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INTRODUCTION 

The glycolipid, sphingomyelin and cholesterol rich lipid rafts, which are 

part of about 40% of cell membranes, form an ordered phase in the disordered 

plasma membrane bilayer to create stabil platform for the signaling processes 

in the cells.  

The circumstances of the CD4
+
 T cell activation, the way of interactions 

with other cells and the effector functions of these cells fundamentally 

influences the quantitative and qualitative features of the immune responses. 

The upstream processes of the signal transduction pathways are somehow 

connected to the plasma membrane, therefore the lipid rafts may have critical 

role in the modulation of the polarization of these cells to Th1 or Th2 

direction. 

Natural IgM and IgG antibodies against cholesterol (ACHAs) were 

shown to exist in the sera of healthy individuals, however the conditions of 

their production and functional role still remained unclear. Elevated serum 

ACHA levels were reported in several atherosclerotic vascular diseases and in 

HIV-1 infected patients. Therefore, understanding whether and how these 

antibodies can modulate different phases of the immune response seems 

intriguing and important. 

Membrane nanotubes are seem to be a novel way of communication 

between immune cells. The lipid rafts have several essencial role in the 

regulation of the intracellular signal transduction processes, therefore they may 

influence the regulation of the intercellular processes between cells.  
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OBJECTIVES 

Considering the relatively slight amount of human genes and in parallel 

with this, the large diversity of the immune diseases, in many cases some 

disorderes could be regarded as the failure of protein communications. 

Namely, the main point of the signal transduction in the immune cells is, that 

„the appropriate proteins would be in the right place at right time”. In our 

opinion, the membrane compartmentalization of the critical proteins by 

microdomains (rafts, caveolas) is essential in this process.  

1. Based on these hypothesises, we investigated the molecular 

background of the Th cell polarization. We analysed the connection 

between the response (like calcium response and NFAT activation) of 

the Th0, Th1 and Th2 subpopulations to the antigen receptor stimuli 

and the altered properties of the cell membrane (raft lipid and protein 

expression; ion channel expression, function and 

compartmentalization). As it could influence the Th1/Th2 ratio we 

investigated the apoptosis sensitivity of the polarized Th cell 

subpopulations on differentiated murine Th hybridomas. Our aim was 

to discover the plasma membrane molecular background of the 

polarized effector functions of helper T cells. 

2. Furthermore, we investigated the modulatory role of AC8 anti-

cholesterol antibody (previously prepared our lab), which binds 

selectively to the clustered membrane cholesterol (rafts), on the 
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antigen-dependent T cell activation (antigen uptake, presentation, T 

cell activation) in a murine immune synapse modell system. 

3. Finally, we analysed the critical circumstances, regulatory mechanisms 

and factors of the nanotube formation between lymphocytes (T and B 

cells). 

METHODS APPLIED 

 flow cytometry to analyse protein expression, antibody binding and Ca
2+

-

response  

 ELISA technic to analyse the cytokine production of the cells  

 confocal microscope imaging to analyse protein expression, phagocytosis 

and nanotube formation 

 Patch clamp technic to detect the current through ion channels 

RESULTS 

1. Molecular mechanisms of the Th cell response  

 The applied Th0, Th1 and Th2 murine hybridomas were selected from 

the previously prepared cell lines based on their activation induced INF  

and IL4 cytokine production and gene expression profile. We did all the 

experiments with these cells. 
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 We analysed quantitatively the anti-CD3 induced calcium signal of the 

three Th effector cell lines with using flow cytometer and a previously 

developed analysing software [Kaposi, Cytometry A, 2008]. In 

accordance with the previous datas, the calcium response was higher 

and more sustained in the Th1 cells than in the Th2 and Th0 cells.  

 The NFAT1 transcription factor nuclear translocation was slightly 

concentration dependent, but there was not significant differences 

between the three Th subpopulations. Indeed, the time dependence has 

shown that in Th2 cells the NFAT1 had significantly shorter nuclear 

residence time compared to Th0 and Th1 cells. Furthermore, depletion 

of membrane cholesterol by 10 mM MBCD, a stabilizing factor of lipid 

rafts, resulted in a largely reduced NFAT nuclear translocation in all the 

three Th cell subpopulations. 

 We also analysed the Kv1.3 ion channels in the Th cells. The activation 

time constant ( a), describing the kinetics of Kv1.3 channel opening, 

was found significantly higher in Th1 than Th0 and Th2 hybridomas. 

The current density (the number of functional Kv1.3 channels per unit 

membrane area, i.e. “ion channel density”) for Th2 cells was higher than 

in the other two cell lines.  

 The TCR/CD3 became more raft-localized upon TCR-mediated 

activation in all cell types. Their raft-association however was 

significantly weaker in Th2 cells. Most importantly, while TCR 

mediated activation of Th1 or Th0 cells leads to a typically polarized 
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(cap-like) cell surface distribution of T cell receptors, in Th2 cells no 

such polarized distribution was observed.  

 The expression patterns of major molecular components (GM1, 

cholesterol, CD3, CD4, CD48, CD59) of T cell lipid rafts were different 

in the three Th hybridomas and in primary mouse splenic CD4
+
 T cells 

too.  

 The sensitivity to apoptotic signals of Th subpopulations were also tested. 

We observed significantly higher number of apoptotic cells in the Th1 

than in Th0 or Th2 hybridomas in all cases. The undifferentiated Th0 

cells were the least sensitive to activation induced cell death, they showed 

some kind of resistance for apoptosis. 

2. The modulatory effect of the monoclonal AC8 anti-cholesterol 

antibody on the antigen-dependent T cell activation  

 The AC8 IgG3, but not the AC9 IgM monoclonal anti-cholesterol 

antibody, spontaneously binds to the surface of murine phagocytes 

(P388.D1 macrophages and dendritic cells) and B cells (2PK3). 

 Antigen uptake of macrophages and dendritic cells is lipid raft dependent 

and differentially modulated by the AC8 antibody. The antibody 

pretreatment significantly enhanced the uptake of yeast particles by 

P388.D1 macrophages, while it had no effect on the uptake of OVA-

immune complex by DCs.  
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 Binding of AC8 antibody to B cells recruited MHC-II and CD80 

costimulatory molecules into common microdomains and induced raft 

microclustering. 

 Pretreatment of B cells with AC8 antibody enhanced the Ca
2+

-response 

and NFAT nuclear translocation of  T cells activated this pretreated 

APCs. In contrast, the antibody had no effect on the frequency of synapse 

formation, Erk phosphorylation and CD69 expression. 

3. Molecular background of nanotube formation in lymphocytes 

 The T (Jurkat) and B (A20) lymphocytes spontaneously formed 

membrane nanotubes in phisiological circumstances (fibronection coat, 

37°C). 

 The nanotube formation is depend on the differentiation/maturation state 

of B cells. The mature B cells (A20) but not the immature (38C13), 

inactive (BL41) and active (BJAB) Burkitt lymphoma cells form 

membrane nanotubes. 

 Destruction of the lipid raft integrity with MBCD and the actin 

cytoskeleton integrity with Latrunculin B or Cytochalasin D reduced the 

frequency of nanotube formation. In contrast, fluidisation of the 

membrane with linoleic acid enhanced the nanotube formation. 
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 LPS activation of B cells enhanced the frequency and branching of the 

nanotubes. After activation of murine spleen T cells we observed long 

tether-like nanotubes. The cells were grouped around these formations.  

CONCLUSIONS 

Polarization of Th cells is a complex, cytokine environment-dependent 

and presumably multistep process. Less is known about the molecular level 

and signaling background of the polarized Th cell functions. We detected to 

the same activation stimuli higher and more sustained Ca
2+

-response and 

longer nuclear residence of NFAT1 in Th1 cells, which could be responsible 

for the differences in the cytokine production of the polarized Th cells. The 

different membrane organization of Th1 and Th2 cells can also lead to these 

differences. Differences in the lipid raft organization of the Th1 and Th2 cells 

may also be reflected in the function of ion channels, such as Kv1.3. This 

channel type significantly contributes to the sustained phase of the Ca
2+

-signal 

upon T cell activation. Although the Kv1.3 current density is greater in Th2 

cells than in Th1, the magnitude of the Ca
2+

 signal is larger in the latter cell 

type. This apparent controversy may be resolved by recent findings that the 

recruitment of Kv1.3 channels into the immunological synapse is lipid raft-

dependent. In addition the polarized Th cells display differential raft lipid and 

GPI-linked accessory protein (CD48, CD59) expression and during the 

transition from naive to effector T cells the plasma membrane ganglioside  

level significantly enhances. Polarized Th1 cells proved to be more sensitive to 

AICD. Our results clearly show, that the different microdomain 
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pattern/composition and the different membrane compartmentalization of the 

key signaling molecules can determine the outcome of Th cell polarization.  

The new IgG3 type AC8 anti-cholesterol antibody (prepared in our lab), 

which reacts with clustered cholesterol, can positively modulate some 

elementary processes of the cellular immune response, such as phagocytosis 

by macrophages or, as a link between innate and adaptive immune responses, 

the antigen presentation to Th cells. Understanding the mechanism of these 

modulatory effects of IgG3 type anti-cholesterol antibodies on immune cells 

may also be helpful to design novel constructs for therapy of viral infections or 

for targeted modulation of cellular immune response. 

Last but not least, investigation of the lymphocyte nanotube formation 

confirms that membrane lipid rafts also have important role in this process. 

The integrity of the membrane rafts and the ganglioside accumulations in the 

initiation points of the nanotubes suggest, that lipid rafts participate in the 

nanotube formation and also in the transport of molecules through these 

membrane tethers.  
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