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Worldwide over 50 million people are suffering from Dementia &0d70% of these cases are believed to be

oJvl 8} o0lZ Ju GE[+ (1) Studies show that people suffering finaepeated or severe head trauma

(2), such as professional} £ EV+We }%0 A]S3Z JAVRMBCE EPE % E}v 3} A 0}% olZ ]u
disease later in life. One common feature in these medical dasas altered extracellular matrix in the brain

due to either trauma or genetic factardnderstanding the mechanisms behiA® have haproven a challenge

to the scientific community due to the lack of a functional diseaselel for AD. So far, the full AD progression

has yet to be adequately modelled in a controlled setting, sagknin vitro or in vivomodel, even though at

least one promising candidate has been reported by @hail. utilizing 3D-cell culturing system that displays

increased levels of both intracellular phosphorylated-tau pmgaind extracellular amyloid plaques compared

to a 2D control ).

In this work a bare bones tuneable brain 3D-cell model protisqmesented and evaluated using three different
cell lines of differentiated SH-SY5Y neuroblastoma cells. The prarsising conditions in the matrix show
neuron-like cells that exhibit comparable morphology to those presgiby previous models but in a more
controlled and well defined environment. The model makes psimgi use of hyaluronic acid a 3D-matrix
seeded with differentiated cells. Studies performed in thevnmodel hints towards an ultimately cytotoxic
interaction between A and ECM components, which encourages further investigatiddnseuron/ECM/A
interactions in AD.

Keywords:SHSY5Y, 3D-cell model, neuronal differentiation, hyaluronic acdllagen, hydrogel, microscopy
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1. Introduction
1.1 Why A 1Z ]u DEdase?

Worldwide over 50 million people are suffering from Dementia &0d70% of these cases are believed to be
oJvl 8} o0lZ Ju EJ[+ (1) Stedies show that people suffering from repeated or sevead trauma,
such as professional boxer8)( v %o }% 0 A]3Z }Av[{DS Ry 4Fafer more prone to develop
01Z ]u di&dase later in life. One common feature in these medicascimsthe increased presence of fibrous
extra-cellular components in the brain such as collagen. In the casiofgothe presence of collagen is related
to tissue scar formatior6(7) (E}u E % § Z SCE pu v Jv 8§z it is h(conskgyencd 3] vse
of the genetic upregulation of collagen and amyloid precursor protein (APP) productie genes for the two
proteins are linked as they are both present on the extra copy of chromosor(®.21

Understanding the mechanisms behiA@has proven a challenge for the scientific community due to the lack
of a functional disease model mimicking all stages of the cexngi¢velopmental stages of the disea3tere
are two distinct pathological hallmarks of AD: (i) The formation of extitdae amyloid plaques derived from
amyloid t (At) peptides created by the cleavage of APP @ihthe intracellular neurofibrillary tangles composed
of filamentous aggregations of phosphorylated-tau protejpgau) @). These two hallmarks have yet to be
linked together in a single hypothesis. The most widely accepted hypatlidghe cause of AD, the amyloid
hypothesis, stipulates that t accumulates and aggregates in the extracellular matrix (ECM) causing the
formation of plaques interfering with the neurites, leading to syti@plysfunction and eventually cell death
While according to the tau hypothesis the main factor is instead ababomexcessive phosphorylation of the
intracellular tau, leading to development of paired helical filaméu that form neurofibrillary tangles
interfering with the intracellular functions of the neurons, such asghasmic functions and axonal transport
(9). So far, the full AD progression has yet to be adequately modelledanteolled setting, such as amvitro
model, even though at least one promising candidate has been repoxtéthbiet al. utilizing 3D-cell culturing
system that displays increased levels of both p-tau ahdonpared to a 2D control5),

1.2 0olZ Ju E][-

In order to understand AD, it is important to understand the normad adlthe proteins involved in the disease.
The main focus here has to be put on APP, due to its role irotinegtion of At- plagues that is the main hallmark
of AD. APP is a cell surface protein that when incorrectly cleaveld by -gecretase release short protein
fragments, among others different lengths ot £0). Some of these fragments, chief among therhdXare
ZS]1 IC[ Vv MV O H% ]v SZ ASE odpd & E% -Hhijues] thatare betidled to
interfere with normal neuron activitylQ) even though the pre-plaque oligomers have been suspected as an
even bigger factor in neuronal damage then the plaques themselMas non-pathological role of the full APP
unfortunately, has not been subject to many studies until recazarg and the actual role of the protein is still
contested and defined more of what it does not do, then its irigrfunction. Recent studies performed with
APP-knockout mice reaell no clear conclusion other than involvement with the natural depeient of the
nervous systemi(l). Previous studiesl) on null-APP mice models shoved that mice not expressinghadPP
on the surface, normal looking synaptic development, despite exhibaigere learning difficulties and
therefore that the protein has some, albeit unknown, function is clear.

1.21 olZ Ju EJ[s ] ¢ *Cu%S}uce

ADis a chronic disease associated with age and one of the disedeged¢o, o}vP W & Bhd-gthdrsas
dementia (3). ADis a slow-working disease and generally, the first symptoapfmear is gradual impairment
in episodic memory. This loss of memory or inability gohection cannot be improved significantly by training,
reminders or memory techniqued4). As the disease progresses the patient need more and moreassts
with increasingly rudimentary tasks until at the final stages ofdisease the person is completely unable to
fend for themselves AD causes symptoms of dementia such a®méoss, difficulty performing daily activities,
and changes in judgement, reasoning, behaviour and emotions. Td@sentia symptoms are irreversible,
which means that any loss of abilities cannot be gained back withrdustandards in medical treatmen14).
The progress of the disease is continuous but for ease of digm@oscale has been developed in order to




determine the severity of the disease and how much assistanoeqisired by the caregiveas presented in
Table 1.

TABLEL THE GLOBADETERIORATIOSCALH13).

The Global Deterioration Scale (GDS)

Stage of the disease Symptoms
Stage 1Normal function) - No symptoms
Stage 2Very mild cognitive decline (coul - Small Memory lapses
be normal age related changes or earlies - Forgetting familiar names and locations of objects
signs ofAD) - Not especially noticeable to others
Stage 3:Mild cognitive decline (diagnosig - Mild forgetfulness
of early stageAD possible in some, but - Difficulty learning new things
not all individuals with these symptoms) - Difficulty concentrating or limited attention span

- Problems with orientation, such as getting lost

- Communication difficulties such as finding the right
word

- Loss or misplacing of valuable objects

- Difficulty handling problems at work

- Issues are noticeable to family, friends or co-worker

Stage 4Moderate cognitive decline (earl - Some memory loss of personal history

stage or mildAD) - Difficulty with managing complex tasks e.g., manag
finances, shopping, travel

- Decreased knowledge of both current events and
recent events

- Impaired ability to perform challenging mental
arithmetic (such as counting backward from(838
increments of7)

Stage 5Moderately severe cognitive - Major gaps in memory, forgetting phone numbers o
decline (mid-stage or moderat&D) names of close family members

- Help is needed with daio-day tasks
Stage 6 Severe cognitive decline (mid- - Continued memory loss, occasionally forgetting the
stage or moderately severkD) name of a spouse or primary caregiver

- Loss of awareness of recent events and experience
their lives, such as what dinner they just had

- Assistance is needed with activities of daily living e.
getting dressed, bathing

- Difficulties counting

- Personality and emotional changes such as confusi
anxiety, suspiciousness, anger, sadness/depressior
hostility, apprehension, delusions and agitation

- Obsessions such as repetition of simple activities

- Disruption of normal sleep/waking cycle

- Increasing episodes of incontinence

Stage 7Very severe cognitive decline - Severe cognitive impairment
(late-stage or severAD) - Vocabulary becomes limited and eventual loss of
speech
- Loss of ability to walk independently and sit without
support

- Help is needed with basic tasks such as eating and
using the toilet
- usually incontinent




1.2.2 Neuropathological hallmarks of Alzheimers

The major neuropathological hallmarksAiDare neuronal loss, neurofibrillary degeneration antideposition

in extracellular neuritic plaques and in the wall of brain ves@e15). The degeneration of the neurons causes
the brain to suffer from atrophy; essentially the brain wasiesy, Figure 1, losing function over time. The cause

Cerebral

Cortex Extreme Shrinkage of

Cerebral Cortex e Severely

Extreme M

Shrinkage of
Hippocampus

Entorhinal
Cortex

Hippocampus

FHGUREL A COMPARISON OF AN HEALTHY BRAR) AND A BRAIN SUFFERING FRQMHEIMEHRS DISEASERGH)
(51)

of this neurofibrillary degeneration is hypothesised to be a boration of toxic t peptide species in both the
extracellular and intracellular environment andgu4 protein species interfering with internal cell functiorigl),

dZ & ]+ v} IVIAv pE (}E o0lZ Ju E[+ vEv}ohvAw [AECOSTUE 3Fv JE ]0]3] [

been lost due to the diseaséJ).

iX7T olZ Ju E[s ] « Vv }Av[e eCv E}u

t is derived from APP and the gene coding for APP is located onngeatm on chromosome 211%). In
Downg syndrome or trisomy 21, there is an extra copy of this chromosamdetherefore an extra copy of the
APP gene which leads to an overexpression of APP in the adul{b8aiithe same chromosome is also linked
to the expression of hyaluronic acid (HA) and collagen, which are key cemgaon the extracellular matrix
(ECM) in the bodyl{). HA in particular is combined with different proteoglycans of the daatifamily as well
as glycoproteins from the tenascin family to form the majority of the ECM of the Wrait§). The majority of
neurons in the cortex and subcortical in all humans during earlgltadold are t positive, and the distribution
of At acquired during late childhood is retained during adulthotf).(The stable distribution oft during most
of the lifespan of an average human, not afflicted with anyroeal patholayy, suggests that the presence, or
even abundance, of t in neurons, is in itself not sufficient to explafikD. This suggests alternative or
complementary factors leading to the formation of the extracellular ne&uplagues need to be considereth.
Further weight to the argument thatt is not the sole culprit stems from studies performed on people Wigh
of different ages. Apart from thatracellular t, many people with Bhave a unique brain feature that has
been found in a broad age spectrum of people with DS. Thepiehxiracellular plaques formed fromt, yet
these are amorphous, diffuse, non-fibrillar and seems to haheenegligible, or no adverse effects on neurons,
nor observable clinical consequence due to their depositithtZ1). The study in question spanned people
ranging from 35 to as early as from 8 years of age at which time no chgd3 was found1@, 22). Further
complicating the issue is a subset of the DS population thatigelsaving the clinical hallmarks of AD pathology
do not appear to develop clinical signs of dementia at any adje Despite these conflicting issues regarding

WWU % o0 <p ¢ v op@odle wih[PS rdgching the age of 60, the dementia rate is betw8efA7%
and DS remains closely affiliated with AD)(




1.4 olZ Ju E[s ] = Vv , SE pu

Several studies link head injuries to increased risks or a guackession oAD(2, 7, 23125). These studies list
different reasons that might correlate to this increase, such as an increasedr8R:4ion as a response to the
injury, as well as a compromised blood brain barrier due to rupturéaowasculature depositing non-native
ECM components in the braify(25). One study in particular claims a doubling of the risk of apiey the
disease due to medium or severe head traurid) ( Hashimotoet al. (26) found in 2002 that a connection
between ECM components and amyloid plagbgsidentifying a collagen-like component, found inside the
characteristic plaques of a brain suffering from 2B)(

1.5 State of the art

SeveralAD models have been developed with focus on different aspetth® disease. Some are systematic
models such as the null and knockout APP mice models mentionker €ht, 12) others are in vitro cell models
The biggest issue with these vivomodels compared tin vitro are the same as with studyifgD patients, in
that it is hard to investigate the molecular interactions while theypen, and problems in with rampant cost
for large scale studies. This challenge is both due to ethical considesatiml the technical issue accessing the
brain in a living creature which makes these studies both vergresipe and time consuming to perform. Other
challenges with in vivo studies are the abundance of factorsgmein a living system that makes conclusions
about the effects of single chemicals and proteins difficult to drBwen so, there are clear advantages of the
systematic approach effects on higher functions such memory, behaaimilearning are impossible to study
in a dish, as of yet and the different models complement each other.

In order to study the basic interactions between ECM, APP and nelgpesial interest has been given to the
following in vitro cell models:

(i) A model using differentiated APP-producing SH-SY5Y grown in Matrigklgksl/by Agholmet al.in 2010,
has been used to study intercellular APP in neur@i$. (The study focused in particular on the transportation
of excess APP and its derivats between neurons, using axonal transportation, showing theaiszell lines in
the study ofAD (27). (ii) Suriet al. have developé an HAbased model for 3D-growth of Schwan cells for long
term studies showing increased production of neurotropic factors & possibility of custom 3D matrixes
using ECM components present in the br&8)((iii) Choi et al. have demonstrated plaque and tangle pathology
formation in neurites after 6 weeks in a 3D-Matrigel environmenhgsmmortalised human derived neuron
progenitor cells§).

1.6 Motivationof study
The purpose of the herein presented studydscreate a fully reproducible 3D-model to perform basic studies
of cellular mechanisms in AD by combining facets from the models createditgt SLband Agholmet al.

The Matrigel used in the modeBs(t29) is a commercially available natural extract product that is used
specifically to support cells in both 3D and 2D cell culture. Matrigeiagm numerous growth factors and
components 80) that while very useful to grow neurons in makes it diffidoltresearch the effects of single
ECM components. The effect different ratios of the growth factors ennburons grown in the gel becomes
difficult to isolate. Batch to batch variety in presence and ratios afeéhmmponents is also an issue that is not
easily addressed as each batch would need to be thoroughly investigatexkhefe which would be both time
and resource consuming.

Therefore the aim of the current study is to create a namelitro brain model of AD, consisting of known basic
components in order to examine the effects of the ECM itselpotential disease progression and neuron
growth. The study consists of the establishment @aECM hydrogel focused concept, seeded with neuronal
differentiated SHSY5Y cells expressing APP using neuronal differentiated pélcofythe same cell line as a
control. The model is then to be evaluated on the neuronal molply of the cells and expression of APP in
media as they grow in the gels during a 6-week period, to estathléeshotential foruse asano1Z Ju EJ[e«. u}
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2. Materials and Method
2.1 Synthesis of Glycidyl Methacrylate Hyaluronic Acid

The gels that form the basis of the model was prepared irfahewing way based on a protocol used by Stri
al.(28). First Glycidyl Methacrylate Hyaluronic acid (GMHA) was synthefiged commercially available
Hyaluronic Acid (HA, 120K15211V, Sigma) and Glycidyl Methacrylate (GM, A0355103, ACRO 8hewtical
structure is presented in Figure 2. The HA was dissolved to a 1%lwiiois in milliQ water in a beaker that
was sealed using parafilm and the contents subsequently stirred overnighé ihomogenous fluid. Next a 20-
fold molar excess of Triethylamiri&/047452526, Millipore) was added to the beaker in order to facilitate the
bonding of the GM to the HA and the solution was stirred for 10uteito make it homogenous. Finally, a 20-
fold molar excess of GM was added and the solution stirred overnight once. mo

o

b) Glycidyl Methacrylate

<)

Glycidyl Methacrylated Hyalronic Acid 1
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The GMHA in the solution was purified from the Triethylaminébgton precipitation (Pierce, 2007). First the
GMHA solution was mixed in a 1:4 ratio wiB®-( Aceton in a centrifuge proof Falcon-tube and vortexed for 1
minute to homogenize the solution. The solution was then pldoethe freezer at20 ( for 1 hour. Next, the
-20 ( GMHA solution was spun in & 4entrifuge for 10 minutes at 13 000 g to gather the GMHA in the bottom
of the falcon tube in the form of a pellet. Afterwards the supernataat gently decanted from the falcon tube
and the pellet was left to air-dry for 5 minutes after which itésuspended in a small volume of milliQ water
and the Aceton precipitation process repeated.

After a total of two precipitation runs, the GMHA pellet was resuspenrdedilliQ water and placed in 80 (
freezer to completely solidify. The tube containing the GMHA ice, Ve&gg in a vacuum freeze dryer and kept




until all ice had been removed, see Figure 3. Lastly the GMa$Aplaced in the dark in a desiccator at room
temperature for 1 day to remove excess moisture and then stored in the dagi( .

HGURE3 GMHAAFTER COMPLETING FREEZE DRYING
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2.2 HEPES+ Buffer solution preparation

The second step of the brain mimicking environment (BME) synthesiess was to prepare the buffer solution.

The buffer solution is a mix consisting of HEPES and SodiumoB&rldissolved in milliQ water and pH
adjusted to 7.2 using Hydrochloric Acid (HCL). This adjustment is doneabatieation and again before
inclusion in the BME-matrix. The buffer was selected for three readss it was used in order to kick-start
the fibrillation of the Col-I by neutralizing the Acetic acid used as datilagent in the Col-1 stock solution and
thus bringing the pH up to a range where fibrillation is favolgaBecond, it was used to bring the pH of the
matrix into the physiological range of pH ~7 in order to makeldlcal matrix environment viable for the SH-
SY5Y cells. Third, it was used to adjust the osmolarity of the BME-togptiysical relevance3y).

2.3 Collagen dilution

The collagen was diluted to the required concentration using 0.2%c&etil (AA). The concentration of Col-
in the final gel was varied between 0.5 mg/ml to 3 mg/ml. Carigon studies between different concentrations
of collagen were done using SHG.

2.4 Incubation time

The incubation time of the uncrosslinked hydrogel was varied betwi¢eand 24H and size and distribution of
fibrils and general matrix structure was investigated using SHG.vigbdity of cells was determined by
observing the morphology and using live/dead-staining.

2.5 Cell lines

This study was performed using three different cell lines 88¥SSH-SY5Y APP-overexpressing and SH-SY5Y

Vector control. The third cell line serves as a control for the transfeptiocedure while the first and second
mimic normal brain APP-function and DS-brain function respdgtive

All cell lines possess differentiation capability towards nadike morphology by means of a retinoic acid
differentiation protocol.




SHSY5Y is a subcloned cell line taken from the cell line SK-Nii8hljsvof human neroblastoma origg®). Sk
N-SH itself is derived from a bone marrow biopsy of a 4-ykhgid and first reported in 1973 and has been
widely used since theBg). SHSY5Y cells are most often used as an in vitro model ofatitiation and neuronal
function, and have been used to study neuronal diseases such as BatkiDsseas&d).

The SHSY5Y APP overexpressing variant donated by Aghetirak had already been treated with a gene
transfection using the pcDNA3.1 vector with which APP695 cDNA(wild type) hathberad into the SH-SY5Y
using FuGene 6 transfection agent(Roche, Basel, Switzerland). Stably transfésteadcbeen ensured by using
the antibiotic G418 (500 g/ml; Invitrogen, Paisley, UK) and verifiatgsing western blotting. The Vector control
had been subjected to the same treatment without APP695 cDNA inside the vector.

The SH-SY5Y vector control was also generously provided by Agtiame
2.6 Cell Culturing
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1715888, Gibco) containing 10% Fetal Bovine Serum (FBS, AXK51176, HyClone) and Ill%%6 aRdnici
Streptomycin (PEST, 34146, Fisher BioReagents) and grown in tissue culturefisatiedks(VWR) in a humid
atmosphere at 31 and 5% CO2.

The cells were grown to about 80-90 % confluency before bgifigin 1:4 ratio for the undifferentiated cell
lines and 1:10 during RA-differentiation. The cell media was chathgedhy after bringing any cells into culture,
and then 2 times a week after that, until cells where used in erpanis. For neuron pre-differentiation, 10uM
Retinoic Acid was added to the base media and the cells weréénettiation for between 7-11 days before
being used in experiments. The media used with the APP-overssipgeand APP-vector control cells were
supplemented with 0.8% G418(13811200, Roche) to select for stably transfediedrmtil the cells were used
in experiment.

For the in matrix neuronal differentiation experiments performiedthe model, serum-free base media with
0.1mM Brain derived neurotropic factor (BDNF, #051461, Peprotech) was used for all e@nditio

For cell seeding, TrypLe Express (1713951, Gibco) was used for cell égtbahchDPBS (1553601, Gibco) for
cell washing. Cell counting was done using a Neuberger haemocytometer.




2.7 3D-matrix preparation
The process of creating the matrix is summarized below in FigUiteedcrosslinker Irgacure 2959 (0014016263,

BASF), was dissolved in PBS and used at a final concentrafiét @f/v) in the gels together with 2% (w/v)
GMHA. This mixture was then vortexed for 2 minutes and then placadhaker at 800 rpm overnight in order
to achieve a homogenous fluid.

Mix GMHA
with

crosslinker

Mix Buffer,
Col-I, GMHA

Crosslink
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The next step was performed working on ice inside the sterimh®he GMHA mixture was mixed with an equal
part of Human Collagen-1 3.2mg/ml (7292, VitroCol) solution, pre-diluted) scetic acid to reach the desired
concentration. Gentle pipetting was used to mix the two fluids thoroughly togethe




Next, the cell media was mixed with an equal part of the bugtdution by gentle pipetting. The buffer solution
was a mix consisting of HEPES (A0368514, ACROS) and Sodium Bicarbonate (A0306538]igg0lved in
milliQ water and pH adjusted to ~7.2 using 2M Hydrochloric Acid (HCL). kxgetiments the cells was
prepared and present in the cell media, 6000 cells/ul final getentration. The contents of the media were
adapted to the specific cell type.

The GMHA-Col-I solution was then in turn mixed with the ustdution by gentle pipetting, resulting in an
uncrosslinked hydrogel with or without cells present dependingtlte experiment. The ratios between the
solutions of Col-lI, GMHA, Buffer/cell media was kept to 4:4:2 as shoviguire 5. The hydrogel mix was then

pipetted gently using reversed pipetting into the wells of 1.5 Glass bottomvélbplate (Cellvis). The 30 pl gels

Uncrosslinked Gel

HGUREDS MIXINGRATIOS

were placed in the middle of each well and each well was filld with 100 pl cell-free cell medium at 87
immediately. The media was added gently to the side of the well so as tdisttrb or disrupt the gel. The 96-
well plate was placed in a humid incubator at(3%Wvith 5% CO2 and incubated overnight in order to allow for
the fibrillation of the collagen and cell recovery in case of a matnitaining cells. After the allotted time had
passed the gels were crosslinked using 364 nm UV-light for 5 minutes.




2.8 Cell short term survival

Experiments to deduce possible toxicity to the SH-SY5Y celidSvbocrosslinking were performed in 2 different
ways. First a T25 culture flask containing SH-SY5Y cells were exposed to the stosadd\and time required
to crosslink the matrix, seddare 6. This flask was kept for observation and the cell line coedifior several
passages and subjected to ocular inspection to determine any ititefféhe second method utilized was the
inclusion of pure 2D cell controls in all following matrix expenitaeand observing their viability before and

5 minute UV exposure
At 364 nm

v

175 filled with SH-
SY5Y cells

T75 filled with SH-
SY5Y cells

Survive? Survive?

T75 filled with SH-
SY5Y cells

T75 filled with SH-
SY5Y cells

Keep and passaged cells for a week after exposure for observation.

HGURES HRST VIABILITY TEST SCHEME

several time points after UV-crosslinking. The method of asgessbility was comparing the cell morphology
with non-UV treated cells and literature, and this method was complemented usiatPlead-staining.

2.9 Cell long term survival

To determine the viability of the three different cell-typestire matrix a longer term study was performed.
6000 cells/ul gel were seeded in 30 pl gels with four wieliseach condition and the gels crosslinked after 12
hours. Themedia was supplemented with BDNF and the cells were pre-treated fays with RA. The media
was changed with fresh media each third day. After 7 days in the malitiin the gels were stained using
Live/dead staining

2.10 Cells in 3D

To determine if the cells remained in 3D after seeding severalwgets prepared with a cell count of 6000
cells/ul and 30 pl gels as described in 2.9. Incubated for 24 houesebefosslinking and changed media each
third day. After 5 days in the matrix the gels were stained using CellTracher (CT




2.11 Long term comparison model study

The long term comparison model study was performed over 6 wigeisler to allow for the possibility of APP-
plague formation. The study was comprised of 18 conditions split over two main expésimith 9 conditions
each that was prepared at the same time, seen in Figure 7

Experiment
APP-over
SH-SY5Y L expressing
L Cells
Pure GMHA Pure ML 2D- control
| GMHA +Col-| LZD“"“”‘" | GMHA | 4CoH |
N
GMHA

Pure GMHA
Ll

+Col-l 2D-control

HGURE7 CONDITIONS FOR TBENEEK TRIAL

The cells were pre-differentiated with RA with cell numbeggi 180 000 cells per gel and 8000 cells in each
2D control. Each condition was comprised of 4 wells with the same contémsnédia was supplemented with
BDNF and changed two times per week. Each change, the old media frosirglelcondition were pooled and
labelled according to the condition and frozen & { for analysis using electrocytochemistry to determine the
presence and ratio of t 38, 40 and 42. At each media change brightfield images were taken in orngerftom

a morphological comparison between conditions and other models. THg difference between the
experiments was the concentration of GMHA in the conditions, 1mg/ml2zang/ml respectively. The collagen
concentration was kept at 1mg/ml for all conditions containing collagen.

2.12 Electrochemoluminescent Immunosorbent Assay
Electrochemoluminescent Immunosorbent Assay using the Meso Scatev&ig Human (6E10) Abeta Triplex
Assay (MDS) as described by the manufacturer (Meso Scale Discovengedds screen for the presence of

t %o &} M Jv §Z u 3 @EId:time @EJdyPMB3 is a protein detection assay that can quantify several
different proteins simultaneously in the same sample. The sangplplaced in a well where separate
predetermined areas have been coated with an}i-] ¢ }( -3880/42. This assay employs C-terminally
specific antibodies to capture thet A38/40/42, respectively, and the 6E10 antibody in combination with a
SULFO-TAG-labelled anti-6E10 to quantify the pepti@8s.The detection method itself is based on the use of
an electric current that triggers the secondary labelled antibody if ébigugated with the primary antibody,
emitting light that can be detected. The light emitted is direcityrelated to the amount of the target protein
in the sample and as the different antibodies are separated andi$eckto pre-set positions in the same sample,
it is possible to measure the relation between these proteins isingle sample by measuring difference in
intensity of the emitted light36).

2.13 Live/Dead staining

The Live/Dead (LD) viability/cytotoxicity kit for mammalian cells(Invitrpgensists of calcein-AM where the
fluorochrome is activated via esterase cleavage once the stain ®@tdiving cell and Ethidium homodimer
(EthD), used to detect dead celEhis fluorescent dye cannot penetrate an intact cell membraneresent in




living cells. When EthD enters a cell through a damaged membrareds b nucleic acids and the process
increases its inherent fluorescence 40-fold, producing a bright redehoance.

Practically, the cells were washed two times gently with DMEM x1bedtaining. Then to 4uM of Calcein-AM
and 8uM of EthD were added, the cells were incubated for 20ain®7C, washed with DMEMx1 and finally fixed
with. 8 ( cold 4% PFA. The LD images where taken with a confocal laser scannisgapicgystem (Leica TCS
SP2 RS, Leica Microsystems, Wetzlar, Germany) using HC PL FLUOTAR 20x/0.55 airTokjabta® are
excited at 494 nm for calcein and 58 for EthD in succession. The emission light is filtenau the excitation
light using bandpass filters, 514/30 nm for Calcein and 609/57 nntHi E&ll from Semrock. Only green means
a healthy cell, while overlap with strong red indicates a dead or dyin@€ell(

2.14 CellTracker Staining

CellTracker (CT) is a non-toxic fluorescent dye that passes freetygthoell membranes and react with the
cytosol of the cells into non-permeable fluorescent stabledoicis used in order to track cell movement over
time. The dye used, CellTracker Red CMTPX (ThermoFishened agitig 2PF 817 nm and detected usiag
609/57 (Semroc) filter before the detectad8). Before imaging, the cells were prepared in the following way:
The cells were washed twice with DMEM x1, 5 uM of celltracker addedyatex for 45min at 37C, washed
twice again with DMEM and then fixed with 8 cold 4% PFA for 10 minutes. To image the cells, the custom
non-linear setup was used with a single beam at 817 nm and 30 mW pmf@re the objective, using a Nikon
Plan Fluor oil immersion 40xobjective with NA 1.3.

2.15 Brightfield Microscopy
Brightfield microscopy with photos was taken through the eyepiece of advigs 2000 microscope using an
OptikamB1 Digital Camera, and a Motic 10x/0.25 Ph1 Plan air objective.

2.16 Non-linear microscopy
Images of the samples were acquired using an inverted microscope (Ediip2@00, Nikon). The microscope
was fed a laser beam generated from a single picosecond pulssdsiasrce (Picotrain, HighQ Lasers GmbH).
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FHGURE8 SMPLIFIED MICROSCOPY SETUP PORTRAYING THE @BERRATLH OF BOTH PUI@B0-980NM), AND
STOKE$064NM BEAMSONLY ONE OF THE TWRI-BETECTORS ARE SHOWN IN THE SCHEMATIC

The 532 nm beam was led through an Optical Parametric Oscillator (Emerald OR@nBREhat allowed for
tuning of the wavelength between 630-980 nm. When images areented as being taken at 811 nm or 817
nm, it references the wavelength of the laser beam

The microscope, see Figure 8, had three photon detectors consistingettrrelated single photon counting
(TCSPC) detectors, one in forward direction (FWD-PMT) and two in egiotirdEPI-side (Epi-PMT) and EPI-
back, (not shown(39).




Conventional fluorescence microscopy involves the excitationlabedphore with a single photon. This photon
excites the fluorophore from the ground state to an electronic excitedestd/hen the excited fluorophore
returns to the electronic ground state it results in an emitted photorsesn in Figure 9. The energy difference

Two-Photon Jablonsky Energy Diagram
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between the excitation photon (long straight upwards pointing purpl®wa) and the emitted photon (shorter
downwards pointing blue arrow) is called the Stokes shift anchused by non-emitting energy dissipating to
the surroundings during the process. The single photon excitgioness can be replaced by simultaneous
absorption of two or more, higher wavelength photons.

The emitted photon will have the same wavelength in both caBlesre are a number of differences and certain
advantages of multi-photon microscopy (MPM) over conventional microsdBpylhe excitation wavelengths
of the photons used in MPM are much longer than the emission waggth which allows for an easy separation
of excitation and emission spectra using different optical filt&econd, the longer wavelength, in the near infra-
red regime, allows for a larger penetration depth and lower absorptfgrhotons in the sample and is therefore
more suitable for thick biological samples. The requirement ef MiPM technique for high peak powers
inherently limits the excitation to a small area at the focus. Comgbao conventional SPM technique where
the beam will excite a much larger area around the focus resultingalled out of focus background
fluorescence. The intrinsic confocality of MPM allows for 3D imagntis possible to isolate the sample planes
with high special resolution and removes the need for a pinhole forphipose lowering at the same time the
induced photo-damage in non-imaging planes. The use of muRip&PCs for detection allows for simultaneous
excitation and detection of SHG and 24 (

2.16.1 Second harmonic generation

Second harmonic generation (SHG) is generated when photons interactamthemtrosymmetric matter. The
interaction causes a frequency doubling of the incident wavelengtuyltiag in the emission of a signal with
half the excitation wavelength (being the same as a doubling of ibguéncy) of the incident photod().
Similarly, to 2PF, the SHG signal is generated only in the tight &scthe process requires high peak power.
Collagen fibers are inherently non-centrosymmetric making SHG a widelg technique to image such
structures 42, 43). As the molecule is returned to the ground state after the interaction tigetlkeoretically no
photo-damage induced.




3. Results and discussion
3.1 Establishing the BME

The important factors to establish before going forward with cellghe BME was collagen distribution,
fibrillation and matrix pH. Therefore, several matrices were produced withivg amounts of collagen arndiA
and the resulting matrices investigated. The effect of incubation tioreshe matrix was also explored and
through an iterative process the BME was prepared for addition of cells.

3.1.1 GMHA preparation

The production of GMHA yielded vastly different amounts of matesi@0dmg output on 50-100mg input. The
resulting yield was between 5% at its lowest yield and around dD%e greatest yield. There are several
reasons that could contribute to the consistently low yield of the GMHA. Tdir factor being that material is
poured away along with the supernatant in the precipitation step. Acetprexipitation is documented an
inexact process, and it was expected that some material would be |dbeiprocess of decantingd). This
could be confirmed by analysing what was poured away in the supernatant seiguia EQ

Inspection of the supernatant during the process show spindlycgiras which indicates that material indeed
follows the trimethylamine and Acetone during decanting and is Idss i not all GMHA aggregates into the
desired pellet form in Figure 1during the centrifuge step. This loss can be countered somewhat by increasing
the volume of acetone compared to the GMHA in the falcon tub®she concentration gradient then shifts
more towards the lower part of the tube after centrifuging, and less GMHAldHollow the supernatant during
decanting.

FGUREL1 TOR SUPERNATANT FROM PRECIPITATION
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Another factor that was identified to impact the available yielthis time the GMHA spends dissolved in the -
20 ( acetone between centrifugation runs. Longer times than 1 hour facilitates a GMilAtittks to the tube
walls like a coat, seen in Figure 13 compared to Figure 12. This caadtwélsolubilize well in milliQ and is de
facto impossible to retrieve using the vacuum freezing method causing fudsgof available material.

The zero yield batches occurred due to material fatigue on a bad lbéfelicon tubes, as the two batches were

FAGUREL2 GMHAAFTER COMPLETING FREEZE DRYI FIGUREL3 GMHALOWER YIELDAND COAT LIKE RESED
PROCESS SEEN IN FALCON TUBE AFTER LONG T2@ (NACETONE

lost when falcon tubes craell during the centrifuging step anthe GMHA turned out to be impossible to
salvage.

3.1.2 Collagen addition to GMHA

The effect of adding the Col-I in the GMHA-Col-I matrix was investigging MPMo answer the following
questions, before proceeding to introduce the cell lines itte BME: Can collagen be imaged properly in the
GMHA-Col-1 gel using MPM, and if we can, how is it distributedf2Tas also a concern during early imaging
that the crosslinker might emit a strong auto-fluorescence that could nsakelar studies in the matrix difficult
due to overlapping signal spectrums. The crosslinker proved to not affed i@ imaging.

What was seen, was that the collagen that did form, was spread agrinsmall fibres that did not form longer
strands compared with tissue samples and other in vitro collagen matriqestdd in literature 45). The result
was unexpected and tracked to inconsistencies the first protocol that resultednatrix with a pH that was far
too basic to support normal cell or collagen fibre formation.

These results spurred the next study in which the protocol fomtladrix creation was adjusted to produce a pH
around the physical. This pH study was performed by investigating sipectéve pH of all components present
in the matrix by themselves in order to zero-in on any extreniesing this trial, it was found that it was the
combination of the buffer solution and the cell medium that riésd in the aberrant pH. He buffer was adjusted
with HCL until pH stabilised around the physical for the finishedimat

Images of the matrixes formed using the improved protocol was takerdier to answer the previous questions
posed, determine any difference in collagen formation, as well as arth&eewly proposed question of how
the incubation time of the matrix before crosslinking affected the gafaformation. The latter question was
brought up as relevant when considering cells in the matrix, titey would need to recuperate and recover
for an extended amount of time between the seeding procedure tnedcrosslinkingto maximise cell survival

rates. The different conditions used in this experiment can be seen ie Zabl




TABLE2 CONDITIONBORCOLLAGEMISUALISATIOMATRIXEXPERIMENT

Conditions
Sample: HA control Col-I control | GMHA 1.5 GMHA 3 GMHA3 24
H
Col-Img/ml | 0O 3 15 3 3
GMHA mg/ml | 5 0 5 5 5
Incubation 1H 1H 1H 1H 24H
time

The images presented in Figure 14 are of the conditions in TalA images are taken at the same session,
with the same imaging settings and at the same depth in the saria@eace, allowing a direct comparison of the
images regarding both homogeneity and intensity.

FGUREL4 COLLAGEN DENSITY AND TIMERE COLLAGEN5 MG/ ML 1 HOURINCUBATIONUPPEREF) A,
GMHA®L-| 3MG/ ML 1 HOUR INCUBATIOfUPPER RIGHB, PURE COLLAGEN5 MG/ ML 1 HOURINCUBATION
(LOWERLEF]) C,GMHA®L-| 3MG/ ML 24 HOUR INCUBATIOfLOWER RIGHD. ALL IMAGES ARE REPRESENETABL

LAYERS FROM VOLUME STACKS OF IMBGEIEBARS0 Um).

From these images a couple of observations are appafefid; contains both brighter features and the same
homogenous network seen in the three other conditions. Image is notably brighter over all, an observation
that is substantiated by the shift towards brighter features shown in figurd' 8 pure Col-I matrix figuiErA,

is more homogenous in the both the spread of fibrils and theasbied size of the fibrils than the GM8dé«|
matrixes seen in figuré7B,17C andl7D.




This discrepancy between homogeneity is suspected to be bed¢hasnixing of the GMHA and Col-1 is done by
repeated pipetting during a very short time span. The componentseo@lirl matrix are in contrascompletely
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solubilized in AA and assumed to be a fully homogenous epldtom the beginning and that fibrillation
therefore should be more eveiDuring later preparations of the matrix the mixing was done more thorbugh
as to make sure the cells were present in all parts of the mathg. distribution of the GMHA itself in the
matrixes, is also a factor that could affect the formation of larger Col-I aggsegatn in figurd7B,17C and
17D and there are dyes that could be used to visualize the HA iGlearacterizing the distribution of GMHA
could help in answering why we see these aggregationsobf é@nd further studies are recommended. The
importance of incubation time is easiest to explore using Figuraslthe three matrixes with incubation time
of 1 hour have similar trends compared to the 24 hour ongth& strength of the SHG signal is quadratic
dependent to concentration. Intensity would be related to the siangity and length of the emitting structure,
it is reasonable to draw the conclusion that stronger intensity has a relatidarg®r or longer fibrils being
present in the sample. The actual mechanism behind this rel&ioot investigated; however, it is reasonable
to conclude that longer incubation of the matrix facilitates a matrix with #t sbwards higher intensity
structures, meaning thicker fibers, compared to the other matrixes. AccotdiRpederet al., polymerisation
time is an important factor in 3D-collagen matrix characteristics and adds irct@aschanical integrity to the
matrix up until around 10 hours of polymerisation, after which it 8tabs@5). This adds further credence to
the case of the24-hour incubation being shifted to the right compared to the otherg-igure 15 due to the
increased amount of high intensity structures

It was determined that lower concentration of collagen gives a less dense matrix thdt silow for an easier
imaging once cells are included in the matrix, compare 14Bdith The concentration of Col-I does not seem
to affect the formation of brighter structures as evident in Figure 15mwbemparing the 3 mg/ml 1 hour gel
with the 1.5 mg/ml 1 hour gel. However, from the shift towards briglsteuctureswhen comparing the 3 mg/ml
GMHA 1 hour gel with the 3 mg/ml GMHA 24 hour gel, it appears thatriiein incubation before crosslinking




have a large positive impact on fiber size, which is supporteitemnature(46). In conclusion, the decision was
made to pursue matrixes with lower Col-l amounts and longer incubation time&sgdihe cell trials as it would
more closely mimic a brain suffering from head trauma, as the amolcollagen present there is exceedingly
sparse and simultaneously allow the cells more time to recuperate.

3.2 Introduction of the cells

Using the result from the BME creation experiments the protocol reaghpdint where in order to continue
with the model, SH-SY5Y cells needed to be introduced anddieiival evaluated. First, the undifferentiated
cells were usedo make fast and rough tuning possible. Then, after the result ofiteetrials were obtained,
the final differentiated cells were evaluated more thoroughly to assessithdel.

3.2.1U\tstudies
Experiments to deduce possible toxicity to the SH-SY5Y celldfvbanosslinking was performed as described
in the methods chapter.

The result is seen inidare 16 and the perceived difference in size is due to a lower confleén the before
image, compared to the other two. No immediate noticeable differewas discovered between the cells in the
UVtradiated flask when compared to the non-radiated control after the procedand cells in both flasks
showed the same growth rate and morphology. The cells in both UV antloCamre kept in culture and
passaged twice after exposure and kept for 11 days for observatitnowtiany aberrant behaviour observed
in either culture. As the unmodifieBHSY5Y were seemingly unaffected by the UV-crosslinking no ftietster
of this nature was performed on the APP-overexpressing lin@nahe vector control. It was assumed that the
cell-lines would behave in a similar fashion to the unmodified SH-BN&Yexposed to UV.

#

100 um
‘ ] g i Cell lab 10x Cell culture flask — Post UV

HGURELG IMAGE O SHSY5YCELLS IN CULTURE FLA
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EXPOSURE AND ONE PASSAEE.S ARE CONFLUENT
LOWER RIGHNON- UV CONTROL AT SAME PASSAGE
NUMBER CELLS ARE CONFLUENT

Cell lab 10x Cell culture flask— No UV




3.2.3 Cellsin 3D

In order to establish if the cells would keep being susieehin 3D within the BME, or slowly sink to the bottom
of the 96-wellplates. An experiment was performed wh&idSY5Y cells welRAdifferentiated for 7 days in
culture and then densely seeded, 8000 cells/ul in 30 pl, jiels GMHA-matrix with a collagen concentration of
1 mg/ml. The gel was crosslinked the day after seeding, after at leasbdr@ bf incubation. The cells were
cultured in the gels for 5 days before imaging. The imagewnsho Figurel?7 are different angles of a 3D
rendered view of a stack of individual planes, or slices. Haehrsaking up the image is taken with a spacing of
1.5 ym above the previous slice, starting at the oil/glass boundaderneath the well plate. The image has
been treated in imageJ by thresholding to show the strongest kigrmader to only show the central cell bodies,
as the neurites obscured the view. As seen in Figirehe cells are suspended above the bottom of the well
However, some cells seem to grow directly on top of the glass whichfisreed using z-stacks (not shown).

Well bottom

HGUREL7 3D RENDERING OFSAACK USINGELITRACKER TO TRACE €BDDIES DAYS AFTER SEEDING IN MATR




3.2.4 Live/Dead

The LD studies where performed on RA-differentiated cells spant 8 days in the matrix before the assay.
Images were taken at different depths in the sample showing cellsfatetit heights within the matrix as well
as the direct surface of the glass, as seen in Fig@irBoth bigger rounded cells as well as more neuron-like cel
showing ganglia like outgrowth show as green and healthy. Theresrsameco-localization of green and red
dyes showing up as yellow, meaning cells are either unable to tkexér membranes intact or cell debris from
dead cells are accumulated around them. The morphology of thgsgdtells are typically small, shrivelled
rounded and graitlike, while the larger cells and the cells showing protrusions shpasuhealthy. Comparison
with LD studies by Imamuret al, who used RA-differentiated cells in 3D-environments in iRsok studies,
show a similar morphology for the live cells as well as the ssimenken grain like pattern for the dead cells
(47). This morphological information is used as a base to argue the vitaliheafdlls during the 6-week trial as
LD staining during the 6-week long trial would make it necessary to sa¢hi@dnvestigated wells each time
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FGUREL8 LIVEDEAD STAINING GBHSYS5YCELLS AT DIFFERENT HEIGHTS IN THE MINARGIKS TAKEN %A
DIFFERENTIATED CELLS ABTER'S IN THE MATRIX

3.3 Long term Brightfield study

The 6-week trial was based on two cornerstones, morphology and excreted factoesrirettia. Using these in
tandem, conclusions about the model can be drawn. From both thstudy and previously described as well
as other 3D-studies using SH-SY5Y @#&l)st(is shown that the morphology of the cell can be tied to the tieal
of said cell. Images where taken at every media change beforeviammedia for freezing. The images of each
condition were then analysed and scored according to morphology, comfjuand neurite length. The scores
are presented in table .XCriterions are valid for the majority of cells and across multiple aepef each
conditions. The criterions followed this system:

Morphology: Stretched, Stretched cells or cells with non-round morphology. Mixed;lear majority of any
morphological type. Grain, small round cells.




ConfluencyConfluent, cells covers more than approximately 70% of theénaaga. Interconnected, cells cover
less than 70 % of the image area but there is a high presence of intercimaincells or clustering of cells. Sparse
cells, single cells or no cells.

Neurite length:Long, neurite longer than 3 times the cell body. Short, thin short exterisdomcell body.

Week0, at the 3-day mark, all conditions behaved similarly. Confluenstretthed with the notable exception

TABLE3 6-WEEK BRIGHTFIELD STUDY

el Condiion Week0 Week1 Week2 Week3 Weekd Week5 Week6
M C NL M C NL M C NL M C NL M C NL M C NL M C NL
SH-SY5! 2D-control [+ + 0 + + + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
VU ol e o s+ o fo o fo o [0 o o |0 o 0 o o o 0 o
control
APP 2D-control |+ + 0 + + + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SH-SY5! GMHA 1 mg/m| |++ + 0 ++ + + + + + 0 + 0 0 0 0 0 0 0 0 0 0
Ve gl [ o oo kB o o o o o Jo o 0 o o o 0 |o
control
APP GMHA 1 mg/ml |+ + 0 + + 0 ++ + i i o ++ + + ++ 0 0 0 0 0 0
SH-SY5Y  GMHA 1 mg/ml +Chk + 0 + + 0 + + + 0 + ++ 0 0 0 0 0 0 0 0 0
\C’:rf;"o'l GMHALmgmI+Colk+ |+ [0 ook o o Jo fo o o o o 0 o o o 0o o
APP | GMHA 1 mg/ml + Col4+ + 0 + ++ 0 + + + 0 + + 0 0 0 0 0 0 0 0 0
SH-SY5 GMHA 2 mg/ml |++ + 0 + + 0 + + 0 t + 0 + + + 0 0 0 0 0 0
Vector GMHAZmgiml |+ + 0 ++ + 0 + i 0 0 & 0 0 + 0 0 + 0 0 + 0
control
APP GMHA2 mg/ml | + ++ 0 + + + + + 0 0 + 0 + i 0 0 i 0 0 + 0
SH-SY5Y GMHA 2 mg/ml + Cott + (] + + + ++ + + + + ++ + + ++ + + ++ 0 0 0
Veeor | o mgmi s Cotit s+ 0 T [ P P R R P 0 |+ o 0 o b D b o
control
APP | GMHA 2 mg/ml + Col-| + ++ 0 + + 0 + + 0 0 0 0 0 0 0 0 0 0 0 0 0
M =Morphology of cells: |  ++Stretched | +Mix 0 Grain-like C = Confluency] ++Confluent | +Interconnected | +Sparse cells | NL = Neurite length: ++ Long +Short 0 None

of both of the 2 mg/ml APP conditions, that are not confluent. fdason for the disparity in the APP conditions
might be found in less cell numbers than expected in the sggplirase, as both conditions in the 2 mg/ml show
the same trend and are from the same seeding. Thus, a compaofsthre 1 and 2 mg/mg APP needs to take
into account the difference in starting number of cells between the conaktio

This could also skew the results from the Electrochemolumimgdoenunosorbent Assay, Figure 19, performed
on the media from thee conditions. The vector control conditions unexpectedly do not behagesttime way

as the SH-SY5Y conditions. Almost all conditions have had theiurdders being completely deteriorated by
week 3 and the 21 day mark, with the exception of APP 1mg/ml GMHA, AFBRGMHASHSY5Y 2 mg/mi
GMHA and SH-SY5Y 2mg/ml GMHA #Qbis indicates that increased HA density have a positive effecteon th
cells and by comparing Figure &éndition by condition with Figure 20 the 2 mg/ml conditions showger
neurites as well as more extensive branching. The collagen conta&iointlitions showed reduced confluency




HGUREL9A) SH-SY5YGMHAIMG/ ML 13 DAYB) SH-SY5Y6MHA+ CoL-1 IMG/ ML 13 DAYSC)APP-
OVEREXPRESSIGMMHAL MG/ ML 13 DAYD) APPOVEREXPRESSIGBHA+ CoL-1 1 MG/ ML 13 DAYSIMAGES
TAKEN WHEN NEURITES WHERE FIRST SPOTTED IN BAGENBMNT DUE TO DIFFERENT LEVELS OF CONFLUE
OBSTRUCTING THE VIEW THE TIME POINTS VARYSEACH BAROOuM

compared to the pure GMHA conditions for both APP and vector control consli®d#SHY5 however, had a
positive reaction to the collagen presence showing both increasetlussty, lasting longer in the matrix dn
increased neurite length across both the 1 mg/ml and 2 mg/ml conditions.difference in how long before
the cells deteriorate in the matrix is interesting, as accordingecaiture differentiated SH-SY5Y cells are known
to be stable for up to 21 days in vit#8) in perfusion culture, and 14 days with a pure RA differentigtimtocol

in 2D 49). The caveat however is that the cells used in both cdeétgiudies had a much lower passage number
compared to the ones used in this matrix study. Furthermore thereadse long term studies showing the
possibilities of growing th&HSYS5Y cells for extended periods after neuronal differentiation, asrstby
Constantinesctet al. in 2007 $0) showing healthy cells 2 months after differentiation byngsadditional
supplements. Comparing the morphology of the cells in the 6 wedkuiil those presented by Agholme et al.
for the first 3 weeks show remarkable similarities in neurite morphol@gy, figure 24 a and b.

The conditions with a higher concentration of HA during the morpdichl study had a more stable morphology
and less rapid deterioration as seen in Table 3. The mediatfierhigh HA concentration was thus chosen for
the APP triplex assay study with the reasoning that more cells would granteastable reading on excreted




proteins. Changing all media at once each time might have had a negapiaetias SH-SY5Y cells have been
reported to be sensitive to sudden changes in the environmé&8y. (

.

HGURE20 A) H-SY5YGMHA2 MG/ ML 31 DAYSB) H-SY5YGMHA+ CoL-1 2 MG/ ML 17 DAYSC)APP-
OVEREXPRESSIGMHA2 MG/ ML 10 DAYD) APPOVEREXPRESSIGBIHA+ CoL-| 2 MG/ ML 10 DAYSIMAGES
TAKEN WHEN NEURITES WHERE FIRST SPOTTED IN BAGBNBUYT DUE TO DIFFERENT LEVELS OF CONFLUENC'
OBSTRUCTING THE VIEW THE TIME POINTS VARYSEAH BAROOuM

3.3.1 Electrochemoluminescent Immunosorbent Assay

The results of the brightfield study indicated that the most prongsiconditions were containing high
concentration of Hyaluronic acid. The 2 mg/ml conditions lasted longéeitrial and thus only the media from
the 9 conditions of 2mg/mGMHAand the 2 mg/ml GMHA + Col-I were analysed for the expression 88, 40

and 42 after the 6-week trial was completethe study utilized the saved frozen media samples taken 2 times
each week for the 6 weeks. One sample per condition and week wasstesging with day 3 at the first media
change.d Z § (& }yastweb as all data from the 2D controls are omitted as levels gosv detection
threshold. Data from week 6 is also below threshold for all camitias well and therefore omitted. The
detection threshold @& T0X3 % Pluo (}E& t o1 v 1Xdféring Blal aurhpEE of teld Xs the
trial progressed may have affextthe amounts of excreted factors detected in the me@amparison between




the different conditions are still possible however as the lpapof media across the entire condition allows
collection of a higher total of excreted factors at the cost of spegifiniregards to individual well-morphology.

FAGURE21 RESULT ONWIDSTRIPLEX ASSAY MEDIA ANALYSIS OR MBEML CONDITIONS OF TBIRVEEK TRIATOP

GRAPHS SHOW ALL CONDITIONS BUNDLED TOGETHERVERVARW WHILE THE MIDDLE AND BOTTOM ONES St
PUREGMHAANDGMHA+ COL-| RESPECTIVELY

Some interesting trends appear when analysing the graphs in Fidudeirgt, the difference between pure
GMHA and Col-I conditions, in that the Col-I containing conditions sli@eraasing curve across all conditions
while the pure GMHA conditions both varies more over time.nTlige fact that the Vector control once again
show a different behaviour compared to both the APP and the SH-&&ltions indicates further studied
including a more thorough characterisation and validation of the cells are needed.

The graphs show a peak occurring around day 14 in both SH-SY5Y and ARBoBitibns(} E  twdich is
unfortunately not possible to connect with any unique morggpl such as neurite length as both conditions
are confluent during this time. ¢Ju]jo & % $3 v J* ¢« v Jv t 0TX "uE% E]*]vPoC
goes down only to resume being secreted in detectable levelseallvay up to day 35 even though not a lot of
cells remain at that point. One explanation could be that the celistraegatively to having the entire media
with excreted factors being removed and forcing a hard reset dfamidition every media change. Some




protocols suggest changing only half the media at each point as tastatla the cells to much which could also
potentially explain the rapid deterioration of some of the conditict&(

Interestingly when comparing Figure 21 with Table 3 the Col-I condiixmbit less cells, earlier confluency
0}ee Vv *Z}A E %] o]v ]ycormppvedtd the pufe GMHA conditions. One could speculate
§Z2 §8Z t v 8Z }oo P VvV ]vE E S+ ]veiu AC <38} E p ]8Z ulpvs }( (E

4. Conclusion

The matrix characteristics are tuneable and different concentration&SBHA and GMHA+Col-| elicited a
different response in the cellular behaviour. The cells arghphowever, the nature of the study make it hard
to interpret if it was the 3D itself or the differing GMHA concentrasidhat made the cells prefer the matrix
compared to the 2D control and that needs to be addressed in further widtk model shows some promise
for use in differentiating SH-SY5Y to neuron-like morphologidseapecially the fact that the materials and
factors involved is well defined is useful for studié€£€M components impact on the neuronal function and
comparison studies with previously established models usintyi¢d The most promising conditions in the
matrix show neuron-like cells that exhibit comparable morphology tséhpresented by Agholmet al(27) and
other previous differentiation studies on SH-SB&Y48150). However, the conflicting behaviour of the vector
control and both SH-SY5Y and the APP overexpressing variant suggest thet riefittement of the matrix
protocol is still needed before it can be used as a reliableoral model. The APP study suggest that ECM
components could play a part in either expression too or the fresement of APP in the surrounding brain,
resulting in neuronal dysfunction but further studies are neaegdefore the model could be used reliably in
AD research.

5. Further work

To further validate the model the experiment should be repeated at least twiertimes. Instead of the pure
glass control, GMHA and GMHA+Capated2D-controls should be introduced for each conditimndiscern if
the 3D-matrix is necessary, or even just supplement the medium with the ECM cnfwin ordinary culture
conditions to discern if it is merely the presence of ECM material that matters. Ithatso be interesting to
further optimise the conditions after seeding the cells in the matrix wiffedént neuronal maintenance
media for instance, and see if that could stabilize the conditions past 21 ftayshee long neurites appear.
Studies should be performed with SH-SY5Y cells, APP and Vector control that aréta éowier passage
number in order to reduce the risk of aberrant behaviour.

Further characteristics of the cells, such as performing staining faronal markers such as Tau etc. that are
affiliated to functional neurons in order to substantiate the claithat the cells are in fact behaving like neurons
would be critical. Studies on possible electrical synapse activity @so be performed by for instance Ca+
imaging or a patch clamp assay.

For studies performed in the model itself, ECM remodellingisgiwould be very interesting to pursue as well
as different versions of co-culturing with for instance astrocytes or rgiaaells as they are involved with brain
ECM and neuronal health.
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