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Introduction

Glioblastoma Multiforme (GBM) is the one of the most
malignant brain tumours in humans. It is inherently resistant
to chemotherapy and radiation therapy. The median survival
time from diagnosis without any treatment is three months.
Of great concern, microscopic GBM tumour cells remaining
along surgical resection margins tend to grow back and result
in disease recurrence and progression.

Fourier Transform Infrared (FTIR) spectroscopy allows for
qualitative and quantitative analysis of the basic components
of biological tissues (lipids, proteins, carbohydrates and
nucleic acids). Tthe identifying spectra are recorded in the
mid-infrared light region between wave numbers 4000-1000
cm™.[1,2,3,4] Working in vitro with glioma cell lines, we
were able to distinguish white from grey matter based on
spectral differences by increased contributions from lipids
and cholesterol, as well demonstrate the same findings
quantitatively in vivo in low and high grade human glioma
tissue sections. [5] More recently, these researchers devised

a classification system for mixed group of malignant human
gliomas based on IR spectroscopy and linear discriminant
analysis, with a high degree of accuracy. [6,7] The technique
of FTIR spectral mapping is fast approaching its utility

as a tool for molecular histopathology[8] by detection of
subtle chemical changes in tumours indicative of tumour
progression [9,10] and for identifying prognostic

indicators. [11] Conventional IR spectromicroscopy
examination of biological tissues has limitations [12],
including insufficient spatial resolution of only approximately
20-25 pm. These problems are overcome by synchrotron

IR light by virtue of its brightness, which is 100—1000 times
greater than that from a conventional source. [13] Individual
biological cells range from 5-30 pm in diameter, too small
for probing by conventional IR sources. The much greater
brightness of synchrotron light, however, permits intracellular
imaging of molecular chemical structure and, compared to
globar IR light sources [14] provides greater spectroscopic
detail that could serve as a more refined diagnostic tool [15]
for a spectrum of malignant brain tumours, both in terms of

differentiating tumour types as well as assessing the degree of
anaplasia.

The objectives of this research is toinvestigate GBM tumour
tissue at the molecular level using synchrotron mid-IR
spectro-microscopy, in order to (1) identify a specific
“molecular” fingerprint that is unique to GBM tissue; and
(2) use this technique to develop more accurate methods to
determine whether all tumour cells have been removed from
the margins of the operated area in the brain.

Accurate determination of the presence or absence of
microscopic residual GBM tumour may provide an option
for a second, more complete resection of residual tumour

not otherwise identified at initial surgery or on post-surgical
magnetic resonance (MRI) imaging of the brain. This detailed
additional information could also lead to more refined and
precise radiotherapy treatment, with inclusion of all known
tumour bearing-areas within radiation treatment portals,
while protecting surrounding vital areas of normal brain.

Science

Thin tumour sections on IR transmission slides were raster
scanned with synchrotron light using Fourier transform
infrared (FTIR) spectromicroscopy at CLS beamline 01B1-1.
Spectromicroscopy was performed using an IFS 66v/S FTIR
spectrometer attached to a Hyperion IR microscope with a
36X Cassegrain objective and a single channel MCT

detector. Visible images were obtained using a charged-couple
device (CCD) camera, linked to the infrared images. Raster
scans were obtained in the mid-infrared range of
4000-900cm™ using a 10 x 10 um aperture, 10 um step size,
32 scans per step, and resolution of 4 cm™. Stage control, data
collection and processing were done using OPUS software.

Results. Thus far, we have completed eight sets of
experiments, six with GBM samples and two normal controls.
Data analyses, based on our previously published results [16]
using CytoSpec, a software tool designed for FTIR image
analysis, is currently in progress.



Discussion

In order to increase our sample numbers, we plan to accrue
more samples by growing a human GBM cell line in the
brains of nude mice, and subjecting the harvested GBM
xenograft tumour sections to analysis. Spectral datasets will
be loaded into the analysis package, the second derivative
calculated, and the derivative datasets then normalized to
reduce any sampling artifacts. A statistical analysis of this data
will be performed using a hierarchical clustering algorithm
(Wards algorithm) which compares the individual elements
of the dataset and classifies them into groups (clusters) based
on their similarity with other elements of the dataset. This
classification process, known as hierarchal cluster analysis
(HCA), will then be used to look at the entire dataset as a
colour-coded map, matching spectra with their irrespective
clusters. The average spectrum can also be calculated for each
cluster and compared across samples.

Conclusion

This research plan was designed to flow from synchrotron
mid-IR Beamline diagnostic studies into GBM treatment
studies with microbeam radiation therapy at CLS on the
Biomedical Imaging and Therapy facility.
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