THERAPEUTIC ELIMINATION OF AMYLOID DEPOSITS: IS IT POSSIBLE?
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Although some monoclonal immunoglobulins, including free light chains, may sometimes have direct toxic effects on cell and organ functions, the important pathological changes responsible for clinical disease in systemic AL amyloidosis, and entirely responsible for disease is all other forms of systemic amyloidosis, are caused by the extracellular deposition of amyloid1.  The protean clinical manifestations of amyloidosis, the need to think of the diagnosis and the requirement to conduct the appropriate diagnostic investigations, all result in the diagnosis usually being made late in the course of the disease.  Substantial amyloid deposits which have already caused significant and often irreversible organ damage are generally present.  The only therapeutic approach which is clinically effective comprises replacement of damaged organ function, by dialysis and/or transplantation, to sustain life, and measures to sharply reduce the abundance of the respective amyloid fibril precursor protein.  If this can be achieved amyloid deposition can be arrested and in some cases the deposits then regress with clinical benefit.  However the necessary chemotherapy, powerful anti‑inflammatory treatment or organ transplantation may be slow to act and/or of limited effectiveness as well as being difficult, dangerous and expensive.  There is thus an urgent need for new treatments which directly target amyloid deposits for safe elimination.
Amyloid deposits are predominantly composed of amyloid fibrils which are very stable structures with a common cross‑β core fold regardless of the type of fibril protein.  Deposits are always rich in proteoglycans and glycosaminoglycans of the heparan and dermatan types, some of which are tightly associated with the fibrils and further stabilise them against proteolytic degradation by phagocytic cells.  Macrophage action is almost certainly the only mechanism by which amyloid deposits can be cleared in vivo.  All amyloid deposits of all types always contain the non-fibrillar normal plasma protein, serum amyloid P component (SAP), a member of the pentraxin family of proteins2.  This trace plasma protein circulates in all subjects, including those with systemic amyloidosis, in the range of about 15-50 mg/l, and undergoes reversible but very avid calcium dependent specific binding to all types of amyloid fibrils.  As a result it becomes highly concentrated in amyloid deposits so that there can be as much as 20,000 mg of SAP in the amyloid deposits of a patient with extensive systemic amyloidosis compared to the total of 50-100 mg which is normally present in the blood and extracellular fluid3.
We have demonstrated that human SAP in amyloid deposits is identical to SAP in the circulation and is thus completely intact and not degraded4, even though the half life of SAP in amyloid deposits, for example in the liver, is about 30 days compared to its half life in the plasma of about 24 h.  Furthermore the binding of SAP to amyloid fibrils powerfully stabilises both components of the complex against proteolytic degradation by proteases or phagocytic cells in vitro, and presumably has the same effect in vivo5.  In vitro amyloid fibrillogenesis is strongly enhanced by seeding with preformed fibrils or pre-fibrillar aggregates and SAP promotes this process.  SAP is thus very likely to contribute to formation and persistence of amyloid in vivo.  Indeed induction of systemic AA amyloidosis is retarded and reduced in mice with targeted deletion of the SAP gene6.
Having validated SAP as a therapeutic target we developed a new chemical entity, the palindromic bis‑D‑proline compound, (R)-1-[6-[(R)-2-Carboxy-Pyrrolidin-1-yl]-6-oxo-Hexanoyl]Pyrrolidine-2-Carboxylic acid (CPHPC), intended to both block the binding of SAP to amyloid fibrils and to remove bound SAP from amyloid deposits in vivo7.  We hoped that complete removal of all SAP from amyloid deposits would expose the fibrils to accelerated elimination by normal macrophage clearance activity.  Surprisingly and unexpectedly CPHPC triggers rapid and almost complete depletion of all SAP from the circulation and extracellular fluid, which persists for as long as the drug is given7.  SAP binds CPHPC in stable complexes containing two SAP molecules cross linked by 5 CPHPC molecules and these assemblies are instantly cleared and catabolised by the liver7, 8.  The depletion of plasma SAP also clears most of the SAP from amyloid deposits but the affinity of SAP for CPHPC is insufficient to produce complete dissociation of all SAP from amyloid deposits in the face of the continuous production of 50-100 mg of new SAP per day and the avid binding of SAP to the solid phase ligands provided by amyloid fibrils9.  CPHPC is well tolerated by amyloidosis patients and has been administered to more than 60 subjects for a total of more than 50 patient years without any adverse effects8, 9 (and unpublished).  But up to about 10% of the amyloid associated SAP remains in major visceral amyloid deposits even after months of continuous CPHPC treatment9.  Nevertheless we have not observed any new amyloid accumulation in patients on CPHPC, even those in whom there was progressive deposition before and after CPHPC exposure9.  Furthermore there were encouraging signs of prolonged renal and possibly patient survival in subjects receiving CPHPC9.  However we have not detected any amyloid regression9.  Thus while CPHPC may be a useful adjunct to other therapy for amyloidosis it does itself promote elimination of the deposits.
The capacity of CPHPC to clear essentially all SAP from the circulation while leaving significant amounts of SAP specifically bound in the amyloid deposits, suggested the possibility of using antibodies to SAP to target amyloid for destruction via the residual SAP in the tissues.  We explored this avenue in the mouse model of systemic AA amyloidosis which very closely resembles the corresponding human disease.  The mouse amyloid deposits were loaded with human SAP either by using human SAP transgenic mice and clearing their circulating SAP with CPHPC, or by simply injecting human SAP into wild type AA amyloidotic animals.  Administration of IgG anti-human SAP antibodies, once the circulating human SAP had cleared, was tolerated with no clinical or other adverse effects10.  Within one day after antibody treatment the deposits were massively invaded by macrophages which proceeded to surround, ingest and destroy the amyloid deposits, in the process fusing to form multinucleate giant cells10.  Almost all the amyloid in liver and spleen was destroyed by 10-14 days and at 28 days after a single antibody does virtually no amyloid or inflammatory cells were detectable and histological appearances were normal10.  The process does not require the IgG Fc region but is complement dependent and absolutely macrophage dependent10.
This approach should be applicable to all forms of human amyloidosis although its safety and efficacy, especially for amyloid in different organs and tissues will have to be carefully evaluated.  GlaxoSmithKline have licensed the invention and have fully humanised one of our optimal mouse monoclonal anti-human SAP antibodies.  We are currently working together towards early clinical testing.
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