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Introduction 

Each day of our lives we are encountered by innumerable microorganisms. Luckily, from 

cartilage fish on, Nature has provided the animal world with the ability of antibody 

diversification, which enables us to protect ourselves effectively and pathogen-specifically. 

Antibody diversification is achieved by two major mechanisms in mammalian B-cells: 

somatic hypermutation (SHM) increases the affinity of the antibody to the pathogen, while 

isotype switching changes the effector functions of the antibody. Precise coordination of these 

processes is vital: deficiencies in regulation may give rise to pathological conditions e.g. 

immune deficiency, tumours or autoimmunity. Thus better knowledge of the regulation may 

give us deeper understanding of the pathomechanism of the above diseases.  

This dissertation discusses two major topics. The first part examines a physiological process 

and studies the role of a homeobox protein, HoxC4 in B-cell antibody diversification with the 

use of HoxC4 knock-out mice. HoxC4 is a transcription factor, expressed mainly by activated 

germinal centre B-cells. Expression of this protein is influenced by the same activation 

mechanisms that upregulate the expression levels of activation induced cytidine deaminase 

(AID), the major enzyme involved in both SHM and class-switch DNA recombination. To 

date, only a few transcription factors have been described that modulate AID levels. We are 

the first to describe the role of HoxC4 in this regulatory mechanism.  

In the second part of the thesis we focused on a pathological condition and examined two 

aspects of the pathogenesis of a B-cell mediated autoimmune disease, myasthenia gravis 

(MG). First we investigated the presence of antibodies directed against carbohydrates in this 

disorder secondly we examined the genetic background of MG.  

B-lymphocytes play a pivotal role in the pathomechanism of MG. This is underpinned by the 

finding that monoclonal antibodies directed against CD20 (Rituximab), a molecule expressed 

by B-cells, decreases the number of remissions in MG. B-cells produce numerous antibodies 

against different proteins of the neuromuscular junction (NMJ). Of these, anti-acetylcholine 

receptor (AChR) and anti-muscle specific kinase (MuSK) antibodies play the most important 

role in the pathogenesis of myasthenia gravis. While most of the proteins of the NMJ are 

highly glycosylated, and glycosylation state influences their function, surprisingly the 

presence and role of anti-carbohydrate antibodies have not yet been examined in MG so far. 

Skeletal muscle tissue contains a large amount of glucosaminoglycans (GAG), e.g. 

chondroitin-sulphate, hialuronic acid, or heparane-sulphate. We examined whether there are 
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anti-carbohydrate or anti-GAG antibodies in the sera of MG patients, and if yes, can we find 

some that are specific for this disease, and that could be used as biological markers for MG in 

the clinical practice?  

Autoimmune diseases can evolve by the interplay of environmental, hormonal and genetic 

factors. Numerous HLA-genes have been shown to be associated with the various serological 

subgroups of myasthenia gravis, but only a few polymorphisms of non-HLA genes have been 

identified that have a role in the pathomechanism of MG. Genome-wide association studies 

provide large-scale information on such non-HLA gene associations, however, probably due 

to the low incidence of MG, such studies are not available yet in this disorder. Here we 

investigated the association of 10 polymorphisms of five different genes oestrogen receptor α 

(ERα), interleukin-4 receptor α (IL4Rα), galectin-1 (LGALS1), galectin-8 (LGALS8) and 

interleukin-2 receptor β (IL2Rβ) with MG. 

The role of oestrogen in the development of autoimmune diseases has been well established, 

It is known, that oestrogen influences the Th1/Th2 balance, and promotes autoantibody 

production. The effect of oestrogen is mediated by its two receptors, oestrogen receptor α 

(ERα) and β. Two polymorphisms located in the second intron of ERα, PvuII (rs2234693) and 

Xba I (rs9340799), have been shown to be associated with rheumatoid arthritis (RA), 

systemic lupus erythematosus (SLE) and multiple sclerosis. Their association with MG 

however, has not yet been examined.  

Interleukin-4 (IL4) acting via interleukin-4 receptor α (IL4Rα) promotes isotype switching to 

IgG1, IgG4 and IgE in activated B-cells. However, by aiding the differentiation of regulatory 

T-cells, IL4 probably plays a protective role in MG as shown by animal models of this 

disease.  The effects of IL4 are mediated by IL4Rα via the STAT6 signal transduction 

pathway. Association of polymorphisms of genes encoding proteins of this pathway have 

been poorly studied so far in MG. Associations with IL4Rα SNPs have not yet been studied in 

this disease, though three SNPs have been identified  (S503P, rs1805015, Q576R, rs1801275, 

I75V, rs1805010), that show association with various autoimmune diseases. 

Galectins are ubiquitous carbohydrate-binding proteins (lectins), that show strong affinity to 

β-galactose. So far 15 members of the galectin family have been identified, which can be 

classified into two major groups according to their structure: those with one, and those with 

two carbohydrate recognition domains (CRD). Some galectins have been postulated to have 

major roles in the pathomechanism of autoimmunity.  
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One of the most well studied members of the family is galectin-1 (LGALS1), a protein with 

one CRD. The putative role of galectin-1 in the pathomechanism of MG was shown in various 

studies. The expression of LGALS1 increases significantly in thymus hyperplasia and 

thymoma, two histological entities of the thymus often found observed in myasthenia gravis. 

Galectin-1 induces the adhesion of immature T-cells to thymus epithelial cells, but also 

induces apoptosis in some thymocyte subgroups and activated T-cells. The expression of 

LGALS1 increases in B-cells upon activation, and promotes antibody production. In an 

animal model of MG it has also been shown to decrease symptom severity. 

Galectin-8 is a protein with two carbohydrate recognition domains. Its role has been suspected 

in different autoimmune diseases, e.g. the amount of LGALS8 increases in the synovial fluid 

of RA patients, where it is found to be attached to a specific variant of CD44 and modulates 

the apoptosis of T-lymphocytes locally. The role of galectin-8 in T-cell physiology depends 

on the activation state of the T-lymphocyte: while galectin-8 enhances the proliferation of 

naive human CD4+ T-cells, it promotes apoptosis in CD3/CD28 activated T-cells. In SLE and 

RA antibodies directed against galectin-8 have been described. Though the role of galectin-1 

and galectin-8 in the pathomechanism of MG have not yet been described, due to their effect 

on thymocytes, B-cells and T-lymphocytes, they qualified as promising candidates. As no 

SNP has been described so far that showed association with human disease, we investigated 

the association of MG with two polymorphisms of the 5’ regulatory region of LGALS1 

(rs4820293, rs4820294) and an SNP causing a non-synonymous aminoacid change in the 

coding region of LGALS8. The galectin-1 gene is located in 22q13 chromosomal region, only 

500 kilobases downstream of another immunregulatory protein encoding gene, interleukin-2 

receptor β (IL2Rβ). IL2R is composed of three proteins, of which IL2Rβ takes part in both T-

cell activation by binding IL2, and signal transduction. A polymorphism in the regulatory 

region of IL2Rβ (rs743777) has been shown to be more frequent in patients with RA. We 

investigated he association of this SNP, and another polymorphism in the 3’ regulatory region 

(rs228941) of the IL2Rβ with MG and the association of various haplotypes of the examined 

LGALS1 and IL2Rβ polymorphisms with MG. 
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Aims 

Our aims could be classified into two groups: 

 

I. To investigate the role of the transcription factor HoxC4 in antibody diversification 

using HoxC4 knock-out mice 

II.1. To build a systematic, integrated clinical myasthenia gravis database and biobank 

within NEPSYBANK, a part of the Hungarian National Biobank. To create 

homogenous patient, and age and gender matched control groups by using the above 

database. To group our MG patients according to their antibody status by determining 

the levels of anti-AChR and anti-MuSK antibody serum levels. To use the above 

database and biobank in larger collaborations ad studies in future investigations.  

II.2. To determine the role of anti-carbohydrate antibodies in the pathomechanism of 

myasthenia gravis. To investigate the presence of anti-glucosaminoglycan and other 

anti-carbohydrate antibodies in MG sera: 

 To identify anti-GAG antibodies which could be used as biomarkers in MG in 

the future 

 To identify carbohydrate identification patterns characteristic of MG 

 II.3. To identify genetic variants that predispose to MG  

 To investigate the association of polymorphisms of the following 

immunomodultory genes: ERα, IL2Rβ, IL4Rα, LGALS1, LGALS8.  

 To prove functionality of the novel polymorphisms  

 

Methods 

Laboratory methods used in the mouse experiments 

Genetically modified mice 

In the used HoxC4
–/–

 mice (created by Anne Boulet and Mario Capecchi) the HoxC4 gene was 

knocked-out by the insertion of the loxP site in the second exon. This created a stop codon 

between the 3. and 4. codon of the amino terminal homeobox region rendering a non-

functional peptide.  
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B and T-cells  

The number of  B-cells, T-cells (B220
+
 and CD3

+ 
cells), the proportion of CD4

+
 T-cells, the 

number of  B-cells and T-cells undergoing apoptosis, the proportion of the PNA
hi

 B-cell 

population, the number of plasma cells (B220
lo

CD138
+
) and 4-hidroxy-4-nitrophenylacetil-

binding (NP-binding) CD38
hi

IgG1
+
 memory cells have been determined by flow cytometry 

(FACSCalibur; BD Biosciences) from the spleen and Peyer’s-patches of HoxC4
+/+

 and 

HoxC4
-/-

 mice. 

The investigation of the cell-cycle and proliferation of B-cells   

The cell-cycle was examined with propidium-iodid staining, while cell-proliferation was 

measured with CellTrace CFSE cell proliferation kit (Molecular Probes, Invitrogen) using 

flow cytometry.  For the examination of in vivo B-cell proliferation the mice were immunized 

with NP16-CGG (16 molecules of 4-hidroxy-4-nitrophenylacetyl attached to one molecule of 

chicken gamma globulin). After 10 days, the mice were injected twice within 16 hours with 

BrdU (5-brom-deoxyuridin) intraperitoneally. Lymphocytes of the Peyer’s-patches were 

stained with phycoerythrin-labelled monoclonal anti-mouse B220 antibody (BD Biosciences), 

or with this combined with FITC (fluorescein-isothiocyanide)-labelled peanut-agglutinin 

(PNA). The incorporated BrdU was shown by staining with allophycocyanin-labelled 

monoclonal anti-BrdU (APC BrdU Flow kit (BDBiosciences)) by using flow cytometry. 

Immunisation with NP16-CGG and the measurement of NP-binding IgM and IgG1 levels 

Healthy, 8-10 weeks old littermate HoxC4
+/+

 and HoxC4
-/-

 mice were immunized 

intraperitoneally with 100µg NP-CGG twice within 28 days. Blood was drawn from the mice 

on the 28
th

 day after the primary immunization, and the total NP-binding IgM and IgG levels 

were measured from the sera with a specific ELISA. Mouse sera were diluted 1:10000 for the 

measurement of total IgM, and 1:40000 for the measurement of total IgG levels. 

Immunohistochemistry (IHC)  

Frozen sections of spleens from NP16-CGG immunised mice were stained with 

phycoerythrin-labelled anti-mouse B220 antibody (RA3-6B2 clone) diluted 1:200, as well as 

FITC-labelled PNA diluted 1:100. After washing with PBS, the sections were covered with 

ProLong anti-fade reagent (Invitrogen). 

Investigation of in vitro isotype switching 

Spleen derived B-cells were cultured at a density of 1 x10
6
 cell/ml in the presence of 0.05 mM 

β-mercaptoethanol and 5% FBS/RPMI 1640. To promote isotype switching, LPS 

(lipopolysacharide) (20 mg/ml) or CD154 stimulation was used. Switching to the different 

isotypes was achieved by the addition of the following reagents: recombinant mouse IL4 ( in 
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case of IgG1 and IgE) IFN-γ-t in case of  IgG2a; and TGFβ1, recombinant mouse IL-5 

together with dextrane conjugated anti-δ-chain antibody in case of IgA. Cells were stimulated 

for 4 days, and cell-surface immunoglobulins were shown with flow cytometry.  Supernatants 

of the in vitro stimulated B-cell cultures were used for the detection of secreted 

immunoglobulins with ELISA method. 

Evaluation of the quantity and quality of somatic hypermutations in the intronic JH4-iEµ 

DNA region 

We isolated DNA from B-cells of Peyer’s-patches of 12 weeks old non-immunized littermate  

HoxC4
–/–

 and HoxC4
+/+ 

C57BL/6 mice. To analyze somatic hypermutation we examined an 

intronic DNA region (JH4-iEµ) localized downstream of the rearranged VHJ558DJH4 gene. 

We amplified this region from genomic DNA with Platinum Pfx DNA polymerase 

(Invitrogen) using nested-PCR. The PCR products were cloned into pCR-Blunt II-TOPO 

plasmid (Invitrogen) and then sequenced. Sequence analysis was done using MacVector 7.2.3 

software (MacVector Inc). 

Quantitative real-time RT-PCR and semiquantitative RT (reverse-transcription) -PCR 

We isolated RNA from mouse spleen cells and Peyer-patches with the use of RNeasy Mini 

Kit (Qiagen) according to the recommendations of the manufacturer. cDNS synthesis was 

performed with SuperScript Preamplification (Invitrogen) system. Expression levels of the IH-

CH germline, Iµ-CH postrecombinant and VJ558DJH-Cµ mature transcripts, as well as the 

expression of HoxC4 and AID were measured by quantitative real-time PCR. The quantity of 

Iγ1-Cµ circular transcripts and the expression of HoxC4 and AID were also determined by 

semiquantative RT-PCR using two-fold serial dilutions.  

Prediction of putative transcription factor binding-sites  

Putative transcription factor binding sites in the AID promoter were predicted using Match 

software (BIOBASE). 

Retroviral production and transduction of B-cells 

The TAC and TAC-Aicda retroviral plasmids were the gifts of Professor Cornelius Murre 

(University of California, San-Diego). Retroviral constructs were produced by the transfection 

of the above plasmids together with the ecotropic plasmid pEco into the HEK293T cell-line 

using ProFection Mammalian Transfection system (Promega). Mouse spleen –cells were 

transduced with the produced retroviral constructs.  
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Statistical analysis 

Analyses of the mutation frequency and spectrum in the HoxC4
–/–

 and HoxC4
+/+

 mice were 

done with χ
2
-test. The comparison of immunoglobulin titers, isotype switching and 

differences in mRNA expression were done with paired t-test. 

Methods used to study the pathogenesis of myasthenia gravis   

Human samples 

Samples of patients with MG (170) and of healthy controls (350) were collected from 

DEOEC Department of Neurology (Debrecen), Semmelweis University Centre for Molecular 

Neurology and Semmelweis University Department of Genetics, Cell-and Immunobiology. 

Muscle samples were also obtained from the biobank of the Centre for Molecular Neurology. 

Isolation of peripheral mononuclear cells (PBMC)  

Human PBMCs were isolated from anticoagulated blood using Ficoll-Hypaque (Sigma) 

gradient centrifugation. 

DNA isolation from peripheral blood 

DNA was isolated from anticoagulated human blood using QIAamp DNA Blood Mini kit 

(Qiagen). The quantity and quality of the isolated DNA was determined by 

spectrophotometry.  

Determination of anti-AChR and anti-MuSK antibodies 

Anti-AChR and anti-MuSK antibodies were determined from patient sera by 

radioimmunoprecipitation assay (DRG Diagnostics) according to the manufacturer’s 

recommendations. Patients did not undergo plasmapheresis or intravenous immunoglobulin 

treatment in the last four weeks prior to the blood draw.  

Prediction of functional SNPs in the LGALS1, IL2Rβ and LGALS8 genes 

Regulatory regions of the LGALS1 and IL2Rβ genes were examined using the ELDORADO 

software, which can be downloaded from the Genomatix website (www.genomatix.de). The 

program determines whether the given SNP alters transcription factor binding sites.  

In case of the galectin-8 gene, the coding sequence was investigated for putative functional 

SNPs (e.g. SNPs resulting in non-synonymous aminoacid changes). 

Genotyping of the galectin-1, galectin-8, IL2Rβ and IL4Rα polymorphisms 

Genotypes were determined using TaqMan allele discrimination assays according to the 

recommendations of the manufacturer. Allele specific intensities were analysed with the ABI 

PRISM 7000 software (Applied Biosystems), which automatically determines the genotypes 

of the individual samples.  

http://www.genomatix.de/
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Genotyping of the ERα intronic polymorphisms with restriction fragment length 

polymorphism (RFLP)  

PCR was done with the following primers: forward:5’-CTGCCACCCTATCTGTATCTT-

TTCCTATTCTCC-3’ and reverse:5’-TCTTTCTCTGCCACCCTGGC-GTCGATTATCTGA-

3’. The PCR products were digested with 20 units of  PvuII or XbaI restriction endonucleases 

(New England Biolabs). Fragments underwent electrophoresis on 1%-os agarose gels.  

Isolation of IgG  

Human sera were added to columns containing agarose beads conjugated to human γ-chain 

specific anti-human IgG. After two hours the IgG fraction was eluted with pH: 2.6 glycine 

buffer, and pH was adjusted to 7 with TRIS-base. Fractions were then dialysed for 24h against 

PBS.   

Stimulation of PBMCs with Concanavalin A (ConA) 

Peripheral lymphocytes were cultured at a concentration of 10
6 

cells/ml in RPMI 1640 

medium supplemented with 10% fetal calf serum (FCS), 2 mM L-glutamin, 100 IU/ml 

penicillin and 100 μg/ml gentamycin. Cells were treated with 3 μM Concanavalin A (Sigma) 

for 48 hours.  

Real Time PCR  

Total RNA was isolated from the PBMCs using RNeasy® Mini Kit (Qiagen). The RNA was 

reverse transcribed to cDNA with random primers (Promega). Quantitative real-time PCR 

was done using the Taqman system on an ABIPrism® 7000 PCR machine (Applied 

Biosystems). The expression levels of the following genes were examined: galectin-1, 

CCCTC-binding factor (CTCF), β-D-Glucorinidase (GUSB).  

Detection of galectin-1 expression from skeletal muscle tissue using 

immunohistochemistry (IHC) 

Healthy human skeletal muscle tissue was snap-frozen using liquid-nitrogen and isopenthane, 

sections were put on Super Frost plates. After fixing and blocking anti-human galectin-1 

antibody (R&D Systems) was used in 1:10 dilution, followed by biotinylated anti-goat IgG 

antibody (Vector Laboratories Inc.) at a dilution of 1:200 and streptavidin-FITC at a dilution 

of 1:1000. Sections were analysed with a Nikon Eclipse 80i fluorescent microscope. 

The detection of anti-GAG antibodies in human skeletal muscle samples with IHC 

Human muscle tissue was incubated with 2.5µg IgG derived from sera of anti-AChR antibody 

positive MG patients. After washing, FITC-labelled anti-human IgG (Sigma) was added to the 

sections. Detection was done using a Nikon Eclipse 80i fluorescent microscope. For the 
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inhibition of chondroitin-sulphate C (CSC) and mannose α binding, 2.5 µg IgG was 

preincubated at 37ºC for 1 hour with 10mM CSC or 10mM mannose. 

Determination of protein concentration 

PBMCs and human muscle tissues were lysed with ProteoJet sejt lyses puffer (Fermentas) 

with added protease inhibitors according to the recommendation of the manufacturer. Protein 

content of the lysates was determined using the BCA method. 

Western blot analysis 

SDS polyacrylamide gel electrophoresis was done from the proteins extracted from lysed 

muscle tissue. After blotting and blocking monoclonal anti-human galectin-1 antibody (R&D 

Systems) or monoclonal mouse anti-human β-actin antibody (Sigma) was given to the blots in 

1:1000 and 1:5000 dilutions, respectively. Rabbit anti-goat-HRP (R&D Systems) and goat 

anti-mouse-HRP (DAKO A/S) secondary antibodies were added in a dilution of 1:5000. 

Detection was done using ECL chemiluminescent system (GE Healthcare). 

ELISA systems 

Carbohydrate ELISA  

Covalink ELISA systems were used for the detection of natural autoantibodies against 

chondroitin-sulphate A, B, C, heparane-sulphate, hialuronic acid, zymosan and mannose. 

ELISA plates were coated with the above carbohydrates at a concentration of 1µg/well, serum 

samples were added at a 1:100 dilution, HRP-conjugated anti-human IgM and IgG (Sigma) 

antibodies were used in 1:50000 and 1:30000 dilutions respectively. 

Carbohydrate array (chip)  

IgG molecules isolated from human sera were labelled with AlexaFluor 350 conjugated anti-

human IgG antibodies (Zenon Human IgG Labelling Kits, Molecular Probes Inc.). Equal 

amounts of labelled IgG molecules were added to the carbohydrate array (Glycochip, 

Glycominds Ltd.), after the appropriate incubation times and washes, fluorescence was 

detected using a Perkin Elmer Victor II spectrofluorometer (Waltham). To test the 

carbohydrate binding patterns of IgM antibodies, serum samples were pooled from 5-5 

controls, anti-AChR positive and anti-AChR negative myasthenia patients, respectively. 

Serum from each group was diluted 1:100 and added to the array. Detection was done with 

FITC-labelled anti-human IgM with the above spectrofluorometer. 

Determination of the galectin-8 amount from PBMC lysates with ELISA  

ELISA plates (Nunc) were coated with 0.25 μg anti-human galectin-8 antibody (R&D 

Systems) dissolved in bicarbonate buffer (pH: 9.6). After blocking, 30 μg protein was added 

from the cell lysates to each well, then biotin-labelled anti-human-galectin-8 antibody (R&D 
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Systems) was added in a 1:500 dilution, followed by streptavidin-HRP (Invitrogen) at 1:2500 

dilution. The standard curve was made by using the serial dilution of known amounts of short 

isoform recombinant galectin-8.  

Determination of galectin-8 carbohydrate-binding capacity using ELISA 

Polyacrylamide conjugated α3’N-siallyllactose and polyacrylamide conjugated lactose 

neoglycoconjugates were attached to the surface of ELISA plates (Nunc) with bicarbonate 

buffer (pH:9,6). For determining the binding from cell-lysates, 0.5 μg neoglycoconjugate was 

added per well, while only 0.25 μg was needed for studying the binding of the recombinant 

N-terminal galectin-8 peptides (wild type and mutant). From the PBMC lysates, 70 μg of 

protein was added to the wells. To test the binding of the recombinant peptides, serial 

dilutions were made with known amounts of peptide. Detection was done as described above. 

Statistical analysis  

Allelic and genotype association studies, as well as Cochrane-Armitage tests were calculated 

with the on-line Hardy-Weinberg equilibrium (HWE) analyses program 

(http://ihg2.helmholtz-muenchen.de/cgi-bin/hw/hwa1.pl). Except for the ERα polymorphism 

association studies, where aged matched women were tested, age and gender differed 

significantly between the patient and control groups, thus these were corrected with logistic 

regression. Haplotype frequencies were calculated with PHASE and Haploview software. The 

strength of association was represented by odds ratio (OR), or Exponentiation of the B 

(Exp(B)) value in case of logistic regression models with a confidence interval (CI) of 95%. 

Statisticl analysis of the expression assays 

We used a two-way ANOVA for the comparison of galectin-1 or CTCF expression 

normalized to Glucoronidase B. A Students t-test was used to compare expression of 

LGALS1 in muscle tissues between AA and GG genotyped individuals. 

Analysis of galectin-8 ELISAs 

Data processing of ELISA assays was carried out using Graphpad Prism version 4 software 

(Graphpad Software Inc.). Standard curves were obtained using known concentrations of the 

short isoform of recombinant human galectin-8 in the cell-lysate assays (total galectin-8 

determination and binding assays). Deviation from normal distribution was evaluated with the 

Kolmogorov-Smirnoff test. Comparison between the different genotyped healthy individuals 

was done using a t-test or Mann-Whitney test, where appropriate, with the SPSS 17.0 

software (SPSS Inc.).  

For comparison of carbohydrate-binding capacities of the wild-type and the mutant N-

terminal domains of galectin-8, ODs from known amounts of serially diluted proteins were 

http://ihg2.helmholtz-muenchen.de/cgi-bin/hw/hwa1.pl


 11 

compared in three independent experiments. Statistical analysis of data from assays with 

neoglycoconjugates was performed using two-way repeated measures ANOVA with a Holm-

Sidak post-hoc test (SigmaStat for windows version 3.5 software, Systat Software Inc.). 

To test the allele and haplotype association of the ERα polymorphisms χ2 tests, χ2 test 

with Yates correction or Fisher’s Exact test was done when appropriate.  SPSS software 

(SPPS Inc.) was used for analysis. 

For the evaluation of the carbohydrate ELISAs we used a three-way ANOVA. Analysis of 

the Glycochip data was done using Matlab software (MathWorks) Bioinformatics Toolbox.  

 

Results 

I. Investigation of antibody diversification 

In the first part of the thesis we examined the possible role of the transcription factor 

HoxC4 in antibody diversification by using HoxC4 knock-out mice. We showed that 

HoxC4 did not change the amount of B-cells and plasma cells, neither did it influence the 

proliferation or apoptosis of B-cells or the ratio of B-cells and CD4+ or CD8+ T-cells. 

The number and mass of secondary lymphoid organs did not differ significantly between 

HoxC4
+/+

 and HoxC4 
-/-

 mice. The number and structure of germinal centres of the spleen 

and Peyer’s patches were also similar. From this we concluded that any difference found 

in the humoral immune response between the wild-type and knock-out mice was not due 

to an endogenous B-cell defect. We found that isotype switching was hampered in HoxC4
-

/- 
mice compared to their

 
HoxC4

+/+
 littermates both in vitro and in vivo. While the amount 

of serum IgM antibodies did not differ significantly, serum IgG1 levels were significantly 

lower in non-immunized knock-out mice.  This difference was even more pronounced 

after immunizing with NP-CGG, which elicits a T-cell dependent B-cell response. In this 

case both the NP-specific IgM and IgG levels were significantly lower in the KO mice. 

This result also implicated a defect in somatic hypermutation beside a decreased capacity 

of isotype switching.  To elucidate this finding further, we examined the rate of somatic 

hypermutation in the JH4-iEµ intronic region from germinal centre derived B-cells in 

Peyer’s-patches of wild-type and HoxC4
-/-

 mice, and found that the rate of mutations was 

significantly lower (50%) in the KO animals, while there was no significant difference in 

the spectrum of mutations.  As both isotype switching and SHM were altered, we searched 

for factors involved in both mechanisms. Active transcription of the IgH locus and the 
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expression of AID are two such elements. Germline transcription of the IgH locus did not 

differ significantly between the wild-type and knock-out mice. However, the expression of 

AID in stimulated spleen B-cells was significantly lower in HoxC4
-/-

 mice. When we 

overexpressed AID with a retroviral construct in these B-cells, isotype switching was also 

restored, and IgG1 expression levels reached those of the wild-type mice. This 

strengthened the proposition, that defects of antibody diversification seen in HoxC4
-/-

 mice 

were caused by increased AID expression. Analyzing the promoter of AID with prediction 

programs, we found two sites, where HoxC4 could bind together with another 

transcription factor, Oct-1. The role of these binding sites were analyzed by two of my 

colleagues Soek-Rae Park and Hong Zan (University of California Irvine), who proved the 

binding of HoxC4 to these sites and its affect on the regulation of AID expression. This 

however was not a subject of this thesis. In summary, we showed that a previously poorly-

defined transcription factor plays a vital role in antibody diversification in germinal centre 

B-cells.  

 

II. Investigation of factors involved in the pathogenesis of myasthenia gravis  

II/1. Establishment of a biobank 

In the second part of this thesis we examined the antibody repertoire and genetic susceptibility 

factors in an autoantibody mediated disease, myasthenia gravis (MG). To lay a solid 

foundation to our future work, we first established a biobank consisting of data as well as 

DNA and serum samples of 170 MG patients. 

II/2. Experiments in glycobiology 

When examining anti-glucoseaminoglycan (GAG) antibodies in sera of 55 MG patients and 

50 controls as well as from blood collected from 7 umbilical-cord veins, we found, that while 

consistently with other groups, no anti-GAG antibodies could be found in new-borns, they 

could be detected in large quantities in adults. Total IgM and IgG levels did not differ 

significantly between myasthenia gravis patients and controls. In patients suffering from MG, 

the levels of anti-chondroitin-sulphate A (anti-CSA) (p=0,036) anti-chondroitin-sulphate C 

(anti-CSC) (p=0,0067), and anti-heparane-sulphate (p=0,05) IgM antibodies, and IgG 

antibodies against  CSC (p=0,024) were significantly elevated compared to the control group. 

Anti-CSC IgG proved to be a predictor of the disease. In the second step we searched for 

associations between anti-GAG concentrations ad MG disease severity. However none of the 

examined anti-GAG antibodies correlated with disease severity as assessed by the criteria of 

the Myasthenia Gravis Foundation of America (MGFA) classification. Furthermore, anti-
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GAG antibody levels did not correlate with the presence of anti-AChR antibodies nor did we 

find correlation with the presence of thymus hyperplasia. The latter observation however is 

not surprising, as antibodies against GAG epitopes are produced in a thymus independent 

manner. We also observed, that treatment with immunesuppressant drugs increased the levels 

of anti-CSC IgM antibodies, however anti-CSC IgG antibody production was not influenced 

by such treatment. Previous studies have identified, that disease severity showed an inverse 

correlation with anti-CSC IgM levels in rheumatoid arthritis. Te authors suggested that more 

severe disease may result in greater tissue destruction and thus more antigens may be 

liberated from the cartilage. It has been shown that the IgM type natural antibodies possess a 

protective role, thus the authors drew the conclusion, that in rheumatoid arthritis anti-CSC 

IgM antibodies may bind to the CSC epitopes derived from the degrading cartilage, and by 

masking these epitopes, may reduce inflammation. In consensus with this, it can be speculated 

that immunosuppressant treatment in MG may decrease the level of autoimmune 

inflammation against structures of the neuromuscular junction, and so less CSC would be 

released locally resulting in the increase of anti-CSC IgM.  

Cell surface carbohydrate patterns play a pivotal role in the identification of self and non-self 

structures. By using a Glycochip we searched for disease specific carbohydrate recognition 

antibody patterns in patients with MG. In case of IgM antibodies neither the anti-AChR 

antibody positive, nor the anti-AChR antibody negative myasthenia patients differed 

significantly from the control group. However, the levels of anti-mannose-α IgG antibodies 

were significantly higher in patients with anti-AChR antibody positive myasthenia gravis. The 

α-subunit of the AChR contains two glycosylation sites which are both rich in mannose. 

Though it is well established that the immune dominant epitope is located in the α-subunit 

between aminoacids 67-76, due to epitope spreading it can be possible that in anti-AChR 

positive myasthenia patients, further epitopes of the AChR may elicit an immune response.  

II.3 SNP association studies 

Using the established biobank, a second line of experiments aimed to explore the genetic 

background of myasthenia gravis. As multiple HLA gene associations were described with the 

different subgroups of myasthenia, we focused on non-HLA genes.  

We examined the association of two intronic polymorphisms of the oestrogen receptor α gene 

(ERα) with MG in a Hungarian female population. These SNPs have previously been shown 

to be associated with multiple autoimmune diseases. We found no allelic or haplotype 

association with myasthenia gravis with the examined Pvu II and Xba I ERα SNPs. 

Association could also not be demonstrated in the anti-AChR antibody positive patients or the 
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young age-at-onset subgroup. Thus we concluded that the examined two polymorphisms 

probably do not play a role in the pathomechanism of myasthenia gravis in Hungarian female 

MG patients.  

We also examined the association of three functional polymorphisms of the IL4Rα gene with 

MG. While the S503P and Q576R polymorphisms showed no correlation with this disease, 

the GG rare homozygote form of the I75V polymorphism, which results in the V75 variant at 

the protein level, was significantly higher in the MG population, in women with myasthenia 

and in anti-AChR antibody positive myasthenia gravis with coexisting thymus hyperplasia. In 

a study involving patients with rheumatoid arthritis, the GG genotype correlated with more 

severe symptoms and bone-destruction.  The I75V aminoacid substitution in the extracellular 

domain of the protein affects the signal transduction capacity of the IL4R. The V75 variant is 

a loss-of-function mutant. The decreased signal transduction capacity due to the V75/V75 

variant may shift the Th1/Th2 balance into the Th2 direction acting on CD4+ T-cells, but may 

also decrease the function of regulatory T-cells and thus influence the pathomechanism of 

MG.  

We were the first to describe an association of a polymorphism (rs4820293) of the galectin-1 

with human disease (myasthenia gravis). Furthermore we showed, that haplotype of this 

polymorphism and a polymorphism of the IL2Rβ gene, previously described to be associated 

with RA, causes a 2.3 fold increase in the susceptibility for developing MG.  

As we were the first to describe the LGALS1 rs4820293 polymorphism as a disease 

associated SNP, no date was available concerning the putative function of the polymorphism. 

As the polymorphism is located in the 5’ regulatory region of the LGALS1, we investigated 

whether it could influence the expression of galectin-1 in two tissues involved in the 

pathogenesis of myasthenia, PBMCs and skeletal muscle. Expression was also analyzed after 

ConA stimulation in PBMCs. We compared LGALS1 expression levels in PBMCs and 

muscle tissues isolated from both rare and frequent homozygote healthy individuals with each 

other. We found no significant difference in expression levels between the different 

genotyped individuals in either of the studied tissues. As the SNP resulted in a novel potential 

CTCF binding site, we also analysed the expression of CTCF in the PBMCs of the different 

genotyped people, but found no difference.  

Though it was not analyzed, exercise may modify protein expression and this maybe different 

between the rare and frequent homozygote individuals. However, some studies indicate, that 

galectin-1 probably does not affect muscle tissue directly. Other line of evidence 
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demonstrates, that in PBMC the expression of LGALS1 maybe enhanced via IL2R mediated 

signalling pathways. We performed pathway analysis to demonstrate known links between the 

LGALS1 and IL2Rβ proteins, and found that an interesting bond between the two molecules 

maybe through the TRPC5 Ca
2+

 channel, which is expressed by T-cells and promotes 

apoptosis. Activation of T-cells through IL2Rβ enhances expression of this Ca2
+
 channel, 

while LGALS1 modifies the probability of the opening of the channel thus regulating Ca 

influx and apoptosis of the T-cell.  

We were the first to show disease association of a LGALS8 exonal polymorphism. We also 

proved that the SNP resulted in an aminoacid change that caused an alteration of 

carbohydrate-binding. Recombinant peptides compromising of the “mutant” and wild-type N-

terminal ends of the protein showed a significant difference in the binding of 3’N-

sialyllactose. However, when examining binding of PBMC lysates isolated from rare and 

frequent homozygote individuals genotyped for this examined SNP, we found no difference in 

carbohydrate binding.  The difference of the results could be due to the used ELISA system, 

where other proteins of the cell-lysates may also interfere with the carbohydrate binding of 

the detected galectin-8. Using recombinant proteins resulted in a cleaner system to establish 

the functional role of the SNP. Altered ligand binding may modify pro-apoptotic function of 

LGALS8. It would also be interesting to evaluate the role of this SNP in other diseases, e.g. 

tumours, autoimmune or inflammatory diseases.  

Conclusions 

1. In the first part of the dissertation we investigated the role of Hox C4, a transcription 

factor highly expressed in germinal centre B-cells, in antibody diversification. We 

were the first to describe that Hox C4 plays a vital role in both somatic hypermutation 

and isotype switching via the regulation of activation induced cytidine desaminase. 

2. In the second part of the dissertation we examined factors which could potentially 

influence the pathomechanism of autoimmune myasthenia gravis, an autoantibody 

mediated, neuroimmunological disorder. To date there is an increasing awareness of 

the importance of glycosylation as a mode of posttranslational antigen modification in 

the pathomechanism of autoimmunity. We examined the presence of natural 

autoantibodies reactive with glucosaminoglycans found in skeletal muscle and thymus 

tissue. Finally we investigated the genetic background of myasthenia by the 

investigation of association of various non-HLA genes. 

The most significant findings of the second part of this thesis are the following: 
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 We developed a biobank consisting of 170 patients with MG. Patients of this 

cohort were also characterized according to the presence of anti-AChR or anti-

MuSK antibodies. We were the first to measure anti-MuSK antibodies from 

serum in Hungary. 

 We showed that the serum levels of chondroitin-sulphate A, C and heparane 

sulphate IgM as well as chondroitin-sulphate C IgG are significantly higher in 

patients with MG compared to age and gender matched healthy controls.While 

IgM levels were dependent on the used immunosuppresant therapy, and thus 

could not be used as biomarkers of this disease, chondroitin-sulphate C IgG 

levels were independent of the used therapy, anti-AChR positivity or disease 

severity.  

 We also show that in patients who harbour anti-AChR antibodies, there is a 

significant difference in the anti-carbohydrate antibody profile compared to 

healthy controls. In MG patients the levels of anti-α-mannose IgG antibodies 

are higher. 

 We found that two intronic polymorphisms of the ERα gene previously shown 

to be associated with multiple autoimmune diseases were not associated with 

MG in women. 

 We showed that from the examined three functional polymorphisms of the 

IL4Rα gene, the rare GG genotype of the I75V polymorphism, which 

influences signal transduction, is associated with MG. 

 We are the first to describe the association of a galectin-1 polymorphism with 

human disease (myasthenia gravis). The haplotype of the rs4820293 galectin-1 

polymorphism, and the rs743777 IL2Rβ polymorphism shows strong 

association with MG, and causes a 2,3 fold increase in the risk for developing 

the disease.  

 We are also the first to describe the disease association of a polymorphism of 

the galectin-8 gene. The described polymorphism is functional it alters the 

carbohydrate binding capacity of galectin-8. 
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