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Study	
  Obje=ves:	
  
	
  
1.   The	
  impact	
  of	
  ADAb	
  on	
  therapeu=c	
  responses	
  

2.   The	
  influence	
  of	
  concomitant	
  immunosuppression	
  on	
  ADAb	
  detec=on	
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ROLE OF TNF! IN RHEUMATOID
ARTHRITIS

Rheumatoid arthritis (RA) affects
approximately 1% of the population, with
an average age of disease onset of forty
years. RA is a chronic, systemic, inflammatory
disease characterized by joint inflammation that leads
to gradual degradation of the joint. The destruction
of cartilage and bone, as well as the systemic features
of the disease, eventually lead to disability,
unemployment, chronic illness, and premature
mortality (1). Research over the past two decades has
focused on identifying the biochemical mediators of this
debilitating disease. While investigators
were successful at cataloging many of
the secreted proteins, or cytokines,
that were overexpressed in the
synovial fluid of RA patients, they
were perplexed that multiple types of
both pro- and anti-inflammatory cytokines were
elevated. The puzzle was solved when synovial cells,
isolated from biopsy tissue from RA patients, were
maintained in culture. The addition of tumor
necrosis factor–alpha- (TNF!)-specific antibodies to
these synoviocyte cultures greatly reduced the production
of other proinflammatory cytokines, such as interleukin
(IL)-1, IL-6, IL-8, and granulocyte-macrophage colony
stimulating factor (GM-CSF), an effect not seen with
antibody to IL-1 (2). Further investigations confirmed
that TNF! is a key mediator of RA (3). TNF! appears
early in the inflammatory response, activating signal
cascades within target cells and leading to secondary
synthesis of cytokines, cell adhesion molecules, and
inflammatory-response enzymes. In addition, TNF!

perpetuates the inflammatory process by recruiting and
activating leukocytes, stimulating cell proliferation,
increasing prostaglandin synthesis, and stimulating bone
and cartilage resorption (2). Transgenic mice that show
constitutive expression of human TNF! develop erosive
polyarthritis (4). Furthermore, treatment by murine
TNF!-specific antibodies in and of itself can effectively
prevent the development of collagen-induced arthritis
in DBA-1 mice (5, 6). Taken together, results of in
vitro and in vivo research strongly suggested that
anti-TNF! therapy would benefit RA patients.

As the role of TNF! in RA became apparent,
the search for effective TNF! antagonists began in
earnest. Attempts to identify small-molecule
TNF! antagonists have been unsuccessful,
although several inhibitors of the mitogen-activated
protein kinase (MAPK) p38, which is part of the

signaling cascade activated when TNF!

binds to its receptor, are still in
development (7). Efforts were thus

focused on technologies that had only
recently become commonplace in the
research lab: 1) monoclonal antibodies

(MAbs), and 2) recombinant DNA cloning and
expression. MAbs were ideal due to their high
solubility, exquisite specificity and long serum half-

life. Recombinant DNA techniques have made protein
engineering routine, as virtually any protein can be
modified to provide the optimal qualities required.

The evolution of these technologies continues to drive the
development of biotherapeutic agents. 

MONOCLONAL ANTIBODY
TECHNOLOGY

The technology to generate and select cell lines that would
produce a single specific antibody was reported first by

Kohler and Milstein in 1975 (8). These cell lines are
produced by the fusion of splenocytes (which make
antibodies) harvested from immunized mice with an

immortalized murine myeloma cell line (Figure 1).
The surviving fused cells, or hybridomas, continue to
secrete the same antibody as the parent splenocyte
and retain the immortal qualities of the parent
myeloma cell. Each hybridoma synthesizes one

“monoclonal” antibody that binds to a specific region (i.e.,
epitope) on the antigen used to immunize the mouse.

The antibodies secreted by each of the hundreds of
individual hybridomas normally produced from
the fusion of a single mouse spleen are then
screened for specificity and affinity of binding to

the antigen. The most potent antibodies are then
screened for functions mediated by the Fc portion of the

antibody molecule (Figure 1) such as complement fixation. 
In 1986, just eleven years after Kohler and Milstein’s

original publication, a murine MAb (muromonab-CD3) that
recognized the CD3 antigen found on human T cells was

approved by the Food and Drug Administration for the
treatment of kidney transplant rejection. Patients were

Figure 1. Standard method used to generate
murine MAbs. Splenocytes from immunized mice

are fused with mouse myeloma cells to generate
antibody-secreting, immortalized hybridoma cells.
The monoclonal antibody produced by individual
hybridoma cell clones are then screened for
optimal antigen binding, as defined by the
complimentarity-determining regions (CDR) on the

Fab portion of the antibody, as well as for the
desired isotype, as defined by the Fc portion of the

antibody.
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ü  Not	
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  Lack	
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•  105	
  	
  RA	
  pa9ents	
  
•  Therapy:	
  Infliximab,	
  Adalimumab,	
  Etanercept	
  
•  Follow-­‐Up:	
  2	
  years	
  (Fev	
  2010-­‐Jan	
  2012)	
  
•  Drug	
  levels	
  and	
  ADAb	
  assessed	
  at	
  every	
  3	
  Mo	
  
•  Clinicians	
  blind	
  for	
  the	
  tests’	
  results	
  

	
  	
  	
  	
  	
  	
  	
  	
  Objec=ves:	
  	
  
1)  Concordance	
  grade	
  between	
  current	
  approach	
  and	
  our	
  

proposed	
  algorithm	
  
2)  Clinical	
  outcomes	
  between	
  concordant	
  and	
  non-­‐

concordant	
  therapeu9c	
  strategies	
  with	
  the	
  algorithm	
  

48.6%	
  51.4%	
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62.5%	
  

	
  
34.5%	
  

	
  
22.2%	
  

5.6%	
  

Model:	
  RA	
  pa=ents	
  star=ng	
  by	
  TNFi	
  

	
  
37.5%	
  

	
  
27.3%	
  

All	
  ADAb+	
  pa=ents	
  had	
  undetectable	
  drug	
  levels	
  
All	
  ADAb-­‐	
  have	
  detectable	
  drug	
  levels	
  



CONC	
  DEC	
  48.6%	
  51.4%	
   DELAY	
  
249	
  days	
  (≈	
  8	
  Mo)	
  

Concordance	
  Grade	
  with	
  the	
  New	
  AlgoritHm	
  

Over	
  one	
  year	
  
aqer	
  therapeu=c	
  

decision	
  

	
  

Non-­‐conc	
  dec	
  
Conc	
  dec	
  

Model:	
  RA	
  pa=ents	
  star=ng	
  by	
  TNFi	
  

New	
  Algorithm:	
  10	
  x	
  Higher	
  Probability	
  of	
  Low	
  Disease	
  Ac=vity	
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1-­‐	
  Faster	
  switches	
  to	
  other	
  biologics	
  
	
  
2-­‐	
  BeLer	
  switches	
  to	
  other	
  biologics,	
  by	
  choosing	
  the	
  
appropriate	
  one	
  
	
  
	
  

More	
  cost-­‐effec=ve	
  strategies	
  MORE	
  COST-­‐EFFECTIVE	
  THERAPEUTIC	
  STRATEGIES	
  



Mechanisms	
  Underlying	
  Immunogenicity	
  

Ø  Pa=ent-­‐related	
  factors	
  favoring/controlling	
  ADAb	
  response	
  

Ø  Gene=c	
  /	
  Immunological	
  factors	
  	
  -­‐	
  	
  Predic=on	
  of	
  immunogenicity	
  

Ø  Type	
  of	
  disease	
  	
  

Ø  Concomitant	
  therapies	
  

•  Mechanism	
  underlying	
  the	
  modula=on	
  of	
  immunogenicity	
  by	
  

MTX	
  

Ø  Drug-­‐related	
  factors	
  favoring/controlling	
  ADAb	
  response	
  

Ø  Induc=on	
  dosages	
  (ini=al	
  higher	
  doses	
  and	
  immune	
  tolerance)	
  

Ø  The	
  influence	
  of	
  drug’s	
  mechanism	
  of	
  ac=on	
  on	
  ADAb	
  responses	
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