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Introduction
The exact mechanisms leading to 
Alzheimer’s disease (AD) are largely 
unknown. It is clear, however, that the 
disease is associated with the aggregation 
of amyloid-β42 (Aβ42) peptides into plaques 
and soluble oligomers in the brain.

Non-clinical data now suggest that of all 
Aβ, only a very small fraction of soluble 
oligomeric Aβ42 carries most of the 
neurotoxic potency (Hong et al. Acta 
Neuropathol., 2018). But Aβ peptides are 
generated throughout most of the body, 
including blood, thus providing an ample 
source of inert Aβ with which therapeutics 
can cross react and never reach the brain.

This is a critical issue for immunotherapy, 
as the blood-brain barrier (BBB) excludes 
99.8% of all antibodies from the brain.

Figure 1. Different forms of the Aβ42 
peptide. Oligomers are soluble aggregates 
structurally distinct from insoluble fibrillar 
aggregates. The panels are transmission 
electron microscopy images.

Methods
A unique oligomer-stabilizing technology, AβCC, in combination with novel  
research models based on patient-derived toxic Aβ, was here evaluated as a
strategy  to develop a therapy that targets toxic oligomers specifically.
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Figure 2. (a) The AβCC peptide (described in 
Sandberg et al. PNAS, 2010). (b) The disul-
fide bond renders the peptide resistant to 
fibrillogenensis, here exemplified by a ThT 
aggregation assay. (c) Aβ42CC oligomers are 
used as immunogens in the generation of 
oligomer-specific antibodies.

Figure 3. Non-clinical efficacy is evaluated on 
extracts derived from deceased AD patients 
and control donors. The extracts are immuno-
depleted and the toxicity assessed in zebrafish 
embryos and mouse primary neruron cultures.

Results, in vivo pharmacology and brain material
Aβ42CC oligomer vaccination generates sera with a high discrimination
potential for oligomers that is not due to cross-reactivity.

Figure 4. Direct ELISA:s against the Aβ42CC oligomer antigen and Aβ42 fibrils. Fibril-treated 
sera were first cross-adsorbed to fibrils. 

Aβ42CC oligomers were used to develop 
ALZ-201, a murine monoclonal antibody with 
an extreme discrimination potential for Aβ42CC 
oligomers. It’s binding profile is similar to the 
oligomer-specific antibodies in polyclonal sera.

Figure 5. Direct ELISA:s against (1) non-aggregated Aβ42CC peptides (monomeric), (2) oligomeric 
Aβ42CC, (3) Aβ42 fibrils, (4) non-aggregated Aβ40CC, and (5) oligomeric Aβ40CC . Signals were 
only obtained for Aβ42CC oligomers, and this was thus the only transition that could be curvefitted 
to obtain the IC50 (midpoint titre).

The theraputic relevance of the oligomers targeted by the oligomer-specific 
antibodies was assessed by measuring their ability to neutralise toxic Aβ 
derived from deceased AD patients and non-AD individuals. For the zebrafish 
study, samples from the occipital lobe derived from three control patients 
(Braak stage 0) and five AD patients (Braak stage 4-5) were donated by the 
Oxford Brain Bank, UK. For the cell culture study, postmortem tempo-parietal 
grey matter cortices derived from three control patients (Braak stage 0) and three 
AD patients (Braak stage 4-5) were obtained through the Netherlands Brain Bank.
Immunodepletion of brain extracts using ALZ-
201 revealed that very little Aβ material was 
removed in contrast to the control anti-
body 4G8 (which removes all Aβ).

Figure 6. Simple Western™ system (ProteinSimple) 
data on patient material used in the zebrafish study.  
Samples loaded: (M) Marker, (1) ALZ-201 immunode-
pleted, (2) IgG isotype control immunodepleted, and 
(3) 4G8 immunodepleted. Detection of Aβ with anti-
body 6E10. Only the control antibody 4G8 seems to 
remove Aβ. Similar results were obtained for the ma-
terial used in the cell culture study (not shown).

Results, in vitro and ex vivo pharmacology
Toxicity assays were performed in primary mouse neuron cultures using 
an automated cell imaging platform that analyses several parameters. Cells 
subjected to AD extracts exhibited higher toxicity in general compared to 
those subjected to non-AD extracts. Immunodepletion with 4G8 (removes all 
Aβ) and ALZ-201 (removes a subpopulation of oligomers) removes this toxicity.

Figure 7. Viability loss resulting from exposure to 
brain extracts from non-AD controls (C) and AD 
patients (AD). Only ALZ-201 and 4G8 are able to 
remove the toxicity, whereas the non-Aβ reactive 
IgG control does not have an effect.

Toxicity assays were also performed in a learning test in zebrafish embryos after 
injecting human extracts into the brain. The fish were embedded in agarose and 
the startle response stimulated with an electric pulse. Data again demonstrate 
that the toxic effects of AD extracts are prevented by immunodepletion with 4G8 
an  ALZ-201.

Figure 8. The distribution of learners and 
non-learners in the groups injected with 
either AD or non-AD brain extracts or AD 
brain extracts immunodepleted with 4G8 
(AD+4G8), IgG3 (AD+IgG3) or ALZ-201 
(AD+ALZ-201). Rosengren M, Kettunen P, et 
al. Manuscript in preparation.

Conclusion
Although a very small fraction of patient-derived Aβ is targeted with ALZ-201, 
a high neutralising effect is still achieved as determined by assaying zebrafish 
cognition and neuronal cell culture toxicity after stimulation with Aβ extracted 
from deceased patients. This increases the likelihood of oligomer-target enga-
gement across the BBB and thus of obtaining a true therapeutic effect.
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