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Introduction 

 

Rheumatoid arthritis (RA) is a systemic, chronic 

autoimmune disorder characterized by inflammation 

and irreversible deformation of joints. The prevalence 

of the disease is ~1% and 70% of the patients are 

women. The immune cells responsive for the 

maintenance of the inflammation infiltrate to the 

articular cavity and to the synovial membrane where the 

proliferation of the synovium leads to formation 

of pannus. This induce the erosion of cartilage and bone 

and the deformation of the joints. 80% of RA patients’ 

sera is positive to anti-citrullinated protein/peptide 

antibodies (ACPA) with a 98% specificity, which 

recognize citrulline-containing protein or peptide 

epitopes. The ACPA positive patients have a more 

severe disease procession. The citrullination is a 

posttranscriptional modification under physiological 

conditions, which can trigger autoimmune processions. 

In RA the peripheral tolerance is damaged and the 

immune system reacts with inflammatory mechanism 

against these mainly articular, bone or cartilage 

originated modified proteins. The citrullinated self-

proteins can’t be eliminated from the organism 
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therefore a chronic inflammation and tissue 

degeneration occur, which need continuous medical 

treatment.    

 

 

Aims 

 

Our aim was to develop a new therapeutic approach to 

selectively deplete the ACPA producing autoreactive B 

cells with a bifunctional NP-based construct, where the 

β60-74Cit epitope peptide is combined with  an effector 

peptide inducing phagocytosis or complement 

dependent lysis. 

1) Our french collaboration partners (Prof. Guy Serre’s 

group, University of Toulouse, Hospital Purpan, Toulouse, 

France) revealed that the β60-74Cit  peptide represents a 

major ACPA epitope peptide on the β chain of fibrin. We 

aimed to characterize this epitope peptide using the 

serum samples of our cohort of RA patients and to 

determine the sensitivity and specificity of the test for 

peptide recognition.  We planed to investigate if the  

β60-74Cit peptide is  able to target autoreactive B cells and 
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whether the in vitro stimulated B cells can produce β60-

74Cit-specific antibodies.   

 

2) Second, based on literature data we aimed to find  an 

effector peptide that binds to activating Fc receptors 

(FcRI and FcRIIa) and induce phagocytosis. The 

peptides were characterized on cell lines, than their 

phagocytosis inducing effects were investigated on primer 

monocytes.  

 

3) To induce a different effector mechanism, namely the  

complement dependent cytotoxicity, we searched the 

literature for a complement activating peptide and found a 

synthetic peptide derived from gp120 of human 

immunodeficiency virus type 1 (HIV-1). This peptide 

activates the alternative and the classical pathway of the 

complement system without the presence of anti-gp120 

antibodies. We modified and optimized the known peptide 

sequence to induce the complement dependent lysis. The 

complement system has several regulating proteins to 

protect the own cells from spontain lysis. To optimize the 

elimination of the autoreactive B cells, we tested the 

inhibition of the complement regulating protein factor H. 
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4) Finally, our mai goal was the formation of a stable 

platform with multimer peptides   

a) with coupling the peptides to fluorescent microbeads 

covered with neutravidine 

b) coupling the targeting β60-74Cit peptide and the 

complement activating peptide to the surface of 

carboxylate functionalized copolymer poly(D,L-lactic-

co-glycolic acid) (PLGA) nanoparticles (NPs) which 

are non-toxic, inert and molecules can be coupled to 

it’s surface with high density.  

 

 

Methods 

 

• ELISA 

plate-based assay techniques designed for 

detecting and quantifying substances such as 

peptides, proteins, autoantibodies, complement 

components 

 

• ELISpot 

we used ELISPot method to detect ACPA 

producing B cells and to demonstrate the effect 

of the bifunctional construct on these cells 
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• Purification of human B cells 

with magnetic cell sorting (MACS) protocol 

 

• Flow cytometry (FACS) 

to detect the binding of fluorescent bifunctional 

NPs to B cells recognizing the β60-74Cit 

peptide and the dead peptide specific B cells 

damaged by complement dependent 

cytotoxicity  in the presence of serum.   

 

 

Results 

 

• We have shown from RA patient’s sera the β60-74Cit 

peptide-specific autoreactive B cells. 

• We have shown that ex vivo stimulation of B cells 

results in β60-74Cit peptide-specific antibody 

secretion. 

• We have shown that the β60-74Cit-specific IgG are 

present in purified RA B cells’ cultured supernatants. 

• We sythetized and optimized a modified complement 

activating peptide (CNNQK, 
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233CNNQTFNGTGPCTNV247-K) and we have shown 

that in the persence of serum the terminal complex 

forms therefore the peptide is able to induce 

comlement-dependent lysis. (The synthesis was 

produced by the group of professor Ferenc Hudecz and 

Anna Magyar, MTA-ELTE Peptidechemistry.)    

• We synthetized the bifunctional biodegradable non-

immunogenic and non-toxic PLGA nanoparticles (in 

collaboration with professor Éva Kiss, ELTE Institute 

of Chemistry, Laboratory of Interfaces and 

Nanostructures) coupled with the β60-74Cit 

autoepitope peptide and the CNNQK complement 

activating peptide and we have shown that this 

construction is able to selectively eliminate the β60-

74Cit-specific autoreactive B cells. 

• We enhanced the comlement killing capacity with 

SCR18-20 protein which inhibited the binding of 

factor H to the cell surface. 

 

 

Discussion 

 

During my PhD work we aimed to investigate more efficient 

therapeutic approach to eliminate the autoantigen-producing B 
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cells. Although rituximab therapy only moderately affects pre-

existing antibody titers, the patients are transiently 

immunosuppressed and have an increased risk of infection. 

Therapies based on specific targeting and elimination of the 

autoantigen-specific B cells would therefore be most 

advantageous.  

We characterized a citrullinated epitope peptide to target 

specifically RA B cells and an effector peptide to induce 

phagocytosis via Fc-receptors or to activate the complement 

system. With the optimal peptides we constructed a 

bifunctional nanoparticles to target autoreactive B cells. 

The Fc peptides induced phagocytosis only weakly so we 

excluded these peptides from the experiments to eradicate the 

citrulline peptide-specific B cells. 

Then we investigated the mechanism of the complement-

dependent lysis. In the presence of serum the terminal 

components of complement system is activated.  

Coupled to the surface of PLGA nanoparticles the CNNQK 

and the β60-74Cit peptide construction eliminated the 

seropositive RA patients’ β60-74Cit-specific B cells. 

To enhance the complement-dependent lysis we inhibited the 

factor H, which inactivates the complement component C3 

with the competitive cell surface binding domains (SCR18-20). 

The SCR18-20 domains significantly enhanced the 
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complement mediating lysis suggesting that the combined 

therapy with the nanoconstructs might be efficient in vivo as 

well.    

We managed to produce a bifunctional biodegradable 

nanoconstruction which can selectivly deplete autoreactive B 

cells in vitro. We suppose that after ACPA screening a mixture 

of lytic NPs should be applied simultaneously, targeting 

several different autoantigen epitope-specific B cells to use 

personalized therapies in the future.  

The bifunctional biodegradable nanoconstructions are noveltys 

in our work. 

It is also advantageous that the recognition of the peptides is 

highly specific, therefore the NPs eliminate only the 

pathological B cells. 

The recently used immune therapies rather weaken the 

symptoms and as a side effect suppress the immune system. 

The great advantage of antigen specific therapy is that it target 

selectively the autoreactive cells. For this approach the 

knowledge of the autoantigens is needed. In the close future 

development of new autoantigen-specific therapies for 

autoimmune diseases is expected.   
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