A feasibility study of diffusion MRI for early detection of xenograft models in mice.
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TARGET AUDIENCE
Neuroradiologists and biologists studying development of brain tumors.

INTRODUCTION

We investigated whether diffusion MRI might be useful for early detection of slow growing and diffuse infiltrative tumours, such as the investigated
LN-2669GS and LN-2450GS glioma sphere xenografts, which are otherwise not visible in standard T1 and T2-weighted MRI images'. Diffusion
MRI protocols, either diffusion weighted imaging (DWI) or diffusion tensor imaging (DTI), were optimized for contrast by exploring long diffusion
times (A) suitable for probing the microstructural alterations induced in mouse brain by the slow infiltration of glioma sphere cells.

In addition, proton MR spectra of lesions and immunohistochemical assessment were correlated with imaging results.

MATERIALS AND METHODS
LN-2669GS and LN-2540GS human glioma-derived sphere lines>* were cultured under stem cells conditions and used for orthotopic implantation
(10° cells) into nude mice (n=4 per sphere line). MRI measurements were performed using a 14.1T/26cm scanner (Varian/Magnex Scientific)
equipped with a two-loop quadrature surface coil used as a radio-frequency transceiver. The MRI protocol included T2-weighted turbo-spin-echo
images, DWI and DTI, both acquired using the pulse gradient stimulated echo (PGSTE) sequence (TR/TE=3920/22ms, A/36=80/4ms, in-plane-
resolution=156x156pum?). Different A values ranging from 20 to 200ms were explored at fixed as well as at variable gradient amplitude ranging from
0 to 18G/cm for optimizing glioma detection. DWI acquisition was performed using eight b-values ranging from 294 to 2700s/mm’ with the diffusion
gradient applied along the readout direction. DTI required diffusion-weighted images acquired at the same b-value=1352s/mm? but diffusion gradient
applied along six different spatial orientations. DTI was reconstructed using FSL DTIFIT routine. Mean values of diffusion indices were calculated in
tumours and in the corresponding brain regions of controls (n=4) using a custom MATLAB script. Statistical analysis was performed using two-
tailed, unpaired Student’s r-test. Proton spectra of gliomas were acquired during the last MRI session using the SPECIAL sequence* with a VOI
located within tumours. Finally, mice were sacrificed and sections stained underwent immunohistochemical assessment.

RESULTS

Tumours were properly identified by diffusion-weighted images (Fig 1) and diffusion maps (Fig 1, 2) acquired using
A=80ms, whereas the lesions were not visible in the corresponding T2-weighted images (Fig 1, 2). The first evidence of
tumour presence was revealed for both xenografts three months after tumour implantation, while no necrosis, oedema or
haemorrhage was shown by MRI monitoring, and confirmed by histology. Proton spectra of lesions showed metabolite
changes (Fig 3) similar to those previously reported? for slowly growing tumours, thus confirming tumour presence in
combination with immunohistochemical findings. Mean values of diffusion indices, i.e., mean diffusivity (MD) and b=1352 s/mm2
fractional anisotropy (FA), calculated in LN-2669GS and LN-2540GS glioma sphere xenografts, and in the
corresponding brain regions of controls were (0.7120.04)- 10 mm?s and 0.1620.02, (0.66+0.05)-10>mm?s and 0.20 *
0.03, and (0.570.03)- 10 mm%s and 0.19+0.02, respectively. Compared to the controls, a significant increase in MD
was observed in tumours grown as LN-2669GS xenografts but not in the tumours grown from LN-2540GS cells. FA
significantly decreased in tumours grown as LN-2669GS xenograft and remained constant in those grown from LN-
2540GS cells. These values reflect microstructural differences between LN-2669GS and LN-2540GS xenografts,

confirmed by histology. Fig.3 High resolution proton
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Fig. 1 T2-w and DWI
P images, and ADC map
from LN-2669GS glioma
sphere xenograf. Lesion
indicated by arrow.
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DISCUSSION

Compared with T2-weighted MRI, tumours could be properly identified and investigated by using a long diffusion time. Moreover, different values
of diffusion indices between LN-2669GS and LN-2540GS xenografts highlighted diverse tumour microstructure for each xenograft, reflected by
histology. In conclusion, this study demonstrates the high sensitivity and specificity of the diffusion MRI techniques for early detection of glioma
sphere xenografts, thus providing a potential imaging biomarker for early detection of slowly growing tumours in humans.
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