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Major mechanisms by which immune events lead to capillary wall damage and proteinuria 
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Targeted therapy is a molecular  modality for treatment 
of cancers or immunologic disorders.  

Definition of Target therapy 





B cell directed therapies have proven for 2 types of Diseases: 

1-Classic B cell/ autoantibody-driven disorders, such as autoimmune 
blistering skin diseases, myasthenia gravis, or antibody/immune-
complex-mediated systemic lupus erythematosus (SLE). 
 
2-Diseases that are believed to be mainly driven by T cells, most 
prominently rheumatoid arthritis (RA) or multiple sclerosis (MS) 



The suffix denotes of the degree of human versus nonhuman components 

ocrelizumab ofatumumab Rituximab 



 (I) Monoclonal antibodies against CD19, CD20, and CD22 that can directly target 
multiple B cell subtypes, but not or only to a lesser extent mature antibody-
secreting plasma cells. 
 
 (II) Inhibitors of B cell activating factor (BAFF) and A proliferation-inducing ligand 
(APRIL), two cytokines which are very important survival factors for B cells and 
plasma cells, respectively. 
 
III) velcade/bortezomib, a small molecule proteasome inhibitor that spares 
B cells but eliminates both short-lived and long-lived plasma cells 

Drugs used by targeting B Cells 
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Marginal Zone B Cell 

 
 
CD 19 

CD 19 

B2 Cell 

B1 Cell 

 Arise early in embryonic development. 
 Comprised about 5% of all B cells. 
 Is the major source of natural IgM antibodies that exhibit reactivity to self and common microbial 

antigens.  
 acts as a first line of defense against pathogens. 

 Are activated in T-dependent immune responses. 
 Produce antibodies of all subclasses. 
 Are capable of forming memory B cells with increased antibody affinity 
 Produces the majority of Bregs. 

 Are found in the marginal sinus of the white pulp of the spleen.  
 Predominantly produce antibodies that are specific for carbohydrate antigens 



Peripheral 
compartment 

Spleen, Lymph node Inflamed Tissue, 
Bone marrow 



Types of B cells activation 

Antigen 





Development of B Cells and T Cells 
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Drug Design, Develop.Therapy;2017:11 Pages 747—757 
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Methods of therapeutically targeting B cells 

B cells 



Methods of therapeutically targeting B cells 

Nature Reviews Rheumatologyvolume 14, pages580–591 (2018)  





CD4+T cell 
Immunosuppressive agents targeting T cell/B cell interaction, 
plasma cell function, and complement-mediated injury. 



Schematic representation of B-cell differentiation and maturation states.  
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 Bortezomib efficiently depletes both short-lived and long-lived plasma cells  

Bone marrow 

Pre-BCR 

sIgD 



Drug Design, Development and Therapy;2017:11 Pages 747—757 

The portfolio of BAFF inhibitors 

Belimumab (anti-BAFF antibody) 
Blisibimod (anti-BAFF peptibody) 
Tabalumab (anti-BAFF antibody)  

Briobacept (BAFF receptor Ab) 

Atacicept 
(TACI receptor, 
inhibits both 
BAFF and 
APRIL) 



Nephrology (Carlton). 2018 Feb;23(2):169-174 



Post‐transplant ABMR can be predicted by perioperative serum 
BAFF level. Together with DSA testing, BAFF provides additional 
predictive value for ABMR. 
 

Nephrology (Carlton). 2018 Feb;23(2):169-174 

Conclusion 





American Journal of Transplantation 2016; 16: 1266–1275 



Individual patient cPRA values following 24 weeks of Tabalumab treatment and up to 52 additional weeks of follow-up. 

American Journal of Transplantation 2016; 16: 1266–1275 



BAFF inhibition in the setting of the highly sensitized patient provided 
only a small and likely clinically irrelevant reduction in the cPRA.  

Conclusion 



Frontiers in Immunology ; April 2018, 835:Volume 9 :1-17 
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CD Targets on the Lymphocytes 



Blinatumomab 
 
Inebilizumab 
 
SAR3419  
 

  

CD19 is ubiquitously expressed on B cells. Its 
expression is continuous from very early stages 
and throughout differentiation. The antigen 
internalize on binding of antibody, making it an 
attractive target for immunoconjugate therapy. 



Epratuzumab 

Inotuzumab ozogamycin 

 CD22 is expressed on B cells during B cell maturation and 

loss of CD20 expression.  

 Epratuzumab is a humanized anti-CD22 mAb that inhibits B 

cell activation and has a more modest depleting effect on B 

cells than rituximab. 

 CD22 is rapidly internalized on antibody binding. Receptor 
internalization makes it an attractive target for monoclonal 
antibodies conjugated to cytotoxic compounds. 

 Possible mechanisms of action of anti-CD22 antibodies 
include antibody-dependent cytotoxicity, modulation of B-
cell signaling, and inhibition of proliferation. 

 

C22 regulates B cell activation for cell cycling differentiation.  



Wallace DJ, et al. Ann Rheum Dis 2014;73:183–190 
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Wallace DJ, et al. Ann Rheum Dis 2014;73:183–190 

Changes from baseline in B-cell and CD22 levels. (A) Changes in absolute B-cell counts (cells/ml) (B) Changes in mean 
fluorescent intensity of CD22+ memory B cells.  



Wallace DJ, et al. Ann Rheum Dis 2014;73:183–190 

The results of the EMBLEM trial suggest that 
epratuzumab can improve SLE disease activity, and 
support continued development of this treatment.  

Conclusion 



The role of CD-20 in B cell development includes regulation of activation for cell cycling and B 
cell differentiation.  

Rituximab 



297 AA 
phosphoprotein 





Schematic illustration of the mechanism of action of rituximab  
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Ofatumumab is a second-generation anti-CD20 monoclonal antibody that binds to a site different 
than rituximab. targets a membrane proximal small-loop epitope on the CD20 molecule and is 
more potent than rituximab 

Is a novel glycoengineered type II CD20 monoclonal antibody that is 
superior to rituximab and ofatumumab in the induction of direct cell 
death 

Obinutuzumab 

Ofatumumab 

Rituximab 

CD-20 Abs 



Effect of Rituximab on specific B cells 



Humoral immune response to an Ag, and targets of various immunomodulatory agents 



J.Inves. Dermatol. Volume ;2009; 2: 289-301 



Frontiers in Immunology ; April 2018, 835:Volume 9 :1-17 
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Interleukins released from B cells 



Potential mechanisms of resistance or of susceptibility to depletion by 
anti-CD20 monoclonal antibodies 



Rituximab exerts various immune functions by the induction of BAFF 

Therapeutic administration of BAFF antagonists or intravenous immunoglobulin (IVIg) 
interferes with these different effects of BAFF 



 J Clin Invest. 2007;117(12):3642-3645 

Prevents 
interaction with 

autoreactive T cells  

Reduces the amount 
of circulating 
autoantibodies  Induces Treg and 

regulatory B cell 
populations 

Rituximab effect on CD20 and beyond 



Blood ;2018 ,14:1500-1502 



Blood ;2018 ,14:1500-1502 

 The combination of the anti-CD20 antibody with 
an anti-BAFF antibody results in amplified B-cell 
apoptosis and exhaustion of the LLPC niche 

In the spleen, B cells consume most 
of the BAFF secreted by neutrophils. 
The antibody-secreted cell 
population is dominated by short-
lived plasma cells (SLPCs).  

After depletion of B cells by an anti-
CD20 antibody, the availability of BAFF 
increases, sustaining the emergence of 
LLPCs 



N. Seyfizadeh et al. / Critical Reviews in Oncology/Hematology 97 (2016) 275–290 

Inversion of drug resistance by Rituximab 



 IL-10-independent mechanisms of Breg function 



 “Good responder” to RTX in myasthenia gravis showed a rapid repopulation 
of CD19+ IL-10+ B cells after from 8 to 9 months compared with a “non-
responder”.  

 
The depletion of anti-inflammatory B cells could contribute resistance to the 

Rituximab 
 

Differences in IL-10-producing B cells could explain the 
different response of B cells to Rituximab  

  



Patients with MS 

Helminthic infection 

Improved 

Increased B10 cells 



1)The methods used to generate IL-10+ B cells for 
therapeutic approaches are not suitable for a 
clinical setting.  
 

2)The identity and phenotype of IL-10+ B cells 
remain uncertain 

IL-10+ B cells is a promising therapeutic goal for the 
treatment of autoimmune diseases. However, currently 
two unsolved problems hamper the development of a 
therapy based on IL-10+ B cells. 



Clin J Am Soc Nephrol 5: 142–151, 2010  



The success of current B cell targeting therapies emphasizes the important 
roles B cells play in the pathogenesis of autoimmune diseases.  

B cells exhibit multiple powerful pro- and anti-inflammatory capacities. 
The current experience with B cell targeting therapies suggests that these 

findings also hold true in the clinic. 
Therapies that specifically deplete pathogenic B cells and plasma cells, or 

generate immunosuppressive B cells/plasma cells could hold great potential 
for the treatment of autoimmune diseases.  

In an optimal setting, the therapy would be tailored to the individual patient 
based on his/her predicted needs, benefits, and risks 

Pharmacogenomics should be considered as the personalized Medicine, “the 
therapy with the right drug at the right dose in the right patient”  
 

CONCLUSION 



Thank you for your attention 

Rituximab 
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