonance imaging of murine brain tumors in different intracranial
compartments is feasible with a 1.5 T clinical MR system and a specially designed surface coil. Tumors as small as 1-2 mm? can be detected
with good image resolution. Mice harbouring nascent brain tumors can be followed sequentially by serial MR imaging. This may allow for
a noninvasive means by which tumor growth can be measured, and novel therapies tested without resorting to sacrifice of the mice.

RESUME: Imagerie au moyen d’un systeme d’IRM 1.5 Tesla utilisé en clinique de tumeurs murines produites par génie génétique et
xénotransplantées. Introduction: Nous avons évalué la possibilité d’utiliser un systeme d’imagerie par résonance magnétique (IRM) 1.5 Tesla (T) utilisé en
clinique pour I’étude in vivo de trois modeles différents au point de vue histopathologique de tumeurs cérébrales chez la souris. Méthodes: Nous avons choisi
des modeles présentant une tumeur dans différents compartiments intracraniens: des souris knock-out hétérozygotes Patched+/- pour les tumeurs du cervelet
(n = 5); des cellules d’astrocytome humain U87 MG xénotransplantées dans le lobe frontal de souris athymiques (n = 15); et des cellules de méningiome
malin humain F5 (n = 15) ou IOMM Lee (n = 15) xénotransplantées a la base du crane ou a la convexité de souris athymiques. Une petite sonde de surface
et un systeme IRM 1.5 T utilisé en clinique ont été utilisés et on a obtenu des séquences pondérées T1 et écho de spin T2 chez tous les animaux. Du gadolinium
a été injecté par la veine de la queue pour mieux faire ressortir les tumeurs intracraniennes. Vingt souris ont été suivies par IRM sérié pour suivre la croissance
tumorale. Chez ces souris, les images ont ét€ obtenues apres 1’implantation de la tumeur et aux deux semaines par la suite. Les souris ont été sacrifiées apres
la derniere séance d’imagerie et les tumeurs ont été examinées en histopathologie. Les préparations histopathologiques ont ensuite été comparées aux
dernieres images obtenues par RM pour établir des corrélations entre I’imagerie et la pathologie. Résultats: I’IRM a mis en évidence les tumeurs dans le
cervelet, les lobes frontaux et a la base du crane chez tous les modeles de souris. La détection des tumeurs intracraniennes était rehaussée par I’administration
préalable de gadolinium et la limite de résolution des tumeurs cérébrales chez les souris était de 1-2 mm?®. Des images séquentielles obtenues a différents
intervalles ont montré une croissance progressive de la tumeur chez tous les animaux. Les images de la taille et de la localisation de la tumeur obtenues par
RM correspondaient exactement aux résultats de I’analyse histopathologique. Conclusion: 1l est possible d’utiliser un systeme de RM 1.5 T utilisé en clinique
et une sonde spécialement congue pour I'IRM de tumeurs cérébrales dans différents compartiments intracraniens chez la souris. Avec une bonne résolution,
on peut détecter des tumeurs de 1 ou 2 mm3. On peut suivre des souris porteuses de tumeurs cérébrales naissantes par I'IRM en série. Cette méthode permet
de suivre la croissance tumorale de fagon non effractive et de tester de nouveaux traitements sans devoir sacrifier les souris.
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Magnetic resonance imaging of intracranial tumor growth has
been demonstrated in tumor models using rats*!7 and mice.>!8-4
Most investigators have used a dedicated rodent MRI with a
strong magnetic field (often 7-9 Tesla (T))?? and a small bore.?!?
Although the quality of the imaging on a dedicated murine 7-9 T
MRI is superior to lower magnetic field MR images, relatively
few centers are presently equipped with such a facility. A 1.5 T
MRI system has previously been used to image rat brain,'*!7 rat
gliomas?>?%2?7 and murine gliomas.?? As brain tumor research in
the future will rely heavily on newly developed mouse models,
here we have investigated the possibility of imaging brain
tumors that arise in different intracranial compartments in a
variety of orthotopic mouse models using a widely available
clinical 1.5 T MRI system.

MATERIALS AND METHODS

Animal care protocol

Athymic mice (Swiss nu/nu) and Patched*" heterozygotes
were used to study brain tumor growth in various intracranial
compartments. All mice described in the study were housed in
the animal care facility at the Hospital for Sick Children (HSC).
Approval to use the mice in this study was granted by the Animal
Care Committee, HSC. The Institutional Hygiene Committee at
HSC approved the use of the clinical MRI system for imaging of
experimental animals. Housing, surgery and transport of mice
were performed according to local standardized procedures. The
mice were housed five per cage with water and food ad libitum.
Mice harbouring intracranial tumors were observed daily for
dehydration or signs of tumor growth including rumpled fur,
decreased feeding, accentuation of the thoracic kyphosis,
paralysis, ataxia and domed heads. Some mice were imaged
immediately after symptoms were documented and then
sacrificed within hours for pathological correlation. Others were
serially imaged, with initial imaging being performed prior to
onset of symptoms or signs of increased intracranial pressure.

Brain tumor cell lines

U87 MG malignant glioma (from ATCC), IOMM-Lee?® and
F5 malignant meningioma® (gift from Dr. S. D. Rabkin,
Department of Neurosurgery, Georgetown University Medical
Center, Washington) cell lines were cultured in Dulbecco’s
modified eagle’s medium with low glucose, supplemented with
10% fetal calf serum, penicillin and streptomycin and incubated
at 37°C in a humidified atmosphere of 95% air and 5% carbon
dioxide. The cells were trypsinized, washed in sterile PBS,
centrifuged and resuspended in a volume of sterile phosphate
buffered saline (PBS) resulting in 2x10° cells/uL.

Anesthesia

For surgery or MRI, mice were anesthetized with a
combination of Hypnorm (composition: 0.315 mg fentanyl
citrate/ml, 10 mg fluanisone/ml, Janssen Pharmaceutica, Beerse,
Belgium) and Midazolam (5 mg/ml, Roche, Mississauga,
Canada) injected intraperitoneally (diluted in distilled water
Hypnorm 1:4, Midazolam 1:6.6, mixed in equal volume, 0.1 cc
per 10 gram). Due to the total length of time required to image a
group of mice, it was frequently necessary to administer a second
dose of anesthetic. The mice were not intubated. After
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anesthesia, mice received a subcutaneous injection of 0.5 ml
saline to replenish fluids and were kept warm until recovery.

Intracranial injection

Female athymic nude mice (Swiss nu/nu) six to eight weeks
old were used for xenotransplantation studies. After induction of
anesthesia, mice were fixed in a rodent stereotactic head holder
(ASI instruments, Warren, MI). Aseptic surgical technique was
strictly followed.*® The head was prepped with Betadine.
Lidocaine (Abbott Laboratories, Abbott Park, IL) was
subperiostially injected at the vertex of the cranium. After a
linear midline skin incision, a burr hole was made 3 mm anterior
and 2 mm lateral to the bregma (Dremel drill, Racine, WI, USA).
Cells were injected with a Hamilton microsyringe (7105 KH,
Hamilton Company, Reno, NV) attached to the stereotactic
holder. Tumor cells were injected intracerebrally at a depth of 3
mm beneath the cortical surface (U87 MG, n = 15 mice) or at the
skull-base (IOMM-Lee, n = 15 mice; and F5, n = 15 mice)at a
depth of approximately 7 mm, when bony resistance was
encountered. Each mouse was injected with 1x10° cells in a
volume of 5 uL over a period of 60 seconds. After one minute the
needle was slowly removed. The skin was closed with
interrupted Dexon 5.0 sutures.

Patched*" heterozygote mice

A colony of Patched* mice were a gift of Dr. C.C. Hui
(Department of Developmental Biology, Hospital for Sick
Children). Mice were genotyped by polymerase chain reaction
using DNA from tail clippings. Primers used were

P1, 5>-GACCATGTCTGCAACACTTAGGTTCC-3’;

P2, 5>-GAAGGCCAGGAGGAGAAGGCTCAC-3’;

P3, 5’-CTGTGCTCGACGTTGTCACTG-3’;

P4, 5>-GATCCCCTCAGAAGAACTCGT-3".%!
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Figure 1: Surface coil schematic. The suface coil is a single loop 1-inch
diameter copper wire without breaks tuned to 63.8 MHz with an
impedance of 65 ohms at 0 degrees phase when loaded. It has a diode
protection circuit activated by the signal to deactivate the coil during
transmit time (Microsemi Corps, Watertow, MA). There are two
capacitors (590 and 148 pF, Dielectric Laboratories Inc., Cazenovia,
NY) within the circuit.
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Polymerase chain reaction products were analyzed by agarose
gel electrophoresis and visualization on an UV light box. Five
Patched*” mice (three symptomatic, two asymptomatic) were
selected for imaging as described below.

Magnetic resonance imaging

A 1.5 T clinical MRI scanner (CVMR, LX platform, 8.2.5
software, GE Medical Systems, Milwaukee) was used to image
brain tumors in both symptomatic and asymptomatic mice.
Initial studies were performed with a wrist extremity coil or 3
inch phased array coils. A specially designed small surface
receiver coil was used in subsequent studies to improve the
signal to noise ratio. This coil was designed and donated by Dr.
M. Henkelman (Department of Medical Biophysics, University
of Toronto) (Figure 1). Gadolinium was administered
intravenously via tail vein injections (0.2 ml/kg, 1:20 dilution of
gadolinium). Scanning was performed immediately after
intravenous injection of the contrast agent.

High resolution fast spin echo T2-weighted imaging (TR
4000, TE 82, FOV 5x3.75cm, matrix 512 x 384, 3NEX using a
1.5 mm slice thickness with a 0.2 mm gap and an acquisition
time of 7 min 28 sec) was performed in multiple planes as well
as conventional T1-weighted spin echo sequences prior to and
following the administration of gadolinium (TR 500, TE 11,
FOV 5 x 3.75, matrix 256 x 160, 2 NEX again with a 1.5 mm
slice thickness with a 0.2 mm gap resulting in an acquisition time
of 2 min 4sec).

Histological analysis

Deeply anesthetized mice were euthanized and then perfused
with a buffered formalin solution. The brain was quickly
removed under a dissecting microscope, sectioned coronally and
embedded in paraffin. Paraffin sections (5 u thick) were stained
with hematoxylin and eosin and examined by light microscopy.
The orientation, and size of the brain tumors with respect to the
surrounding normal brain on the histological sections were then
correlated with the images obtained by MR.

RESULTS

Feasibility

Noninvasive, serial assessments of intracranial tumors in
mice with a clinical 1.5 T MRI system were feasible and safe.
There were no mortalities relating to either the anesthetic used or
imaging procedure performed. After introduction of the small
surface receiver coil, a significant improvement in image quality
was noted primarily due to improved signal to noise ratio (Figure
2A,B) when compared with the wrist extremity coil (Figure 2C).
The spatial resolution was excellent and structures of 1-2 mm,
such as the fourth ventricle, were easily identified. And tumors
as small as 1-2 mm? could be appreciated on the images.

Intracerebral glioma model

Intracerebral tumors formed in all mice implanted with U87
MG glioma cells. Serial imaging of the implanted tumor was
performed in five tumor bearing mice. As one representative
example of this group, 19 days after intracerebral injection of
U87 MG glioma cells, a small homogeneously enhancing
intracranial mass was noted (Figure 2A). On day 33 post
implantation, the mouse was found to be symptomatic with signs
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of raised intracranial pressure. Imaging studies revealed a
significant interval increase in the size of the tumor. After
intravenous injection of gadolinium, a well-defined
heterogeneously enhancing mass was visualized with evidence
of extracranial extension through the calvarium likely along the
needle tract (Figure 2B). There was significant mass effect noted
with midline shift to the left and obstructive hydrocephalus with
moderate dilatation of the lateral ventricles. The central hypo-
attenuation suggested cystic changes within the tumor or central
necrosis. Histological examination of the tumors revealed the
absence of any vasculature in the central portions without
necrosis (Figure 2D). The periphery of the tumors had a well-
established blood supply (Figure 2E) which would explain the
observed enhancement pattern.

Skull base meningioma model

Intracerebral injection of IOMM-Lee or F5 malignant
meningioma cells resulted in spherical tumors that grew
preferentially in the subdural space. On T1-weighted images
after gadolinium injection these tumors typically showed mild
enhancement with clearly defined tumor edges (data not shown).
The meningiomas that resulted from injection of F5 meningioma
cells showed a growth pattern similar to human convexity
meningiomas. A tumor could be depicted in asymptomatic mice
injected with F5 meningioma cells as early as 21 days after
injection, with subsequent images revealing tumor growth (data
not shown). T1-weighted images in mice with symptoms of
raised intracranial pressure 29 days after injection of F5
meningioma cells, showed large, spherical tumors with bright
homogeneous enhancement (Figure 3A). The tumors had
extracranial growth through the burr hole. There was mass effect
causing midline shift and mild hydrocephalus. The tentorium
showed moderate enhancement. The tumor margins were sharp,
with no evidence for brain or bone invasion. On the histological
sections of the brain, atypical meningiomas were seen growing
in the subdural space (Figure 3B). Histological examination
revealed the tumor growing along the injection tract into the
subdural space and, in some mice, extradurally through the burr
hole. By histopathology, the tumors had a lobulated pattern.
Typical whorls were not observed and necrosis was absent.

Mice with IOMM-Lee meningioma cells injected at the skull
base developed tumors highly similar to human skull base
meningiomas. The meningioma encased the cranial nerves, grew
along the optic nerve and invaded bone of the skull base. T1-
weighted images of symptomatic mice 14 days after injection
showed a hypointense subdural mass that compressed the brain
and caused midline shift. After gadolinium administration,
enhancement of the tumor margins was seen (Figure 3C).
Destruction of the skull base with tumor invasion was shown on
the axial MRI. The histology showed a highly cellular tumor that
invaded the skull base (Figure 3D). Invasion of the mouse brain
was present, but was considerably less than the amount of bone
invasion as determined by histopathology. The MIB-1 index was
30%. Five mice injected with IOMM-Lee cells demonstrated
widespread dissemination of tumor in the subarachnoid space
recapitulating meningeal carcinomatosis (data not shown).

Cerebellar medulloblastoma model

Patched*" mice were observed to develop cerebellar tumors
with a striking histological resemblance to human medullo-


https://doi.org/10.1017/S0317167100003036

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

Figure 2: Glioma model. MRI and pathology of brain tumor after intracranial injection of U87

astrocytoma cells.

A) Asymptomatic mouse 19 days post injection. Coronal MRI shows a small enhancing en-plaque mass deep to the calvarium, appearing extra-axial
on the gadolinium enhanced T1-weighted image. There is some soft tissue swelling of the overlying scalp related to the previous surgery. This mouse
is clinically asymptomatic.

B) Same mouse as in A), now symptomatic at 33 days post-injection. Interval growth of the mass is noted causing midline shift and obstructive
hydrocephalus. The ventricles are somewhat enlarged. Images from A) and B) were obtained using a small surface receiver coil.

C) Imaging of same mouse as in B) using wrist coil. While the tumor
is still visualized, the quality and resolution of the image is not as
good as with the surface receiver coil.

D) Gross specimen of mouse brain with tumor showing tumor size
and adjacent brain edema. Hematoxylin and eosin stain of mouse
tumor showing the demarcation zone between the tumor and mouse
brain. The tumor border is well-vascularized whereas the central
portion of the tumor is relatively devoid of blood vessels. Arrowhead
pointing to tumor. Asterisk (*) indicates tumor. Magnification, x 25.

Figure 3: Meningioma models.

A) Coronal MRI of mouse brain tumor 29 days after implantation of
F5 meningioma cells. A large, spherical tumor with relatively
homogeneous, intense enhancement on the Tl-weighted image is
seen, causing midline shift and hydrocephalus. The tumor has
extracranial extension.

B) Histopathology of mouse meningioma from A) after imaging on
day 29. Meningioma cells form a tumor that has grown along the
injection tract into the subdural space. Extracranial extension is
seen. Brain invasion is not present. H&E, x 25.

C) Coronal MRI of mouse brain tumor 14 days after implantation of
1OMM-Lee malignant meningioma cells. A hypointense extra-axial
mass growing at the skull base demonstrating moderate
enhancement of the tumor edges is noted on the T1-weighted image.
The skull base on the side of the tumor is destroyed by tumor
invasion. Tumor growth is also seen in the parapharyngeal area.
D) Histopathology of mouse brain tumor shown in C) after
completion of imaging. IOMM-Lee cells form a tumor with invasion
of bone as depicted on the MR. Invasion of the mouse brain is
limited to growth along the blood vessels. The tumor is poorly
vascularized. Asterisk (*) indicates tumor. H&E, x 25.
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Figure 4: Medulloblastoma model in Patched*" mice
A) A sharply demarcated heterogeneous mass with hypointense and isointense components on axial T1-weighted images is noted
with rim enhancement after intravenous gadolinium injection. Obstructive hydrocephalus with moderate dilatation of the lateral,
third and fourth ventricles is noted as well as midline shift and compression of the left lateral aspect of the cerebellum.

B) Histopathology of brain tumor from mouse in A) shows a small blue cell tumor. The tumor cells show variability in nuclear
and cytoplasmic size and shape. H&E, x25. Asterisk (*) indicates tumor. Arrowhead points at rim enhancement.

blastoma. T2-weighted MRIs of symptomatic Patched* mice
showed hyperdense cerebellar mass. On T1-weighted imaging
following intravenous gadolinium injection, the tumor was
predominantly hypointense with rim enhancement (Figure 4A).
The histological analysis of the brain showed a highly cellular
tumor, with dense small blue tumor cells (Figure 4B). These cells
were heterogeneous in size with significant nucleolar variation.
No necrosis or rosette formation was present.

DiscussioNn

In this study, we have shown that a 1.5 T clinical MR system
is capable of imaging brain tumors that arise in different
intracranial compartments of the mouse brain. Administration of
gadolinium prior to imaging enhances the detection of the
tumors. Tumors as small as 1-2 mm?® in size can be identified
using this technique. We have also shown that mice harbouring
brain tumors can be followed with serial MRIs, and that the
growth and size of these tumors can be monitored noninvasively.
Finally, we have demonstrated that the tumours that are
visualized on MR correlate accurately with the histopathology of
these lesions and their relationship to surrounding tissues such as
normal brain or skull.

In the past, translational research utilized human tumor
explants that grow poorly in the intracranial space or cell lines
whose geno/phenotypic fidelity to the original tumor remains
questionable. In the future, the development of novel therapeutic
strategies for brain tumors may arise from studying genetically
engineered animal models that faithfully mimic the human
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condition.? For these reasons, we tested the feasibility of using a
clinical 1.5 T MRI to obtain fast, high quality images of tumors
growing in three separate intracranial compartments in mice. We
originally tried two different receiver coils, a wrist extremity coil
and a temporomandibular joint coil. The resolution that we
obtained was much superior with the specially designed 2.5 cm
solenoidal coil. Although the first two receivers are adequate in
detecting larger tumors in symptomatic mice, the 2.5 cm
solenoidal coil improved spatial resolution such that tumors as
small as 1-2 mm? could be visualized in asymptomatic mice.

Most imaging studies to date examining the murine brain
involve dedicated research magnets that are smaller and more
powerful than clinical MRI units. There have been many
previous studies in which such MRI units were used to study
orthotopic rodent gliomas, but these have been performed using
xenografts of rat glioma cell lines such as C6% or 9L.6%12.1525
Recently, studies have emerged in which MRI of murine brain
tumors has been performed with 1.5 - 7 T magnet strength.>21-24
At higher magnet strength such as 7 T, the images that have been
rendered for murine brain tumors are superior to those at 1.5 T.
In fact, imaging resolution of tumor volume at 7 T may be in the
order of 0.1 mm?. Despite the obvious advantages of a 7 T
magnet system for murine brain imaging, the 1.5 T system
described here has appeal because of its widespread availability
to researchers working within or near hospital centers in which
clinical MR units are often found.

For the evaluation of tumor size, we found that gadolinium
enhancement was superior to noncontrast T1-weighted images.
Not only did the tumors display almost immediate enhancement
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following intravenous tail vein injections as compared to a 20
minute lag time with intraperitoneal injections, but the
enhancement was much brighter. Although the tumor margins
were less discrete than T1-weighted images, the T2-weighted
images were also informative, demonstrating associated
vasogenic edema. In future experimental imaging studies, other
MR sequences including FLAIR, diffusion-weighted, and
diffusion tensor-imaging could potentially be utilized to study
murine brain tumors.? In addition, MR spectroscopy (MRS) has
been performed in mice to study cerebral metabolite profiles in
the context of ischemia and stroke.’>3* It is possible that MRS
will be of value in studying the brain tumors that arise in mice in
the same way that MRS has helped with the study of human
brain tumors.?>3® However, for MRS to be successful in mice,
higher field strength magnets in the order of 7 - 12 T are required.?*

Glioblastoma, meningioma and medulloblastoma are three
primary brain tumors that are commonly seen in clinical practice
and towards which much research is dedicated to develop new
treatments. Not only do these tumors differ greatly in biology,
but they also have properties which allow for their growth in
different intracranial compartments. To our knowledge, this is
the first study to describe an imaging technique which was
successful in characterizing the presence and growth of brain
tumors in the posterior fossa, the supratentorial frontal lobe, and
the anterior cranial base. As the incidence of brain tumors in
either xenotransplanted or genetically engineered mice is
generally not unity, another benefit of noninvasive screening by
MR is early detection of tumors in asymptomatic mice, a
determination which may prevent the inclusion of nontumor
bearing mice into a given study.

Supratentorial intracerebral tumours formed in all mice that
were grafted with U87 MG astrocytoma cells. On average, signs
of raised intracranial pressure could be detected by day 30.
However, with the use of our MRI protocol, small, asymptomatic
tumor growth was visualized on day 19. These early tumors first
appear as homogenously enhancing lesions but as they progress,
the periphery remains brightly enhancing with the center
becoming hypointense, suggesting necrosis. Interestingly,
however, on histopathology the tumors do not demonstrate
central necrosis. Rather, there is a paucity of vessels centrally as
compared to the periphery of the tumor. In this model, there was
a well-defined plane between the tumor and the brain without
invasion of the parenchyma. This lack of invasiveness of U87
MG astrocytoma cells highlights one of the major drawbacks of
xenografted tumors into nude mice. Hence, the requirement to
identify new mouse models in which the histopathological
features of the human disease are recapitulated in the mouse.

Murine models attempting to recapitulate intracranial growth
of meningiomas in the usual anatomical sites are few and
recent.”*® The IOMM-Lee meningioma cell line used in this
study invaded the bone readily and extended into and invaded the
surrounding soft tissues. Mice xenotransplanted with the I[OMM-
Lee cell line generally became symptomatic by 14 days after
injection. By way of contrast, mice injected with the F5
meningioma cell line developed tumors that grew preferentially
along the convexity with signs of raised increased intracranial
pressure occuring 21 days post-injection. The MR imaging
features and histopathology of these two cell lines differed. The
tumors derived from IOMM-Lee cells had a thin rim of contrast
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enhancement and a central hypointensity on T1-weighted
images, whereas the F5 tumors were homogenously enhancing.
Histologically, IOMM-Lee tumors grew in hypercellular sheets
without whorl formation and invaded along vessels into the brain
parenchyma mimicking a human malignant meningioma. The
MIB-1 index was over 30% with necrosis at the center of the
tumors. By histopathology, F5 tumors were more reminiscent of
benign meningiomas with some whorl formation, but no
evidence of brain, cranial nerve or bone invasion. Necrosis was
not seen. Accordingly, the in vivo growth characteristics of
IOMM-Lee and F5 cell lines mimic malignant and benign
meningiomas, respectively, and may serve as useful models in
the future for the evaluation of therapeutics for these tumors.

The posterior fossa tumors in Patched* mice had
predominantly rim enhancement after intravenous gadolinium
administration, unlike the bright homogeneous enhancement
most human medulloblastomas demonstrate. These tumors were
generally well-vascularized, suggesting that the lack of tumor
vasculature is not a factor in the limited enhancement pattern.

High resolution 1.5 T MRI images of xenografted and
genetically modified mouse brain tumor models have been
obtained for tumors growing at the skull base, and within
intracerebral and intracerebellar locations. The growth of these
tumors could be followed with serial imaging of asymptomatic
mice. With the increased availability and number of genetically
modified mice that develop brain tumors that recapitulate the
human disease, the ability to obtain accurate images of tumor
size and location will help determine tumor growth without
resorting to sacrifice of the animal during treatment. The
development and application of novel therapeutic strategies,
such as convection enhanced delivery, gene therapy, RNA
interference, and immunotoxin therapy, for murine brain tumor
models may be assisted by such imaging systems.
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