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Amyloidosis

• Disease caused by amyloid deposits
• Localised or systemic 
• Systemic amyloidosis: rare (0.4/100,000) but usually fatal

~1 per 1,000-1,500 deaths
• Diagnosis usually late
• Treatment very challenging
• Major recent advances & better outcomes in specialist centres
• Still an important unmet medical need



Current and developing treatment of systemic 
amyloidosis 

• Supportive – maintain and replace function of failing organs 
if possible

• Reduce production of fibril precursor proteins to stop 
amyloid formation & allow regression

• Inhibit misfolding of precursors and amyloid fibrillogenesis

• BUT REMOVAL OF AMYLOID FROM THE TISSUES IS 
CLEARLY DESIRABLE



Cardiac amyloid





Serum amyloid P component (SAP)

Normal plasma pentraxin protein; universal minor constituent of 
amyloid deposits; contributes to amyloid formation & persistence






Whole body scintigraphy with
123I-labelled SAP



SAP in amyloid formation & persistence 

• SAP is universal in amyloid deposits (1965)

• SAP binds to all amyloid fibril types (1977)

• SAP in amyloid is not degraded (1994)

• SAP is protease resistant & binding to amyloid fibrils stabilises & 
protects them from degradation (1995)

• SAP promotes amyloid fibrillogenesis (1995)

• SAP knockout mice show retarded, reduced systemic amyloid 
deposition (1997)



Targeting SAP

Nature 2002, 417:254-9
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Effect of miridesap on plasma SAP 

Pepys et al (2002) Targeted pharmacological depletion of serum amyloid P component for 
treatment of human amyloidosis. Nature 417: 254-259.



Miridesap in systemic amyloidosis patients

• No adverse clinical effects

• No laboratory test or organ function abnormalities attributable to 
miridesap or SAP depletion

• Plasma SAP depleted throughout; but avid SAP binding to 
amyloid means that only ~90% of SAP removed from amyloid

• Most patients remain stable but no amyloid regression



Elimination of amyloid deposits 2005

• Miridesap depletes circulating SAP but leaves some SAP in 
amyloid deposits

• Anti-SAP antibodies can then be safely given and remain 
available to target deposits

• Antibody binding triggers complement activation and 
macrophage dependent clearance of amyloid



Amyloidotic spleen day 28 post antibody

Control IgG

Anti-SAP
antibody



Elimination of amyloid deposits 



Day 0 Day 1

Day 5 Day 16







Multinucleated giant cells in vitro

• Derived by macrophage fusion

• Abundant ‘extra’ plasma membrane forming membrane ruffles

• Pre-activated C3 receptors, down regulated Fc receptors

• Surround and internalise large complement opsonised objects

Milde et al (2015) Multinucleated giant cells are specialized for complement-mediated 
phagocytosis and large target destruction Cell Reports, 13: 1937-48.



Obligate therapeutic partnership

• Miridesap alone does not promote amyloid regression

• Anti-SAP antibody (dezamizumab) cannot be administered 
without prior and continuing depletion of circulating SAP by 
miridesap

• Miridesap uniquely enables anti-SAP antibodies to safely 
trigger complement mediated removal of amyloid deposits 
by macrophage derived multinucleated giant cells



Drug development – the good news

• Anti-SAP mAb fully humanised for therapy (dezamizumab)

• Phase 1 study of miridesap alone & followed by dezamizumab

• Generally well tolerated in patients

• Unequivocal evidence of amyloid removal

• Improved liver function

• Encouraging cardiac safety





Complement depletion & acute 
phase response

NEJM 2015, 373:1106-14. Subject 13
AL amyloidosis: large liver, moderate 
spleen, small kidney, bone marrow, 
amyloidotic lymph node.   
650 mg dezamizumab (10.2 mg/kg)

123I-SAP retention in liver (% injected dose) 61.1% 17.4%
Liver ECV (median normal 29%)             36%                          29%
Liver Stiffness (median normal 5.3 kPa) 5.7 kPa 2.8 kPa

day 0
pre-dose

day 42
post-dose

123I-SAP scintigraphy
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Progressive amyloid removal





Reduction of renal and spleen AFib amyloid 

Before Day 42
anti-SAP after anti-SAP 

123I-SAP retention 
before & after treatment:
spleen, 5.3% & 3.8%; 
kidneys, 8.2% & 5.7%



Conclusions

• Anti-SAP immunotherapy, with miridesap and dezamizumab, is 
applicable to all forms of systemic amyloidosis

• Removal of amyloid will improve clinical status

• Should increase efficacy of interventions to reduce amyloid 
formation

• Encouraging potential to improve outcomes and prolong survival



Drug development – the bad news 

• Suboptimal phase 2 cardiac amyloidosis clinical trial design

• July 2018, GSK assessment of initial results: unfavourable risk-
benefit profile

• September 2018, GSK divests its whole rare diseases portfolio

• October 2018, GSK terminates development of miridesap and 
dezamizumab for systemic amyloidosis

• Unlikely to be developed further by others



Immunotherapy for amyloidosis?

• Proof of concept rigorously established
• Unprecedented clinical efficacy of anti-SAP approach
• Safety acceptable to amyloidosis specialist physicians
• Alternative, novel antibody therapy exists
• Effective in experimental models
• No reason why it won’t be effective clinically
• BUT funding and prolongation of the inventor’s life span 

badly needed!



Dementia & Alzheimer’s disease

• >35 million affected worldwide, doubling every 20 years
• G8 2013 ‘Declaration on Dementia’

“cure or disease modifying treatment by 2025!”
• Worldwide cost of dementia care >US$400 billion
• Alzheimer’s disease is the most common cause of dementia
• Large scale clinical trials, US$billions: no effective treatments
• Focus on APP/Aβ pathway, cerebral amyloid plaques and NFT
• Actual cause of neurodegeneration unknown



Amyloid, SAP & Alzheimer’s

• Neuropathology of AD: cerebral Aβ amyloid plaques, 
cerebrovascular Aβ amyloidosis, neurofibrillary tangles (NFT), 
neurodegeneration

• SAP present on all amyloid deposits, extracellular NFT and most 
intracellular NFT; brain SAP content increased in dementia

• SAP enhances Aβ amyloid fibril formation and persistence

• SAP itself is directly neurotoxic for some cerebral neurones



Human SAP in Aβ amyloid plaque



SAP on Aβ plaques and tau NFT in AD brain



Human SAP & neurodegeneration

• Human CSF:plasma SAP concentration = 1:1,000
• SAP penetrates BBB very poorly cf other plasma proteins &/or 

is actively removed
• Conditions predisposing to/causing dementia increase brain 

exposure to SAP:
- old age
- AD, CAA, other cerebral amyloid & NFT neuropathology
- non-penetrating head injury & traumatic brain injury
- cerebral haemorrhage



Increased brain exposure to SAP & risk of 
dementia

• Age: normal cognitive decline; risk of Alzheimer’s disease
• Cerebral amyloid & NFT: SAP concentrated at sites of 

neurodegeneration
• NFT loaded SAP in frontotemporal dementia
• Non-penetrating head injury: boxers, soldiers, NFL football 

and rugby players
• Traumatic brain injury: chronic traumatic encephalopathy, 

Aβ amyloid deposition, dementia
• Cerebral haemorrhage/stroke



Cognition at death & brain SAP content

SAP content in temporal cortex in 136 
subjects in the Cognitive Function in 
Ageing Study

Dementia 
status Mean SD Median Interquartile  

range
SAP 
ng/mg 
tissue

Normal 0.31 0.17 0.26 (0.19; 0.43)

Dementia 0.58 0.64 0.41 (0.21; 0.74)

n (no dementia: dementia) 58:78

OR 95%CI (OR) p
SAP ng/mg 
tissue 14.08 (2.83; 70.07) 0.001

Logistic regression analysis



~10um

Binding & internalisation of human 
SAP in cerebral neurones



Human SAP enters neurones in vivo causing 
apoptosis

Immunostaining for 
human SAP after 
intrahippocampal
injection in rat

Control injection

Human SAP 

TUNEL-+ve nuclei
control hSAP

neocortex

hippocampus

subcortex



Mechanism of human SAP neurotoxicity?

Human SAP:
• binds avidly to DNA and chromatin
• contains nuclear localisation sequence PLVKKGLRQ
• from cytoplasm rapidly enters nucleus & binds to chromatin 



Human SAP in ‘normal’ aged brain



PNAS April 2009



Miridesap (CPHPC)  in Alzheimer’s disease
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Miridesap (CPHPC) eliminates SAP from 
cerebral & cerebrovascular amyloid

-



SAP, brain and miridesap 

• SAP only produced by liver; not in brain exome

• Plasma SAP depletion by miridesap: removes all CSF SAP & 
thus SAP from cerebral parenchymal & vascular amyloid & NFT, 
in contrast to systemic amyloid deposits

• Miridesap will abrogate direct SAP neurotoxicity, may reduce Aβ
amyloid fibrillogenesis & may promote regression of plaque & 
vascular amyloid & NFTs



The DESPIAD trial: DEpletion of Serum amyloid 
P component In Alzheimer’s Disease

• 1 year phase 2b double blind 1:1 placebo controlled study of 
miridesap in 100 AD patients

• Confirm safety and tolerability

• Seek improvement in clinical and other disease measures

• Global and regional cerebral atrophy (MRI), cerebral amyloid 
(PET), cognition, CSF concentrations of SAP, Aβ and τ.

• Funded by NIHR, ARUK, Dana Foundation of NY



New treatments?

• Systemic amyloidosis is rare, Alzheimer’s disease is 
common; both remain major unmet medical needs

• Deeper and broader understanding of the underlying 
pathobiology is enabling rational design of new therapies

• Development, testing and introduction of new medicines is 
increasingly challenging: glacially slow, extraordinarily 
expensive and hideously complex

• There is no alternative but to keep trying!
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