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1. Introduction

1.1 Immune cells and the central nervous system (CNS)

The central nervous systgi@NS)and the immune system interact in mavgys. On the
one hand, neurons need to be protected from excessive inflammatithre andsequent
damage to the neurons. On the other hand, the immune system protects the CNS from
pathogens. TiB work aims at identifyinglamaging mechanissof the immune system in
the CNS.

1.1.1 T helper cells (Thcells)

T cells or Tlymphocytes are a subtype of lymphocytes. Timayure withinthe thymus and
play an important role in the adaptive immune systecells are characterized Ilolyeir T

cell receptor (TCR), which enablése recognition of antigens by T lymphocytes

T lymphocytesare divided into subsets such as cytotdxiells T helpercells (Th cells)
andothers.

Th cells express the cluster of differentiation membrane protein 4 (CD4) and interact with
major histocompatibility complex class Il proteins (MHC.IMHC Il is expressed by
professionahntigen presenting cells (APCs), namely macrophagégnBhocytes and
dendritic cellsThcells can recognize antigens presented bgafMHC Il proteins and are

thenstimulatedto divide, differentiate and exert theirying effector functions.
Originally, two subsets dFn cells were discovered, namélyl cells and F2 cells.

Thl cells play an important role in the immune response to intracellular pathogens
inducing macrophages to kill pathogenic agentsch pesist inside the macrophagds
addition,Thl cellsstimulate B cells to produce antibodies against extracellular pathogens.
Likewise, Th2 cellscan stimulate B cells toroduce immunoglobulin (Ig) E. One of their

primary functions ishe protecton agairst parasitic infectiorfs



The different subsets of, Eellsare characterized by their production of specific cytoKines
For exampleTnl cells aredefined by their production ohierleukinr2 (IL-2) and

interferona (IFN- 2 ,)Th2 cells by their production dt -4, IL-5 and I-13, aswell asIL-9

and 1L-10>*° (for a revew see Vahedi et &). This dichotomy ofTh cells was expanded

with the discovery of other types o cells, such a3$h17 cells andTh9 cells. Sinceln9

cells are of importance to this work, the following paragraph describes them in detail.

1.1.2 T helpertype 9(Tn9) cellsand their signature cytokine Interleukin-9 (IL -9)

Th9 cells are a subset @ cells, which has been recently identifi€dT9 cells can be
generated from antigaimexperienced CD4 positive T celsvitro, by culturing in the
presence ofll-4 and transforming growth factor beta (T8A8. They are characterized by
theexpression of high amounts f-9 and IL-10 and by the transcription factor P13,

with IL-9 being their signature cytokingince they do not eexpress cytokines like

or IL-5, Th9 cellk are viewed as a distirstibset ofl cells’.

IL-9 (also called P40 anast cell growth enhancing actiifEA)) was discovered much
earlier tharTh9 cels'®1121314 |t js not only produced b¥n9 cells, butalsoby Th2 cells,

Tnl7 cellst>'® mast cell$’” and eosinophif$.

Physiologically,IL-9 has a variety of effects on different cell types, including the
promotion of mast cell growthand regulation of hematopoie$idL -9 influences

neuronal cellsburing the developent of the CNSIL-9 and its receptor protect against
neuronal, developmental apoptd8ist also helps in the process of differentiatiogf7
cells andncreaseshe suppressive effect of regulatdrgells’?, as well as enhansthe |L-

4 induced production of 1§y B-lymphocyte$?. In addition IL-9 was foundo decrease the
activity of pathogenidn17 cells inautoimmune gastrit!é and protect against intestinal
parasites such as Trichuris matisTaken togethetL -9 has many beneficial, physiological
functionsin protective immune responsdmitin addition, contributes to detrimental self

directed immunity



Th9 cells were shown to play a significant rotea mouse model disease of allergic asthma.
In this mode] their pathophysiological effect is primarily mediatedibyd and

neutralization ofL -9 ameliorates the course of the diséada line with this theIL-9

gene was linked to allergic asthma in hund&nsdditionally, myelin oligpdendrocyte
glycoprotein (MOG)specificTn9 cells induce experimental autoimmunecephalomyelitis
(EAE), an animal model for multiple sclerosis (MS) upon adoptive transfer irfimice

1.1.3 The immune privilege of the central nervous system (CNS)

The interaction between immune cellsd neurons is carefully balanced between being
able to protect th€ENSfrom pathogens and preventing inflammatory damage. Since
neurons are limited in their regeneration, bih@in needs to be protected from excessive
immune processe$he reduced immune activity of the brain compared to other organs of
the body igermedimmune privileggfor areview seeGalea et at®). The immune privilege
results mostly from a reducedference of immunity, a term that indicates thatigen
presentationvithin the CNSis delayed or inhibited. There are several mechanisms
contributing to this reduced immunity in the brain, sahwhichare explained here:

1. The brain parenchyma is septad from the blood by the blood brain barrier (BBB).
Under norinflammatory conditions, naiventells cannot pass this barrier.
Immunohistochemistry of the human brain showibdt basically no fymphocytes
are in the CNS under physiological conditiBhéctivatedT cells however, can
penetrate the BB, regardless of their antigen specifityHowever, only activated
T-lymphocytes with &NSantigenspecifcity stay in he CNS or reenter.iThe
retention of Flymphocyteswithin the CNSis thusantigen dependent, while the
entering of the CNS is ndt Different cell types such as astrocytes influence
this migration of Flymphocytes into the CN¥& Migration of lymphocytes across
the BBBis controlled by a range of distinchemokines, intagns and
cytokine$334,

2. Few neuronalélls in the CNS have constitutive expression of MHC | and II.

Originally, it was thought that MHC 1 is in fact not constitutively expressed in



neurons at alf, but can be induced bpif example axoton#} or exposure to
cytokines’. Later studies revealed that MHC | is expressed constitutively by
neuronal subsets such as hippocampal pyramidal néfir8upsequent studies
revealed that in additioi its immune function, M@ | directly interacts with CNS
resident cellsFor example, it plays an important role in synaptic plastitity
Although the brain is lacking typical APCs, MHC Il is expressedniroglia’™ as
well as astrocytés

3. Once inside the CNS, encephalitogehicell activity is inhibited by e.g. neuroftfs
or astrocyteS. Neuronswvere shown to be able to indudiéferentiation of
encephalitogeni® cells into regulatoryl’ cells and thus suppress EXEAstrocytes
were shown to inhibit the proliferation and inflammatory cytokine production of
encephalitogenid@ cells during the early phases of CidBected immune
responsesDuring prolonged inflammation howavyastrocytefiave the potential to
exaggeratéenflammatiorf>.

1.1.4 Interactions of T helper cells(Th cells)and neurons

Activated Ty cells can have a major influence on neuronal calisivated T, cells secrete a
diversity of cytokines. IFNb ,  whi ¢ h i slcells andngst etheers, ngluces
neuronal apoptosis mediated the ionotropic glutamate receps@lphaamine3-hydroxy
5-metyl-4-isoxazolepropioniacid (AMPA) andkainate receptor€€onsequentlyiFN-2

enhances neuronal excitotoxicity mediated by AMPA recefftors

Excitotoxicity is a damaging process in the nervous system. An excessive amount of
extracellular glutamate leading to an activation of glutamate receptors is followed by a
large intracellulacalcium(C&*) rise. This in turntriggers intracellular pathways, which
result in the destruction of the neutarExcitotoxicity plays a major role ia varietyof

diseasesfor examplestroke®.

Cytokinesin general caserve as attractants to other immunological ceks$ygnd can
disrupt the BBB, thereby facilitating the entry of further inflammatory cells into the*CNS

which in turn influence neurons in various ways.



It was also discovered that cells can make direct cell to cell contact with neurons and
induce cell death. This cell death can be mediatatidlyasligand (FasL), lymphocyte
function-associated antigen 1KA-1) and CD40It is independent of MHC interaction and
selectively damages neuronal c8li€ell dedh can also be mediated by an increase in
intracellularC&". This damage can be inhibited by AMPA astanethytD-aspartate
(NMDA) receptor antagonigts Additionally, stimulation of the AMPA/&inae receptor
leads to enhanced expression of MHC | in neuftarsdwould thusbe able tdncrease the
susceptibility to damage induced by cytotoXicells, which recognize antigens presented
by MHC 1.

Th cells also have beneficial functions on neurom&.cElls and 12 cells produce brain
derived neurotrophic factor (BDNF) upon antigen stimulation, which supports neuronal
survivalin vitro®L. AutoimmuneT cells specific for myelirbasicprotein(MBP) have been
shown to protect neurons of the CNS from secondary degenéfaimhpo-inflammatory

Thl-conditioned cellhave been shown increasehe recovery after spinal cord injury in
ratse,

Taken togethefTh cells have a divertsi of effects on neuronal cells, whichn be
beneficial or detrimentalntracellular neuronaCa* levels play a pivotal role in sonud

these processes.

1.1.5 Chemokines: signal mediators between the immune and the nemw® system

Chemokines are a family of secreted proteins with chemotactic functions. Their name is a
combination of the terms fichemotaxiso and fc
families, depending on the first two MHterminal cysteinesf their protein structurdn the

family of the C-X-C chemokines, these cysteines are separated by an amino acid, in the

family of the C-C chemokines, these cysteines are next to each other. Two smaller families

include the C family anthe C-X-X-X-C family. Chemokines bind tG-protein coupled

receptor{GPCR)and lead to transie@a’"* rises in their effector cells. Ten receptors for



C-C chemokines have been identified, nan@I§¢ chemokine receptor (CCR)10 (for a
review seeRollins™).

Chemokines serve as attractors and activators of leukocytes in physiological and
inflammatory conditions. Other functions include angiogenesis and hematopfmesis (
review see Rolling). They have been linked to variomfammatorydiseases such as
EAE®® and MS®,

Additionally, novel noAammune functions of chemokines were reportéakrious

chemokine receptors are expressed on neurons and astraoyidsyCCRZ’. This

receptoris constitutively expressethus taving functions independent of
neuroinflammationfor exampleplaying a role in neurotransmisst8rPhysiological roles,
such aghe release of glutamate frontragytes upon CXCR4 activation in
neuromodulation, has been linked to neurotoxicity, when paired with activated mittoglia
Hence, theole of chemokiness no longer confined to the chemotaxideidikocytes, but
include complex physiological and pathophysiological functions in the CNS, often

independent of immune cells.

The following paragraphs explain twe@chemokines, namely-C motif chemokine
ligand (CCL) 7 and.1 in more detall, since these two were stigated in this thesis. They
were selected, firstly becaugeevious results from our lab showéldey were discovered
to be upregulated in a neuron culturectidtivated with 19 cells(S. Ray, K. Forsberg,

F. Bischof, unpublished resultsyecondly, thgene locus for € chemokines has already
been associated with MS makingCCL7 andCCL11 possibly relevant for the damaging

mechanisms of 1P cellsin vivo.

1.1.5.1The C-C motif chemokineligand 7 (CCL7)

The GC motif chemokine ligand {CCL7, also callednonocytechemotactic protein,3
MCP-3) was first discovered in 1982andis produced by a variety of cells including
monocyte&!, smooth muscle cefisand astrocytéé. Tumor necrosis factor alph@NF-U)

stimulateshie CCL7 production in astrocyté€%



One of the main functions &CL7 is chemotaxis. It attrés a broad spectrum of cells such
as monocyté$, CD4+ and CD8+ Tlymphocyte$* and dendritic celfS. CCL7 also causes
the release of enzymes in its effector cells. It induces the release of arachidonic acid in
monocyte® and granzyme A and-Bicetytb-D-glucosaminidas in dendritic cells and
CD8+ T-lymphocyte$’.

The effect ofCCL7 on norimmune cells has nget been extensively investigat&iCL7

was shown to be produced by a gonadotropieasig-hormone (GnRHproducing

neuronal cell line and to chemotactically attract astro§tEgpression o€CL7is

induced by TNFU i n ¢ o r t% Qnarecentlyeemergeafsnction©€CL7 s its role

in CNS developmenCCL7 increases the axonal outgrowth durmeuronal

morphogenesi§ and it was linked to dopamine neuron development as well as promoting

neuritogenesis.

Finally, CCL7 has been associated wi#bveraldiseasesCCL7 expression was detected in
MS lesions® and atop{?.

1.1.5.2The C-C motif chemokineligand 11 (CCL11)

The GC motif chemokine ligand.1 (CCL11, also called eotaxil) was first described in

anin vivomodel of allergic inflammatiofd. It is produced by endothelial cells and

epithelial cells upon stimulation with TNE, -11UL &N-ol, | as veesindphiles by
cultured in the presence of-B’4. CCL11was ao detected in lymphocytes, macrophdges
and in e¢ermal fibroblasts, wherit is constitutively expressed@ihe expression in fibroblasts
isupregulated by 11 U a ndf®. TNF

In contrast taCCL7, CCL11serves as a chemoattractant for a smaller spectrum af cells
CCL11selectively attracts eosinophils, but not neutrophifs lymphocyte®, dendritic
cells’”” or mononuclear cell§ Later studies also revealed a chemoattractant raofl 1

for basophil€.

CCL11mainly effects immune cells. It activates the respiratory burst in eosin@phils
basophilsCCL11induces the release of histamaed leukdriene C4’8. Additionally,



CCL11was shown to upregulate the expressiomtarcellular adhesion molecule 1
(ICAM-1) andvascular cell dhesion molecule MCAM-1) in endothelial celfs.

As a proinflammatory chemokin€CL11has been associated with many inflammatory
diseases: In asthma, it was shown to contribute to the recruitment of eosinophils to the site
of inflammatiorf™. It was alsassociated with allergic rhinitis and nrafiergic sinusiti&,

as well as ul cer at fandcatopionyélitti s, Crohnods di sea

Although constitutive expression 6CL11in the brain was not observégnewer studies
revealed the influence @CL11in the CNS.CCL11binds to oligodendrocyte precursor
cells, thereby being linked to the process of myelin&tiokdditionally, CCL11 plasma

levels have been associated with ageing and reduced neuroffenesis

FurthermoreCCL11was shown to be secreted by activated astrocytes. These astrocytes
thus stimulated microglia, thereby promoting neuronal excitotoXfcinally, a recent

study showed thafCL11expression has protective, modulatory functionsikEAE

model in rats. Her&CCL11was mainly produced by neurons in the brain and could be

detected in the cerebrospinal flgfid

All'in all, recent publications point towards novel roles of chemokines, which were
classically seen as purely chemoattractant. A variety oimamune cells exhibit receptors

for these moleculeand their effect on these cells is under investigation.

1.2 T helper cell mediated neuroinflammatory diseases

Some neuroinflammatomyiseasesare viewed as being primarily mediated hycélls. Two
of these are introduced below.

1.2.1 Multiple sclerosis (MS)

MS is a neuroinflammatory, demyelinating disease of the CNS, mediated through
immunological processes. Immune cells attack the myelin sheath and lead to the formation

of inflammatay lesions in the brain argpinal cord. These lesions can emerge at any



locationinside the CNS and impair the neuronal functions, finally resulting in
neurodegeneration and scar formation (sclerosis). The cause for MS is still unknown and a
multifactorial genesis is assumed. Hereby, hereditary, environmental and autoimmune

mechanismgplay a central role in the development of 1S

Depending on the location of the inflammatory lesions, a variety of clinical symptoms can
occur. The most common symptoms include muscular weakness, tingling sensations, ataxia

and visual impairme#t

The clinical course of the disease is often characterized by attacks of symptoms with some
recovery in between, sometimes followed by a secondary progressive course of the

diseas®.

During the past 15 years, a range of drugs haea bpproved that allow the efficient
suppression of inflammatory disease activity and accumulation of neurological deficits

(Robinson et al. show some exampies

1.2.2 Experimental autoimmune encephalomyelitis (EAE) as @n cell mediated
neuroinflammatory disease and the role oéxcitotoxicity in EAE

EAE is a neuroinflammatory, demyelinating disease of the.@iN&n beinduced in

animals such as rats or mice afres a lot of clinical and palbgical elements with MS

Thus it is considered as an animal model for this diseBlse.main early clinical symptom

is a progressive ascending paralysis of the muscles.
EAE needs tde induced either actively or passively:

1. In the active indation, mice are immunized with CNspecific antigendike MOG,
and pertussis toxfi Myelin-specific Flymphocytesare activated and cross the
BBB, made permeabley pertussis toxin. The myelspecific Flymphocytesare
reactivated in the CNS and cause inflammation, demyelinationxaméledamage.

2. In the passive indiion, myelinspecific Flymphocytesare isolated from mice
already activly induced with EAE. The Iymphocytesare restimulatead vitro

and transfeed into mice, which had nbeen immunized y&t This adoptive



transfer ofTy cells indicates that EAE is a €ell mediated diseasBen-Nun et al®?
were the first tahow hat MBRspecific Flymphocytes could passively induce
EAE. The passive induction of EAE has been demonstrated for a number of
different Tr cells, including T1 cell®3, Th17 cell®, as well ad9 celk®’. Eachof

these inductions lead #odistinct phenotype.

Theability to passivéy induce EAE indicatesthat T cells play a crucial role ithe
pathogenesis of EABBoth the role of 1 cells and F17 cells has been elucidated to some
extent. Experiments suggest that the disease is mainly causetiZnells and F1 cells.

Tnl cellsfacilitate the entry of 17 cells into the CNS, which in turn damage the NS

Different cytokines prduced by T cells or cytokines effectingnkcells, have been shown
to increase the severity of EAE symptoms2R.is critical for the development of EAE.
IL-23 deficient mice are resistant to ERBNeutralization ofL-9 using monoclonal
antibodies ledo a decrease in EAE severity by inhibition of the generation of MOG
specific T cellst>®’. Both IL-23** andIL-9?* effect Th17 cells by promoting thgeneration
of these cellsThrough this, §17 cells are considered as one of the main contributors in
EAE pathophysiology.

Although it is assumed that EAE is a demyelinating disease, axonal and neuronal damage
seem to play a central part in EAE as well as in MS path&loBycitotoxicity has been

shown to be one reason for this neuronal damageAWVH®A receptor antagoni&, 3-
dihydroxy-6-nitro-7-sulfamoylbenzo (F) quinoxalindBQX)%® ameliorates the EAE

disease, thereby affecting the tissue inflammation, but functioning solely by inhibiting
excitotoxicityt?%19%, Siffrin et al1®? showed thaT17 cells directly contact neurons by

forming immune synases and induce fluctuations of intracell@z¢"* in neurons, as well

as neuronal cell death in an antigen independent way. T#s8uctuations were partly
reversible by blocking the NMDA recept8, thereby linking excitotoxicity with 17

cells.

Thestudy of EAE has revealed mafundamental mechanisms of nemflammation in

general and MS in particular. Many MS therapies are based on the EAEsuckdelthe
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U 4ntegrin antibody(AB) Natalizumab®. However, therera differencedetween MS and
EAE and this model has certain limitatiofisr a revew see Gold et &P?). In line with

this, some therapieshich were shown to be efficient in EAEfailed to show beneficial
effecsin MS patient&,

1.3 Aim of this work

Previous experimenta our lab(S. Ray, K. Forsberg, F. Bischof, unpublished resolts)
primary mouse cell cultures showed tha® cells lead to neuronal deterioratidsoth when
only co-culturingTh9 cells and neuronandwhen exposing neurons Ta9 cell supernatant.
This damage could be ameliorated by-freating the neurons with tlgdutamate receptor
antagonistslizocilpine (MK -801), which is an antagonist for NMDA recepgpand

NBQX, which is an antagonist for AMPA rece@of whole genome analysis was
performed on neurons exposed 9-Bupernatant and revealed an upregulation of several
genes, including the chemokine€L7 andCCL11

This work aimsat elucidating the role of ghtwo chemokine€CL7 and CCL11las well as

of the cytokindL -9, in this damaging process.

Firstly, the geneegulation of these cytokines was analysed in neurons and astrocytes.
Secondly, the damaging potential of each cytokine urores was investigated attte

influence of these cytokines on neuro@af* levelswasexamined. Thereby the direct

effect of eacltytokine on neurons was observed, as well as the igatisih of neurons to
glutamatemediatedC&* rise by these cytokinehirdly, the influence on glutamate

mediated excitotoxicity was analysed. Alltbese experiments intend to determine

whether these cytokines can damage neurons either directly or by enhancing excitotoxicity.

Finally, we tried to detec€CL7, CCL11andIL-9in an EAE mouse model. These
experiments intend to explore a novel role@@L7, CCL11andIL-9in neuronal damage

and link them to neuroinflammation vivo.
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2. Materials and Methods

2.1 Animals

For the primary cell culturdemale mice of th€57BL/6N strainvere usedAll

experiments were conducted in accordance with the Gedlnagnon Protectindd n i mal s 6
(8 4/03 Tieschutzgesetyas wel as the regulations set by thaiversitatsklinikum

Tibingen( A Mi t t ei | ung n ac hPrednant miceymeceséarydod ne@dhdl 4 o )
und astrocyte culturesere determined by plug check or ordered at a specific gestational

age.

2.2 Generation of defined cell cultures forthe identification of neuronal
toxicity of T helper type 9cells

2.2.1 Buffer Preparation

Several buffersvereprepared in tb laboratory. The protocols ftrese are listed below.

- Phosphate buffereckne (PBS)pH to 7.4
137mM Sodium chloride (NaCl, Merck, #1.06404.000)
2.7 mM Potassium chloridéKClI, Merck, #.049360250)
10 mM di-Sodium hydrogemphosphateNaHPQi, Merck, #106586030)
1 mM Potassium dihydrogen phosph&keH.PQs, Merck, #10487302 all
in water {H20)
- Tris buffered salin¢TBS), pH to 7,5
o 50mM TRIS-hydrochlorid(ROTH, #909(B)
o 150mM NacCl all in BO
- Magnetic activated cellosting (MACS) buffer, stored aR-8 °C:
o 0,5% Bovine serum albumi(BSA, SigmaAldrich, #A79061009)
0 2mM Ethylenediaminetetraacetic adlDTA, Merck, #108418100) all in
PBS

©O O O o
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- Magnesiumf r ee Lockeds BudriBl,storgdbth8c& eds Buf f er
pHto 7.4
o 154mM NacCl

5.6 mM KCI (Merck, #1049360250
3.6 mM Sodium hydrogen carbonate (NaH§ROTH, #8551.1)
1.3mM Calcium chlorié (CaCt, ROTH, #10237805Q0
5.6 mM alphaD(+)-GlucoseMonohydrat(ROTH, #6780.1)
5 mM 4-(2-hydroxyethyl}1-piperazineethanesulfonic adidEPES ROTH,
#9105.2 all in H.O
- Fluorescence activated cetiring (FACS) buffer stored a-8 °C:
0 2% Fetal bovineerum EBS, SigmaAldrich, #12003¢
o 2mMEDTA
o 0,02 % Sodium azidéNaNs, ROTH,#K305.) all in PBS
- Ammoniumchloride potassiumysing (ACK) buffer, pH to 7,3:
o 150mM Ammonium chloridgNH4Cl, ROTH, #5470.1
0 10mM Potassium bicarbona(fgHCO3, ROTH, #P748.1
o 0,1mM EDTA all in HO

O O O o o

2.2.2 Generation of definedT helper type 9cell cultures

2.2.2.1 Preparing of T helper type 9cell cultures

For preparation96-well flat bottom plate¢Greiner Bio One, #6551 1vere coated with
2¢ g/ mtikmowse CD3Biolegend#100314 and 2¢ g / mlmouasa €D2&Biolegend
#102112in PBS andleft at 4°C in the fridge overnight. Before usage, the plates were
washed with PBS once and then drséadrtly.

8-16 weekold female mice were killed usingarbon dioxide©0O.). The abdomen was then
cut open and the splegrasremoved. For oneulture,approximately ten spleens were
taken, washed with PBS and pushed through & #0ell straine(Corning Life Sciences,
#352340 using a plunge(BD, #30964%, all the time rinsing the cells with PBS.
Subsequentlythecell suspension was centrifugati1400rounds per minutedm) for
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5min at4 °C in aHeraeus Multifuge 3R (Thermo Scientificand the supernatant was
discardedThe @lls weresuspendeth 5 ml of ACK buffer and incubatefibr up to one

minute

Next the ®lution wascentrifuged again at 14GPm for 5min at room temperature. The
supernatant was discarded and the cells suspendednhdf@®BS. This step was repeated
once more.Finally, the cells weresuspended in PBS and countedier amicroscope
(Nikon Eclipse TS100, Nikqrfirst diluting it 1:1 withTrypan blug(Sigma Aldrich
#T8154100ML) to sort out dead cells

Magnetic activated cell sortinJACS) of CD4 positive (CD4+)cells wasperformed
usingCD4 (L3T4) MicroBead (Miltenyi Biotec, #136049-201)and LS ColumngMiltenyi
Biotec, #136042-401)following theinstructions oMiltenyi Biotech

After the separatiqrthe cells were counted again and dissolved itell-growth medium
consistingof ~946 | s cMo/ceidfsi ed Dul blefe Tedomgiesle d i u m
#11960044), 5% heat inactivate&#BS (Life Technologies, #1058064), 1% Penicillin
StreptomycinLife Technologies, #1514122) 50nM 2-Mercaptoethanq[Life
Technologies, #3135010) at a concentrationf@ne milion cells per ml. For the CD4+
cells to differentiate into i cells,recombinant murine H4 (Tebu, #21414)and
recombinant murine TGB (eBioscience, #1834262) were adde@ta concentration of
10ng/ml and Ing/ml respectively. The cells weethen plated at350*10”3cells per well
onto the coated 9%ell flat bottom plates already prepared antdsequentljncubated at
37°C and 5% CO..

In the following steps, the cells were always counteder the micrasope using Trypan
blue and therentrifuged at 1406m for 5min at room temperaturBetweensteps the

cells were put in the incubator&f °C and 5% COo.

Threedays(d) after the first stimulationthe cells were collected, counted and centrduge
The sipernatant was carefully rawed and kept for later uséhe cells were then
suspended at a concentration aiillion cells per nhin resting mediumconsisting of
growth medium and theifferentiation mediuncollected earlier at a ratimf 1:1. Next,
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5 IE/ml recombinant human K (Miltenyi, #130097-743) wasadded The e&lls were
seeded onncoated?4-well flat bottom platesGreiner BicOne #66216Q at 2*10”6cells
per well and kept in the incubator. They were monitorely.da case of a change in pH
indicated by theolor indiator of the mediunthe cells wererecollected andeseeded

again at 210”6 cells per well.

After another five to seven days, the cells were collected again, spun down, counted and
suspended in growtimedium at a concentratiai 1 million cellsperml. As in the first
stimulation, -4 and TGFb were added in the concentratiansntioned aboveCells were
seeded on 9@vell flat bottom plates coated withe®/ml antrmouse CD3 and 2g/ml ant

mouse CD28 again and put in theubator.

Finally, the cellsvere ready tte used for experiments three days after the second

stimulation.

2.2.2.2 Control of T helper type 9cell cultures

Th9 cultures were analyzed twice for their purityceraftermagnetic separation and a
seond timedirectly before usen further experiments~ACSwas used for analysis after
MACS. The final analysis waserformedwith quantitative reatime polymerase chain
reaction(gPCR see2.3). After MACS, the cells were controlled for CD4 positiviy flow
cytometry In addition, the purity oTh9 cell cultures was determined by flow cytometry

after intracellular staining for thE\9 signaure cytokine L-9.

Before and after magnetic separaticaibout 2 *200*10"2ells were set aside in 9ell

round bottom plategGreiner BiaOne, #650 101and then stained for CD4: Thkells were
centrifuged at 1406om for5 min at 4°C. This setting was usédr all subsequent
centrifugation stepsThe supernatant was discarded and the cells were suspended in 25
Fc Block (1:2000CD16/32,BD Biosciences,36314l). They were incubated at°€ for

5 min. Without washing, 281 of FACS buffer was added in each of the four wells. Anti
mouse CD4-ITC (BD Biosciences,361835 1:100 in 5¢l of FACS buffer was added
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thecells set aside before and after the MACS. In the remaining two, wedther %1 of
FACS buffer was added h€cells were now incubated for 20in at 4°C.

The cells were then centrifuged, the supernatant was discarded and the cells were
suspended in 156 of FACS buffer. This step was repeated twice. The solution was finally
transferred into tubes and stored protected from light until the analysiSyAmADP

FACS (Beckman Coulterdnd Summit softwaréDakoCytomatioh

First, gates wersetfor forward and side scatter to sort out dead cells. Unstained cells were
used to adjust PMT voltages and then the single stainings were run. Usheallield of
CDA4+ cells after MACS was above 9 If the yield was below 9%, the culturing was

notcontinued.

The final control fofTx9 cell yield is usually done using flow cytometry, which allows
exact distinctions betweén9 celk and other types dfi cellsfor each single celln our

experimentsthe Th9 cellyield was assessed by qPC$ee3.1.1and4.1.]).

Here total ribonucleic ad (RNA) was i®lated and compared for thdlir-9 expression. An
older Th9 cell culture, which had been analyzed by FACS hadconsisted of 906 Th9

cells, served as a referendéde method oRNA isolation and qPCR is described2r3.

2.2.3 Generation of defined neuronalcultures from embryonic day 16 (E16)

mousepups

One day prior to thpreparation of the culture lates were coated with Pely-Lysine
(PDL, Sigma Aldrich#P6407)at a concentration &¢ g / imH>O and incubated
overnight at 37C and 5% CQ. Afterwards, plates were washed once with stéfi® and
dried subsequentlftor Ca*-imaging coverslip(VWR®, #6310169 treated with UV
radiationwere putin wells of a 48well flat bottom plat€Greiner BicOne, #677 180
coated as above

For the pue neuronal culturel6 d old embryo4E16)were dissected. Pregnant mice from

the C57RB/6N strain were killed using COThe @&@domen was cuipenusing sterile
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scissorsThe embryos were removed from the amniotic sac and placeal in Badasced
Salt Solution (EBSS Sigma Aldrich, £2888§.

Mouse cortices were dissected following the protdmsh Beaudoin et &Y. In contrast to
the protocol, the hippocampi were not removEtke ®rticesand hippocampivere then
dissociated urg a Papain Dissociation KitVorthington Biochemical Corporation
#LK003150 according to the protocol suppliecetiein The @lls were countedndplaced
in neuronal growth medium (NGM) consistinghéurobas&l Medium (Life Technologies,
#21103049)containing2 % of B-27 Supplemen(Life Technologies#17504044), 1%
Penicillin-Streptomycin an@ mM L-Glutamine(Life Technologies, #25031R24) Then
the cells werseeded on 9@vell-F-bottom platestaa density o#40* 1073 cells per welfor
immuncstainirgs, on 48well-F-bottom platesvith coverslipsat a density 0120* 1013
cells per welfor Ca?*-imaging andn 6well-F-bottom plategGreiner BicOne, #657 160
at a density ol* 10”6 cells per welfor RNA extraction.

The @lls were cultured for approximately two weeks in the inculattdy °C and

5% COp. After two days of culturinge16 neurons were treated witt2M cyt ®si ne b
arabinofuranosidéAraC, SigmaAldrich, #C1768}o prevent the growth of glial cells. The

AraC malium was removed completely oaysin vitro 4 (DIV 4) and fresTNGM was

placed inthe wells.Some cultures were not treated with AraC. If a cultuasnat treated

with AraC, nonAraC is mentioned next to the age of the neurons.

One third of the radium was changed twice a wedk.DIV 7 and DIV14
immuncstainings for atrocyte contamiation were madésee2.5.2, and neurons were used

for experiments from DIV onwards.
2.2.4 Generation of defined astrocytc-neuronal mixed cultures from postnatal dayO
(P0O) mouse pups

Mixed cultures were made from newbd?@ pups of th€57BL/6N strain PO mouse pups
were usecbn the same dayey were borrfpostnatatay Q P0. Following quick
decapitatiorof the newborn micehe rest of th@grocedure was as describedhe
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generation oE16 pure neuronal culturésee2.2.3. As the survival rate of the neurons in
cultures from neurons of postnatabuse pups is lower compared to embryoniaoes

the initial seeding dengitwas adjusted to 1*3.076cells per wellon 6well plates,
240103 cells per wellon 48well plates and 80”3 cells per wellon 96well plates
Cells were cultured &7 °C and 5% CQp.

In contrast to E16 cultures, PO cultures were not treaithdAraC on DIV2 in orderto not
inhibit the astrocytgrowth. Thesubsequenhedium changwas identical to the change

described ir2.2.3 Mixed cultures were used for experiments on Dl&nd DIV10.

Mixed cultures wer controlled for the growth of ieroglia by immunocytochemistrigee
2.5.20onDIV7.

2.2.5 Generation of definedpure astrocytic cultures from P2 mouse pups

For pure astrocyte culturegB®2 mouse pups were used. The procedaetive same as in
astrocytieneuronal mixed culture described 2.4 Pure astrocyte cultures were placed in
agrocytegrowth medium(AGM) consisting ofL0 % FBS and 1% Penicillin-Streptomycin

in high glucoséulbecco's Modified Eagle Mediu(®MEM, Life Technologies,

#1196592) in aPDL-coatedl75cm”2 cell culture flasiCorning Life Sciences, #431466

at a density o1.25*10”6cells in 50ml AGM.

When the cells reached confluerafger approximately one week culturing cells were
sh&enat 180rpm for 30min in aCertomat MOII(Braun Biotech Intat 37°C to remove
microglia. Afterwardsthe medium containing the now detached microglia was removed
and freshAGM was put into the flask. The shaking was then continued for anothat 6
240rpm in theCertomat MOllat 37°C to remove oligodendroty precursor cells.
Subsequently, the flask was kbavigorously by hand for inin. The medium was

removed completelyral the flask rinsed with PBS. The PBS was removed.

Next 0.25% trypsinEDTA (ThermoFisher Scientifjg225200072 was addedo detach the
astrocytesor 3-5 min at 37°C and 5% CQ. Finally, the flask was hit manually to improve

the detachment and controlled for detachment afedls under the microscopeetached
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astrocytes were collected by rinsing the flask Wi@®M, putting the AGM now containing
the astrocytemto a 50ml tube(Cellstar Greiner, #227281and spinning it down at
750rpm for 5min at 20°C. The ells weresuspended in fresh medium and put on fresh
PDL coated flask again at a density @f25*10"6cells in 50ml AGM.

The astrocytewrere monitoredintl they reached confluen@gain. They were then
detached witlD.25 % trypsinEDTA as before (see above) and put on Ridated plates at
a density of 25*10"8ells per wellfor 96-well plates, 60*10"Zells per wellfor 48-well
plates or 350*10"8ells per wellfor 6-well plates. One to two days after this procedtire
cellswere ready tde used for experiments.cultivation for prolonged periods was
warrantegthe astrocytesereput in coated flasks again at the mentioned deniity

necessy, this cyclewas repeated when the caksmched confluencagain

Astrocyte culture medium was changette a weekluring all these stepbyreplacing
half of the mediumControl stainings fomicroglia contamination were made each time a

culture was sed for experiments (s@e5.2).

2.3 Gene expression analysis by quantitativeeal-time polymerase chain
reaction (QPCR)

2.3.1 Treatment of cell cultures with cytokines and glutamate for gene expression
analysis

For gene expression analysisuronal and mixed cultures were takeB&t 7 or DIV 14.

Recombinant murind.-9 (Peprotech, #2199) ata concentration of BM or 30nM,

recombinant mous€CL11 (BioLegend, #5829Qata concentration of 10M or 50nM,

or recombinant mouseCL7 (BioLegend, #5861023ta concentration of 10M or 50nM

were diluted in warnNGM, the volume being one thiaf the volume contained in one

well. The same amount of medium was then carefully removed from one well and the

cytokine dilution carefully added aigside the wall of the well. loontrol sampleghe

medium was changed thibutadding cytokinesCell cultures in 8wvell flat bottom plates
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were usedAfter 24h messengetibonucleic acid hRNA) was extracted as described
below.

2.3.2 RNA extraction

RNA was extracteéfom pure neuronal, pure astrocytic and mixed cultures, as well as
spinal cord tissue samplasingpeqGOLD Trifasi{peqlab, #3€2010) following the
manufactureis protocol. For bmogenization of tissue samples, the tissue was pulled
several times throughlGand 27G needlg@ecton Dickinson, #304432 and #302200
Heating was performed using?Pd G-2000 Peltier Thermal CycléMJ Research The
otherreagentsnot suppliedvith the Trifast werechloroform(MERCK, #.02445.025))
isopropanolMERCK, #.09634,2511)ethanolanddiethylpyrocarbonat¢€DEPC) treated
water, which wassupplied witha DNAse |, Amplification Grade kifLife Technologies,
#18068015. Eachwasusedaccor di ng to the manufacturer6s |
prevent RNA degradatigmll steps were performed with RNAse free equipment including
safe seal filtetips 10ul, 100l and 100Qul (Biozym, #70010, #770100, #770400
respectively. Thesamples were transferred to RNdsee 200l tubes(Biozym, #11030Q
with caps(Biozym, $21816)after redissolving the RNAPrevioudy, Eppendorf cups
(Eppendorf AG#D159102Rwere used.

Having finished the extraction and-dessolved the RNAIn 16 | o f -wddeE, th€
concentration oftheextracted RNA usinthe Peglab ND1000 Sptrophotomete(PeqgLab

was measured

The RNA wasstoredat-80 °C until usage

2.3.3 Reverse transcription into @mplementary deoxyribonucleic acid[DNA)

First, deoxyribonucleic acid (DNA) was degradesingDNAsel, Amplification Grade

(Life Technologies, #1806&L5. Al | steps were performed foll
protocol. NextmRNA was reverse transcrib&mlgenerat&eDNA usingSuperScripll

Reverse Transcriptagkife Technologies, #18063R2), again following the manufacte r 6 s
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instructions Other eagents used were Oligld 1218 Primer(Life Technologies, #8418
020, dNTPMix (Life Technologies, #R01PandRibolock RNAse Inhibitor(Thermo
Scientific, #£0038). The heateandthe centrifugevere the same as t3.2. All steps

were performed using RNAse and DNAse free equipment.

cDNA was stored a20°C until usage.

2.3.4 Quantitative real-time polymerase chain reaction §PCR)

gPCRwas used to analyze gene expression of defined samples. Tegrd®NA was
extracted from the samples to be analyzed as described abgeeehaleach sample was
pipetted in triplicates to account for and rule imatccuracy of pipettingnd sample

variation Additionally, one negative control was run, which did not contain any sample in

order to exclud contamination of primers, SYBR greanwater.

ForgPCR Micro Amp fast opical 96-well Reaction platef.ife tedinologies, #346906

were used. Each well was filled with 801 S¥BR green Absolute QPCR Mikife

Technologies, #ARB322/B)05¢ | 1@uM Forward and Ge | 10ypuM Reverse Primer

and 8 | o f -wdbeEMi@er Sequences used astedin Tablel. The Primers were

dissolved in DEP@vater to obtain a concentration of 00M. Wor ki ng di | uti ons
further diluted to a final concentration of £0M .

These reagents weemixed directly prior to additioto theplate. Finally5 ¢ | of , sampl e
diluted 1:25 with watefrom the original cDONAwas added to each well. The plate was

then covered witloptically clear adhesive seal she@kermo Scientific, #ARB170 and

centrifuged at 100€pm for 20min at 4°C, all the time taking care not to soil the bottom of

the plate Plates were measureding Applied Bioscienceg500 Fast Realime PCR

SystemOne run consisted of 1Bin at 95°C, followed by 40cycles, each composed of

15s at 95°C and 1min at 60°C.
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Tablel: Sequences of primers used in gPCR reactions

Gene Direction Sequence

b-Actin Forward CCACCATGTACCCAGGCATT

Reverse CGGACTCATCGTACTCCTGC

IL-9 Forward CACATGGGGCATCAGAGACA
Reverse AGAGACACAAGCAGCTGGTC
CCL7 Forward ACCAGTAGTCGGTGTCCCTG
Reverse AGGCTTTGGAGTTGGGGTTT

CCL11 Forward GCTCACGGTCACTTCCTTCA

Reverse AGGGTGCATCTGTTGTTGGT

2.3.5 Analysis of measured gPCR files

Results were analyzed using Microsoft Excel withdhe@8:-method®. b-Actin was used

as the reference gertetatistical analysis was performasingstatistical tools provided by
Microsoft Excel.Standard devi#gons were calculated based on the technical replidates
no biological replicates were present. Otherwise, biological replicates were used for the
calculationAtwo-t ai | ed p a i-tesewhs performeédtnassess stdtistical
significance with p9.05 being significantAgain, biological replicates were tested. If none

were present, technical replicates wesed

2.4 Ca?*-imagingof neurons

2.4.1 Treatment of cells withcytokines

Two different approaches were used: Fits¢ direct effect of cytokines anddrcell
secreted factors on neuroi@#* levelswas determined, which did not requéiney
pretreatment othecells The second approachnshow asensitization to glutamate
mediatedCa* influx in neurons Neuronal ells were treated with cytokinéso days pior

to the imaging experiments asar8.1
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2.4.2 ConditioningofMagnesi um f rutee(LB) with K éels b

In order b see the reaction of neurons to the secreted molecula8 célls inCa*-
imaging these molecules needed to be secretédirNormalT cell growth medium
contained glutamate and was thus not suitable for the imaging expefifBentcontrast
doesnot excite the neurons by itselix9 cells were spun down at @@ rpm at room
temperaturecountedandsuspended ihB at 5 million cells/ml Thisstep was repeated
twice to wash off all otheT cell growth medium. Th&x9 cells were then kept in tHeB
for 30min at 37°C and 5% CGQ. Finally, the cells were spun down again and the
supernatantvascarefully removedvithout any cells. The&.B condiioned withTn9 cells
(LB-Trh9) wasnow ready tobe used foCa*-imaging experiments drekept at-80 °C until

use.

2.4.3 Staining of neurons witha fluorescentCa?*-dye

For preparationFluo-4 acetoxymethyl estdFluo-4 AM, Life Technologies, ##420))
was dissolved in anhydrodémethyl sulfoxide 8DMSO, SigmaAldrich, #2768%) in order
to gain a concentration ofrAM for storage, which was further diluted 1:1000 tosa &
working dilution on the day of usage. Thigution was kept at room temperatuaed
protected from light. It was usddr all samples measured that deluo-4 AM is a cell

permeable fluorescent dye. It can increase its light emission upon bindbagy.

Cover slips containing neurons were carefully removed with forceps and put-well24
flat bottom plate filled with_B, taking care to put the side containing the neurons an top
The buffer was removed and 260of 2¢ M 4 AMowereadded. The cells were
incubatel for 20min at room temperatuggotected from light. e well wassubsequently
washed 4 times withB with thelast2 washes lasting 3 mand transferred t200¢ | of
LB. The cells were incubated again forr@t at room tenperatureandprotected from

light, ready to use fo€&*-imaging.If neurons were to be pretreated with glutamate
antagoniststhe NMDA-receptor antagonistiK -801 (Sigma Aldrich, #M107Ayvasadded to
theLB for the last 25nin of theincubation at concentration of 1AM.
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2.4.4 Microscopy of stainedneurons

The principles of microscopy of both approachesdentical

The microscope used was Axio Observer.Z1 microscope with #&xioCam HRc camera,
aHXP 120 llluminatoran EC PlanNeofluar10x/0.3 Phl objective artie AxioVision 4.8
softwareat 10x magnificationThe fluorescent dye Flué AM was excited with 488M
and the wavelength of the emission measured was816

The plate waétted in the microscop frame tightly in ordeto fixateit. An area of cells,
which contained a moderate cell density and few to no astrocytes, was ftxagalliate
the C&* levelsin single cels and to minimize overlapping cell bodies and neuritése
exposure timevasadjugedfor the cells tdejust bright enough to see the neuronal cell
bodies If the exposure time was set too high, further increase of brightpessglutamate
challengewould notbedetectable. The usual exposure time setbetween 500ns and
1s. Itwas kepthesameduring sampleswvhich were going to be comparedthe analysis
One picture series was taken f@tth 30min, depending on whether we wanted to see a

early or date reaction to the additions.cRires were taken everysautomatically

For the first @proah, LB-Th9 or the cytokine<CCL7, CCL11andIL-9 were added in
varying concentrations betwedmM and100nM after 3min, taking care not to shift the
plate as this would make an analysis of theutalICa* levels impossibleThey were
added in 10@ dropwise 60 mM KCI was added as a positive contiroB00e B min after
starting the picture serieghe increase in extracellulr by KCl leads to a depolarization
of the neuronal membrane and opeakage gtedCa* channes, ultimatelyleadingto
C&*influx. Even if the neurons wouldbt react to the cytokinetheir general ability to
generate action potentiatsuld be showthrough their reaction to KCAlso, the
functionality of the C# indicator could be showmNeuronswhich were alreagidead or
died during the experimentere thus sorted outhe @lls not reacting to KCI were not

considered in the later analysis.

In the second approaaggiutamate(SigmaAldrich, #68415100g)wasadded instead of the

cytokines. Theconcentrations were®e M1e M a nedMThdse concentrations just led
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to a slight increase iGa* levels (05 M) or led to a big increase @a* levels butdid not
saturataghedye (1 M) . Tests for the most suen able gl u
conducted prior to the other experimeritse reaction to lgtamateserved as the positive

control The @lls not reacting to gtamate were eliminated frolater analysis.

Each approackometimegontairedaddition ofthe glutamateantagonisMK-801at later
time points in a volume of 10@. KCl was then scaled up accordingly to 400Time

pointsusedfor this additionwere usuallyd or 6min.

During subsequent measurements, the fluorescence of thdy@adecreased, resulting a
decrease in fluorescence intensity of the neurons before and after the glutamate addition. To
account for this decrease in fluorescence, the control sample was always measured right
before its corresponding treated sample. This prevents the decrelyseflobrescence

from interferencewith the results. An increase @&* influx thus cannot be attributed to

higher fluorescence of Flub AM at earlier time points.

2.4.5 Analysis of Ca?*-imaging series

C&*-imaging seriesvere analyzed usingnageJ V1.48First, the background was
suldracted, using &olling Ball Radiuset atL00pixels(Proces#) Suliract Background).
Next, regionsof interest (ROIpf all neurons werselected This was donautomatically
by duplicating @ image of the series througghageq Duplicatefirst and selecting the
image required. Mostly an image directly afgertamate or KCI addition was usesince
only thecells reacting to these stimuli were relevant toanalysis By the selection of this
image, cells not rezing to this posive control could be excludedirectly. Another reason
for choosing this image ithat ®me cellsveredetected sufficientlpnly after this

stimulation.

Subsequentlythe threshold was adjustbg Imageq4 Adjus4 Thresholdto have all
neurons visible but not converging into another. Neomiverged neurons were divided by
Procesd] Binary4 Convert to maskndProcesg] Binary4 WatershedFinally, theimages

wereanalyzed throughnalyzed Analyze Particlegxcluding celloon edges and marking
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Add to manageiROIs not corresponding to a neuron and ROIs containing several cells at
once were manually excludedlll ROIs werenow in the manager and could be selected
and used to analyze the mean grey values of every single tedl imageAdditionally,

the total number of cells was determined this way.

In the final stepROIs were selecteaind the mean grey values of the ROIs of the full
imaging series were analyzed throwgialyzed Analyze ParticlesThe results were now in

an Excel sheet armbuld befurther evaluated

2.4.6 Statistical Analysis

Two approaches were applied:

1. The Aabsolute differenceodo as the differen
the baseline of a treated sample and the corresponding control sample.
2. Their el ati ve diff er e sas¢thémear intendityevalueiretateve p oi nt

to the baseline of the treated sample relative to its corresponding control.

In the calculation for the absolute difference, for every single cell the mean baseline was
determined by calculating the average of the grey values of the fingt 8f the

measurement. This baseline was set as2404all the following grey values were

calculated as percent of the baseline by dividing the grey value by the baseline value and
multiplying the result with 1006. Next, the averages out of this percentage of all cells of a
single time point and the standard deviation were calculated. These final values were
plotted on a timeline. Values, which showed an increase in fluorescence yntéhess

than 50% of the baseline (values150%) upon glutamate or KCI addition, were excluded

from the analysis.

Furthermore, the average of samples, which were treated equallgeteasinedy
calculating the average out of every value at corredipgrtime points of each single
sample. Standard deviations were calculated by usinGdlissian propagation of error

law.
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In the calculation of the relative difference, values of the time point as 80the control

sample were set as 108 The corrggonding treated sample is shown relative to this

control sample: The values of the treated samples were divided by the control and the result
was multiplied by 1006. These results are called ttenge in percent of the control value

at its peakand preseted in the tables i8.4.4

2.5 Immunocytochemistry, microscopy and analysif defined neuronal,
astrocyteor mixed cultures

2.5.1 Treatment of cells

Theimmunocytochemistryas performed using two different approaches

In the first approachhe effect of thecytokinesCCL7, CCL11andIL-9 on neuronsvas to
be identified. CCL7, CCL11 and 12 were added to neuronal cell culture®6-well flat
bottom platesit a concentration of ®M, 30nM, 50nM, 100nM, 500nM or 1uM (see
2.3.]). Thecelldamage was analyzed lmymunostainig after 24.

In the second approadie influence of CCL7, CCL11 and-® onglutamatemediated
excitotoxicityin neuronswvas to be detecteds in thefirst approach, neurons in 9ell

flat bottom plates wergeated with cytokines fa hto 2d (se€2.3.1) attheconcentations
mentioned abovesubsequentiythe cells were treated with glutamatea concentration of

05¢ M IXDe Mo cause excitotoxic neuronal deteatton.05¢ M of gl ut amat e
slightly damaged eurons 10 uM of glutamate caused severe neuronal deterioration
Accordingly, enhancement or reduction of glutamate mediated excitotoxicity could be
analyzedTheglutamate waaddedn neuronal growth of onthird of the total volumef

one well.After various time points ranging fromttto 2d, cells were fixed and stained.

Additionally, the glutamate addition dfis second approach wasnductedn another
variationin order to remove factors previously secreted by the neuBnamate was
diluted inLB instead oineuronalgrowth mediumThe gowth mediumfrom one well was
completely remove@dnd kept for later use. Théugamate dilution was added quickly to
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ensure that the cells would not be left dry for too long. The cells were then incubated for
5 min, 10min or 30min and subsequently washetth freshgrowth medium twicgagain
taking @re to not let the cells dry obetween removing and adding the fresh growth

medium At last the cellswere placed in their owgrowthmedium again

2.5.2 Immunostaining

All the following steps were conducted at room temperature. The growth medium was
carefully removed from one well at a time, taking care not to damage the neuronal cell
layer at the bottom of the well. The wells were quickly and gently rinsed with PBtBeind
PBS was removed again. Next, the cells were fixed withParaformaldehyd@MERCK,
#104005100pin PBS for 15min. The cells were washed with PBS fam$ and
subsequently permeabilized with @@Triton X-100(SigmaAldrich, #X10Q in PBS for

5 min. In order to block nofspecificbinding of theABs, which were added in the
following stepsthe cells were put in @ BSA (SigmaAldrich, #A7906100g) in TBS for

1 h. All ABs were diluted in2 % BSA/ 0.3% Tx100 in TBS overnight at °C. The

primary ABs used next depended on the type of cells stained:

- Astrocytic cell culturesverestainedwith anti-glial fibrillary acidic potein @nti
GFAP,rabbit polyclonalMillipore, #AB5804, dilutedat a ratio ofL:1000 andat
antrmouse CD11KAbD Serotec, #MCA711G,Tdiluted ata ratio of 1:400for the
evaluation of microglia contamination

- Neuronal cell culturewere stained witheuronal class 3 betabulin Gu-tubulin,
TUJ1)mouse monoclonalAB purified (Covance, #MM&35R250), diluted at a
ratio of 1:2000, cleavedaspase 3 (D175) rabbit A®ell Signaling Technology,
#96619, diluted at a ratio of 1:400, and a@FAP, rabbit polyclonalfor the

evaluation of astrocyte contamiraii

Following this incubation, the cells were washed With% Tweer® 20 (ROTH,#9127,)
in TBS three time$or 6 min each Afterwards the secondary fluoresceABs were added

eachdepending on the primary AB:
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- GoatantirabbitlgG (H+L) secondary ABAlexa FluoP 568 conjugatéLife
Technologies, #4101)),

- Goat antimouse 1gG (H+L) secondary AB\lexa Fluof 488 conjugatéLife
Technologies, #41029

- Goat antirat IgG (H+L)secondary ABAlexa Fluor® 568 conjugatg.ife
Technologies, #A41077).

ABs were diluted 1:2000 in % BSA/ 0.3% Tx100 in TBS. Due to the light sensitivity of

the secondary ABs, all consecutive steps were conducted protected from light. The plates
were incubated fot h at room temperature and subsequently washedlBi810.1 %

Tweenfor 6 min each. Eventually, the nuclei were stained Withg / Hoéchst33342

(Life Technologies, #H35Y@h TBSfor 1 min, rinsed once with PBS and kept in PBS from

here on a# °C urtil furtheruse.

2.5.3 Microscopy of immunostained samples

Stained cells were observedth an Axiovert 200M microscope equipped with an
AxioCam MRm camerat 10x magnificatiomsingAxioVision 4.8 softwargZeisg. The
excitation wavelength depended on the stainings. B&hM was used for theloechst
staining, 490M for theAlexa Fluof 488 conjugat@nd 5781M for theAlexa Fluor® 568
conjugate The emission of light was 461M for theHoechststaining, 525M for the
Alexa Fluof 488 conjugat@nd 6031M for theAlexa Fluof’ 568 conjugate

The cells wer@bserved under the microscof@@amples were eliminated based @ns of
contamination of the cells or signs of excessive neuronal damage, which could not be
contributed tadhe previous treatment of the cellBhe samplesf different treatment

conditions were comparexhdan overview of each sample was established

In a second stefiive images per sampigere takerblindly at set positions of the wethne
each in the middlepnthe right, at the tomnthe left and at the bottom.
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2.5.4 Analysis ofimmunostained samples

Samples were analyzed fregeneral appearance of the neag and cell bodies, thereby
comparing different treatment groups in a descriptive Whg.total number of nuclei

present was determined as describe?i4na

Cells positive for cleaved gaase 3r CD11bwere counted manually using thmageJ cell
counterplugin andcalculated as percent of the total number of nuclei ubieagtatistical
tools provided by Microsoft ExceRverages and the standard deviation of the five images

taken for eale sample were calculated.

In general, oly the samples of the same cell culture andamgad be compared as the

neurons of different cultures and differexgtes would often diffeéirom one another

2.6 Detection of CCL7, CCL11 andIL -9in an experimental autoimmune
encephalomyelitis(EAE) mouse model

2.6.1 Induction of EAE

Forthe induction of EAE irone mousgan emulsion of 6Qug myelin oligodendrocyte
glycoproteingoeptide 3555 (MOGesss), dissolved in 10Qug PBS(PAA Laboratories,

Pasching, Austriaand 10001 i ncomp |l et e Fr Sigmadldrish, adj uvant (
Steinheim, Germanygpntaining 40Qug Mycobacterium tuberculos{®ifco Laboratories,

Detroit, MI, USA)was preparedsing asyringe

10-weekold female C57BL/6N mice were injected subcutarsipwith the emulsion in
several areas around the baskng a Iml syringe(Braun, #4600177 anda27G needle

On the day of the immunization as well as twostyer, 200ng Bordetella pertussis toxin
(MERCK, Darmstadt, Germahwasinjected subcutaneousliyour mice were immunized
in total and dissected. Another four control mice were not treated but only dissected.

The mice were monitored daily and scoaedording to the score describedMiller et
at® At a score of one (fdli mp tthemitewere hi nd | i
sacrificed.
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2.6.2 Dissection of the spinal cord

Mice were euthanized using @O he skinas well as all the abdominal and thoracic organs
and muscles wem@movedcompletelyin order toreachthe spire. The carcass was pinned
onto gyrofoam and the mouseasdecapitated using scissoEsomthe cranial opening of
the spine downwardgach vertbral arc was clippedn both sides using small scissdrke
corpus vertebrawasremoved to expose the spinal cord. When reaching the conus
medullaris, the spinal cdrwas cartilly removed whilst severingthe spinal nerves. The

cord wasfrozen using ljuid ntrogen and stored a80 °C.

2.6.3 RNA extraction, reverse transcription and gPCR

These steps were conducted as already descril#8 in
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3. Results

Based on prewus results from this laboratgmyhich revealed neuronal damagéen
neurons were coultured withTh9 cells (S. Ray, K. Forsberg, F. Bischof, unpublished
results) the following experiments were designé&adirther results revealed an upregualati
of CCL7 and CCL11 in this coulture.Here, weanalyzed the neuretiamagingcapacity of
CCL7, CCL11 and IL9.

3.1 Analysis of the generation of defined cell cultures

Cell cultures were assessed by flow cytometng qPCR in the case o9 cellcultures
andby immunocytochemistry in the case of nenal and astrocyteultures in order to

identify possible contaminations of the cultures dregpurity of the cells.

3.1.1 Analysisof the generation of defined T helpetype 9cell cultures

Tnh9 cellcultures were analyzddr their yield of Th9 cells by gPCR. After magnetic
separationcells were analyzefbr their yield of CD4-cells Thus it could bedetermine

whetherthe culturingand differentiatiorof theTrh9 cellk couldbe continued

In addition,thefinal cell analysisafter the differentiation of then¥ cells,was carried out
using gPCR An old Tr9 cell culture containing over 8% Tr9 cells (analyzed by FACH

was usedsareferencell-9-mRNA was usedisthe parameter fofn9 cellyield.

Figure 1: IL -9-mRNA expression in a &9 cell
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Thequantity oflL-9 mRNA was comparable to the reference culiiifgurel), with a
fold-change of 1.4The significance of the foldhange shows the accuracy of the
measuremeni hisimpliesa high percentage ¢if -9 producing cellsTh9 cellk being the
biggest prducer of this proteirHowever contamination with other cell typesmot be
ruledout (see4.1.]).

3.1.2 Analysis of the generation of defined auronal cultures from E16 mouse

embryos
Pure neuronal cultures were analyzed for their grade of contamination with astrohiges
analysiswas performed bymmunocytochemistrfor GFAP, a signature molecule for
astrocytesThree cultures treated with AraC and thceéures wee not treated with AraC

were analyzed.

The percentage of astrocyt@sthe total nurber of cells present waelow1 % in cultures

treated with AraC and below 26 in cultures not treated with AraC.

3.1.3 Analysis of thegeneration of defined astrocytecultures from PO andP2 mouse
pups

Neuronal and astrocytic mixed culturas well as pure astrgte cultureswere stained for

microglia by mmunocytochemistrfjor CD11bto ensure their puritylwo cultures were

analyzed.

The percentage afmicrogliain the total number of cells present was beto%.

3.2 ldentification of the effect of cytokine exposure CCL7,
CCL11, IL -9) on cytokinemRNA expression of defined cells

Parallel to thdollowing experimers, gene expresion of neuronal and astrocyt@tures

was analyzedHere the regulation of thetudied cytokineby the studied cytokines
themselvesvas determinedNeuronal and astrocytiltures were exposed to the cytokines
in questionnamely CCL7, CCL11 and 4B. Previous work has shown that CGhyRNA
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in astrocytes is upregulated by exposure of astrocytesdtoells(S. Ray, K.Forsberg, F.
Bischof, unpublished results)he following experiment was performed in order to
determine whether H9, as the 9 cell sgnature cytokine, is responsible for this
upregulation. Additionally, itoulddetermine cross regulation between the cytokines
CCL7, CCL11 and IL9 in astrocytes.

3.2.1 The effect of cytokines on cytokine gene expression in mouse astrocytes

Analysis of gPCR mults targeting CCL7 in astrocytes treated with different cytokines
(Figure2) shows that CCL-mRNA is upregulated 1.64.5-fold by 5nM and 30nM IL-9.

The foldcharges vary in between samples, however CGIRNA is consistently

upregulated by 9. This indicates that despite the variance of result, his an

upregulating effect on CCLJene expressiom astrocytes. CCL7 and CCL11 did not alter
CCL7-mRNA expressin in astrocytesignificantly. In Table2, the average cycle threshold

(Cy) -values of the same samples are listed. Higheflies indicate low mRNA expression.
With around 28, these values show that the mRNA expression of CCL7 is moderate to low

in astrocytes.

A similar analysis of CCLIIMRNA expression in astrocyteSigure3) demonstrates a
non-significant effect of CCL7, CCL11 or B on CCL1ImRNA expression.

Ci-values in the CCL11 target group were higher than in the CCL7 ¢83upvs 29 in

control samplesaspectivelyseeTable3 andTable2 respectively) demonstrating a low
expression of CCL1ImRNA in astrocytes. Additionally, this very low expression of
CCL11-mRNA leads to inaccurate measurements, as seen in the large error bars-&f the IL

treated sampld={gure3).
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Figure 2: Effect of IL-9, CCL7 and CCL11 on CCL7-mRNA expression in astrocytesAstrocytes were exposed
cytokines for 24h at the concentrations indicated. Subsequently, cDNA gained from these cells was used for
for the targeCCL7in technical triplicates. Averages of these triplicates are shown as thehfde of treate
samples versus control samples normalized to agtofSf method). N=1 for CCL7 and CCL11 treated samples, I
for 5nM IL-9, N=2 for 30nM IL-9, all samples are shown. Error bars represent the positive and negative erro
derived from the standard devat. *** p<0.001, ** p<0.01, * p<0,05,n.s.=nemi gni fi cant, de
t-test.

Table2: Effect of IL-9, CCL7 and CCL11 on CCL7-mRNA expression in astrocytesAstrocytes were exposed to
cytokines for 24 at the concentrations indicated. Subsequently, cDNA gained from these cells was used for a gPCR for
the targetCCL7in technical triplicatesAverages of the Ci-valuesof the technical replicates of all samples are shown

Sample Ci-Value
Control 28,92578761
IL-9 5nM 28,67501
IL-9 30nM 1 29,6910629
IL-9 30nM 2 28,0316639
CCL7 50nM 28,1976242
CCL11 50nM 28,2468643

35



o
= 6
8
e
c 5
o
7
173
I 4
g3
456 3
o
oo 8
94 - n.s.
5 e n.s
©
=y 1
2 B
G
S 0
o IL-9 30 nM CCL7 50 nM CCL11 50nM

Figure 3: Effect of IL-9, CCL7 and CCL11 on CCL1EmRNA expression in astrocytesAstrocytes were exposed to
cytokines for 24 at the concentrations indicated. Subsequently, cDNA gained from these cells was used for a gl
the targeCCL11in technical triplicates. Averages of these triplicates are shown as thehfnhdie of treed samples
versus control samples normalized to aogpdfi-method). N=1, all samples are shown. Error bars represent the po
and negative errors derived from the standard deviation. *** p<0.001, ** p<0.01, * p<0,05, n-signiditant,
determinedpp st udestnt 6s t

Table3: Effect of IL-9, CCL7 and CCL11 on CCL1EmRNA expression in astrocytesAstrocytes were exposed to
cytokines for 24 at the concentrations indicated. Subsequently, cDNA gained from these cells was used for a gPCR for

the targeCCL11in technical triplicaés. Averageof theCi-values of the technical replicates of the samples are shown.

Sample Ci-Value

Control 33,2500089
IL-9 30nM 32,4406617
CCL7 50nM 32,0818977
CCL11 50nM 33,2824796
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3.2.2 The effect of defined cytokines on cytokine gene expression in mouse neurons

Previous work has shown th&@CL11-mRNA in neuronss upregulated bgxposure of
neurons tarn9 cells (S. Ray, K. Forsberg, F. Bischof, unpublished resufisg following
experimenwas performed in order to determine whetteB, as theTn9 cell signature
cytokine is responsible for this upregulatiodditionally, cross regulation between the
cytokinesCCL7, CCL11andIL-9 in neuronsvas determined

Quantitative PCR analysis of CCIIMRNA expression in neuroiigigure4) revealedhat
IL-9, CCL7 and CCL11 downregulate CGhYRNA. The G-values are around 3I#ble

4). As in3.2.1 this indicats a very low expression of CCU@RNA in neurons.

The CCL1EmRNA expression in neuronBi@ure5) was not significantly altered by
CCL7, CCL11 or IL=9.

*
*
*
I *
0 .

IL-9 5 nM IL-9 30 nM CCL7 50 nM CCL11 50 nM

control [2op (Bt]
o o o
ES » (o]

fold-change of CCL7
o
N

expression relative to the

Figure 4: Effect of IL-9, CCL7 and CCL11 on CCL7-mRNA expression in neurons DIV 12Neurons were expos:
to cytokines for 24 at the concentrations indicated. Subsequently, cDNA gained from these cells was used for
for the targeCCL7in technical triplicats. Averages of these triplicates are shown as thecfudaige of treated samp
versus control samples normalized to aap@-method). N=1, all samples are shown. Error bars represent the
positive and negative errors derived from the standard devi&tfop<0.01, * p<0,05, n.s.=nesignificant, determine
by st utdsent 6s t
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Table4: Effect of IL-9, CCL7 and CCL11 on CCL7-mRNA expression in neurons DIV 12Neurons were exposed to
cytokines for 24h at the concentrations indicated. Subsequently, cDNA gained from these cells was used for a gPCR for
the targeCCL7in technical triplicates. Averag®f the Ci-values of the technical replicates of the samples are shown.

Sample Ci-Value

Control 31,12078094

IL-9 5nM 31,410553

IL-9 30nM 31,1217321

CCL7 50nM 30,7899526

CCL11 50nM 31,3494212
4,5 n.s.

4.0
3,5
3,0
25 n.s.

n.s.
2,0 n.s.
15 n.s. n.s.
1,0 n.s.
0,5 l
0,0

IL-95nM1 IL-95nM 2 [IL-930nM CCL750nMCCL750nM CCL1150 CCL1150
1 2 nM nM 2

fold-change of CCL11 expression
relative to the control [2¢p (5]

Figure 5: Effect of IL-9, CCL7 and CCL11 on CCL1EmRNA expression in neurons DIV12. Neurons were exposec
to cytokines for 24 at the concentrations indicated. Subsequently, cDNA gained from these cells was used for a
the targeCCL11in technical triplicées. Averages of these triplicates are shown as thecfadge of treated samples
versus control samples normalized to aapdfi-method). N=2, all samples are shown. Error bars represent the pos
and negative errors derived from the standard dewiati* p<0.001, ** p<0.01, * p<0,05, n.s.=nesignificant,

determined-tdsty student ds t
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Table5: Effect of IL-9, CCL7 and CCL11 on CCL1EmRNA expression in neurons DIV 12Neurons were exposed
to cytokines for 24 at the concentrations indicated. Subsequently, cDNA gained from these cells was used for a gPCR

for the targeCCL11in technical triplictes. Averageof theCi-values of technical replicates of the samples are shown.

Sample Ci-Value

Control 28,8649089
IL-95nM 1 27,7887707
IL-9 5nM 2 31,8713633
IL-930nM 1 27,5251509
CCL7 50nM 1 26,7588266
CCL7 50nM 2 32,4702212
CCL1150nM 1 27,6568375
CCL11 50nM 2 31,2757654

The G-values Table5) range fom 26 to 34n different neuronal cultures, as indicated by
the numbering of the sampléhis points toamoderate tdow expression of CCL11

MRNA in neurons.

In summaryCCL7-mRNA is upregulated iastrocytes byiL-9. IL-9, CCL7 and CCL11
downregulateCCL7-mRNA in neurons. None of the other treatments revealed a consistent
effect on CCL7 or CCL1EmRNA in neurons or astrocytes. FinalgxCL7-mRNA is

mainly expressed in astroegi(see3.2.7), all other samples revealed lower expression
levels in astrocytes and neurons on avefage3.2.1and4.2).

3.3 The effect of CCL7, CCL11 and IL -9 preincubation on E16
mouse neurons

In a first step in idetifying the damagingotential of CCL7, CCL11andIL-9, neurons
were exposed to these cytokines and then stained for their DNA, cytoskeleton and cleaved
caspase 3Hgureb). As a correlation of neuronal damage, two parameters were analyzed:

neuronal morphology in form of cytoskeletal deterioration and neuapugdtosis as

39



indicated by expression ofeaved cgsase 3For each conditionie pictures were taken.
A small part of one picture is presented iafigureto ensurea better visualization of

neurites and nuclei on a singlell level.

There were no differences between the treated and the control sawtplesspect to the
cellular morphologyFigure6 a, bui-tubulin staining). Particularly the neurites wevell
preservedn all conditions Samples treated withloér concentrations of the mentioned
cytokines (5nM, 50nM and 500nM CCL7 and CCL11, %M and 30nM IL-9, samples
not shown did not show any damage indadey CCL7, CCL11 or ILS.

The cleaved caspase 3 positivity was very low, with almost no cells positieigsee6).

This is in line with the morphological analysis, which showed no neudmtetioration.

Taken together, the neurons appeared very healthy in all conditions, indicating that the

studied cytokines do not directly damage neurons.
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Figure 6: Neuronal morphology and apoptosis after incubation with CCL7CCL11 and IL-9. Neurons E12 treatec

with AraC were incubated for Z#with the cytokines at the indicated concentrations.cBflswere then immunostain
for their DNA u-€ubulingeeen) ant deavedocaspase 3f{red). 5 images peticonagre taken. Only
a part of a single image is shown for better demonstration of the morphology of a single neuron. Neurites were

between treated and control samples. No difference was detected. Cleaved caspase 3 stainings did not show ¢
postivity. N=1 nonAraC + 2 AraC for CCL7; n=1 nonAraC + 2 AraC for CCL11 and n=1 nonAraC + 1 AraG-%
Additionally, the concentrations of 5nM, B0 and 5000M (CCL7 and CCL11) and BM and 30nM (IL-9) were

analyzed and demonstrated no differenceeihdamage.
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3.4 Analysis of the effect of defined cytokineand Tr9 cell
conditioned imaging bufferon Ca?* levels in cultured E16
mouse neurons using Ca-imaging

3.4.1 General notesregarding Ca?*-imaging

The following experiments were conducted usitag*-imaging. Neurons were stained with
the C&* fluorescent dye Flud AM. An increase inritracellularCa* concentration is
reflected by an increase in FioAM fluorescenceFigure7 shows examples of this
increasean fluorescencén response to KCI aglutamateBoth lead tca depolarization in
neuronsThe reaction to these substas is very heterogeneoWhile some neurons are
already bright before the addition of a depolariziggra(Figure7, blue arrows)others are
only bright after the additiofFigure7, yellow arrows) with others not reacting at all or
only slightly withan increase in fluorescenitegensity(Figure7, white arrows)In the
analysis of the following experiments only news reacting to these stimutagisubstances
with an increase in fluorescenceatfleast0 % of baselineare included. Additionally, to
account forthe heterogeneousactionsa large numbeof neurons is included in each

analysis ranging from 5@ 300.
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a) BeforeKCl After 30 mMKCI

b) Before glutamate After glutamate 1QuM

Figure 7. Examples of neurons stained with th&€a?* fluorescent dye Flueg4AM and their reaction to KClI
and glutamate.Neurons DIV14 were stained with FludAM. a) Neurons stained are shown before and aftel
addition of 30mM KCI. Fluorescence intensity increases after the addition. The blue arrowanagkson
already bright before the KCI additiom) Neurons stained are shown before and after the additiond¥110
glutamate. Fluorescence intensity increases after the addition. The yellow arrow marks a neuron reactin¢

glutamate addition. Thehite arrow marks a neuron reacting only slightly to the glutamate addition.
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3.4.2 Direct effect of the application of mouse 19 cellsupernatant on C&* levels in
E16 mouse neurons
In order to analyze the hypothesis this@ cels damage neurons via glutamatediated
excitotoxicity, the Ca* levels of neuronsiereassessedpon exposuretboc ke ds Buf f er
which Ty9 cells had been inbated (B-Th9).

The addition othe LB-Tx9 at approximately 3nin leads to a sharp increase in neuronal
fluorescence intensityp to 3 times othebaseline level¢Figure8 a, band c).Blockage of
the NMDA-receptor with MKk801 after this increase in fluorescence intensity leads to a
sharp decrease in fluorescence intensitgyre8 c). The application oMK -801 before the
recordingdeads to no alteration of fluorescence intensity upoArk®addition(Figure

8 b).

Two sampleshowedan increase in fluorescenaponKCl addition Figure8b, c). This
glutamate receptondependent depolarization senasa positive controlt indicates the
functionality of the neurons used. Osempledid not react t&KCl but reacted td_-B-Tn9

with an increase in fluorescence intengkigure8 a).

TheTr9 cellculture was analyzed for itk -9 production (se&.1.1). ThegPCR analysis for

theculture used foFigure8is shown in3.1.1

Taken togethel,B-Th9 leads to an increase @& levels of neurons DIM 4. This
response can be blocked by the NMiDgkeptor antagonist MHO1. Experimentsvere

only conducted with twd@n9-culturesin total ©ne not showrsee3.1.1and4.1.7).
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Figure8: Effectof T9 condi ti oned LT09) dnE€d&Fdevel inhduens and itsBintagonization
by the NMDA-receptor antagonist MK-801.Fluorescence intensity over time is shown. The baseline fluorest
intensity was recorded fromto 180s and the fluorescence intensity is shown relatiteebdaselinea) LB-Tr9
was added at 189and 3anM KCL at 660s to neurons DIMA4. An increae in fluorescence intensity is visible u|
LB- Tr9 addition.b) Neurons DIV 14 were pretreated with 10 uM M301 for 25 min. LBTh9 was added at 180
and 30 mM KCI at 660 s. An increase in fluorescence intensity is visible only upon KCI adg)iti®?Th9 was
added at 188, 10 uM MK-801 was added at 3@&0and 30mM KCI at 660s to neurons DI\4. An increase in
fluorescence intensity is visible upon {189 addition and upon KCI addition. A decrease in fluorescence inten:

visible upon MK801 addiion. N=1 for all experiments.
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3.4.3 Direct effect of the application of CCL7, CCL11 and IL -9 onCa?* levels in E16
mouse neurons
After having established th&CL7, CCL11andIL-9 do not directly damage neurqtise
effectof these cytokinesnintracellularCa" levels wasfurther investigatedCe?* is
believed to play #olein Th9 cellmediated neuronal damagénce previous data shed
that neuronatlamage is decreased by treatimegironal cells witlthe glutamatereceptor
antagonists MKB01 and NBQX (S. Ray, K. Forsberg, F. Bischof, unpublished results)
Glutamateinduced excitotoxicity is discussed as the primary cauti@sxieuronal
damageln the following experiment,euronal cells were stained wittCaf* sensiive dye
and the effect of addingCL7, CCL11andIL-9 onintracellularC&* levelswasobserved.

NeitherCCL7, norCCL11or IL-9 have any direct effect on the fluorescence intensity in
neurons DIV 7 or 14 in the concentrations appliEidre9). Small, sharp decreases in

C&* levels Figure9 c and e) are du® the LB itselfor small shifts of the plate containing

the neuronsOtherwise no changes @& levels can be observed. The increase in
fluorescence intensity upon KCI addition shows, that the neurons are still excitable and the
nonreaction to the cykines is not due to their inability to increase ti@d* levels. The

imagingfor IL-9 was onlyconductedor neurons DIV7 (Figure9 e).

In conclusion, none dhe studied cytokines had any effect on stemn neuronaCa*

homoeostasjsvhen adding it directly to the neurons.
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Figure 9: Ca?* levelsin neurons (DIV 7 and 14) upon addition ofCCL7, CCL11 and IL -9. Fluorescence iensity
over time is shown. &seline fluorescence intensity was recorded fran®d180s and thdluorescence intesity is shown
relative tothebaselinea) 50nM CCL7 was addedt 180s and30 mM KCI at 420sto neurons DIV 7AraC treated n=3,
one samplés shown b) 50nM CCL7 was addedt 180s and 30nM KCI at 420sto neurons DIV 14AraC treatedn=8,
one samplés shown ¢) 50nM CCL11was addedt 180s and 30nM KCI at 420sto neurons DIV7, AraC treatedn=3,
one samplés shown d) 50nM CCL11was addedt 180s and30 mM KCI at 420sto neurons DIV 14AraC treated,
n=2, one sampliss shown €) 50nM CCL7 was addeét 180s and30 mM KCI at 420sto neurons DIV 7AraC treated,
n=2, one samplis shown All samples show no increase in fluorescence intensity upon addition of the cyt@Wines

samples react to KCI with an increase in fluorescence intensity.

3.4.4The dfect of preincubation of E16 mouse neurons witlCCL7, CCL11 and IL -9
on dutamate-induced Ca?* influx

Next, the impact of the cytokines CCL7, CCL11 anedlbn glutamaténduced C&'-

influx was assessed. This represents an indirect approach to the expedieneoristrated

in 3.4.3 where the direct impact of CCL7, CCL11 anddlonintracellular C&" levels was

assessed.

3.4.4.1 Notes for allsamples

For each experiment, treated samples and their controls were matched in pairs. As already
mentioned irR.4.4 the fluorescence of the dye decreased during the day. Only samples
taken at approximately the same time points can be compared. Each sample and its

corresponding contr@represented in the following tables.

Two different approaches to the ars$yof the following experiments were performé&te
absolute difference as the difference of the matansity values relative the baseline of
a treated sample and the corresponding control samgdealculatedSecondly, the
relativedifference at the time point 3@&0s shown Here, the meammtensity value relative
to thebaseline of the treated sample is shown relative to its corresponding clorttnel.
following paragraphs these differences are abbreviatdteabsolute and rative

difference.

Additionally, due to the heterogeneity of the neuronal reactions to glutamatédsee?)

and the difference in between neuronal cultuties sandard deviations are very large.
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Calculations of the significance have been performed on samples, which showed an
increase or decreaseftforescence intensity compared to the control after glutamate

addition.

3.4.4.2 The effect of50nM CCL7 preincubation on gutamate-induced Ca?* influx in
neuronsDIV 7

Exposure of neurons DIV7 to 50 nM CCL7 for 48 h and subsequent addition of glutamate

does not leatb a change of the glutamateediated increase aftracellular C&"levels

compared to neurons not treated with CCL7. Thisdgatedby thelack ofincrease in

fluorecence intensity relative the baseline, recorded befogtutamate addition, ifigure

10 compared to the controrhe fluorescence intensity of both samples peaks atIgough

350% ofthebaseline Figure10a).

Figurel0b) showsa singlemeasurement at one time poafter the glutamate additioAs
alreadyseen inFigure10 a), neurons treated with CCL7 and control neurons show a similar
reaction to glutamate. The large extenthsf standard deviation is dteethe variability of

neuronal reactions to glarhatein our culturegsee3.4.1and4.4.1).

In Table®6, all the measurements are listed sefgdyainstead of determining the mean of
all measurements as kigure10. This results in an average absolute difference%fdnhd
an average relative difference of & Additionally, the differencen between single
samples is rather small, ranging freb® % to 11% relative difference, with on outlier at
65 %. Therefore, both the absolute and the relative difference show no change in
fluorescence intensity. The 50 CCL7 pretreatment of neurons DIWappears to have no

effect on the neuronal excitability through glutamate.
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Figure 10: The effect of 50nM CCL7 on glutamate-mediated Ca®* rise in neurons DIV 7. Neurons DIV7 were

incubated witlr60 nM CCL7 for 48h andtheir C&* levels were measured using HddM. a) Fluorescence intensity

relative to the baseline, recorded from 0 to §86ver time is shown. @M glutamate was added at 180Averages of

all samples and corresponding controls are shown, n=4 for each control and sample. No difference between CCL7 treated
neurons anthe control can be seeb) Fluorescence intensity relative to the baseline ofithe point 300s is shown.

Two samples are shown as the mean out of all cells measured in one trial. Error bars represent the standard deviation.
n.s.=nonsignificant(p>0,05)asl et er mi ned tdsty st udent 6s t
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Table6: The effect of 50nM CCL7 on glutamate-mediated Ca?* rise in neurons DIV 7. Neurons DIV7 were
incubated withtb0 nM CCL7 for 48h andtheir C&2* levels were measured using FiAM. Fluorescence intensity
relative tothebaseline, rearded from 0 to 188, isshownat the time point 308. The absolutelifference between the
fluorexence intensity relative thebaselineof treated neurons andwtrol neuronsvas calculatedThe relative
difference was calculated with the fluoceace intensity relative thebaseline of the control set as 1%0andwith the
fluorescewe intersity of the treated sampleelative to the controlThe first cypher of the numbering indicatas
neuronal culture, the second indicates the sample number of this cBtithgéhe absolute and the relative difference
between the CCL7 treated and control samples are very small.

Control [%] | CCL7 50nM | Absolut Relative differencein
[%0] difference in percent of thecontrol
percent ofthe value at its peak[%]
baseline[%]
1.1 488 412 -76 ~-16
21 460 398 -62 ~13
3.1 249 277 28 ~11
3.2 168 277 109 ~65
Average of all | 341,25 341 -0,25 ~12
samples

3.4.4.3 The effect of50nM CCL7 preincubation on glutamateinduced Ca?* influx in
neurons DIV 14

Prereatment of neuror®IV 14 with 50 nM CCL7 leads taan enhancedntracellularCa*

rise upon glutamate addition compared to control samplgargll a), as indicated by the

fluorescence intensitymeasuredThereby the increasén fluorescence intensity was

roughly140% higher inCCL7 treatecheurons Thedifference in incease relative to the

control valueamounts to 426 on averag€Table7).
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Figure 11: The effect of 50nM CCL7 on glutamate-mediated Ca?* rise in neurons DIV 14. Neurons DIV14 were

incubated witlr60 nM CCL7 for 48h andtheir C&?* levels were measured using RildAM. a) Fluorescence intensity

relative to the baseline, recorded from 0 to 180 s, over time is shown. 10 uM glutamate was added at 180 s. Averages of
all samples and corresponding controls are shown, n=5 for each control and dgrfle@rescence intensitylegive to

the baseline of the time point 300 s is shown. One sample only is shown as the mean out of all cells measured in one trial.

Error bars represent the standard deviatiom=nors i gni fi cant (p>0, 05)teshs deter mined

This increase isnorsignificant, sed-igurellb). Here,a singlemeasuremdris shown at
one time poinafter the glutamate additiomhe standard deviation erylarge due tothe

very heterogenous reactions of the neurons to glutaise¢8.4.1and4.4.]).

In Table7, all the measurements are listed sefgdyainstead of determining the mean of
all measurements as igurell. Out of 5 different samples with cells derived from 3
different cell cultures only one showed a slightly loWef* level after glutamate addition
compared to its cordl. All other samples demonstrated an increaséulorescence

intensity higher than the corresponding control. fiéiative difference rangédsom 33% to
88 %.

All in all, theresults show a consistemibeit nosignificant increase irCa" levels in
CCL7treaed samples compared to controls. This indictitas50 nM CCL7 pretreatment
enhanceshe glutamatemediatedCa” rise in neurons DI\14.
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Table7: The effect of 50nM CCL7 on glutamate-mediated Ca?* rise in neurons DIV 14. Neurons DIV 14 were

incubated ith 50 nM CCL7 for 48 h antheir C&* levels were measured using FaAM. Fluoregence intensity

relative tothebaseline, recorded from 0 to 180 s, is shown at the time poird. 30G absoluteifference between the
fluorescence intensity relative the baselineof treated neurons and contriduronsvas calculated. The relative

difference was calculated with the fluoceace intensity relative thie baseline of the control set as 1%0andwith the
fluorescence intensity of the treated sample shown relative to the control. The first cypher of the numbering indicates the
neuronal culture, the second indicates the sample number of this cBtithhehe absolute and the relative diffexen

between the CCL7 treated and control samples show a bigger increase in fluorescence intensity by CCL7 pretreatment.

Control [%] | CCL7 Absolute difference | Relative differencein
50nM [%] in percent ofthe percent of thecontrol
baseline[%] value atits peak[%]
1.1 368 693 325 ~88
2.1 331 547 216 ~66
2.2 361 481 120 ~33
3.1 383 516 133 ~34
3.2 340 306 -34 ~10
Average of 356 509 153 ~42
all samples

3.4.4.4 The effect of5 nM CCL7 preincubation on gutamate-induced Ca?* influx in
neurons DIV 14

Exposure of neurons DIV 14 &onM CCL7 for 48h and subsequentdition ofglutamate

does not lead to changestire glutamatanediatedncrease of intracellulaE&* levels

compared to control sampldsigurel2 a), as indicated by thBuorescence intensitygoth

the CCL7 treated sample and the constadw roughly the same irease in fluorescence

intensity after glutamate additiarp toabout 480% of the baseline.
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Figure 12: The effect of 5nM CCL7 on glutamate-mediated Ca?* rise in neurons DIV 14.Neurons DIV14 were
incubated with :WM CCL7 for 48h and theilC&* levels were measured using Fdd\M. a) Fluorescence intensity
relative to the baseline, recorded from 0 to &86ver time is shown. JM glutamate was added at 180Averages of
all samples and corresponding controls are shown, n=2 for each control andigarfpdeescence intensity relative t
the baseline of the time point 380@s shown. One sample only is shown as the out oflidlroeasured in one trial. Err
bars represent the standard deviation.n.sssnong ni f i cant (p>0, 05)-teshs determ

Figurel2b) showsa singlemeasurement at one time poditer the glutamate additiom
both samples the standard deiaatis very larggsee3.4.1and4.4.1). The difference

between the CCL7 treated sample and control issigmificant.

In Table8, all the measurements are listed separatetyead of determining the mean of

all measurements as Figure12. The relative changes in comparison between one control
and one treated sample araall,ranging from 1% to 15%. Ths results in an average
absolute differace of 42% and an averagelative difference of 8o. Especially when
considering theelative difference, this difference is negligible. Aldte absolute

difference is rather small when comparing it with values se8f imM CCL7 pretreatment
(Table7) of 150% on average.

The results indicate thatnM CCL7 pretreatment doast enhance or reduce

glutamatemediatedCa* rise in neurons DIV 4.
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Table8: The dfect of 5nM CCL7 on glutamate-mediated Ca?* rise in neurons DIV 14. Neurons DIV14 were

incubated withtb nM CCL7 for 48h and their C# levels were measured using FddAM. Fluoregence intensity relative

to thebaseline, recorded from 0 to 180 s, is shown at the time poirg. 30t absolute difference between the

fluorescence intensity relative tioe baselineof treated neurons armbntrolneuronsvas calculated. The relative

difference was calculated with the fluorescence intensity relatitreetzaseline of the control sas 100% andwith the
fluorescence intensity of the treated sample shown relative to the control. The first cypher of the numbering indicates the
neuronal culture, the second indicates the sample number of this cBtithhehe absolute and the relatidiéference

between the CCL7 treated and control samples are very small.

Control CCL7 Absolute difference | Relative differencein
[%0] 5nM [%] in percent ofthe percent of thecontrol
baseline[%] value at its peak{%]
1.1 368 374 6 ~1
21 529 606 77 ~15
Average of all | 448 490 42 ~8
samples

3.4.4.5 The effect of50nM CCL11 preincubation on glutamateinduced Ca?* influx

in neurons DIV 7
Pretreatment of neurons DIV 7 with BM CCL11 for 48h and subsequent exposure to
glutamate does not lead to changesindlutamaténduced increase of intracellul@el*
levels compared to control sampl&sglrel3 a), as indicated by the fluorescence intensity.
Both the CCL11 treated and the control sample show roughly the same increase in
fluorescence intensity after glutamate additipntoabout 200% of thebaseline. The

average of the control samples is slightly higher at®10
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Figure 13: The effect of 50nM CCL11 on glutamate-mediated Ca?* rise in neurons DIV 7. Neurons DIV7 were
incubated with 50 nM CCL11 for 48 h and their Ca2+ levels were measured usirg AMoa) Fluorescence
intensity relative to the baseline, recorded from 0 to 180 s, over time is shown. 10 uM glutamate was Hftisd
Averages of all samples and corresponding controls are shown, n=2 for each control and}&iogieescence
intensity relative to the baseline of the time point 300 s is shown. One sample only is shown as the mean out
measured imne trial. Error bars represent the standard deviatistrnors i gni fi cant as d-est

Figurel3b) showsa singlemeasirement at one time poiafter the glutamate addition
The GCL11 treated sampis about 40% higher and thetandard deviatiois very large
(see3.4.1and4.4.]). The difference between CCL11 treated sample and control s non
significant.

In Table9, all the measurements are listed sefgdyainstead of determining the mean of
all measurements as kigurel3a). The relative difference between one control and one
treated samplis rather small, ranging froa80 % to 21%. This results in an average
absolute difference 6119 % and an average relative difference®%. Similar toFigure

12 andTable8, this difference is negligible.

Theresults indicate that 5@M CCL11 pretreatment doest enhance or reduce

glutamatemediatedC&* rise in neurons DIVY.
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Table9: The effect of50 nM CCL11 on glutamatemediated C&* rise in neurons DIV 7. Neurons DIV7 were

incubated with 50 NMCCL11 for 48 hand their C#& levels were measured using Fd@M. Fluoregence intensity
relative tothebaseline, recorded from 0 to 180 s, is shown at the time poirg. 30G absolute difference between the
fluorexence intensity relative thebaselineof treated neurons and contr@uronsvas calculated. The relative
difference was calculated with the flusoence intensity relative tbebaseline of the control set as 1%0andwith the
fluorescence intensity of the treated sample shown relative twttiel. The first cypher of the numbering indicates the
neuronal culture, the second indicates the sample number of this clitanesults are varying between an increase or a
decrease of glutamateduced C# rise.

Control CCL11 Absolute difference | Relative differencein
[%0] 50nM [%] in percent ofthe percent of thecontrol
baseline[%] value at its peak[%]
1.1 249 174 -75 ~-30
1.2 169 204 35 ~21
Average of all | 209 189 -19 ~5
samples

3.4.4.6 The effect of5 nM IL -9 preincubation on dutamate-induced Ca?* influx in
neuronsDIV 7

Exposure oheurons DIV7 to5 nM IL-9 for 48 h and subsequent additiongltitamate
shows inconclusive resujtwhen comparing the increase of intracell@af* levels

compared to the contr@Figurel4 a) as indicated by the fluorescence intensity.

The control average shows an increasgafi levels after glutamate addition upabout
200% ofthebaseline, witHL -9 treated samples being about%higher.
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Figure 14: The effect of 5 nM IL-9 on glutamatemediated C&* rise in neurons DIV 7.Neurons DIV7 were incubate
with 5nM IL-9 for 48h and theilC&* levels were measured using FiddAM. a) Fluorescence intensity relative to the
baseline, recorded from 0 to 180 s, over time is shown. 10 pM glutamate was added at 180 s. Averagespésianc
corresponding controls are shown, n=2 for each control and samplielorescence intensity relative to the baseline «
the time point 300 s is shown. One sample only is shown as the mean out of all cells measured in one trial. Erro
represent the standard deviatiors.=nons i gni fi cant (p>0, 05)-tests, deter mir

Figurel4b) showsa singlemeasirement at one time poiafter the gutamate addition
ThelL-9 treated sample is about $®higher than the control samplEhe difference
between the 19 treated sample and the control is +sgnificantdue to the very large
standard deviatio(see3.4.1and4.4.1).

In Table10, all measurements are listed separately, instead of determining the mean of all
measurements as figurel4 a). Thefluorescence intensity increase relative to the control
value differswhen comparing both sampldshis results in aaverage absolute difference

of 37% and a averageelative differencef 22 %.

Only two samples were analyzed. Both results differ layge amount, one showing
basically nancreasethe dher showing a larger increase of9Lireated neurons compared
to control neurondNo conclusions can be draywahether5 nM IL-9 pretreatment

enhances or reduces glutamatediatedCa’* rise in neurons DIVI.
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Tablel0: The efect of 5 nM IL -9 on glutamatemediated C&* rise in neurons DIV 7. Neurons DIV7 were incubated
with 5 nM IL-9 for 48 hand their C# levels were measured using RdM. Fluorescence intensity relative the
baseline, recorded from 0 to 180 s, is shown at the time poird. 30@ absolute difference between the fluogase
intensity relative tahe baselineof treated neurons anamtrol neuronsvas calculated. The relative difference was
calculated with the fluoregnce intensity relative e baseline of the control set as 1%0andwith the fluorescence
intensity of the treated sample shown relative to the control. The fishecyf the numbering indicates the neuronal

culture, the second indicates the sample number of this cultueaesults are inconclusive.

Control IL-95nM | Absolute difference | Relative differencein
[%0] [%0] in percent ofthe percent of thecontrol
baseline[%o] value at its peak{%]
1.1 169 228 59 ~35
1.2 193 209 16 ~8
Average of all 181 218 37 ~22
samples

3.4.4.7 The effect of30nM IL -9 preincubation on gutamate-induced Ca?* influx in

neurons DIV 14
Pretreatment of neurons DM with 30nM IL-9 for 48h and subsequent exposure to
glutamatedoes not leatb anenhanced rise of intracellul@a* levels compared to control
samplesKigurel5a), as indicated by the increase in fluorescence intensity. The average of
the control neurons shows an increas€aft levels after glutamataddition of about

350% ofthebaselinewith IL-9 treated samples being roughly the same

Figurel5b) showsa singlemeasirement at one time poiafter the glutamate addition
Both treated sample and control shaboutthe same amount olubrescence intensity
increaseNo significant increase or decrease was calculdiee standard deviation is very
large(see3.4.1and4.4.1).
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Figure 15: The effect of 30nM IL -9 preincubation on glutamatemediated C&* rise in neurons DIV 14.Neurons
DIV 14 were incubated with 3@M IL-9 for 48h and theilC&2* levels were measured using Fd@&M.

a) Fluorescence intensity relative to the baseline, recorded from 0 to 180 s, over time is shown. 10 uM glutams
added at 180 s. Averages of all samples and corresponding controls are shown, n=3 for each control and sarr
b) Fluorescence intensity reliat to the baseline of the time point 300 s is shown. One sample only is shown as
mean out of all cells measured in one trial. Error bars represent the standard deviation.-sigrficant (p>0,05) as
determined-tésty studentds t

In Tablell, all the measurements are listed sefgdyainstead of determining the mean of
all measurements as kigurel5a). Therelative changes in comparison between one
control and one treated sample varying, ranging froril5 % to 38%. This results in an
average absolute difference of @2and an average relative difference 8b9Similar to

Figurel2 andTable8, this difference is negligible.

This indicatesthat 30nM IL-9 pretreatment does not enhance or reduce the

glutamatemediatedCa* rise in neurons DIV 4.
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Table11: The effect of30 nM IL -9 on glutamatemediated C&* rise in neurons DIV 14. Neurons DIV14 were
incubatedvith 30 nMIL-9 for 48 h andheir C&* levels were measured using Fd@M. Fluoregence intensity relative
to thebaseline, recorded from 0 to 180 s, is shown at the time poirg. 30t absolute difference between the
fluorexence intensity relative thebaselineof treated neurons andmtrol neuronsvas calculated. The relative
difference was calculated with the fluoceace intensity relative thebaseline of the control set as 1%0andwith the
fluorescence intensity of the treated sample shown relative to the control. Thepfitst of the numbering indicates the
neuronal culture, the second indicates the sample number of this cOltuagerage, only a slight increase in
glutamatemediated C# rise in IL-9 treated samples can be observed.

Control IL-930nM | Absolute difference | Relative differencein
[%6] [%6] in percent ofthe percent of thecontrol
baseline[%0] value at its peak[%]
1.1 331 457 126 ~38
2.1 383 324 -59 ~-15
2.2 340 367 27 ~8
Average of 351 383 32 ~16
all samples

3.4.4.8 The effect of5nM IL -9 preincubation on gutamate-induced Ca?* influx in
neurons DIV 14

Exposure ofheurons DIV14 to5 nM IL-9 for 48 h and subsequent additionglfitamate

leads toanenhancedncrease of intracellulaC&?* levels compared to the contréligureis

a), as indicated by the increase in fluorescence intensity

The control average shows an increasgati levels after glutamate additiamp toabout

360 % ofthebaselinelL-9 treated samples show an increase which & ttigher.

This increase is nesignificant howeverkFigure16 b) showsa singlemeasurement at one
time point right after the glutamate additidrnelL -9 treated sample is higher than the
control with 420% compared to 37% increase in flu@scence intensityThe standard

deviation is very largésee3.4.1and4.4.J).
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Figure 16: The effect of 5 nM IL-9 on glutamatemediated C&* rise in neurons DIV 14.Neurons DIV 14

were incubated with 5 nM H9 for 48 h and their Calevels were measured using FaAM. a) Fluorescence
intensity relative to the baseline, recorded from 0 to 180 s, over time is shown. 10 uM glutamate was added
Averages of all samples and corresponding controls are shown, n=3 for eachamahsainpleb) Fluorescence
intensity relative to the baseline of the time point 300 s is shown. One sample only is shown as the mean ou
cells measured in one trial. Error bars represent the standard deviagiemonrsignificant (p>0,05) as detained by
studetestt 6 s t

In Table12, all measurements are listed separafehe fluorescence intensity increase
relative to the control value in comparison between oné&r@icand one treated sample is

similar in all samplesampared, ranging frorh7 % to 21%.

This indicateghat5 nM IL-9 pretreatment enhangglutamatemediatedCa” rise in

neuons DIV 14 nonsignificantly.
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Table12: The effect of5 nM IL -9 on glutamate-mediated C&* rise in neurons DIV 14. NeuronsDIV 14 were
incubated wittb nM IL-9 for 48 h andheir C&* levels were measured using RiAM. Fluoregence intensity relative
to thebaseline, recorded from 0 to 180 s, is shown at thepgong 300s. The absolute difference between the
fluorexence intensity relative thebaseline between treated neurons and con&étonsvas calculated. The relative
difference was calculated with the fluorescence intgmsiative tothebaseline of the control set as 1%0andwith the
fluorescence intensity of the treated sample shown relative to the control. The first cypher aftieanmindicates the
neuronal culture, the second indicates the sample number of this culture. An increase in ghotatizaeel C# rise in

IL-9 treated samples can be observed in both the absolute and relative difference.

Contr ol IL-95nM | Absolute difference | Relative differencein
[%6] [%6] in percent ofthe percent of thecontrol
baseline[%] value at its peak[%]
1.1 361 432 71% ~20
2.1 383 448 65 % ~17
2.2 340 412 72% ~21
Average of all | 361 431 68 % ~19
samples

3.5 The effect of CCL7, CCL11 and IL -9 preincubation on
glutamate-mediated excitotoxicity in neurons

Sinceprevious results showed tHa€CL7 and IL-9 pretreatment alters glutamateediated
C&*influx in neurongsee3.4.4.3and3.4.4.8respectively, we needed to determine

whether thisalteration inC&* influx was alscaccompanied bgnalteration of glutamate
induced neuronal damageherefore neurons were incubated wi@CL7, CCL11andIL-9

and then exposed to glutamate assessing their morphology and apoptosis thereafter.
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Figure 17: The effect of CCL7 pretreatment on glutamate induced excitotoxicity in neuron§\Neurons E16, DIVL5
were incubated with 56M CCL7 for 24h and then exposed to glutamate for2Z he cells were subsequently fixed a
stained for DNA (blue) anfli-tubulin (green). 5 images per condition were taken at set locations in each web. gam
of a single image is shown for better demonstration of the morphology of single neurons. Single stainings and th
combined stainingareshown in each column. The same experiment was conducted several times with different ¢
and different cocentrations of these cytokines: n=3 forr®@ CCL7, n=1 for CCL7 25@0M, n= 1 for 2,5nM and 25nM
CCL11, n=2 for 5nM IL-9 and n=1 for25@M IL-9. a) Neurons were treated with OB/ glutamate or no glutamatb)
Neurons were treated with 0 glutamate. White arrows mark examples of intact neurites, red arrows mark exan
fragmented neurites) Neurons were treated with 28/ glutamate. No difference between CCL7 treated samples ai

controls can be seen, while increasing amounts cduglate lead to increased neuronal deterioration.
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