Promoting microglial and macrophage uptake of amyloid-β proteins using diabodies.
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Introduction. Immunotherapy with amyloid-beta (Aβ) antibodies is the predominant strategy to treat Alzheimer’s disease (AD) (Aljassabi et al., 2024). Coupling Aβ to the cell surface expressed triggering receptor expressed on myeloid cells 2 (TREM2) protein of microglial and macrophage cells (Colonna, 2023) may enhance Aβ phagocytosis and reduce toxic Aβ peptides and oligomers. This  strategy may represent a new disease-modifying treatment for AD.
Aim. To develop diabodies with high affinity for Aβ and TREM2 that promote internalisation of Aβ into microglia without activating inflammatory responses.
Methods. Two Aβ-TREM2 diabodies were prepared using the Expi293F mammalian expression system. Microscale thermophoresis (MST) was used to determine the binding affinities  (pKD) of the diabodies for Aβ, and surface plasmon resonance (SPR) was used to measure the affinities for TREM2. Flow cytometry was used to measure pH-Rodo-Aβ phagocytosis in mouse BV2 microglia and differentiated human THP-1 macrophages. Western blots were used to determine if the diabodies triggered inflammatory signalling in BV2 and differentiated THP-1 cells.
Results. Two TREM2-amyloid-β diabodies were generated and purified. Aβ and oligomeric (o)-Aβ affinities for diabody-1 (pKD: Aβ = 5.7±0.3; oAβ = 5.4±0.1; n=3) and diabody-2 (pKD: Aβ = 4.5±0.3; oAβ = 6.4±0.1; n=3-4) were in the micromolar range, whereas the affinities of diabody-1 (pKD = 8.8) and diabody-2 (pKD = 9.1) were in the nanomolar range for TREM2. Aβ phagocytosis was observed for both diabodies in differentiated human THP-1 cells, but only diabody 1 in mouse BV2 cells. Diabody-1 and diabody-2 did not increase the expression of tumor necrosis factor (TNF)-α, interleukin (IL)-6 or IL-1β levels (n=3).
Discussion. The results suggest that our Aβ-TREM2 diabodies successfully bind to both proteins. When applied to cells that endogenously express TREM2 the diabodies promoted Aβ phagocytosis. The diabodies did not contribute to microglial inflammatory responses. Together these results suggest that coupling Aβ to a cell-surface protein with a diabody can improve uptake of toxic proteins into cells.
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