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Abstract—Proteins in living organisms must fold in order to
carry out their biological function. However some proteins
misfold to become unwanted deposits. Understanding the causes
and mechanics of protein folding is immensely important in the
study of diseases which are caused by protein misfolding. This
abstract reports on a novel study which uses terahertz (THz)
spectroscopy to probe misfolded proteins in excised diseased
human brain tissue. Our early results show distinction in the THz
absorption spectra, which could be attributed to pathological
changes in the diseased tissue.

I. INTRODUCTION

ROTEIN misfolding is attributed as being the cause of a

range of diseases that involve an unnatural, accelerated

accumulation of protein deposits in tissue. One class of diseases

is amyloidosis—a group of disorders characterized by

insoluble extracellular protein deposits with internal f-sheets'

Two well known diseases in the family of amyloidoses are
Alzheimer’s disease (AD) and type II diabetes”.

Terahertz (THz or T-ray) spectroscopy and imaging have in
the past been applied to a wide range of medically-inspired
applications. Among these applications, THz has been shown
to be potentially useful as a diagnostic tool for protein sensing
and histomorphology studies of healthy and diseased excised
tissue*, where fresh and fixed tissue samples are used.
Lyophilized tissue samples from various organs have also been
explored®. Given the past success of THz protein sensing, it is
expected that the collective vibrational modes of protein
deposits found in amyloidosis can be detected in the THz
frequency range.

This novel investigation uses THz spectroscopy to examine
healthy and diseased snap-frozen human brain tissue samples
taken from one hemisphere of the human brain.
Neuropathological analysis of the contralateral hemisphere”®
of the same brain has confirmed large numbers of protein
deposits consistent with AD. Snap-frozen tissue is used
because, in theory, the strong THz resonant activity of liquid
water is suspended when frozen’, hence improving confidence
that any resonant activity detected with THz radiation is caused
solely by characteristics of the tissue. Snap-frozen tissue also
has the advantage of containing smaller ice crystals than tissue
frozen in a domestic freezer (slow-frozen), thus snap-frozen
tissue samples are expected to suffer from less THz scattering.

II. PROTEIN MISFOLDING IN ALZHEIMER’S DISEASE

In living organisms, protein misfolding results in the
formation of extracellular protein deposits. In humans, the
accumulation of protein deposits in bio-tissue occurs as part of
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the natural ageing process. However an unnaturally rapid
accumulation of deposits can occur in diseases such as AD,
resulting in the functional decline of the bio-tissue. In the
middle and late stages of AD, unwanted protein deposits,
commonly referred to as plaques and tangles, accumulate in the
cerebral cortex where neurons and axons are located'’. These
plaques and tangles disrupt intracellular transport in the cells
located between neurons, eventually causing cell death'' which
leads to the breakage of synaptic pathways between neurons;
healthy and intact pathways are vital for normal brain function.

Figure 1a shows an example of neuritic protein plaques and
tangles associated with AD. As shown in Fig. 1b, plaques
contain fibrillary amyloid protein with B-pleated sheets, hence
the protein is often referred to as amyloid-p. Plaques and
tangles are hallmarks of AD".

¢ b
Fig. 1: (a) Neuritic AD plaques with their characteristic amyloid cores, E)fzen
with radial spikes of fibrillary amyloid. Tangles have a skein-like (thread-like)
appearance. The black scale bar represents 100 um. After'>" (b) Cartoon
diagram of an amyloid-p fibril obtained from the Protein Data Bank (PDB), and
rendered using Rasmol (PDB ID: 2BEG). The molecule is colored according to
its secondary structures: B-pleated sheets (yellow) and other residues (white).
After'.

Diagnosis of AD is currently made on the postmortem
identification of high numbers of plaques and tangles in the
gray matter of cortical brain regions'>'. The development of a
non-invasive diagnostic tool for identifying the accumulation
of protein plaques during the early stages of AD would greatly
improve medical treatment of the disease, improving the
quality of a patient’s remaining lifetime. Since 2004, in vivo
identification of plaques in humans with Positron Emission
Tomography (PET) has been possible through in vivo staining
of plaques via intravenous administration of a radioactive dye
based on carbon-11 called Pittsburgh compound-B, but this
expensive technique is still undergoing human trials and is not
yet an early diagnostic tool for AD'"?’. Other brain imaging
scans, such as Computed Tomography (CT) and Magnetic
Resonance Imaging (MRI), are used to rule out brain tumors or
blood clots, which may also hinder normal brain function.

Mathematical models have shown that in order to perform in
vivo THz spectroscopy of the cerebral cortex, higher THz
power levels than presently available are needed*'*>. The most
readily available techniques at present are ex vivo THz studies



of protein plaques in excised tissue, and THz spectroscopy of
amyloid-B protein synthesized in vitro. Results from these
studies will contribute towards expanding our limited
understanding of AD pathogenesis.

III. SAMPLES

Snap-frozen brain samples are obtained from the South
Australian Brain Bank®, which is a repository for the storage of
human brains donated for medical research. The majority of
donors were patients suffering from neurological and/or
psychiatric illnesses. The actual cause of death is only
confirmed after postmortem autopsies are performed. One
hemisphere of each donated brain is fixed in formalin and then
sliced coronally; the other hemisphere is also sliced coronally
and then snap-frozen. The formalin-fixed hemisphere is
pathologically analyzed to identify the cause of death.

Figure 2a shows a 10 mm thick coronal brain slice with gray
and white matter delineated. Healthy gray matter has a
thickness of 3.4+0.3 mm***. Plaques and tangles are only
present in gray matter, hence only this region is of interest in
this study. It is not possible to only extract gray matter from a
snap-frozen brain slice because it is too firm. Thawing an entire
slice is not an option because the freeze-thaw-freeze cycle may
damage the slice, wasting valuable tissue not used in this study.

One solution is to extract a ~15 mm long core as shown in
Fig. 2b using a slow-speed trepanning drill with a 7 mm
diameter hollow drill bit. Gray matter is more easily sliced out
from this core than from the snap-frozen brain slice.

The cores are taken from three regions in the cerebral cortex
of both healthy and diseased brains: superior frontal gyrus
(SFQ), inferior frontal gyrus (IFG) and cingulate gyrus (CG).
These regions are chosen because Bielschowsky silver staining
of the exact regions in the formalin-fixed diseased contralateral
hemispheres’”® have revealed numerous protein plaques (~102
plaques per X250 microscope magnification field); in healthy
brains, no plaques are observed in these regions.

A tissue slicer comprising of two blades spaced apart by a
thin washer is used to extract the gray matter from the cores.
The final sample is a pellet-like disk of gray matter (‘“brain
disk”). Each disk has two flat surfaces which assist in reducing
THz scattering during measurements.

Gray matter

i (b)
Fig. 2: (a) Blood supply in the gray matter gives it a pinkish-gray hue. Plaques
and tangles only accumulate in gray matter; (b) Gray matter is recognized by the
pinkish end of each ~15 mm long core. The paler end is white matter. Gray
matter is removed from the core by slicing it with a tissue slicer with two blades.

IV. EXPERIMENT

Measurements are made with a transmission mode THz Time
Domain System (TDS) in conjunction with a closed-cycle
cryostat (Janis CCS-450) enclosed inside a nitrogen-purged

chamber. Samples are measured in air at -28°C (245K) without
vacuum evacuation to prevent the samples from lyophilizing.

V. RESULTS

Figure 3 shows the THz absorption coefficients of the brain
disks taken from the three regions. All diseased tissue appear to
have lower THz absorption than healthy tissue. However for
the SFG tissue, both healthy and diseased tissue experience
higher THz absorption than the other tissue types, implying that
THz scattering has occurred. Visual examination of SFG tissue
reveals many blood clots which are likely due to ruptured blood
vessels; these clots may scatter THz. Repeat measurements of
other batches of SFG tissue have produced wildly varying
results—SFG tissue requires further investigation.

For the CG and IFG tissue, it is not possible to conclude that
any distinction between the healthy and diseased tissue samples
is due to a specific type of protein (e.g. amyloid-f). It is
possible that the difference is due to the collective response of a
variety of known abnormal proteins that accumulate in diseased
brain tissue, which for AD include amyloid-f, lipofuscin, tau,
and glial fibrillary acidic (GFA) protein®®. Tissue atrophy is
also a common occurrence in AD, thus atrophy could have also
contributed to the observed differences.
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(b) Absorption coefficients of diseased and healthy inferior frontal gyri (IFG)
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(c) Absorption coefficients of diseased and healthy superior frontal gyri (SFG)
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Fig. 3: The error bars account for the uncertainty in thickness of the brain disks
(see Section VI). A clear distinction between the absorption coefficients of
diseased and healthy tissue is evident. However it is not possible to conclude
that this distinction is due to protein plaques in the diseased samples. Diseased
brains are often in poor condition due to brain atrophy, hence these changes

may be due to difference in brain tissue density or shrinkage in gray matter.



VI. CHALLENGES AND FUTURE WORK

Minimal handling of the cores and disks is paramount so as
to reduce thawing caused by heat from contact with
fingers/gloves, forceps, dishes, etc. This is a particularly
difficult endeavor when slicing the cores to ensure the brain
disks have flat incident surfaces to the THz signal.
Anatomically matching healthy and diseased tissue samples is
also a challenge due to the poor physical condition of many
diseased brains. Moreover the thickness of gray matter can vary
on a case by case basis, and may be reduced in AD brains,
resulting in a mixture of white and gray matter in a brain disk.

Owing to the challenges highlighted above, two alternatives
to whole brain tissue are: isolated protein plaques obtained
from homogenized brain tissue, and AD biomarkers in body
fluids. A parallel study has already been performed on in vitro
synthesized proteins with fibrillar structures similar to
amyloid-B fibrils in AD?’. This study has shown that it is
possible to differentiate between protein microstructures with
different 3-dimensional structures. This work will be extended
to include THz spectroscopy of proteins associated with AD.

VII. CONCLUSION

These early results involving snap-frozen whole brain tissue
are encouraging but many experimental and histological
challenges will need to be overcome before THz spectroscopy
can be used confidently to analyze frozen brain tissue for the
purpose of studying the pathogens in AD. Given the paucity of
knowledge on the etiology of AD, any discovery will
contribute to the small but growing pool of scientific
knowledge to facilitate advances in the diagnosis and treatment
of AD.
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