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Abstract

Introduction

Previous work has demonstrated the efficacy of irradiating tiwghered to infrared light i
mitigating cerebral pathology and degeneration in animal modedgaie, traumatic braiE
injury, parkinsonism and Alzheimer’s disease (AD). Using mouse rmodel explored th

neuroprotective effect of near infrared light (NIr) treatmeidlivered at an age when
substantial pathology is already present in the cerebral cortex.

Methods

We studied two mouse models with AD-related pathologies: the Ka@ransgenic model
(K3), engineered to develop neurofibrillary tangles, and the APPS#M1dE9 transgenic
model (APP/PS1), engineered to develop amyloid plaques. Mice veatedrwith NIr 2(
times over a four-week period and histochemistry was used to quakiifyelated
pathological hallmarks and other markers of cell damage in the neocortex and hippocampus




Results

In the K3 mice, NIr treatment was associated with a reductidryperphosphorylated tau,
neurofibrillary tangles and oxidative stress markers (4-hydromgnal and 8-hydroxy-2
deoxyguanosine) to near wildtype levels in the neocortex and hippocaamulisyith 3
restoration of expression of the mitochondrial marker cytochromgidage in surviving
neurons. In the APP/PS1 mice, NIr treatment was associatiec weduction in the size apd
number of amyloid3 plaques in the neocortex and hippocampus.

Conclusions

Our results, in two transgenic mouse models, suggest that Nirhanggy potential as an
effective, minimally-invasive intervention for mitigating, and ewewersing, progressive
cerebral degenerations.

Introduction

Alzheimer’s disease (AD) is a chronic, debilitating neurodegeiver disease with limited
therapeutic options; at present there are no treatments that pilexefitysical deterioration
of the brain and the consequent cognitive deficits. HistopathologicdllyisAcharacterised
by neurofibrillary tangles (NFTs) of hyperphosphorylated tentgin and amyloid (Ap)
plagues [1,2]. The extent of these histopathological features isdeoedito vary with and
determine clinical disease severity [2]. While the initiafpaghogenic events underlying AD
are still debated, there is strong evidence to suggest thatiegidaess and mitochondrial
dysfunction have important roles in the neurodegenerative casca&deTBerefore, it has
been proposed that targeting mitochondrial dysfunction could prove vali@bl&D
therapeutics [6].

One safe, simple yet effective approach to the repair of dainagitochondria is

photobiomodulation with near-infrared light (NIr). This treatment, clvhinvolves the

irradiation of tissue with low intensity light in the red to nedrared wavelength range (600-
1000 nm), was originally pioneered for the healing of superficial weyidbut has been
recently shown to have efficacy in protecting the central nervosgermy While the

mechanism of action remains to be elucidated, there is evidencélthareserves and

restores cellular function by reversing dysfunctional mitochohdstochrome c oxidase
activity, thereby mitigating the production of reactive oxygencigseand restoring ATP
production to normal levels [8,9].

To date, NIr treatment has yielded neuroprotective outcomes inalamwdels of retinal
damage [9,10], traumatic brain injury [11,12], Parkinson’s disease [13-19A@r{d6,17].
Furthermore, NIr therapy has yielded beneficial outcomes ircalitiials of human patients
with mild to moderate stroke [18] and depression [19]. This treatrapreésents a promising
alternative to drug therapy as it is safe, easy to apply andchksown side-effects at even
higher than optimal doses levels [20].

The aim of this study was to assess the efficacy ofNilnitigating the brain pathology and
associated cellular damage that characterise AD. We utitisedmouse models, each
manifesting distinct AD-related pathologies: (1) the K3 tansganic model, which develops
neurofibrillary tangles [21,22] and (2) the APP/PS1 transgenic medeth develops



amyloid plaques [23]. Here, we present histochemical evidence thatddtment over a
period of one month reduces the severity of AD-related pathology addtioe stress and
restores mitochondrial function in brain regions susceptible to neuragteagen in AD,
specifically the neocortex and hippocampus. The findings extend our pe\lowork in
models of acute neurodegeneration [13,14] to demonstrate that Nlroisefééstive in
protecting the brain against chronic insults due to AD-related tigemberrations, a
pathogenic mechanism which is likely to more closely model the humandegenerative
condition.

Methods

Mouse models

The K3 transgenic mouse model, originally generated as a modehtdtEmporal dementia
[21,22], harbours a human tau gene with the pathogenic K3691 mutation;saprssdriven
by the neuron-specific mThyl.2 promoter. This model manifests higlelsleof
hyperphosphorylated tau and neurofibrillary tangles by 2-3 montteg@fand cognitive
deficits by about 4 months of age [21,22]. We commenced our experioreit3 mice and
matched C57BL/6 wildtype controls at 5 months of age, when signifi@ambpathology is
already present.

The APPswe/PSEN1dE9 (APP/PS1) transgenic mouse model, obtainedh&odackson
Laboratory (Stock number 004462), harbours two human transgenes: (i) yledabeta
precursor protein gene (APP) containing the Swedish mutation ankle(ipresenilin 1 gene
(PS1) containing a deletion of exon 9 [23]. The APP/PS1 mice éxhiyeased A and
amyloid plaques by 4 months of age [24] and cognitive deficits by Ghwaf age [25]. We
commenced our experiments on APP/PS1 mice and matched C57BL/6 wilB¥pe
controls at 7 months of age, when numerous amyloid plaques andass$oobgnitive
deficits are present.

Genotyping of mice was achieved by extracting DNA from tigs through a modified
version of the Hot Shot preparation method [26] and amplifying traesgequence by PCR.
As reported previously, K3 mice were identified using the primebs
GGGTGTCTCCAATGCCTGCTTCTTCAG-3 (forward) and 5-
AAGTCACCCAGCAGGGAGGTGCTCAG-3 (reverse) [21,22] and APP/PSTemivere
genotyped using primers 5-AGGACTGACCACTCGACCAG-3 (forwar@nd 5-
CGGGGGTCTAGTTCTGCAT-3 (reverse) [23].

Experimental design

For each series of experiments on K3 mice (aged 5 months) oiP8PRhice (aged 7
months), there were three experimental groups: untreated vald{yyT), untreated
transgenic and Nir-treated transgenic (n = 5 mice per expeahgnaup for K3 series, 15
mice total; n = 6 mice per experimental group for APP/PS&s5€k8 mice total). Our design
did not include a WT control group exposed to NIr because NIr has ndatéde¢eienpact on
the survival and function of cells in normal healthy brain [13-15]. Giliencbnsistency of
the previous results, use of animals for this extra control group did not seem juiified [



Mice in the Nlir-treated groups were exposed to one 90s cyclerdbR0 nm) from a LED
light emitting device (WARP 10, Quantum Devices) for 5 days makwover 4 consecutive
weeks. Light energy emitted from the LED during each 90s trewtetgiates to 4 Joule/ém

a total of 80 Joule/cfrvas delivered to the skull over the 4 weeks. Our measurements of N
penetration across the fur and skull of a C57BL/6 mouse indicate2t&# of transmitted
light reaches the cortex.

For each treatment, the mouse was restrained by hand and thed€beld 1-2 cm above
the head. The LED light generated no heat and a reliable delofethe radiation was
achieved [13-15]. For sham-treated WT, K3 and APP/PS1 groups, aninmalsestained in
the same way and the device was held over the head, but thevdigimot switched on. This
treatment regime is similar to that used in previous studieseweneficial changes to
neuropathology and behavioural signs were reported [13-15].

Experimental animals were housed two or more to a cage andrkeptl2 h light (<5
lux)/dark cycle at 22°C; food pellets and water were availathlebitum. All protocols were
approved by the Animal Ethics Committee of the University of Sydney.

Histology and immunohistochemistry

At the end of the experimental period, mice were anaesthetisettdyyeritoneal injection of
sodium pentobarbital (60 mg/kg) and perfused transcardially with 4%erbdff
paraformaldehyde. Brains were post-fixed for 3 h, washed with phesphtiered saline
(PBS) and cryoprotected in 30% sucrose/PBS. Tissue was embeddé&lTnc@mpound and
coronal sections of neocortex and hippocampus (between bregma -1813ralt at 2Qum
thickness on a Leica cryostat.

I mmunohistochemistry

For most antibodies, antigen retrieval was achieved using sodiuate dinffer with 0.1%
Triton. Sections were blocked in 10% normal goat serum and then incubateidjlovat 4°C
with a mouse monoclonal antibody (PHF-tau AT8, 1:500, Innogenetics; 4-HNMBO,
JalCA; 8-OHDG, 1:200, JalCA; Cytochromexidase, 1:200, MitoSciences) and/or a rabbit
polyclonal antibody (200 kD neurofilament, 1:500, Sigma). Sections tivereincubated for

3 h at room temperature in Alexa Fluor-488 (green) and/or Alexa BR#rred) tagged
secondary antibodies specific to host species of the primatyodrs (1:1000, Molecular
Probes). Sections were then counterstained for nuclear DNA with bisbenz8igde].

Two different but complementary antibodies were used to laBepeptide: 6E10, which
recognises residues 1-16, and 4G8, which recognises residues 17-24. Wweevawasly
used these two antibodies in combination to validgielabelling, demonstrating identical
labelling patterns in the rat neocortex and hippocampus [28]. For dohblkng using 6E10
(2:500, Covance) and anti-GFAP (1:1000, DAKO) antibodies, antigen retwagahchieved
by incubation in 90% formic acid for 10 min, and primary antibodylation was carried
out overnight at room temperature. For labelling using the 4G8 (1:500, Coaritmdy,
slides were treated with 3%,8, in 50% methanol, incubated in 90% formic acid then
washed several times in ¢B before the blocking step, as described previously [28]. After
blocking, sections were incubated overnight at room temperature wié at@body.
Sections were then incubated in biotinylated goat anti-mouse IgQ fo followed by
ExtrAvidin peroxidase for 2.5 h. The sections were then washed and developed with DAB.



Negative control sections were processed in the same fashi@s@sbed above except that
primary antibodies were omitted. These control sections were immgeibree Fluorescent
images were taken using a Zeiss Apotome 2. Brightfield images taken using a Nikon
Eclipse E800.

Histology

NFTs were assessed using the Bielschowsky silver staingtigooh, as described previously
[21,22]. Briefly, sections were placed in pre-warmed 10% silvertaigalution for 15 min,
washed and then placed in ammonium silver nitrate solution at 40°& ftother 30 min.
Sections were subsequently developed for 1 min and then transferdgd ammonium
hydroxide solution for 1 min to stop the reaction. Sections were thshead in dBO, placed
in 5% sodium thiosulfate solution for 5 min, washed, cleared and mounted in DPX.

As described previously [28], amyloiplaques were studied by staining with Congo red, a
histological dye that binds preferentially to compacted amyloith wip-sheet secondary
structure [29]. Briefly, sections were treated with 2.9 M sodiuraride in 0.01 M NaOH for

20 min and subsequently stained in filtered alkaline 0.2% Congo red solution for 1 h.

Morphological analysis

Staining intensity and area measurements

To quantify the average intensity and area of antibody labellitiginvihe neocortex and
hippocampal regions, an integrated morphology analysis was undetsikgnMetaMorph
software. For each section, the level of non-specific staininggwm adjacent region of
unstained midbrain) was adjusted to a set level to ensure a stamaacground across
different groups. Next, outlines of retrosplenial cortex area 29 gmbéampal CA1 region
were traced and the average intensity and area of immunogtaugre calculated by the
program. Measurements were conducted>dnrepresentative sections per animal a3d
animals per experimental group. Statistical analyses wererped in Prism 5.0 (Graphpad)
using one-way ANOVA with Tukey’s multiple comparison post test.valles are given as
mean * standard error of mean (SEM).

Amyloid-g plaque measurements

Digital brightfield images of 4G8 staining in neocortical and hippggal regions (between
bregma -1.8 and -2.1) were taken at 4x magnification and analydedwetamorph. The
software was programmed to measure the number of plaques andrdgeasiee of plaques
after thresholding for colour. The percentage of area covered dpygsidplaque burden) was
calculated by multiplying the number of plaques by the averageo$ plaques, divided by
the area of interest, as described previously [30]. The average nafbengo red-positive
plaques in the APP/PS1 brain regions was estimated using thel d@tionator method
(Stereolnvestigator, MBF Science), as outlined previously [14]flf3rigystematic random
sampling of sites was undertaken using an unbiased counting framgng1®@00um). All
plaques that came into focus within the frame were counted. Measuiemere conducted
on >4 representative sections per animal a®danimals per experimental group. Plague
numbers and size were analysed using a two-tailed unpaired (ivtest variances were



equal) or Welch's t-test (when variances were unequal). All saue given as mean + SEM.
For all analyses, investigators were blinded to the experimental groups.

Results

Evidence of Nir-induced neuroprotection is presented from the neodcetexsplenial area)
and the hippocampus (CA1 and subiculum), two cortical regions affectbd @arly stages
of human AD [2].

NIr mitigates the tau pathology of K3 cortex

Hyperphosphorylation of the neuronal microtubule stabilising protein nduttee resulting
NFTs are much studied features of dementia pathology [2,31]. The K3 nmoodel
manifests hyperphosphorylated tau and NFTs by 2-3 months of agegmdtve deficits by
about 4 months of age [21,22]. We observe strong labelling for hyperphospéurga in
the neocortex and hippocampus at 6 months of age; expression appeatsaio gfter this
age, with similar labelling observed in 12 month old mice (Figure 1A-F).

Figure 1 Time course of the natural development of cortical pathology in K3 and
APP/PS1 mice. (A-FMicrographs of hyperphosphorylated tau labelling (red), using the
AT8 antibody, in the neocortgA-C) and hippocampu®-F) of untreated K3 mice at (@,

D), 6(B, E) and 12(C, F) months of agg/G-1) Micrographs of & labelling (green), using

the 6E10 antibody, in neocortex of untreated APP/PS1 micéfgt 3.5(B) and 12(C)

months of age. Arrowheads indicate intraneurorfalabdelling, arrows indicate extracellular
plaques. Comparable immunolabelling was achieved with the 4G8 antibody. Sectiens wer
co-labelled for GFAP (red), a marker of astrocytes. For all sectionsj macke labelled with
bisbenzimide (blue). Scale in H applies to A-G.

In the retrosplenial area of neocortex, there was a significastall difference in AT8

immunolabelling for tau between the experimental groups, both whendedngi average

intensity of labelling (p < 0.01 by ANOVA; Figure 2A) and labele@a (p < 0.01; Figure
2B). Tukey post hoc testing revealed significant differences leetwee untreated K3 group
and the other two groups; labelling was much stronger and more widéspri€3 mice than

wildtype controls (17-fold higher intensity, p < 0.01), and this lalgNimas reduced by over
70% in Nlr-treated mice (p < 0.05). Interestingly, there wadgrofeant difference between
the WT and K3-NIr groups, suggesting NIr treatment had reducedghgsgrhorylated tau
to control levels in K3 mice. A similar trend was observed whenidernsg NFT pathology

(Figure 2C-E). In contrast to WT brain, which showed no NFT-liketes(Figure 2C), the
K3 brain contained many ovoid shaped NFT-like lesions (i.e. spheroidsgR@)r Such

structures were less frequent in the K3-NIr brain (Figure 2E).

Figure 2 Effect of NlIr treatment on hyperphosphorylated tau and neurofibrillary
tangles (NFTs) in the neocortex of K3 mice. (A-BQuantification of tau AT8
immunolabelling, based on average labelling inter{#jyand labelled are@). All error
bars indicate SEM. *p < 0.05, **p < 0.0(C-E) Representative photomicrographs of
sections stained with Bielschowsky silver stain to demonstrate NFTs. #\maveate axonal
swellings and NFTYF-H) Representative micrographs of AT8 (red) labelling within
neurons of the neocortex retrosplenial area. Nuclei were labelled with bisingblue).
Scale bars represent pfh; scale in E applies to C and D, scale in H applies to F and G.




Similar effects were observed in the hippocampus (Figure 3). Tveesea significant overall
difference between the experimental groups in AT8 immunolabetfinbe CA1 pyramidal

cells (p < 0.01). As for the neocortex, K3 mice showed far gréstetling than WT mice
(17-fold higher intensity, p < 0.01) and this was reduced over 65% byréditment (p <

0.01). Again, there were no significant differences between theWdTK3-NIr groups (p >

0.05). Bielschowsky silver staining of the subiculum (Figure 3@ekgaled axonal swellings

and spheroids in the hippocampal region of K3 mice (Figure 3D) which were less pronounced
in mice from the K3-NIr group (Figure 3E). No pathology was obseirvéide hippocampus

of WT mice (Figure 3C).

Figure 3 Effect of NlIr treatment on hyperphosphorylated tau and neurofibrillary

tangles (NFTSs) in the hippocampus of K3 mice. (A-BQuantification of tau AT8
immunolabelling, based on average labelling inter{gjyand labelled are@). All error

bars indicate SEM. **p < 0.01, ***p < 0.00{C-E) Representative photomicrographs of
sections of the hippocampal subiculum area, stained with Bielschowsky siladosta
demonstrate NFTs. Arrows indicate axonal swellings and NFTs. Thecelesibrer stain

also labelled axons in the white matter core (W(#)H) Representative micrographs of AT8
(red) labelling within hippocampal CA1 pyramidal neurons. Nuclei were |abeili
bisbenzimide (blue). Scale bars represenirffscale in E applies to C and D, scale in H
applies to F and G.

It should be noted that the large white matter pathways associated whipgbeampus were
labelled intensely by silver staining in all three groupgyFe 3C-E). This labelling has been
described previously and is not associated with any neuropathology [32].

NIr reduces oxidative stress in K3 cortex

Oxidative stress and damage are common features of neurodegertisaises such as AD,
and may be a precursor to neuronal death [3-5]. We assessed twworomarkers of
oxidative stress: 4-HNE, a toxic end-product of lipid peroxidation et bind to proteins
that then trigger mitochondrial dysfunction and cellular apoptos#if33], and 8-OHDG,
a marker for nuclear and mitochondrial DNA oxidation, which is elevated in ADf34l].

Overall, 4-HNE immunoreactivity in the neocortex was signifigadifferent between the
experimental groups (Figure 4), by both average labelling intefsity 0.01) and labelled
area (p < 0.001). As with AT8 labelling above, the K3 group showed a higicer average
4-HNE labelling intensity and area than the WT group (5-fold anfbl2i) respectively) and
this labelling was significantly reduced (by 50% and 80%, respégtivethe K3-NIr group.

Again, these measures showed no significant differences betwedflthad K3-NIr groups
(p > 0.05).

Figure 4 Effect of NIr treatment on oxidative stress markers in the neocortex dk3

mice. (A B, F, G) Quantification of immunolabelling of two oxidative stress markers, 4-
hydroxynonenal (4-HNE; A-B) and 8-hydroxy-@eoxyguanosine (8-OHDG; F-G), based on
average labelling intensitA, F) and labelled are@, G). All error bars indicate S.E.M. *p <
0.05, **p < 0.01, **p < 0.001(C-E, H-J) Representative micrographs of 4-HNE (red)
labelling(C-E) and 8-OHDG (red) labellinfH-J) within layers IV and V of the neocortical
retrosplenial area. Nuclei were labelled with bisbenzimide (blue). Saalepresents 50m;
scale in J applies to all other micrographs.




Similar patterns were observed for 8-OHDG immunoreactivity. @lethere was a
significant difference between the groups for 8-OHDG immunolabelbgghoth average
intensity (p < 0.0001) and labelled area (p < 0.0001). Again the K3 group showed
significantly higher 8-OHDG labelling intensity and area tHa\WT group (6-fold and 17-
fold, respectively), and 8-OHDG labelling intensity and area were signify reduced in the
K3-NIr group relative to untreated K3 (65% and 85% reduction, respegtivelgnsity and
area of 8-OHDG labelling did not differ significantly betwdka WT and the K3-NIr groups
(p > 0.05), suggesting NIr treatment reduces markers of oxidatess $o control levels. The
representative photomicrographs of 8-OHDG immunoreactivity in thespéanial area
(Figure 4H-J) reflect the quantitative data, with many 8-OFBfauctures in the K3 group
(Figure 4l1) but not the WT and K3-NIr groups (Figure 4H, J).

NIr mitigates mitochondrial dysfunction in K3 cortex

We assessed expression patterns of the mitochondrial enzyncaroyp@c oxidase (COX)
in the neocortex and hippocampus, as a marker of mitochondrial functiomllOwere were
statistically significant differences in the patterns@®DX immunoreactivity between the
different experimental groups, both in neocortex and hippocampus (both p < 0.@0#; F
5). Relative to WT mice, COX labelling intensity and area wedeiced in K3 mice in both
the neocortex and hippocampus (>70% and >75% reductions, respectivell3-Niemice
showed a significant recovery of COX immunoreactivity relatveuntreated K3 mice in
both neocortex (>1.7-fold increase, p < 0.05) and hippocampus (>3.4-fold incpease
0.001). However recovery was not complete, with K3-NIr mice havigigfeantly lower
COX immunoreactivity than WT mice in the neocortex (~50%, p < 0.@ad)significantly
lower COX labelling intensity (~20%, p < 0.05) in the hippocampus. Thesetoups did
not differ significantly in COX labelling area in the hippocampus (p > 0.05).

Figure 5 Effect of NlIr treatment on cytochrome c oxidase (COX) labelling in the
neocortex and hippocampus of K3 mice. (A, F, G) Quantification of immunolabelling of
the mitochondrial marker COX in the neocortex retrosplenial @d% and hippocampal
CALl layer(F-G), based on average labelling intengy F) and labelled are@, G). All

error bars indicate S.E.M. *p < 0.05, **p < 0.0qC-E, H-J) Representative micrographs
of COX (red) labelling in the neocortex retrosplenial 4f@#&) and hippocampal CA1l layer
(H-J). Nuclei were labelled with bisbenzimide (blue). Scale bar represents;>xale in J
applies to all other micrographs.

NIr mitigates amyloid pathology in APP/PS1 cortex

Along with NFTs, amyloid3 (AB) plaques are considered a primary pathological hallmark of
AD and A3 load is often used as a marker of AD severity [1,35]. We ask#sselistribution

of AB plagues and more immature forms of tifep¥eptide in the neocortex and hippocampus
of APP/PS1 mice aged 7 months; this age is after thesfgas of intracellular A within
cells (at 3 months; Figure 1G) and extracellulirpfaques (at 4.5 and 12 months; Figure 1H
and I, respectively).

Three quantitative measures of plaque pathology were used: peecenigamie burden,
average plaque size and number of plagues. Immunohistochemical labétirigeranti-A3

antibody 4G8 revealed a significant reduction in percentage plaquenbiHidere 6A, D),
average plaque size (Figure 6B, E) and number of plaques (Figufe @Cboth neocortex
and hippocampus of Nir-treated APP/PS1 mice relative to untrea®®IPS1 controls.



Percentage plaque burden was reduced by over 40% in the neocorteg @Agpr< 0.001)
and over 70% in the hippocampus (Figure 6D; p < 0.01), average plaque sizedweed
25% in the neocortex (Figure 6B) and 30% in the hippocampus (Fig)reed number of
plaques was reduced by over 20% in the neocortex (Figure 6C)yandeb 55% in the
hippocampus (Figure 6F; all p < 0.05).

Figure 6 Effect of NIr on Ap and plaque pathology in APP/PS1 mice. (A-F)
Quantification of A8 4G8 immunolabelling of amyloid plaques in the neocoffexC) and
hippocampug¢D-F), based on plaque burdéh, D), plaque siz€B, E) and number of
plaqueqC, F). All error bars indicate S.E.M. *p < 0.05, ***p < 0.001, ***p < 0.00qH-
M) Representative micrographs showing labelling with the 4G8 antibody (brown) in the
neocortexH-J) and hippocampud<-M) . Arrows indicate plaques. SLM - stratum
lacunosum moleculare; DG - dentate gyrus of hippocampus. Scale bar repres@nts 100
scale in M applies to all other micrographs.

The photomicrographs of the 4G8 immunoreactivity in Figure 6 refitecuantitative data
described above. The wildtype brain is free of plaques (FigurdfHnany 4G8 plaques

(arrows) are present in the neocortex (Figure 61) and hippocaRguse 6L) of untreated
APP/PS1 mice, and fewer plagues are present in Nlir-treatedPASR mice (Figure 6J, M).
Comparable immunolabelling was achieved using the 6E10 @n@fibody (data not
shown).

A similar but less pronounced trend was observed when staining with Gash@bigure 7),

which stains only mature plagues. Mean counts of plaques in the meo@féigure 7A) and

hippocampus (Figure 7B) of Nir-treated APP/PS1 brains were ltdvegr mean counts in
untreated APP/PS1 brains (reductions >30%). However the differafidesiot reach

statistical significance; given the findings described abovke thié¢ 4G8 and 6E10 antifA

antibodies, this suggests that NIr may have greatest effectcently-formed A deposits.

The micrographs in Figure 7 show that mature plaques were dhs®nthe wildtype brain

(Figure 7C-D) but were present in the neocortex (Figure 7E) apad¢ampus (Figure 7F) of
untreated APP/PS1 brains. There appeared to be fewer plaques il-treatdd APP/PS1
brains (Figure 7G-H).

Figure 7 Effect of NIr on Congo red-positive plaque numbers in APP/PS1 mice. (B)
Quantification of Congo red-positive plague counts in the neoctjeand hippocampus

(B). All error bars indicate S.E.MC-H) Representative micrographs showing Congo red
staining of plaques in the neocorigx E, G) and hippocampu®, F, H). Arrows indicate
plaques. SLM - stratum lacunosum moleculare; DG - dentate gyrus of hippocampels. Sca
bar represents 5dm; scale in H applies to all other micrographs.

Discussion

Using two mouse models with distinct AD-related pathologiesfdédhiology in K3, amyloid

pathology in APP/PS1), we report evidence that NIr treatmenisagate the pathology
characteristic of AD as well as reduce oxidative stress@stdre mitochondrial function in
brain regions affected early in the disease. Further, the extenitigation — to levels less
than at the start of treatment — suggests that NiIr can resense elements of AD-related
pathology.



The present results add to our previous findings of Nir-induced neurdprotecmodels of
toxin-induced acute neurodegeneration (i.e. MPTP-induced parkinsonism).n Whe
incorporated into the growing body of evidence that Nir can also proteaosa@dNS damage

in models of stroke, traumatic brain injury and retinal degener§®idr2,36], the findings
provide a basis for trialing NIr treatment as a strategy protection against
neurodegeneration from a range of causes. Present evidencedsbabke use of multiple
methods, immunohistochemical and histological, to demonstrate patholtegboales (e.g.
4G8 antibody labelling and Congo red staining for amyloid plaque8, akiibody labelling

and Bielschowsky silver staining for NFTSs).

Relationship to previous studies

The present study focused on pathological features considered dfisttaaté AD, as well

as on signs of cellular damage (e.g. oxidative stress, mitochbuigsfunction) that have
been demonstrated in AD and in animal models [2-4]. Our observations K38 tbieain add

to previous studies by providing the first evidence in this strainxtgnsive oxidative
damage and mitochondrial dysfunction [27].

Our findings are consistent with previous reports of the eftdéatsd to infrared light on AD
pathology in animal models. De Taboada and colleagues assessegbdbiycof 808 nm
laser-sourced infrared radiation, delivered three times per week6ow®onths, to reduce
pathology in an APP transgenic model ¢f Amyloidosis [17]. Treatment led to a reduction
in plaqgue number, amyloid load and inflammatory markers, an incnea&€P levels and
mitochondrial function, and mitigation of behavioural deficits. De Taboadacalleagues
commenced treatment at 3 months of age, before the expected oaseflaid pathology
and cognitive effects. Similarly, Grillo and colleagues repotiad 1072 nm infrared light,
applied four days per week for 5 months, reduces AD-related pathol@gwiher APP/PS1
transgenic mouse model (TASTPM) [16]. These investigators alsateai light treatment
before the onset of pathology, at two months of age. Both studieprtinide evidence that
infrared radiation can slow the progression of cerebral degeneratibrese models. The
present results confirm these observations, in two distinct gaitsgtrains; they also
confirm that the wound-healing and neuroprotective effects of rededftangth do not vary
gualitatively with wavelength, over a wide range.

Evidence of reversal of pathology

Previous reports have described the natural history of the K3 [21,22]RIPdPA1 transgenic
models [24,37]. Based on these previous reports and our own baseline data (Hig
significant brain pathology and functional deficits are presertioth models at the ages
when we commenced treatment. Our results suggest, therdfatesignificant reversal of
pathology has been induced by the NIr treatment. This has inifiseor clinical practice,
where most patients are not diagnosed until pathogenic mechanisms Itemey deen
initiated and resultant neurologic symptoms manifest [15,27].

This evidence that AD-related neuropathology can be transient — g@ppeadisappear — is
not novel. Garcia-Alloza and colleagues described evidence oftisent deposition of B
including the formation of plaque-like structures, in a transgenic mafd@lp deposition
[24]. Reversal of such pathology, by interventions such as Nimntezdat may therefore be
possible. However our results suggest that reversal may alsmitexlIto recently-formed,
‘immature’ plaques, as we observed a significant Nir-induced neduict immunolabelling



with the 4G8/6E10 antibody but no significant difference in Congoteediisg. As the 4G8
and 6E10 antibodies recognize various forms ff while Congo red stains only mature,
compacted plaques, a reasonable deduction is that NIr treatederces only the transient,
recently formed B deposits, with no substantial effect on mature plaques. Asithstit no
consensus as to the pathogenic roles of different form$pftAs unclear how this might
impact on the therapeutic potential of NIr in a clinical setting.

Mechanisms

The mechanisms underlying the neuroprotective actions of red toeuhfiyht are not
completely understood. There is considerable evidence that NIr photobiormadulat
enhances mitochondrial function and ATP synthesis by activating plefiacs such as
cytochrome c¢ oxidase and increasing electron transfer in spgratory chain, while also
reducing harmful reactive oxygen species [38-40]. It could alsegufate protective factors
such as nerve growth factor and vascular endothelial growth factor [4hd2hesenchymal
stem cells [43] that could target specific areas of degeneration.

The ability of NIr to reduce the expression of hyperphosphorylatedathich in turn reduces
oxidative stress [44], may be key to its neuroprotective effexidative stress and free
radicals increase the severity of cerebrovascular lest’dd], mitochondrial dysfunction
[4,47], oligomerisation of A [5,48] and tauopathies and cell death [48,49] in AD.
Considering the brain’s high consumption of oxygen and consequent suscgptdilit
oxidative stress, mitigating such stressors would likely havemaopnced protective effect
[50].

Conclusions

Overall, our results in two transgenic mouse models with exigtiDgelated pathology
suggest that low energy NIr treatment can reduce charaictgr&hology, oxidative stress
and mitochondrial dysfunction in susceptible regions of the brain. Theals, when taken
together with those in other models of neurodegeneration, strengtheotithe that Nir is a
viable neuroprotective treatment for a range of neurodegenerativeieaosadit/e believe this
growing body of work provides the impetus to begin trialling Ndatment as a broad-based
therapy for Alzheimer’s disease and other neurodegenerations.
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Normal aging in K3 mice- Tau ATS
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Hyperphosphorylated tau (AT8) in Neocortex
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