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Abstract

ABSTRACT

Multiple sclerosis (MS) is associated with oligodendrocytes damage resulting in
demyelination, failure of remyelination and functional loss of neurons. Present therapeutic
disease modifying drugs for MS are acting predominantly anti-inflammatory and there is a lack
of substances with improving mechanisms of myelin repair. Recent findings in MS patients
and its animal models suggested that fibroblast growth factors (FGF) and its receptor (FGFR)
signalling plays a role in the pathology of MS and its models. Recent studies on the function
of FGFR in MOGss.ss-induced experimental autoimmune encephalitis (EAE) showed that
deletion of FGFR1 and FGFR2 in oligodendrocytes leads to a less severe disease course,
decreased lymphocyte and macrophage infiltration and increased remyelination. Here, we
hypothesized that the oral application of a selective FGFR inhibitor infigratinib decreases
disease severity and enhance neuronal protection in experimental autoimmune
encephalomyelitis. Oral application of infigratinib resulted in a constant decline of disease
severity in MOGss.ss-induced EAE. The ameliorated disease course was associated with a
reduction of cellular inflammation in the CNS, as well as neuroprotective and
neuroregenerative effects. The number of mature oligodendrocytes within demyelinating
lesions was increased, degeneration of myelin and axons was reduced following application of
infigratinib. The limited expression of FGFRs in the spinal cord suggests that infigratinib
crosses over the blood-brain barrier and acts in the CNS. Further, infigratinib induces the
increased expression of BDNF/TrkB and myelin proteins MBP, PLP, CNPase in spinal cord.
The results of this study suggest that short-term administration of infigratinib has the efficiency
of ameliorating the severity of EAE by reducing immune cell infiltration and enhancing myelin

protein expression.



Introduction

1 INTRODUCTION

1.1 Multiple sclerosis

Multiple sclerosis (MS) is a chronic demyelinating inflammatory disorder of the central
nervous system (CNS) that damages the myelin sheath, the insulating layer that covers and
protects the nerves (Goldenberg 2012). Jean-Martin Charcot first described the pathology and
symptoms of multiple sclerosis in 1868 (Kumar et al., 2011). The nature and severity of the
MS are heterogeneous and characterized by relapse and remission timing. Multiple sclerosis
typically attacks adults between the ages of 20 to 40 years and is higher among women than
men (Goldenberg 2012). Approximately 2.8 million individuals globally affected by multiple
sclerosis (Tafti et al., 2020). The prevalence of MS differs with geography, race, sex, and it is
higher in temperate regions of the world (Nicholas et al., 2013) (Figure 1). Multiple sclerosis
is associated with reduced health-related quality of life, mental distress, loss of career
opportunities, and higher health care costs (Kidd et al., 2017). The life expectancy is shortened
for people affected with MS, most of the causes of the death being the severity of MS or

associated complications such as respiratory dysfunction and infections (Marrie et al., 2015).

Number of peaple with MS.
Prevalence per 100,000 people
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Figure 1. Prevalence of multiple sclerosis 2020 (Source: The MS International Federation’s
Atlas of MS).
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1.1.1 Etiology of MS

The etiology of MS is still unknown, but substantial evidence suggests that the interplay of
genetic susceptibility and environmental stimulus contributes to MS development (Doshi et al.,
2016). A higher percentage of genetic sharing within families such as monozygotic twins has
a risk of developing MS. On genome-wide association studies, more than 200 genetic risk
variants were identified for MS, and every genetic risk variant has a minor effect on the
development of MS (Filippi et al., 2018). Several scientific studies showed risk associations
with cigarette smoking, less sunlight exposure, vitamin D deficiency, and obesity during
adolescence. People with previous Epstein—Barr virus infection have a higher risk of MS than
those without (Dobson et al., 2019) (Figure 2). Human migration studies support, migrants
from low-risk countries and children born to migrants in Europe are at high risk of MS (Dobson
et al., 2018). The risk of MS is high in biological relatives of patients with MS (Tafti et al.,
2020).
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EnCEnen T and regulatory events
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i Diet Retroviral sequences [
Sun exposure Methylation

— MicroRNAs
i} ﬁ ‘

X
T

Genome allelic variants St

Single nucleotide polymorphisms
Copy number variation
Insertion/deletion polymorphisms

Disease modifier genes A
Disease susceptibility genes M'I 1
MR

Figure 2. Risk factors for multiple sclerosis (Jorge R. Oksenberg/Cambridge University
Press).

1.1.2 Symptoms of MS

The neurological signs and symptoms of MS vary widely and reflect the extent of lesions and

their location (Hunter et al., 2016). The condition mostly affects optic nerves, brain and spinal
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cord resulting in cognitive decline, difficulties in speech and swallowing, muscle weakness,
ataxia, tremor, spasticity, paralysis, balance disorder, changes in vision, vertigo, sensory
deficits, impairment of bladder and bowel function, pain, fatigue, and mental depression
(Halabchi et al., 2017).

1.1.3 Immunopathology of MS

Multiple sclerosis is a chronic autoimmune inflammatory, demyelinating and
neurodegenerative CNS disease (Filippi et al., 2018). The white matter in the brain and spinal
cord is the focal area of inflammation and demyelination. The immune reactions are led by the
activation of peripheral autoreactive T-lymphocytes following the loss of self-tolerance toward
autoantigens such as myelin and other CNS antigens (Yamout et al., 2018). Leukocytes
(including T cells) cross the blood-brain barrier (BBB) to perform the regular human CNS’s
immune surveillance. The mechanism of BBB disruption is mediated by activated leukocytes
which initiate the production of numerous molecules such as cytokines, chemokines, adhesion
molecules, integrins, and reactive oxygen species. The loss of barrier function of the BBB
enhanced the massive transmigration of activated leukocytes (including T cells, B cells, and
macrophages) into the CNS, which leads to further inflammation and demyelination (Legroux
and Arbour 2015) (Figure 3).
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Figure 3. Immunopathology of multiple sclerosis (Source: McQualter et al., 2007).
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In the CNS, autoreactive T cells are reactivated by local antigen-presenting cells and initiate
the release of pro-inflammatory cytokines, chemokines and recruit other T cells, B cells, and
macrophages resulting in oligodendrocyte destruction, myelin loss, and axonal damage. In
parallel, immune-modulatory networks are triggered to limit excessive inflammation and
initiate myelin repair, which results in at least partial remyelination and is associated with

clinical remission (Baecher-Allan et al., 2018 and Yamout et al., 2018).

1.1.4 Subtypes of MS

U.S. National Multiple Sclerosis Society introduced new descriptors of activity and
progression of MS in 2014. The clinically isolated syndrome (CIS) refers to a first episode of
inflammatory demyelination in the central nervous system that could become MS if the
additional activity occurs. Relapsing remitting MS (RRMS) episodes of acute worsening of
neurologic functioning (new symptoms or the worsening of existing symptoms) with total or
partial recovery and no apparent progression of the disease (= 85% of patients have RRMS).
Primary progressive MS (PPMS) shows steadily worsening neurologic function from the onset
of symptoms without initial relapses or remissions (= 15% of people with PPMS). Secondary
progressive MS (SPMS) follows an initial relapsing remitting course, and the disease becomes

more steadily progressive, with or without relapses (Klineova and Lublin 2018) (Figure 4).

RRMS SPMS PPMS
A
2 =y =
a o / =
_ It t 1 t t t t
Time Time Time
Relapse W RRMS W Active (relapse or new MRI activity)
B Active without worsening W Active (relapse or new MRI activity) with progression
W Worsening (incomplete recovery with progression B Not active without progression (stable)
from relapse) Active (relapse or MRI activity) Not active with progression
M Stable without activity without progression B Active without progression
4 New MRI activity Not active with progression £ New MRI activity

W Not active without progression (stable)
£ New MRI activity

Figure 4. The clinical course of multiple sclerosis (Source: Lublin et al., 2014).
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1.1.5 MS diagnosis

There is no single diagnostic test for MS. The diagnosis relies on clinical symptoms attributable
to white matter lesions, supported by magnetic resonance imaging (MRI) and CSF analysis.
Criteria for MRI techniques have evolved continuously, and MRI remains the sensitive method
to detect MS lesions, disease activity, measure brain atrophy and disease progression (Hunter
et al., 2016). Diagnostic criteria for MS, the most commonly used one is the McDonald criteria
initially proposed in 2001 and revised in 2005, 2011, and recently in 2017. New parameters of
the McDonald criteria 2017 were designed to facilitate earlier MS diagnosis (Zipp et al., 2019)
(Table 1).

Table 1. The 2017 McDonald criteria for the diagnosis of multiple sclerosis in patients

with an attack at the onset. (Revisions to MS diagnosis, Thompson et al., 2018 and The
National Multiple Sclerosis Society, USA)

Clinical presentation Additional data needed for a MS diagnosis
2 or more attacks and clinical evidence of 2 or
more lesions; OR

2 or more attacks and clinical evidence of 1 | None
lesion with clear historical evidence of prior
attack involving lesion in different location

DIS shown by one of these criteria:

2 or more attacks and clinical evidence of 1 - additional clinical attack implicating different
lesion CNS site

- 1 or more MS-typical T2 lesions in 2 or more
areas of CNS: periventricular, cortical,
juxtacortical, infratentorial or spinal cord

DIT shown by one of these criteria:

1 attack and clinical evidence of 2 or more | - Additional clinical attack

lesions - Simultaneous presence of both enhancing and
non-enhancing MS-typical MRI lesions, or new
T2 or enhancing MRI lesion compared to
baseline scan (without regard to timing of
baseline scan)

- CSF oligoclonal bands

DIS shown by one of these criteria:

1 attack and clinical evidence of 1 lesion - Additional attack implicating different CNS site
- 1 or more MS-typical T2 lesions in 2 or more
areas of CNS: periventricular, cortical,
juxtacortical, infratentorial or spinal cord

AND

DIT shown by one of these criteria:

- additional clinical attack

- Simultaneous presence of both enhancing and
non-enhancing MS-typical MRI lesions, or new
T2 or enhancing MRI lesion compared to
baseline scan (without regard to timing of
baseline scan)

- CSF oligoclonal bands

13
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...in a person who has steady progression of disease since onset

1 year of disease progression (retrospective or | DIS shown by at least two of these criteria:
prospective) - 1 or more MS-typical T2 Ilesions
(periventricular, cortical, juxtacortical or
infratentorial)

- 2 or more T2 spinal cord lesions

- CSF oligoclonal bands

DIT = Dissemination in time, CNS = central nervous system, CSF = cerebrospinal fluid

DIS = Dissemination in space, T2 lesion = hyperintense lesion on T2-weighted MRI

1.1.6 MS treatment

Currently, there are no curative drug therapies for MS. Current MS treatment can be divided
into three categories: acute relapse management, slowing disease progression with disease-
modifying therapies (DMTSs), and symptomatic treatments (Hart et al., 2016). High-dose
corticosteroids are used to treat the acute management of MS relapses. These drugs
(methylprednisolone and dexamethasone) facilitate faster functional recovery and protect from

more severe deficits in the first weeks but unclear about long-term benefits (Filippi et al., 2018).

First reports of progressive . Targe[ing of B cells is confirmed as
multifocal leukoencephalopathy an effective therapy for RRMS

with natalizumab treatment * Ocrelizumab becomes the first drug
to be approved for treatment of PPMS

Oral fingolimod is
the first disease-

Subcutaneous Natalizumab is the

IFNB-1b is the first monoclonal For the first time, a generic modifying therapy
firstdrugtobe || The firstdrug | | antibody and Fingolimod is the drug — a generic version of to be approved for
approved for for treating high-efficacy drug first oral drug to be glatiramer acetate — is treatment of RRMS
treatment of SPMS is to be approved for approved for Oral dimethyl | | approved for the treatment in paediatric
RRMS approved treatment of RRMS treatment of RRMS | | fumarate of RRMS patients

2014 2015

Subcutaneous
daclizumab

1993 2005 2010 2012 2013 2016 2017 2018

Subcutaneous
IFNB-1b

1996 2000 2002 2004

©raldimety

Oral
fumarate

fingolimod

Oral fingolimod
for RRMS in
paediatric

Intravenous
natalizumab

* Intravenous
mitoxantrone

* Subcutaneous

* Subcutaneous IFNB-1b for Oral * Intravenous Generic glatiramer patients
glatiramer SPMS teriflunomide alemtuzumab | | acetate
acetate | * Subcutaneous
« Intramuscular Subcutaneous PEG-IFNB-1b * Oral cladribine
IFNB-1a IFNB-1a * Intravenous ocrelizumab for RRMS
* Intravenous ocrelizumab for PPMS

Figure 5. Timeline of therapeutic drug developments in multiple sclerosis. Significant
milestones in the development are shown in green boxes, and drugs approved by the FDA or
European Medicines Agency are shown in orange boxes. (Source: Tintore et al., 2019).
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There are more than 15 FDA (U.S. Food and Drug Administration) approved DMTs available
for treating RRMS (De Angelis et al., 2018) (Figure 5). The mechanism of action of DMTs is
linked to the pathology of MS (Hart et al., 2016). Each DMT’s varying in its mechanisms of
action and is not fully understood, but many of these DMTSs actions decrease circulating T cells,
B cells, macrophages, and cytokine production. However, circulating lymphocytes represent
approximately 2% of the total population; they may not be an accurate indicator of the body’s
total lymphocyte population and function (Fox et al., 2019). Several DMTs decrease the
occurrence of relapses, slow or reduce disability worsening, and modify the overall MS disease
course (Vermersch et al., 2020 and De Angelis et al., 2018). Most of the current MS DMTs are
focused on selective or general suppression of the immune response. These medications would
either attempt to deplets complete B-cell or both B and T-cells (e.g., ocrelizumab and
alemtuzumab), sequestering away inflammatory immune cells from the CNS (natalizumab and
sphingosine-phosphate receptor modulators), or inhibit the increase of activated lymphocytes
(teriflunomide and cladribine) (Jakimovski et al., 2020). DMTs have immunosuppressive
activity and the potential to increase infection risk. Dalfampridine is the FDA-approved drug

for symptomatic therapy to improve walking speed in patients with MS (Goldenberg 2012).

1.2 Experimental autoimmune encephalomyelitis (EAE)

Three animal models that have been used to study MS are (i) experimental autoimmune
encephalomyelitis (EAE), (ii) virally-induced chronic demyelinating disease, known as
Theiler's murine encephalomyelitis virus (TMEV) infection, and (iii) toxin (cuprizone) induced
demyelination (Procaccini et al., 2015). EAE is a widely used animal model, effective for
studying the immunopathogenic process of MS and preclinical testing for developing drugs
(Farooqi et al., 2010). Many drug therapies were successfully translated from EAE to MS (e.g.,
Glatiramer acetate). The significant difference between MS and EAE is that external
immunization is requires to induced EAE, whereas an MS causative agent is unknown. (’t Hart
et al., 2011). EAE can reproduce many of the clinical and immunoneuropathological aspects
of MS (Gold et al., 2006). EAE can be induced in the rat, mouse, rabbit, guinea pig, and

monkey. However, mice have become the most widely used species.
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1.2.1 Subtypes of EAE models used in MS research

EAE can be induced in mice by two different active or passive immunizations. Active EAE
mice are immunized with myelin peptides emulsified in complete Freund's adjuvant (CFA)
accompanied by an intraperitoneal application of pertussis toxin on the day of immunization
and 48 hrs later. Pertussis toxin mediates blood brain barrier breakdown to enhance migration
of peripherally myelin activated T cells into the CNS. Migrated T cells in CNS are reactivated
by local and inflammatory immune cell infiltration that occurs in CNS (Figure 6). Depending
on the mouse strain and the antigen (e.g., myelin oligodendrocyte glycoprotein (MOG), myelin
basic protein (MBP), myelin proteolipid protein (PLP)) required for autoimmunity induction
varies (Bittner et al., 2014) (Table 2). MOG has emerged as an important target in MS. MOG-
reactive T cells and autoantibodies are more readily detected in demyelinating lesions and
cerebrospinal fluid of MS patients than PLP and MBP reactive T cells (Glatigny and Bettelli
2018). Immunization with MOGas_ss peptide in the C57BL/6 mouse is the most frequently used
mouse model for relapsing-remitting or chronic disease courses of MS. The first signs of EAE
disease start 9-14 days post immunization, and then severity worsens and is followed by

incomplete recovery (Bittner et al., 2014).

DAY 1&2 DAYS 12-19
Pertussis Toxin (PTX) Post Onset

Injection |
Only 20-30% of B6 will typically

l | show relapsing and remitting disease,
* SJL mice are more appropriate for

| I relapsing/remitting studies whereas

B6 mice make a better chronic model

DAY O DAYS 9-14 DAYS 14-21
Peptide Onset of lliness Partial Recovery
Injection

Y

Figure 6. Mouse model of chronic EAE (Source: Taconic Biosciences, Inc).
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Figure 7. Mouse model of adoptive transfer EAE (Source: Taconic Biosciences, Inc).

In passive EAE (adoptively transferred), the disease is induced by injecting activated myelin
antigen-specific CD4+ T cells to develop EAE. The activated T cells are generated in donor
animals from the same strain by active immunization with myelin protein or peptide emulsified
in CFA. Then, generated activated T cells are transferred to recipient animals to develop a
relapsing and remitting form of EAE (Racke 2001) (Figure 7).

Table 2. Myelin peptides are used to induce EAE (Racke 2001).

Peptide Predominant mouse strains Encephalitogenic sequence
MBPaci-11 PL/J, B10.PL ASQKRPSQRSK
MBPs9.101 SJL FKNIVTPRTPPP
PLP139-151 SJL HSLGKWLGHPDKF
MOGs3s.ss B6 MEVGWYRSPFSRVVHLYRNGK

1.3 Oligodendrocytes, myelin in MS and EAE

Oligodendrocytes are one of the glial cell types in the CNS and derive from oligodendrocyte
precursor cells (OPCs). OPCs arise from ventricular zones of the brain and spinal cord and can
proliferate, migrate, and differentiate into myelinating oligodendrocytes (Bergles and
Richardson 2016). Oligodendrocytes produce myelin, a lipoprotein membrane that wraps
around multiple segments of various nerve axons (up to 50), which enables proper nerve

conduction and axonal integrity (Patel and Balabanov 2012). Myelin in the CNS plays a major
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role in normal sensation, cognition, and motor function. The mammalian CNS contains 70%
of its dry weight as myelin. The molecular composition of myelin is 70-75% of lipids and 25-
30% of proteins. MBP, PLP, and their isoforms are the most abundant proteins in the

compacted myelin (Jahn et al., 2009).

In MS, myelin-specific T cells initiate the series of an autoimmune response that leads to
simultaneous destruction of myelin-producing oligodendrocytes and myelin followed by
axonal damage. The infiltrating monocytes and microglia mediate myelin's destruction from
the axonal segments. After myelin destruction during the early stages of MS, OPCs
differentiate into remyelinating oligodendrocytes and restors myelin sheaths and axonal
conduction. However, in chronic stages of the MS, remyelination process are ineffective
because OPCs lose the differentiation capability into oligodendrocytes. The density of
myelinating oligodendrocytes accounts for only 30% of MS lesions. The remaining 70% of the
lesion areas contain a higher number of OPCs that were incapable of differentiating and

producing myelin. (Domingues et al., 2016).

EAE closely mimics the disease process of human demyelinating disease (MS). The primary
region of demyelination is the spinal cord; however, some degree of demyelination occurs in
the optic nerve, cerebral cortex, and cerebellum (Palumbo and Pellegrini 2017). EAE induced
with cuprizone and lysolecithin lacks the immune response, infiltration of immune cells to the
demyelinated areas, and the importance of immune cells in the demyelination. These models
do not recapitulate any of the typical MS symptoms but are particularly useful for examining
the remyelination mechanisms without continued demyelination (Kuhn et al., 2019). In
contrast, MOG induced EAE is different from cuprizone-induced demyelination. Surprisingly,
myelin damage and excessive formation of myelin, but not complete loss of myelin in the
axons, are typical myelin abnormalities at inflammatory areas in MOG induced EAE (Bando
2015).

1.4 Fibroblast growth factors (FGFs)

Fibroblast growth factors (FGFs) are protein mitogens and regulate a wide variety of cellular
process including proliferation, migration, differentiation, and survival. FGF signalling plays
a vital role in tissue development, metabolism, and homeostasis (Xie et al. 2020). Mammals

contain 22 FGF types, grouped into five paracrine subfamilies, one endocrine subfamily, and
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one intracellular subfamily based on biochemical function, sequence homology, and phylogeny
(Ornitz and Itoh 2015). Five paracrine subfamilies contain the FGF1 subfamily (FGF1, FGF2),
FGF4 subfamily (FGF4, FGF5, FGF6), FGF7 subfamily (FGF3, FGF7, FGF10, FGF22), FGF8
subfamily (FGF8, FGF17, FGF18), and FGF9 subfamily (FGF9, FGF16, and FGF20). The
endocrine subfamily of FGF is FGF19, FGF21, and FGF23 (Xie et al. 2020). The intracellular
subfamily of FGF11 is FGF11, FGF12, FGF13, and FGF14. These intracellular FGFs are not

secreted and no interaction with FGFRs.

Heparin/heparan sulfate (HS) proteoglycans (HSPGSs) is a required cofactor for paracrine FGF
signalling. HSPGs act as an extracellular buffer that preserves the FGF from degradation, and
it plays a vital role in forming a complex between the FGF ligand and the FGFR. HSPGs restrict
the movements of paracrine FGFs in the extracellular matrix from their secretion site. Each
FGF ligand in the paracrine subfamily has a discrete affinity (moderate to high) to HSPGs. The
endocrine FGF subfamily has a lower affinity to heparin/HS, and aKlotho, BKlotho are the
required cofactor for receptor binding (Ornitz and Itoh 2015; Laestander and Engstrom 2014)
(Figure 8).
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Figure 8. Structure and FGF receptor specificity of the fibroblast growth factor family
(Guillemot and Zimmer 2011).
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1.5 Fibroblast growth factor receptors (FGFR)

The fibroblast growth factor receptor (FGFR) family contains four members FGFR1-4 encoded
by separate genes. These receptors share common structural features, a high percentage of
sequence homology (56% to 71%), and consist of an extracellular ligand-binding domain, a
transmembrane domain, and a intracellular tyrosine kinase catalytic domain (Dai et al., 2019).
The extracellular portion consists of three immunoglobulin-like (Igl-1glll) domains, a heparin-
binding motif for FGFs, heparan cofactors, and partner proteins. The linker region between the
Igl and Igll loop is called the acidic region due to its rich in aspartate acids. The second and
third 1g-domains (Igll-Iglll) facilitate FGF ligand binding to the receptor (Astolfi et al., 2020),
the Iglll domain of FGFR producing three isoforms (Igllla, Iglllb, and Igllic). The Igllla
isoform encoded by exon 7, Iglllb and Igllic encoded by alternative splicing of exon 7/8 and
exon 7/9. Commonly observed splice variants in FGFR1-3 are Iglllb and Igllic (Tiong et al.,
2013). The signal transduction from the extracellular domain into the cytoplasmic domain is
mediated by the cell membrane bound transmembrane domain. The intracellular domain
facilitates the FGFR tyrosine kinase activity. FGF ligand binding specificity of FGFRs is

determined by Iglll domain isoforms (Figure 9).

1.6 Fibroblast growth factor/FGF receptor interaction

The FGF/FGFR signalling system is associated with the activation of multiple cellular
functions such as proliferation, differentiation, survival, and motility (Tiong et al., 2013). The
FGFs binding to inactive FGFRs will trigger the receptor dimerization, resulting in a
conformational shift in receptor structure, which enables intracellular tyrosine kinase domain
trans-autophosphorylation and initiating the onset of four key downstream signal transduction
pathways such as RAS-RAF-MAPK, PI3K-AKT, signal transducer, and activator of
transcription (STAT) and phospholipase Cy (PLCy). The adaptor proteins (FGFR substrate 2,
SOS, and GRB2) docking to the activated FGFR, which resulted in the activation of the
RAS/RAF/MAPK pathway mediate the regulation of cell proliferation. PI3K/AKT pathway is
activated by docking of adaptor proteins GRB1 and GAB2 to activated FGFR, which is
responsible for cell survival. FGFR activation stimulates other pathways such as the STAT
pathway or PLCy (Astolfi et al., 2020) (Figure 9).
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Figure 9. Structure of fibroblast growth factor receptor (FGFR), FGF ligand binding,
and FGF/FGFR signalling pathways (Astolfi et al., 2020).

1.7 FGFR in oligodendrocyte lineage

The FGF receptor is differentially expressed in different stages of oligodendrocyte lineage
progression. FGFR1 is expressed throughout oligodendrocyte development from OPCs to
mature oligodendrocytes. FGFR2 is expressed in mature oligodendrocytes, and FGFR3 is
expressed in the early and late progenitor stage. FGFR4 is not expressed at any stage of
oligodendrocyte development. FGF2 upregulates OPCs proliferation via an increase of FGFR1
MRNA expression, and FGF2 mediates the downregulation of FGFR2 mRNA expression in
mature oligodendrocytes (Bansal et al., 1996). FGF8 interaction with FGFR3 inhibits
oligodendrocyte progenitor differentiation (Oh et al., 2003). FGF9 leads to growth of mature
oligodendrocytes by activating FGFR2 (Nakamura et al., 1999).
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1.8 FGF/FGFR in demyelinating disease MS and its animal model EAE

In MS, increased expression of the FGF1 gene and the FGF1 protein in remyelinated lesions
and that promotes both myelinations during development and remyelination. FGF1 is found in
astrocytes, neurons, oligodendrocytes, microglia, and infiltrating lymphocytes. FGF1 inhibits
the differentiation of OPCs into mature oligodendrocytes in vitro (Mohan et al., 2014). FGF2
levels are significantly increased in serum and cerebrospinal fluid of MS patients (Harirchian
et al., 2011; Sarchielli et al., 2008). In cuprizone experimental demyelination FGF2~~ mice
showed increased repopulation of oligodendrocyte in demyelinated lesions (Armstrong et al.,
2002). In contrast, MOGss ss-induced EAE, FGF2~~ mice showed increased infiltration of
CD8* cytotoxic T cells, macrophages/microglial cells, increased nerve fiber degeneration, and
axonal loss (Rottlaender et al., 2011). Increased glial (astrocytes and oligodendrocytes)
expression of FGF9 was observed in demyelinated lesions of MS patients and it inhibits

remyelination.

In dissociated myelinating/cerebellar slice cultures revealed that FGF9 inhibits
myelination/remyelination and induces the expression of pro-inflammatory chemokine genes
such as Ccl2 and Ccl7 that are involved in recruitment of macrophages and microglia to the
demyelinated lesions (Lindner et al., 2015). Increased expression of FGFR1 was found in OPCs
within active lesions and surrounding chronic-active and chronic-inactive lesions of MS
patients (Clemente et al., 2011). In a mouse model of cuprizone induced demyelination,
oligodendrocytes specific deletion of FGFR1 leads to increases of oligodendrocyte cell
population in the lesion area and promotes remyelination following chronic demyelination
(Zhou et al., 2011). In vitro activation of FGFR1 by FGF2 results in downregulation of myelin
proteins in mature oligodendrocytes (Fortin et al., 2005). Expression of BDNF/TrkB and
myelin proteins PLP and CNPase in OLN93 oligodendrocytes is increased by FGFR inhibition
(Rajendran et al., 2021)

1.9 Functional role of FGFR1 and FGFR2 in MOGs3s-s5 induced EAE

Previously, our group described the role of oligodendroglial specific deletion of FGFR1
(Fgfr1"® mice) in a mouse model of MOGgs ss-induced EAE. Oligodendroglial specific
deletion of FGFR1 in B6.Cg-Tg(PLP1-cre/ERT)3-Pop Fgfr1™mS1S°" mice is achieved by

intraperitoneal injection of tamoxifen. The ablation of oligodendroglial Fgfrl in a mouse model
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of MOGss_ss-induced EAE showed a milder EAE disease course, reduced myelin loss, and
increased axonal density in the lesion area (Figure 10 A). The inflammatory infiltrates in the
white matter lesions such as CD3(+) T cells, B220(+) B cells, and Mac3(+)
macrophages/microglia were decreased in Fgfr1"" mice. The underlying mechanisms for
milder EAE disease course in Fgfr1"” mice includes reduced mRNA levels of pro-
inflammatory cytokines (TNFa, IL1B and IL6), chemokine (CX3CL1 and CX3CR1), and
remyelination inhibitor Lingo-1 in spinal cord tissues. Furthermore, higher phosphorylation of
FGFR downstream signalling molecules ERK and Akt and increased expression of brain-
derived neurotrophic factor (BDNF) and TrkB are found in Fgfr1 mice spinal cord
homogenates. Deletion of FGFR1 does not change the oligodendrocyte lineage cell number in

spinal cord white matter lesions (Rajendran et al., 2018).
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(Rajendran et al., 2018) (Kamali et al., 2021)

Figure 10. Oligodendroglial specific deletion of FGFR1 and FGFR2 in a mouse model of
MOGssss-induced EAE. (A) Fgfr1™/ mice showed milder disease course from day 33 p.i.
to till the end of the experiment (with exception of days 47 and 48) (Rajendran et al., 2018).
(B) Less severity of the disease was observed in Fgfr2"®-mice compared with controls from
day 24 p.i. untill the end of the experiment (Kamali et al., 2021).

Similarly, oligodendroglial specific deletion of FGFR2 (Fgfr2'™mice) in MOGss ss-induced
EAE showed less motor deficits, myelin and axonal degeneration (Figure 10 B). Moreover,
less CD3(+) T cells, B220(+) B cells, and Mac3(+) macrophages/microglia infiltration were

observed in white matter lesions of Fgfr2'™’- mice. FGFR2 deletion in oligodendrocytes leads
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to reduced protein expression levels of FGF2, FGF9, proinflammatory cytokines (TNFa and
IL1pB), remyelination inhibitors (TGFB and SEMA3A), and increased myelin protein PLP in
spinal cord homogenates. Deletion of FGFR2 regulates downstream signalling proteins,
phosphorylation of ERK was decreased, and Akt was increased in Fgfr2™’-mice (Kamali et
al., 2021). Both studies, Fgfr1M-and Fgfr2i""- mice in MOGgs ss-induced EAE suggest that
FGF/FGFR signalling plays an important role in inflammation and myelination in MS. FGFRs

in oligodendrocyte is a potential therapeutic target in multiple sclerosis.

1.10 FGFR inhibitors in clinical trails

FGFR is a receptor tyrosine kinase (RTK) that plays significant roles in various physiological
cellular processes, such as proliferation, differentiation, apoptosis, and migration. Recent
preclinical studies indicate that aberrantly expressed FGFRs are connected with multiple cancer
types and also noncancerous diseases. (Chae et al., 2017 and Lahiry et al., 2010). In animal
model of MS, EAE induced with MOGgss s5 peptide in Fgfr1’- and Fgfr?"’- mice showed
less disease severity, myelin, and axonal degeneration (Rajendran et al., 2018 and Kamali et
al., 2021). FGFR inhibitors are divided into three groups according to their binding behaviors,
(i) receptor tyrosine kinase inhibitors (TKIs) are largely ATP-competitive, bind to the FGFR
cytoplasmic kinase domain and inhibit the catalytic activity, (ii) antagonistic antibody or
peptide inhibitors are competitive with FGFs, bind to the FGFR extracellular domain and
blocking the FGF/FGFR complex and FGFR dimerization; (iii) FGF ligand traps are able to
bind multiple FGF ligands and receptors preventing FGF/FGFR interaction (Chae et al., 2017).
The early development of FGFR tyrosine kinase inhibitors (anoltonib, ponatinib, dovitinib,
lucitanib, lenvatinib and nintedanib) inhibit multiple targets, including FGFRs and vascular
endothelial growth factor receptors, KIT, RET, among others. It led to the lack of a profound
FGFR inhibition and occurrence of harmful side effects. The current development of FGFR
inhibitors is selectively inhibiting FGFR phosphorylation with nanomolar concentrations
(Facchinetti et al., 2020). Selective FGFR inhibitors are less toxic than multikinase inhibitors
(Ahnert et al., 2019). FGFR inhibitors are emerging targeted therapies that have demonstrated
promising results in harboring FGFR aberrations (Kommalapati et al., 2021). At least 89
studies are actively recruiting patients to investigate the efficacy of FGFR inhibitors in several
cancer types (clinicaltrials.gov).
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The United States Food and Drug Administration granted accelerated approval to few selective

FGFR inhibitors such as erdafitinib (Janssen Pharmaceuticals) to treat metastatic urothelial

carcinoma harboring FGFR2/3 alterations; infigratinib (QED Therapeutics), futibatinib (Taiho

Oncology, Inc.) and pemigatinib (Incyte Corporation) to treat unresectable locally advanced or

metastatic cholangiocarcinoma harboring FGFR2 gene rearrangements, including gene fusions

(https://www.fda.gov). The selective FGFR inhibitors that are in clinical trials are summarized

in Table 3.

Table 3. Selective FGFR inhibitors in clinical development (Facchinetti et al., 2020).

Dose Phase of
Inhibition | adopted in :
Drug Company Targets . ongoing
type ongoing trials
trials
Erdafitinib Janssen-
(INJ- Johnson & FGFR1-4 | Reversible | 8 mg daily I
42756493) Johnson
o ) _ 125 mg daily
Infigratinib BridgeBio/QED _
_ FGFR1-3 | Reversible | 3won/ 1w i
(BGJ398) Therapeutics
off
Pemigatinib ] ]
Incyte Corp FGFR1-3 | Reversible | 13.5 mg daily 11
(INCB054828)
Rogaratinib _ 800 mg
Bayer FGFR1-3 | Reversible ] ] 11
(BAY1163877) twice daily
Tahio .
TAS-120 FGFR1-4 | Covalent 20 mg daily I
Oncology
Derazantinib Basilea ) ]
) FGFR1-4 | Reversible | 300 mg daily I
(ARQ 087) Pharmaceutica
- . 16 mg
LY2874455 Eli Lilly FGFR1-4 | Reversible ) ) I
twice daily
] 80 mg
AZDA4547 AstraZeneca | FGFR1-3 | Reversible ] ] I
twice daily
Debio 1347 Debiopharm ] )
FGFR1-3 | Reversible | 80 mg daily 1
(CH5183284) Group
Blueprint ) ] ]
BLU-554 o FGFR4 | Irreversible | 600 mg daily | I extension
Medicines
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1.11 Selective FGFR inhibitor infigratinib

Infigratinib is an orally bioavailable, ATP-competitive, reversible inhibitor of the FGFR family
of tyrosine kinase receptors. It selectively binds to FGF receptors and inhibits the FGFR1-3
activities with high potency but 38-fold lower potency for FGFR4 and 100-fold lower potency
for other tyrosine kinases (Botrus et al., 2021). Infigratinib competitively and non-covalently
interacts with the ATP binding pocket of the cytoplasmic tyrosine kinase domain and inhibits
the activation of FGFR. The concentration of infigratinib required for half maximal inhibition
range from 0.9 to 1.4 nM for FGFR1-3 to 60 nM for FGFR4 (Dai et al., 2019). Infigratinib is
an investigational drug, currently undergoing several preclinical studies and phase | to phase
I11 clinical trials of various human cancers, mostly solid tumours (clinicaltrials.gov and Wohrle
et al., 2012). Daily treatment in an orthotopic xenograft bladder cancer mouse model with 10
and 30 mg/kg infigratinib for 12 days led to a reduction in tumour growth without losing
bodyweight. Mice treated with 30 mg/kg infigratinib showed 10% body weight gain (Guagnano
et al., 2011). Many phase | clinical trials have been conducted to evaluate the tolerance and
safety of infigratinib in patients with multiple types of advanced solid tumors. In a large study,
132 patients were enrolled who had solid tumors with FGFR alterations. Infigratinib has a
tolerable safety profile, with most patients (95.5%) experiencing at least one adverse event.
The most common adverse events across all doses were hyperphosphatemia (74.2%),
constipation (40.2%), and anorexia (40.2%) and less commonly fatigue, alopecia, and nausea

(Botrus et al., 2021). These adverse effects of infigratinib were reversible (Chae et al., 2017).

Infigratinib exhibited a high plasma clearance and a large volume of distribution at a steady
state. In vitro hepatic systems metabolize infigratinib predominantly to 2 pharmacologically
active metabolites BHS697 (desethyl metabolite) and BQR917 (N-oxide). Biotransformation
of infigratinib to both metabolites was seen in human hepatocyte cultures. In vivo safety
pharmacology studies in rats and dogs did not show any effects on the central nervous system
or respiratory system and on hemodynamic or electrocardiographic parameters, respectively

(Seiwert 2018 and clinicaltrials.gov).
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Infigratinib is also used in the animal model of noncancerous disease. In a mouse model of X-
linked hypophosphatemia, long-term treatment with oral infigratinib (50 mg/kg) led to
complete recovery from hypophosphatemia and hypocalcemia caused by malfunction of the
FGF23/FGFR complex (Wohrle et al., 2012). The subcutaneous dosage of infigratinib (2
mg/kg) ameliorated achondroplasia (ACH) caused by a gain-of-function mutation in the
FGFR3 gene in a mouse model of achondroplasia (Komla-Ebri et al., 2016). Currently,
infigratinib is in phase | and Il clinical studies of children with achondroplasia (QED
Therapeutics). U.S. FDA granted accelerated approval to infigratinib to treat metastatic

cholangiocarcinoma harboring FGFR2 fusion.
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Figure 11. Chemical structure of the FGFR inhibitor infigratinib. IUPAC Name: 3-(2,6-
dichloro-3,5-dimethoxyphenyl)-1-[6-[4-(4-ethylpiperazin-1-yl)anilino]pyrimidin-4-yl]-1-
methylurea, Molecular Formula: C2sHz1CI2N7O3, Molecular weight: 560.48 g/mol, Other
names: BGJ398 and NVP-BGJ398. (Source: Selleck Chemicals)

27



Aims and Objectives

2 AIMS

Our recent studies revealed that cell-specific deletion of oligodendroglial FGFR1 and FGFR2
exhibited a less severe disease course and reduced inflammation, myelin and axonal
degeneration in MOGss.ss-induced EAE. Further, expression of the myelination inhibitor
Lingo-1 was decreased and expression of the neurotrophin BDNF and its receptor TrkB, myelin
protein PLP was increased in Fgfr1’- and Fgfr2i"’- mice with EAE (Rajendran, R. et al.,
2018 and Kamali, S. et al., 2021). We hypothesize here that prevention and suppression of EAE
can be achieved with selective tyrosine kinase tyrosine inhibitors. Therefore, the aim of the
present study is to decipher the impact of FGFR inhibitors on the prevention of relapses and

suppression of symptoms using the EAE mouse model.

Objective 1: To characterize the efficacy of the FGFR inhibitor infigratinib on prevention and
suppression of MOGss.ss-induced EAE. Therefore, C57BL/6J mice will be treated with FGFR
inhibitor either on days 0 - 9 or 10 - 19 p.i. and the disease course will be assessed till day 41-
42 p.i.

Objective 2: To study the effect of the FGFR inhibitor infigratinib on myelin, axonal
degeneration, and inflammation in MOGss.ss-induced EAE. Hence, spinal cord tissue from
C57BL/6J mice will be analyzed in the acute (day 18-20 p.i.) and chronic phases (day 41-42
p.i.) of EAE for morphological and structural alterations associated with disability.

Objective 3: To investigate the effect of the FGFR inhibitor infigratinib on the FGF/FGFR

signalling pathways in vivo (EAE model) and in vitro (oligodendrocyte cell line).
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3 MATERIALS AND METHODS
3.1 MATERIALS
3.1.1 Animals

3.1.1.1 Mice provider and mice diet

Mice line: C57BL/6J

Supplier: Charles River (Charles River Laboratories, Sulzfeld, Germany)

Animal facility: JLU, Biomedical Research Center Seltersberg, Schubertstrasse 81, Giessen,
Germany.

Mice Diet: Standard diet pellet (Art. Nr. 1324, Altromin Spezialfutter GmbH & Co. KG, Lage,
Germany) DietGel Boost® (ClearH20® Westbrook, Portland, USA), HydroGel® (ClearH20®
Westbrook, Portland, USA).

3.1.2 Cell lines

Oligodendroglial cell line OLN93 derived from spontaneously transformed cells in primary rat

brain glial cultures, kindly provided by Prof. Markus Kipp (University of Rostock, Germany).

3.1.3 Kits
Kits Manufacturer Article. No Method
Pierce® Thermo
BCA Protein Assay Kit Scientific, IL, 23225 Protein quantification
USA
iTagTM Universal SYBR® | Bio-Rad, CA, 1795124 Polymerase Chain
Green Suppermix USA Reaction (PCR)

Peglab
Biotechnologie

GmbH, Erlangen, 12-6834-02 RNA isolation

peqGOLD Total RNA Kit

Germany
QuantiTect® Reverse Qiagen GmbH, .
Transcription Kit Hilden, Germany 205313 Reverse Transcription
Thermo
™
Re.StOFe Plus Westem blot Scientific, Il, 46430 Western Blot
stripping buffer USA
. i Thermo
Super_SlgngI® West Pico Scientific, Il, 34077 Western Blot
Chemiluminescent substrate USA
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3.1.4 Primary Antibodies

Materials

Name Host | Reactivity M.O ! Method | Art. No Manufacturer
Weight

Anti-

18,21, 24 sc- Santa Cruz
F(gg)z Mouse | H.M.R | "ypa | WB | 365106 | Biotech, CA, USA
Anti- Santa Cruz
FGF9 Mouse H, M, R 30 kDa WB sc-8413 Biotech, CA, USA
(D8)

Anti- sc- Santa Cruz
CL\lBPla)se Mouse H, M, R 46 kDa WB 166019 | Biotech, CA, USA
. H, M, R, 12,18 Cell Signaling

Anti-MBP | Mouse G KDa wWB 78896S Tech, MA, USA
- . Cell Signaling
Anti-PLP | Rabbit H M, R 30 kDa WB 85971 Tech, MA. USA
Anti- . .
. H, M, R, 44,42 Cell Signaling
PERK p- | Rabbit | vk | kpa WB 1 4370s | 1oon MA, USA
44142
Anti-pAkt . H, M, R, Cell Signaling
(Ser473) Rabbit MK 60 kDa WB 4060s Tech, MA. USA
Anti-Flg
(M2F12) | Rabbit | H,M,R | 110kDa | WB | sc.57132 Bioti iﬂtaCCArufJS R
(FGFR1) P
Anti-Bek Santa Cruz
(C-8) Rabbit | H,M,R | 120kDa | WB SC-6930 | b cA USA
(FGFR2) o
Anti- sc- Santa Cruz
GappH | Mouse | HM.R | 37kDa | WB 1 aeine; | Biotech, CA, USA
Anti-Trk
B . sc- Santa Cruz
R H M, R 145 kD WB .
(794y:sc1 | ReoRit | H M, > kba 377218 | Biotech, CA, USA
2
Anti-pro . Santa Cruz
goNF | RAPPIt | HMROTI4KD 1 WB ) se65514 | e cA, USA
MBP Rabbit M, R staining IHC 62301 Dako, Germany
MerckMillipore,
Olig2 Mouse H, M, R staining IHC MABNS50 Germany
Abcam,
P25 Rabbit H, M, R staining IHC ab 92305 Cambridge, UK
Abcam,
NeuN Rabbit H, M, R staining IHC abl177487 | Cambridge, UK
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3.1.5 Secondary Anibodies

Materials

Antibody Host Art. No Manufacturer
Anti-Rabbit-HRP Goat 7074S Cell Signaling Tech, MA, USA
Anti-Mouse-HRP Horse 7076S Cell Signaling Tech, MA, USA

3.1.6 Ladders
Marker Manufacturer

PageRuler™ Prestained Protein Ladder

Thermo Scientific, Il, USA

3.1.7 Primers

Primer

5> ——> 3’ Sequence

TNFo

Forward CGGTCCCCAAAGGGATGAGAAGT

Reverse ACGACGTGGGCTACAGGCTT

IL1B

Forward TACCTGTGGCCTTGGGCCTCAA

Reverse GCTTGGGATCCACACTCTCCAGCT

IL6

Forward CTCTGCAAGAGACTTCCA

Reverse AGTCTCCTCTCCGGACTT

IL12

Forward AGACCACAGATGACATGGTGA

Reverse ACGACGTGGGCTACAGGCTT

INOS

Forward TTGGAGGCCTTGTGTCAGCCCT

Reverse AAGGCAGCGGGCACATGCAA

GAPDH

Forward GGATGGGTCCTCATGCTCAC

Reverse TGGTGCTGCAAGTCAGAGCAG

TGF

Forward CTCCTGCTGCTTTCTCCCTC

Reverse GTGGGGTCTCCCAAGGAAAG

SEMA3A

Forward GGATGGGTCCTCATGCTCAC

Reverse TGGTGCTGCAAGTCAGAGCAG

Lingo-1

Forward TCATCAGGTGAGCGAGAGGA

Reverse CAGTACCAGCAGGAGGATGG

CX3CR1

Forward CTGCTCAGGACCTCACCATGT

Reverse ATGTCGCCCAAATAACAGGC

CX3CL1

Forward GCGACAAGATGACCTCACGA

Reverse TGTCGTCTCCAGGACAATGG
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3.1.8 Chemicals and Solutions

Materials

Compound

Company

10x PBS (DPBS)

Lonza, Kdln, Germany

2-Mercaptoethanol

Sigma-Aldrich, Steinheim, Germany

3% Hydrogen peroxide

Carl Roth, Karlsruhe, Germany

Ammonium Persulphate (APS)

Carl Roth, Karlsruhe, Germany

bFGF

R&D Systems,MN, USA

Bromophenol Blue

Neolab, Heidelberg, Germany

Bovine Serum Albumin (BSA)

Capricorn Scientific GmbH,

Ebsdorfergrund, Germany

complete Freund’s adjuvant

Sigma-Aldrich, Steinheim, Germany

Dimethylsulfoxide (DMSO)

Carl Roth, Karlsruhe, Germany

DMEM medium Life Technologies Limited, Renfrew, UK
DNase Qiagen, Hilden, Germany

EDTA Carl Roth, Karlsruhe, Germany

Eosin Merck, Darmstadt, Germany

Ethanol 100% Sigma-Aldrich, Steinheim, Germany
FBS PAA Laboratories, Pasching, Austria
Glucose Carl Roth, Karlsruhe, Germany

Glutaraldehyde

Carl Roth, Karlsruhe, Germany

Glycerol

Carl Roth, Karlsruhe, Germany

Hematoxylin

Carl Roth, Karlsruhe, Germany

Hydrochloric acid 37%

Sigma-Aldrich, Steinheim, Germany

Infigratinib (BGJ398)

Selleckchem, Houston, TX, USA

Isoflurane 100%

Ecuphar, Greifswald, Germany

Ketamin 10%

bela-pharm GmbH, Vechta, Germany

Luxol-Fast-Blue

Sigma-Aldrich, Steinheim, Germany

Methanol

Sigma-Aldrich, Steinheim, Germany

MOGs3s.s5 peptide

Charité Berlin, Berlin, Germany

Mycobacterium tuberculosis

Difco Laboratories, Michigan, USA

Non-fat dry milk powder

Cell Signaling Technology, Inc. MA, USA
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Materials

NP40

US Biologicals, MA, USA

Paraformaldehyde (PFA)

Sigma-Aldrich, Steinheim, Germany

Penicillin/streptomycin

Life Technologies Limited, Renfrew, UK

Pertussis Toxin

Merck KGaA, Darmstadt, Germany

Potassium chloride (KCL)

Carl Roth, Karlsruhe, Germany

Protease Inhibitor cocktail

Roche, Manheim, Germany

Phosphatase Inhibitor Cocktail 2

Sigma-Aldrich, Steinheim, Germany

RNAse free water

Millipore corporation, MA, USA

Rotiphorese Gel (30% acrylamide mix)

Carl Roth, Karlsruhe, Germany

Rotiphorese 10X SDS-PAGE

Carl Roth, Karlsruhe, Germany

Roti fair HBS

Carl Roth, Karlsruhe, Germany

Sodiumdodecylsulfate (SDS)

Carl Roth, Karlsruhe, Germany

Sodium azid (NaNzs)

Merck KGaA, Darmstadt, Germany

Sodium carboxymethyl cellulose

Sigma-Aldrich, St. Louis, Missouri, USA

Sodium chloride (NaCl)

Carl Roth, Karlsruhe, Germany

Sodium hydroxide (NaOH)

Merck KGaA, Darmstadt, Germany

TEMED

Carl Roth, Karlsruhe, Germany

Trishdroxymethyl aminomethan (Tris)

Carl Roth, Karlsruhe, Germany

Tris HCI

Carl Roth, Karlsruhe, Germany

Trypsin (2.5g/1) Gibco, Invitrogen, Carlsbad, USA
Tween 20 Merck KGaA, Darmstadt, Germany
Xylazin 2% CP-Pharma GmbH, Burgdorf, Germany

3.1.9 Laboratory consumables

Consumables

Manufacturer

Cellstar® 6 Well and 24 well Cell Culture
Plate

GreinerBioOne, Frickenhausen, Germany

Cellstar® 75 cm? Cell cultur flasks

GreinerBioOne, Frickenhausen, Germany

Cell culture dish 60 x 15 mm

Sarstedt AG & Co, Numbrecht, Germany

Cell scrapper

GreinerBioOne, Frickenhausen, Germany
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Materials

Cryobox 136x136x50 mm

Ratiolab GmbH, Dreieich, Germany

CRYO.S cryo vials (2 ml)

GreinerBioOne, Frickenhausen, Germany

Eppendorf tubes 1,5 ml, 2 ml

Sarstedt AG & Co, Numbrecht, Germany

Eppendorf tubes 1,5 ml, 2 ml (PCR clean-
pyrogen & DNase free)

Nerbe Plus GmbH, Winsen (Luhe), Germany

Extra thick blot paper 19x18.5 cm

BioRad, Miinchen, Germany

Falcon tubes (15 ml, 50 ml)

GreinerBioOne, Frickenhausen, Germany

Glasswares (different sorts)

Fisherbrand; IDL; Schott&Gen; Simax

Glass Pasteur pipettes 150 mm

Brand, Wertheim, Germany

Ministart single use filter (0.2 pm)

Sartorius Stedim Biotech GmbH, G6ttingen,
Germany

Nitrocellulose membrane

GE Healthcare, Amersham™ Hybond ECL,
Buckinghamshire, UK

Parafilm

Pechiney Plastic packaging, Menasha, WI

PCR Tube, cap-strips

Applied Biosystems, Darmstadt, Germany

Plastic feeding tubes, 22ga (black) x

25mm, sterile

Instech Laboratories, Inc. Pennsylvania, USA

Plastic pipettes (5 ml, 10 ml)

GreinerBioOne, Frickenhausen, Germany

Pipette tips without filter (10 pl, 100 pl,
1000 pl)

Sarstedt AG & Co, Numbrecht, Germany

Sterile disposable cannula 26G

B. Braun Melsungen AG, Germany

Sterile PCR- clean pyrogen & DNase free
tip with filter (10, 100, 200, 1000 pl)

Nerbe Plus GmbH, Winsen (Luhe), Germany

Syringe (1 ml, 25 ml)

B. Braun Melsungen AG, Germany

Vasco® Nitril powder free glove

B. Braun Melsungen AG, Germany
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3.1.10 Laboratory instruments

Materials

Instrument

Manufacturer

Arpege 75, Liquid nitrogen tank

Air Liquide Medical GmbH, Dusseldorf,
Germany

Axio Scan Z1 Microscope

Carl Zeiss Microscopy GmbH, Oberkochen,
Germany

Centrifuge Universal 320 R (cooling)

Hettich GmbH, Kirchlengen, Germany

ECL ChemoCam Imager

INTAS Science Imaging Instruments GmbH,
Gottingen, Germany

ELISA-Reader Multiscan EX

Thermo electron, Langenselbold, Germany

Magnetic stirrer

IKA