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Raman and infrared microscopic study on the lipid redistribution
in Alzheimer diseased murine tissue

Alicia Schirer® ,Youssef El Khoury?, Christine Patte-Mensah®, Christian Klein®,
Laurence Meyer®, Monika Rataj-Baniowska®, David Moss®, Ayikoe-Guy Mensah-Nyagan
*® Sophie Lecomte ™ and Petra Hellwig™
“Laboratoire de bioélectrochimie et spectroscopie. UMR 7140, chimie de la matiére complexe ; Université de

Strasbourg-CNRS. ; 4, Rue Blaise Pascal 67081 Strasbourg, France.

bBiopathologie de la Myéline, Neuroprotection et Stratégies Thérapeutiques,
INSERM Ul119, Fédération de Médecine Translationnelle de Strasbourg (FMTS);
Université de Strasbourg. 1 rue Eugene Boeckel, 67000 Strasbourg, France.

“Synchrotron Light Source ANKA, Karlsruhe Research Center, Karlsruhe, Germany,
Hermann-von-Helmholtz-Platz 1, 76344 Eggenstein-Leopoldshafen, Germany.
AChimie Biologie des Membranes et Nanoobjets, UMR 5248,
Université de Bordeaux-CNRS. 14 Allée Geolffroy St. Hilaire, 33600 Pessac, France.

The Alzheimer disease (AD) is the most common form of dementia. Several stages characterize the neurodegenerative
process from the early AD to severe AD. During these stages, major structural and molecular changes will spread
throughout the cerebral cortex. Here, we present Raman and Infrared microscopic evidences for the reorganization of
phospholipids in brain tissue from AD diseased tissues of mice with severe AD. On the basis of the imaging results,
it can be shown that the lipid concentration around the aggregates increases and decreases in the plaques. In addition,
a change of the ratio of unsaturated to saturated lipids is found pointing towards a changed metabolism. © Anita
Publications. All rights reserved.
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1 Introduction

Alzheimer’s disease (AD) is the most common neurodegenerative disorder and cause of
dementia. The disease is identified pathologically by amyloid plaques composed of aggregated amyloid-
peptide, neurofibrillary tangles composed of aggregated, hyperphosphorylated tau protein and neuron loss.
Neurodegeneration in AD is a pathologic condition of cells rather than an accelerated way of aging. There
is cumulative evidence from studies in cultured brain cells and on brains that oxidative stress constitutes a
main factor in the modification of normal signaling pathways in neuronal cells, leading to biochemical and
structural abnormalities and neurodegeneration as related to AD pathogenesis [1,2].

Most of the brain is composed of lipids, including sphingolipids, glycerophospholipids, and
cholesterol [3-5]. In addition, the brain has a very high concentration of long-chain omega-3 and omega-6

fatty acids, even if the role of these fatty acids in the different signaling cascades and in AD is not understood
[6-7].
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A crucial player in the AD cascade is the Amyloid precursor protein (APP) a type I transmembrane
protein that is cleaved into amyloid -peptide (AP) by B- and y-secretases [8-9]. APP is associated with lipid
rafts, which are membrane domains enriched with cholesterol, sphingolipids, and gangliosides and that are
essential for intracellular and vesicle transport [10-13]. Several studies suggest that both homeostasis of
lipid composition and oxidation state of lipids, including DHA, are critical to APP processing even if these
observations are still under debate [13-14].

It is well accepted that there is an age-related change in the lipid rafts composition and alterations
in intracellular communication may be associated with age-associated reductions in synaptic plasticity.
In neurodegenerative diseases, the composition of lipid rafts changes more rapidly [15]. Lipid raft aging
appears to be enhanced in AD, which may be part of the process contributing to disrupted signal transduction,
increased APP processing, and rapid formation of AB aggregates [16].

Raman and infrared microscopies are tools to monitor the distribution of molecules in biological
tissues and thus the modification during the disease, but also the modification of the involved peptides and
proteins [17-19]. These methods provided the possibility to examine also the localization of hemes [20] and
lipids in the diseased tissues [21-23]. Here, we focus on murine samples of different ages. This is essential,
since the monitoring of the effect of a treatment will be done in murine samples and it is necessary to
demonstrate that the lipid redistribution in AD mice is similar to the human one.

2 Methods

Tissue preparation

The procedures involving animals and their care were conducted in compliance with a European
Communities Council Directive (86/609/EEC) and under the supervision of authorized investigators. The
protocols were reviewed and approved by the Alsace Head Office of the French Department of Veterinary
and Public Health Guide for the Care and Use of Laboratory Animals. We used female APPSWE hemizygote
mice [B6, SIL-Tg (APPSWE) 2576 Kha, tested for heterozygous RD1, Taconic Europe, Denmark]. These
Tg2576 mice, which carry a transgene coding for the 695-amino acid isoform of human Alzheimer B-amyloid
precursor protein, are well characterized as developing AP plaques and progressive memory deficits with
age, making them suitable for the investigation of the relationship between AP accumulation/degradation
and cognitive performance [24-26]. We obtained the Tg2576 mice and their wild-type counterparts (WT)
at the age of 6 months and after 4 weeks of adaptation to our local animal facilities, they were submitted
to monthly behavioral analyses (from month 7 to 18) using the spatial novelty task to assess their cognitive
performance. This task is based on the spontaneous tendency of mice to explore preferentially those objects
which have been displaced within a familiar arrangement of objects. Tg 2576 mice are deeply impaired in this
task, independently of the respiratory-deficient (rd) mutation [27,28]. After the behavioral characterization,
18-month-old Tg2576 mice (10) with severe cognitive deficit and WT mice (10) were killed, decapitated, and
their brains were removed and rapidly frozen by immersion in isopentane (cooled at —40 °C). Cryo-sections
(10 um) of frozen mice brains were made with a Reichert-Jung, LEICA instrument and mounted on BaF, or
CaF, windows for infrared and Raman measurements, respectively.

Infrared microspectroscopy

Synchrotron FTIR microspectroscopy was performed at the beamline IR2 of the ANKA synchrotron
facility (KIT, Karlsruhe, Germany) on an IRscope Il infrared microscope (Bruker Optics, Germany) equipped
with a 36xobjective. The infrared spectra were recorded in transmission mode with a spectral resolution of 4
cm!, 128 co-added scans, 12.5 um aperture dimension and a step size of 4.16 um. The measuring range was
700-4500 cm . A background spectrum was collected from clean BaF, window after every 10 spectra.
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Raman microspectroscopy:

Raman microspectroscopy was performed on WITec Alpha300RS confocal Raman microscope
using a frequency doubled Nd:YAG Laser at 532 nm. Raman spectra were recorded using a 20%/NA 0.4 in
the 0-3800 cm™! range with an integration time of 0.05 s. A spectrum was recorded every 0.5 um along the x
and y directions. The resolution was 2.9 cm™.

Spectral analysis

Infrared and Raman spectrochemical images were created with Cytospec v 2.00.01 and Witec
softwares, respectively. For infrared measurements, plaques were characterized from the area of the B-sheet
band at 1630 cm™'. Lipid distribution was based on the area of CH,/CH; bands between 3002-2829 cm™'
and on the area of lipid carbonyl band between 1767-1724 cm™!. The level of unsaturated lipids was also
investigated from the area under the curve between 3028-3002 cm™! (=CH vibration).

For Raman measurements, plaques were imaged from the intensity of the B-sheet band at 1670 cm ™.
Lipid and proteins have characteristic vibrations between 3000 and 2800 cm ™' (vCH,/CHj) but lipids have a
majority contribution between 2930 and 2800 cm !, Thus, lipid distribution was studied from the area under
the curve between 2936-2834 cm™' and the level of unsaturated lipids was examined from the area of the =CH
band between 3031-3005 cm ™.

3 Results and Discussions

Figure 1 shows the direct comparison of the IR spectra obtained from healthy and diseased murine
samples. The spectra of the healthy form display the characteristic infrared spectrum of a tissue and includes
contributions from the carbonyl group of lipids at 1747 cm™(as ester group of the phospholipids) and of the
proteins and peptides that can be seen in the amide I and amide IT modes, respectively (1662 and 1550 cm™).
In the spectra of the diseased tissue the amide I is found shifted from 1662 to 1630 cm™'. The position of
this signal is characteristic for the secondary structure and the shift is in line with the increase of peptides
and proteins with a beta-type secondary structure and, thus, with the aggregation in the plaque, as previously
described [29-33]. Interestingly the intensity of the signal at 1747 cm ™! is decreasing in the spectra of the
diseased tissue. This change can be attributed to a loss of lipids in the aggregates.

N
w
w
—

Amide |
IR

1630

Absorbance (a.u.)

1747

1300 I 1.7'I5[] I 1?IUU I 1EI50 I 1EIUU I 15I5[J I 15IUU
Wavenumber (cm™)

Fig 1. IR absorbance spectra of healthy (black line) and AD diseased sample (red line).
The arrow highlights the increasing C=0 signal for the lipids.
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Fig 2. Infrared and Raman imaging of 6 different plaques from AD diseased murine tissues at the
wavelenghts characteristic for proteins in beta-sheet conformation and for lipids. Yellow corresponds to
the highest intensity of specific marker bands (see details in the text), dark to the lowest.
In order to get further insight in the reorganization of these molecules, imaging was performed,
both in infrared and Raman. Specific wavelengths are selected that correspond to selected functional
groups, like the C=0 mode of the lipid or of the backbone, as seen in Fig | above, or to the CH,/CH;3 modes
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characteristic for saturated or unsaturated lipids. Figure 2 shows the infrared and the Raman imaging of 6
different examples of a plaque in diseased tissues. Imaging allows us visualizing the distribution of the lipids
in the tissue. Yellow corresponds to the high signal intensity and black to a lower intensity. In all samples
the concentration of proteins and peptides in a beta sheet secondary structure is significantly increased in the
plaque, in line with previous reports [29-33].

When analyzing the intensity distribution of the different functional groups the observation made
in Fig | is confirmed: the intensity of the signals associated with the formation of beta sheet peptides
aggregates increases and the lipid content decreases in the plaques 1, 2, 4-6, only in the example Nr 3, the
lipid reorganization is less clear and also the aggregate is less well formed. The imaging approach allows us
to reveal that the lipids are cumulating around the aggregates, and this is seen from both techniques Raman
and Infrared microscopy. The Raman images obtained for samples 4-6 indicate; that the lack of lipids in the
plaque predominantly, but not exclusively concerns unsaturated lipids. It cannot be determined from the
data if both processes are taking place at the same time, or if the lipids are accumulated around the plaque to
protect the cell. In an alternative explanation, the interaction of the aggregating peptides with the lipid will
induce the accumulation of the lipids rafts themselves.

Importantly, the observations made here can be correlated with data previously presented for human
samples [20]. It is noted that we cannot provide evidence on when this reorganization takes place, even if it
seems to be happening in a corroborated manner. In spectra from murine samples at an earlier stage of the
disease when no plaque is observed, no redistribution of the lipids is seen at the given resolution of about 1
micrometer. The reorganization of the lipids is thus an intrinsic property of the late AD diseased tissue.

In conclusion, Raman and IR microscopic data allowed visualizing the reorganization of the lipids in
the tissues in AD diseased tissue. This observation is crucial for the understanding of the different processes
that take place during the aggregation cascade.
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