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Abstract

This thesis focuses on the role of anti-cytoskeledamtibodies in various
neurodegenerative diseases. Autoantibodies agdifiestent axonal cytoskeletal proteins,
such as the light (NF-L) and medium (NF-M) suburgfsneurofilament (NF) and tubulin
(TU), in serum and cerebrospinal fluid may be gdedran response to the release of
cytoskeleton from damaged neurons.

The aim of this study was to assess autoimmunehament in amyotrophic lateral
sclerosis (ALS) as well as to evaluate antiboditlignd medium neurofilament subunit in
serum and cerebrospinal fluid (CSF) of patienthwLS. Furthermore, we were interested in
the relationships among these antibodies in thensemnd in the CSF as well as between the
two anti-NF antibody subtypes. Secondly, the ains weacompare the levels of anti-tubulin
antibodies (anti-TU) in cerebrospinal fluid and setin multiple sclerosis (MS) disease, using
bovine tubulin as the antigen in one enzyme-linkachunosorbent assay (ELISA) method
(anti-TUb antibodies) and a synthetic neuron-decoctapeptide of tubulin in a second
ELISA method (anti-TUs antibodies).

In the observed groups of ALS patients, serum &weélanti-NF-L antibodies were
higher in ALS patients than in controls and serurti-BF-L antibodies and intrathecal anti-
NF-M antibodies were related to patient disabil®positive correlation was found between
anti-NF-L levels and anti-NF-M levels in ALS pattsrand the controls in the CSF.

Levels of CSF anti-TUs and anti-TUb antibodies wagmificantly higher in the MS
patients compared to normal control group. Theathecal synthesis of anti-TUs antibodies
was higher compared to anti-TUDb in all groups. tasicorrelation was found between anti-
TUb and anti-TUs antibodies in the CSF of all exaauli groups.

Our results point to opportunities anti-cytoskdledatibodies as using marker of

axonal damage.



Abstrakt

Predkladana prace se zabyva ulohou anti-cytoskeletalprotilatek u iiznych
neurodegenerativnich onemeéon Fi postupné demyelinizaci dochazi k us@vani
strukturnich ¢ésti cytoskeletu, jako jsou naplehké (NF-L) a sedre tézké (NF-M)
podjednotky neurofilament (NE) tubulin (TU). Proti #mto uvolrénym strukturam se mohou
vytvéret protilatky, jejichz stanoveni slouzi jako mark&onalniho poskozeni.

Cilem této studie bylo posoudit, zda autoimunitd@chanizmy proti cytoskeletalnim
strukturam mohou hrat roli v onemaen amyotrofickou lateralni skler6zou (ALS).
Humoralni autoimunita byla hodnocena pomoci stamopeotilatek tidy IgG proti lehké a
stredni podjednotce neurofilament v séru a mozkomismioku (MMM) pacieni s ALS.
Déale nas zajimalo, zda existujgjaké souvislosti meziémito typy protilatek v séru a
v MMM. DalSim cilem bylo porovnatizné populace anti-tubulinovych (anti-TU) protilatek
mozkomiSnim moku a séru pacigns roztrouSenou sklerézou (RS). Anti-cytoskeletalni
protilatky byly stanovovany pomoci enzymoimunoatiaekych (ELISA) metod. V fipac
anti-TU protilatek byly testovany dva druhy antiget) howzi tubulin (anti-TUb protilatky),
2) synteticky neuron-specificky oktapeptid tubulif@nti-TUs protilatky).

U pacienit s ALS byly pozorovany zvySené hladiny sérovych-Bifit-L protilatek ve
srovnani s kontrolni skupinou. Sérové hladiny &l protilatek a intratekalni anti-NF-M
protilatky Uzce souvisely se stugn postizeni. Pozitivni korelace anti-NF-L protilate
s hladinami anti-NF-M protilatek byla nalezena gipati s ALS v MMM.

Ve skupit RS pacient byly hladiny anti-TUs a anti-TUb protilatek v MMM
vyznami zvySené oproti skupénzdravych kontrol. Intratekalni syntéza anti-TUstpéatek
byla signifikant@ zvySena ve vSech sledovanych skupinach. U vSestowhnych skupin
byla také nalezena pozitivni korelace hladin atdbTa anti-TUs protilatek.

NaSe vysledky tak ukazuji na mozné vyuziti antbsieletalnich protilatek u paciént

s tiznymi neurodegenerativnimi onemeénimi.



1. Introduction
1.1 Multiple sclerosis

Multiple sclerosis (MS) is the most common neuraafjdisease among young adults,
with onset at an age range 20 — 40 years. MS isflammatory demyelinating autoimmune
disease of the central nervous system (CNS) claiaetl by both inflammation and axonal
degeneration.

The clinical symptoms in MS are heterogeneous. BtShe classified into three clinical
subtypes according to the disease course: relapsimiting (RR), secondary progressive
(SP) and primary progressive (PP)

The prevailing etiological hypothesis for MS is tthais a multifactorial disorders,
affecting individuals predisposed by a combinatioih several susceptibility genes and
environmental factor§ > Experimental autoimmune encephalomyelitis (EA€pn animal
model induced in mammals by active immunizatiorhvéither whole brain tissue or specific
myelin proteins.

However, there is increasing evidence that axoagederation plays an important role
in the pathogenesis of neurological disabifityAxonal damage is seen in both acute and
chronic MS lesions, and this damage appears telaterwith the degree of clinical disability
°. The cause of axonal damage in MS is unknownjthiatlikely that a destructive process
directed against specific components of the axayabskeleton may contribute to the

accumulation of disability.

1.2 Amyotrophic lateral sclerosis

Amyotrophic lateral sclerosis (ALS) is the most ecoan form of motor neuron disease,
characterized by progressive degeneration of uppdrlower motor neurons The exact
mechanisms underlying the selective motor neur@eweration in ALS remain elusive, but
experimental evidence implicates many potentiakoiac including oxidative damag®
excitotoxicity °, apoptosis'®, abnormal neurofilament functio: ** defects in axonal
transport, aberrant protein processing and degoaddf, increased inflammation, and
mitochondrial dysfunctiof’.

Approximately 10 % of ALS cases are inherited, wiitle remainder of cases being
sporadic in origin. This distribution of familigFALS) and sporadic (SALS) disease is similar

to other adult-onset neurodegenerative diseases, @si Parkinson disease and Alzheimer



disease (ED370). Except for atypical variants oSAthe familial form of disease is clinically

indistinguishable from the sporadic cas&s’

1.3 The axonal cytoskeleton

The axonal cytoskeleton is a highly regulated systbat plays a central role in
maintaining the integrity of axons. The physiolajitunctions of neuronal cytoskeleton are
dependent upon several interconnected filamengsattin microfilaments, microtubules, and
intermediate filaments (IF}. The major types of IF proteins expressed in neataurons, are
the neurofilament&®. The neurofilament protein (NF) is most abundambskeletal element
in large myelinated axons that preserves axon#berahnd transport NFs consist of three
components: a light chain (NF-L), intermediate ch@F-M), and a heavy chain (NF-H).
Tubulin, the basic building block of microtubules the heterodimeric proteiap-tubulin,
comprises between 15 and 20% of cellular proteitnénbrain'’. The neuron-associated class
Il B-tubulin isotype is most abundant in cell of newoorigin 2.

The abnormal accumulations of these filaments athgbogical hallmark of many
human neurodegenerative disorders including MS I8 . The structures of cytoskeleton
may be released from the damaged neurons intoxtnacellular space. The interaction of

cytoskeletal proteins with immunocompetent cells isult in the synthesis of autoantibodies
19, 20



2 Aim of the study
1. To evaluate anti-cytoskeletal antibodies using ELI& (Enzyme-Linked Immuno-
Sorbent Assay) method

» To evaluate anti-tubulin antibodies in the serurd eerebrospinal fluid (CSF) in
patients with MS and in patients with other neugidal diseases.

* To determine if various populations of anti-tubulgpG antibodies could be
differentiated using two distinct, yet similar aggns: 1. whole intact tubulin
from bovine brain; 2. synthetic tubulin fragmenésific for neuronal tissue.

* To determine if the relationship between neurorefigeand whole-spectrum
anti-tubulin antibodies exists.

e To determine if the anti-tubulin responses diffebetween CSF and serum, and
also to estimate the proportion of neuron-specifitbadies (anti-TUs) relative
to the whole spectrum of anti-tubulin antibodiémti-TUb) as well as their
intrathecal synthesis

« To evaluate antibodies against light (anti-NFL) amdium (anti-NF-M)
subunits of neurofilaments in serum and CSF inep#giwith ALS.

* To determine if the relationship between anti-NEkadies in serum and in CSF

exist as well as between the two anti-NF antibadytypes.

2. Clinical use of antibodies
* To evaluate the significance of anti-TU antibodirepatients with MS, unlike in
other neurological patients.

¢ To assess autoimmune involvement in ALS



3 Materials and methods

3.1 Parameters of clinical study

A MS patients

Paired CSF and serum samples were obtained froviS4patients, 13 patients with
various other neurological diseases (control desga€D) and 17 normal control patients
(CN). The diagnosis and course of MS at the timiuaifar puncture (LP) were determined
using established criterfa %> 15 patients were classified as having relapsingttieg MS, 8
patients had secondary progressive MS and 6 psiieeat primary progressive MS. 5 patients
had a clinically isolated syndrome (CIS) as thstfmanifestation of M$>. The disability
score for all MS patients was evaluated using tkeaBded Disability Status Scale (EDS$)
The CD group included patients with a variety ohditions (e.g. stroke, polyneuropathy,
meningitis, and hemidysesthesia). The CN patiergsgmted with conditions such as vertigo,
headache (spondylogenic, non-specific, and migrajpgychogenic syndrome and fatigue
syndrome. A thorough assessment of these patientsndt provide any alternative
explanations for their complaints. There was nalence of any structural, hemorrhagic or
inflammatory etiology in the CN patients.

B ALS patients

Paired CSF and serum samples were obtained fromn3@trophic lateral sclerosis
patients. The diagnoses of ALS (done at the timéheflumbar puncture) were classified
using the revised El Escorial criteffa®® Disability of patients was assessed accordirtheo
Amyotrophic Lateral Sclerosis Functional Rating ISC8ALSFRS) by an experienced
neurologist’. Patients with ALS were divided into a bulbar dn@©0) subgroup and a limb
onset (LO) subgroup. The control group of 20 indiingls included predominantly patients
with headache (spondylogenic or non-specific), bedgenic syndromes, cranial facial or
oculomotor palsy and neurotic or fatigue syndronié®re was no evidence of any structural,
hemorrhagic or inflammatory etiology in control ieats.

All subjects gave a written informed consents rdoy study participation. The
Postgraduate Medical Education Ethics Committeagiry, approved the study. Specimens

were stored at -80 °C until analysis.
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3.2 Methods

Anti-cytoskeletal antibodies — ELISA methods
Antibodies to whole natural bovine brain tubulimtfglf Ub) as well as anti-NF-L and
anti-NF-M antibodies were measured by adapted ElLi®#thod, described previougfy *°
Antibodies to neuron specific octapeptide (anti-YUsere determined using
commercial ELISA - Viditest kit (VIDIA, spol. s n.).

Biochemical analysis
The concentrations of albumin and total IgG in serand CSF were assayed by
commercially available kits using certified biocheat techniques with automated analyzer

Immage (Beckman Coulter, USA).

Calculations — Assessment of intrathecal antibodyrpduction

To distinguish between leakage of serum IgG throagmpromised blood-brain
barriers (BBB) and intrathecal synthesis (IT) oGlgvas calculated the IgG index as well as
the intrathecal synthesis of each anti-cytoskell@ antibodies was estimated using the
formula for antibody specificity index (ASf}: 2%
IgG index:  (CSF units IgG/serum units 1gG) / (CSF albuminisealbumin)

ASI:
(CSF antigen-specific IgG/CSF IgG total) / (serumigen-specific IgG /serum IgG total)

An index> 1.5 is strong evidence that intrathecal synthekigutoantigen-specificic 1gG is
occurring in the CNS.
The function blood-brain barrier was consideredHgyAlbumin quotient (@) %
Qaib = (Albumin in CSF / albumin in serum)
Values > 7 are indicative of disturbed BBB permégbi
In case of anti-tubulin antibodies, the proport@hneuron-specific antibodies to all
antibodies against tubulin was expressed as thd Bistanti-TUb quotient:

antibodies to neuron-specific tubulin octapeptidatibodies to bovine tubulin

This quotient was calculated for serum (serum @mbtiand for CSF (CSF quotient) using
anti-tubulin levels expressed as absorbance acwptdithe formula:
serum quotient £serum anti-TUs - 100) / (serum anti-TUb - 400)

CSF quotient ££SF anti-TUs / CSF anti-TUb
11



Statistical analysis

Statistical analysis of group differences was penfd by Kruskal-Wallis test
followed by the Mann-Whitney U-test. Relationshipgtween anti-TU or anti-NF antibodies
were evaluated using the Spearman’s correlatiorfficiemt. For statistical analysis of
comparison serum and CSF quotient and ASI, thedXiiln pair test was used.

The results were considered as statistically Sicamt at p < 0.05.

4 Results
A Anti-tubulin antibodies

Relationships between anti-TUb and anti-TUs levelsf antibodies in serum and CSF

The levels of antibodies to bovine tubulin (ahtib) were significantly related to
those against neuron-specific tubulin octapeptideti{TUs) in the CSF (MS: r = 0.8,
P <0.0001; CD: r=0.8, P <0.005; CN: r = 0.5 B.05). We also found a weak correlation
between both types of anti-TU antibodies in theuserof the MS group (MS: r = 0.4,
P <0.05;CD:r=0.2,n.s.;CN: r=0.4, n.s.).

Levels of CSF and serum anti-TU antibodies

The figure 4.1(A, B) shows levels anti-TUb antiesdin CSF (A) and in serum (B) in
patients and controls. The CSF levels of anti-Tadbtbadies in the MS and CD patients were
significantly higher than in the CN group (MS antil @ < 0.001; CD and CN p < 0.05).
There were observed no differences CSF levels ifTdib between MS and CD groups (A).
No differences in serum anti-TUb antibodies weranfihamongst the three groups (B).

12



A Levels of anti-TUb antibodies in CSF
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Figure 4.1(A, B): Levels of cerebrospinal fluid (CSF) and serun{B) anti-tubulin antibodies (anti-
TUDb) using the bovine tubulin antigen in patiemsd aontrols

The symbol ]- represents the median and the 25thlan75th percentile. The adjacent scatter plot
represents the individual values of patients.

The figure 4.2(A, B) similarly depicts levels aftiJs antibodies in CSF (A) and in
serum (B) in MS patients and controls groups. TB& @nti-TUs antibodies levels in the MS
patients were significantly higher than in the Gidup (MS and CN p < 0.005). The levels of
CSF anti-TUs did not differ between the MS and @2 groups and between the CD and the

13



CN groups (A). No differences in serum anti-TUsilzodies were found among the three

groups (B).
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Figure 4.2(A, B): Levels of cerebrospinal fluid (CSE)) and serungB) anti-tubulin antibodies (anti-
TUs) using the synthetic fragment of neuron-spedifitapeptide tubulin as the antigen in patients an
controls.

The symbol ]- represents the median and the 25htlae 75th percentile. The adjacent scatter plot

represents the individual values of patients.
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Intrathecal synthesis of anti-tubulin antibodies
The intrathecal synthesis of anti-TU antibodies wapressed as ASI for each type of
antigens. We observed that IT synthesis of anti-&bkbodies was significantly higher than

the IT synthesis of anti-TUb antibodies in all gosi(table 1).

Table 1 Antibody specifity indices (ASI) for anti-TUb arathti-TUs antibodies

Antibody specifity index

anti-TUb, median anti-TUs, median
Diagnostic group  (25th-75th percentile) (25th-75th percentile) p
MS 1.6 (1.3-2.8) 7.7 (2.5-14.3) <0.001
cD 1.8 (1.4-2.7) 6.7 (4.9-13.6) <0.005
CN 1.8 (1.6-2.01) 9.4 (5.1-21.7) <0.001

Relationships between anti-tubulin IgG antibodies ad total IgG in CSF and serum

Correlation analysis showed significant relatiopdbetween serum anti-TU to bovine
tubulin and total serum IgG in all groups. We dat find any relationships between anti-TU
antibodies and total IgG antibodies when the nespmtific octapeptide was used in serum
or CSF. For all three groups, serum anti-tubulinibaxlies, regardless of antigen, were
unrelated to those found in the CSF (table 2).

Table2: Correlations amongst levels of anti-TUb to antisTahtibodies and total IgG antibodies in

CSF and serum.

Anti-TUb Anti-TUs
Diagnostic Correlations between r p r p
group
MS S-anti-TU x CSF-anti-TU 0.3 n.s. 0.2 n.s.
S-anti-TU x S-1gG total 0.5 < 0.005 -0.1 n.s.
CSF-anti-TU x CSF-1gG total 0.3 n.s. 0.2 n.s.
CD S-anti-TU x CSF-anti-TU 0.4 n.s. -0.03 n.s.
S-anti-TU x S-IgG total 0.7 <0.01 0.4 n.s.
CSF-anti-TU x CSF-IgG total 0.2 n.s. -0.03 n.s.
CN S-anti-TU x CSF-anti-TU 0.3 n.s. -0.05 n.s.
S-anti-TU x S-1gG total 0.6 <0.05 0.4 n.s.
CSF-anti-TU x CSF-1gG total 0.6 <0.05 0.4 n.s.

n.s. — not significant; r — Spearman correlatioefficient

15



Others correlations
The inverse relationship was found between IT sgithof anti-TUb antibodies and patient
age in the CN group (r =-0.73; p < 0.001). Antiilin antibodies were not related to clinical

parameters of the disease, subject’s age, diseaatah, and the EDSS score.

B Anti-neurofilaments antibodies

Figure 4.3(A, B) depicts the levels of anti-NF-L)(And anti-NF-M (B) antibodies in
serum. Serum anti-NF-L levels were significantlgwated in both subgroups ALS patients
compared with controls (ALS BO versus controls p0£5; ALS LO versus controls
p < 0.005) (A). Serum anti-NF-M levels were sigraintly elevated only in ALS BO patients
compared with controls (ALS BO versus control p.e5) (B).

A Antibodies to NF-L IgG in serum
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B Antibodies to NF-M IgG in serum
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Figure 4.3(A, B): Serum levels of anti-NF-L IgGA) and anti-NF-M Ig@B) antibodies in ALS

patients and controls.

No statistical significance of antibodies levelsswiaund in CSF. The CSF levels of both

types of antibodies were only higher in ALS group.

Intrathecal synthesis and other correlations

Intrathecal synthesis of anti-NF-L IgG and anti-MFIgG antibodies was similar in
all groups and did not vary between ALS patienteomparison with the control group. It
was found a relationship between the levels of-Eftiantibodies in cerebrospinal fluid and
the blood—CSF barrier function in ALS patients (@fE-L: r = 0.5, p < 0.005; anti-NF-M:
r =0.4; p <0.05), but not in the control group.

No correlation was found between total IgG andbawlies to NF-L and NF-M in
serum, with the exception of a significant relasbip between total IgG and anti-NF-L in the
control group (r = 0.5; p < 0.05). A significantroelation between total IgG and anti-NF-L in
the CSF was observed in the ALS group (r = 0.5; p.605). We observed a significant
difference in age between ALS patients and cont(pls<x 0.01). However, we found no
relationship between age and anti-NF-L and antiNNfevels in serum and CSF in ALS
patients or in the control group. Intrathecal sgsth of anti-neurofilament antibodies also

failed to correlate with age in any group.

17



ALSFRS and serum anti-NFL levels were related he ALS group (r = -0.3;
p < 0.05). Additionally, a relationship between AIESS and intrathecal synthesis of anti-NF-
M was found in the ALS group (r = -0.4; p < 0.08Ye did not observe any association

between disease duration and anti-NF in serum 6t. CS

5 Conclusions

In our work, we optimized the ELISA method for measnent selected anti-
cytoskeletal antibodies in serum and CSF.

In case in study of anti-tubulin antibodies we canagl various populations of anti-TU
IgG antibodies using two distinct, yet similar gets — whole bovine tubulin isolated from
bovine brain and synthetic tubulin octapeptide rimagt specific for neuronal tissue. We
found a close relationship between levels of awlig® to whole tubulin and to its synthetic
fragment in the CSF of all studied groups and engérum of the MS group. We observed too
similar differences amongst groups of subjectshanlevels of anti-TU antibodies regardless
of antigen. These findings suggest that the natutallin isolated from bovine brain as well
as neuron-specific octapeptide fragment of tubulen be used interchangeably for
determination of anti-TU antibodies in the CSF hy$A method.

The serum levels of both types of anti-TU antibedieere similar in all subjects but
no relationships between anti-TUs and anti-TUb lewé antibodies were observed with the
exception of a weak correlation in the MS groupvdls of antibodies to bovine tubulin in
serum corresponded to the total serum IgG leve#lithree groups, but similar relationship
was not found for antibodies to neuron-specifiatuboctapeptide. We assume that divergent
anti-TU antibodies which include those to extraoeal tubulins as well as to non-specific
neuronal epitopes of brain tubulins are presesemim.

The spectrum of anti-tubulin antibodies in serurd &S$F is different. The evaluation
of ASI demonstrated that the synthesis of antit®digainst neuron-specific octapeptide
predominates in the intrathecal compartment. Tkalt® obtained by comparison of tubulin
octapeptide/antibodies to bovine tubulin quotigatsti-TUs/anti-TUb quotients) in CSF and
serum corroborate that neuron-specific anti-tubalmibodies significantly prevail in CSF,

especially in the MS group.

18



We did not find any relationships between serum @8 anti-tubulin antibodies. It
seems that anti-TU levels in serum and CSF prowedbé independent. Therefore,
determination of anti-TU antibodies in serum cameptace CSF analysis.

Clinically, CSF anti-TU antibodies were elevatadoatients with MS compared with
anti-TU antibody levels of presumably normal sutjedVe found statistically significant
differences only between MS and CN groups and etwéen CD and CN in levels of anti-
TUs antibodies. It seems that antibodies to nespetific fragment of tubulin should be
more specific for patients with MS. It is possiltat a part of tubulin which should induce
the synthesis of anti-tubulin antibodies to neuspeeific octapeptide may release more
intensively during the process of axonal damagd

The estimation of anti-tubulin antibodies in CSFn ceontribute to the overall
assessment of axonal damage. Serum anti-tubuiimoaies were divergent and not useful for
differential purposes in MS.

In study of anti-NF antibodies in patients with Ala® observed higher levels of anti-
NF in serum ALS patients. Tangibly, we found inse@ serum levels of anti-NF-L in ALS
patients and anti-NF-M in ALS BO patients, but mothe CSF or intrathecally. Serum levels
of anti-NF-L antibodies inversely correlated withtient disability.

We did not find any relationship between anti-NR#id anti-NF-M levels in serum. It
can be caused by different antigen stimulation ddimg on the individual neurofilament
subunits in the serum and CSF. This view may beaued by the finding of a non-
significant correlation between total IgG and a¥ii-L and anti-NF-M in the serum of ALS
patients in contrast to a significant correlatiatvieen total IgG and anti-NF-L in the CSF.
This particular relationship seems to be a comneatufre.

The correlation of ALSFRS with serum anti-NF-L aimtkathecal anti-NF-M levels
indicates that disability is reflected by antibaisitus.

These findings contribute to the growing body ofowtedge associated with the
immune humoral response in ALS patients.

19



10.

11.

12.

13.

14.

15.
16.

References

Trapp BD, Nave KA. Multiple sclerosis: an immuoe neurodegenerative disorder?
Annu Rev Neurosci 2008;31:247-269.

Qin Y, Duquette P. B-cell immunity in MS. Int MI52003;10:110-120.

Eikelenboom MJ, Petzold A, Lazeron RH, et al.ltdle sclerosis: Neurofilament
light chain antibodies are correlated to cerebraipdny. Neurology 2003;60:219-223.
Semra YK, Seidi OA, Sharief MK. Heightened itihecal release of axonal
cytoskeletal proteins in multiple sclerosis is @ssted with progressive disease and
clinical disability. J Neuroimmunol 2002;122:132913

Trapp BD, Peterson J, Ransohoff RM, Rudick Rrkv®, Bo L. Axonal transection in
the lesions of multiple sclerosis. N Engl J Med 8:338:278-285.

Roy S, Coffee P, Smith G, Liem RK, Brady ST, &laMM. Neurofilaments are
transported rapidly but intermittently in axons:pimations for slow axonal transport.
J Neurosci 2000;20:6849-6861.

Brettschneider J, Petzold A, Sussmuth SD, Ludd{, Tumani H. Axonal damage
markers in cerebrospinal fluid are increased in AN8urology 2006;66:852-856.
Vucic S, Kiernan MC. Pathophysiology of neuroelegyation in familial amyotrophic
lateral sclerosis. Curr Mol Med 2009;9:255-272.

Heath PR, Shaw PJ. Update on the glutamateegimtransmitter system and the role
of excitotoxicity in amyotrophic lateral sclerosMuscle Nerve 2002;26:438-458.
Cleveland DW, Rothstein JD. From Charcot to l@&ehrig: deciphering selective
motor neuron death in ALS. Nat Rev Neurosci 20@0a:819.

Simpson CL, Al-Chalabi A. Amyotrophic lateratlerosis as a complex genetic
disease. Biochim Biophys Acta 2006;1762:973-985.

Kunst CB. Complex genetics of amyotrophic kitesclerosis. Am J Hum Genet
2004;75:933-947.

Boillee S, Vande Velde C, Cleveland DW. ALSlisease of motor neurons and their
nonneuronal neighbors. Neuron 2006;52:39-59.

Strong M, Rosenfeld J. Amyotrophic lateral su$es: a review of current concepts.
Amyotroph Lateral Scler Other Motor Neuron Diso@D3;4:136-143.

Krejsek J, Kopecky, O. Klinicka imunologie. Neeies HK 2004.

Lariviere RC, Julien JP. Functions of internagelifilaments in neuronal development

and disease. J Neurobiol 2004:;58:131-148.
20



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Downing KH. Structural basis for the interantiof tubulin with proteins and drugs
that affect microtubule dynamics. Annu Rev Cell B9l 2000;16:89-111.

Draberova E, Lukas Z, Ivanyi D, Viklicky V, Oryar P. Expression of class Il beta-
tubulin in normal and neoplastic human tissuestddlgem Cell Biol 1998;109:231-
239.

Zaffaroni M. Biological indicators of the nedemenerative phase of multiple
sclerosis. Neurol Sci 2003;24 Suppl 5:S279-282.

Fialova L, Bartos A, Soukupova J, Svarcova idzéh P, Malbohan I. Synergy of
serum and cerebrospinal fluid antibodies againginak cytoskeletal proteins in
patients with different neurological diseases. &@&liol (Praha) 2009;55:23-26.

Poser CM, Paty DW, Scheinberg L, et al. Newgwstic criteria for multiple
sclerosis: guidelines for research protocols. Arufgl 1983;13:227-231.

Lublin FD, Reingold SC. Defining the clinicadurse of multiple sclerosis: results of
an international survey. National Multiple SclesosBociety (USA) Advisory
Committee on Clinical Trials of New Agents in Mple Sclerosis. Neurology
1996;46:907-911.

McDonald WI, Compston A, Edan G, et al. Recomaeel diagnostic criteria for
multiple sclerosis: guidelines from the InternatibRanel on the diagnosis of multiple
sclerosis. Ann Neurol 2001;50:121-127.

Kurtzke JF. Rating neurologic impairment in tiplé sclerosis: an expanded disability
status scale (EDSS). Neurology 1983;33:1444-1452.

Brooks BR. El Escorial World Federation of N&agy criteria for the diagnosis of
amyotrophic lateral sclerosis. Subcommittee on vibteuron Diseases/Amyotrophic
Lateral Sclerosis of the World Federation of Neogyl Research Group on
Neuromuscular Diseases and the El Escorial "Clifliosits of amyotrophic lateral
sclerosis" workshop contributors. J Neurol Sci 1294 Suppl:96-107.

Brooks BR, Miller RG, Swash M, Munsat TL. Eldasal revisited: revised criteria for
the diagnosis of amyotrophic lateral sclerosis. Atryph Lateral Scler Other Motor
Neuron Disord 2000;1:293-299.

Cedarbaum JM, Stambler N. Performance of theyddrophic Lateral Sclerosis
Functional Rating Scale (ALSFRS) in multicenternidal trials. J Neurol Sci
1997;152 Suppl 1:S1-9.

21



28.

29.

30.

Silber E, Semra YK, Gregson NA, Sharief MK. i@atls with progressive multiple

sclerosis have elevated antibodies to neurofilaraebtnit. Neurology 2002;58:1372-
1381.

Terryberry JW, Thor G, Peter JB. Autoantibodiesneurodegenerative diseases:
antigen-specific frequencies and intrathecal amalys$eurobiol Aging 1998;19:205-

216.

Zima T. Laboratorni diagnostika. Galén a nakdeldtvi Karolinum 2007;(druhé

piepracované vydani).

7 List of original articles

Publicationsin extenso related to the thesis (with IF)

Svarcovéa J, Fialova L, Bartos A, SteinbachovaMéjbohan |. Cerebrospinal fluid
antibodies to tubulin are elevated in the patievita multiple sclerosis. Eur J Neurol.
2008; 15: 1173-1179. IF=2,732

Fialova L, Bartos A, Soukupova J, Svarcova #iz& P, Malbohan |. Synergy of

serum and cerebrospinal fluid antibodies againsinak cytoskeletal proteins in
patients with different neurological diseases. &@&liologica 2009; 55: 23-26.
IF =0,924

Fialovad L, Svarcova J, Bartod A, Ridz®, Malbohan I, Keller O, Rusina R.
Cerebrospinal fluid and serum antibodies againstrafdaments in patients with
amyotrophic lateral sclerosis. Eur J Neurol. 200;562-566. IF =3,765

Publicationsin extenso with different objectives (with IF):

1.

Fialova L, Bartos A, Svarcova J, Malbohan l.ré@sed intrathecal high-avidity anti-

tau antibodies in patients with multiple sclerogtd.0S One. 2011; 6(11): e27476.

IF = 4,41
22



2. Fialova L, Svarcova J, Bartod A, Malbohan |. dit§ of antineurocytoskeletal
antibodies in cerebrospinal fluid and serum. Fbliarobiol 2012,in press
IF=0,977

3. Barto$ A, Fialova L, Svarcova J, Dolezil D, Mallan |. Tau-protein and anti-Tau
antibodies in patients with multiple sclerosiSeska a slovenska neurologie a

neurochirurgie 2014n press IF =0,393

4, Muravskéa A, Germanova A, Jachymova M, Hajek varBova J, Zima T, Kalousova
M. Association of Pregnancy-associated plasma profe polymorphism with
preeclampsia — A pilot study. Clin Biochem. 2014; 2380-1384.

IF =2.043

5. Skrha jr. J, Kalousova M, Svarcovéa J, Muravskdasnika J, Landova L, Zima T,
Skrha J. Relationship of soluble RAGE and RAGEN@mHMGB1 and EN-RAGE to
endothelial dysfunction in Type 1 and Type 2 diabemellitus. Exp Clin Endocr
Diab. 2011, in press. IF=1.826

6. Volna J, Kemlink D, Kalousova M, Vavrova J, Majea V, Mestek O, Svarcova J,
Sonka K, Zima T. Biochemical oxidative stress-radatmarkers in patients with
obstructive sleep apnea. Med Sci Monit. 2011; 149)-7. IF=1.699

7. Koucky M, Germanova A, Kalousova M, Hill M, Cimdva-Davies T, Fdzek A,
Svarcova J, Zima T, Hajek Z. Low maternal serumrixatetalloproteinase (MMP)-2
concentrations are associated with preterm labdrfatal inflammatory response. J
Perinat Med. 2010; 38(6): 589-96. IF=1.871

Publicationsin extenso with different objectives (without IF)

1. Fialova L, Bartos A, Svarcova J, DoleZil D, Meittan |. Stanoveni tau proteinu v

mozkomisnim moku pacients roztrousenou sklerézou @wa soupravami ELISA.

Klinicka biochemie a metabolismus 2011; 19/40(2)3-1.18.
23



