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Figure 1: Functionalized magnetic IONPs target the tau and amyloid-β protein plaque neurofibrillary

tangles. Upon exposure to a physiologically safe AMF that IONP induce hysteric heat dissipation which

disaggregates the plaques.
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Tauopathies are a spectrum of neurodegenerative disorders characterized by the accumulation of

misfolded tau protein plaques within the brain and are associated with conditions such as Alzheimer’s

disease, Parkinson’s disease, and Chronic Traumatic Encephalopathy1. No treatments currently exist

that reduce the activity and progression of tauopathies, leading to altered behavior and chronic declines

in memory and executive function. However, it is hypothesized that pathogenic tau could be removed

from the brain by disaggregating the plaques and thus prevent disease progression2. Pathological

models indicate that amyloid-β proteins induce tau protein misfolding, and that misfolded tau enhances

the toxicity of amyloid-β in an exacerbating feedback loop3. Research has demonstrated that surface

engineering magnetic Iron-Oxide Nanoparticles (IONPs) can target tau proteins with specificity and

selectivity4, and hysteretic heat dissipation can be employed to disaggregate protein plaques via a

physiologically safe alternating magnetic field (AMF)5. Therefore, we propose that magnetic IONP can be

functionalized to induce magnetically assisted tau disaggregation as a treatment for tauopathies.
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CONCLUSIONS

• Fluorescence Imaging and DLS indicate amyloid-β and tau induced amyloid-β kinetics at

physiological conditions.

• DLS indicates tau will not aggregate without the presence of amyloid-β as expected.

• SEM Imaging suggest that amyloid-β aggregates at a rate of 0.467 𝜇m2/h.

• Phenotypic changes were observed in SH-SY5Y differentiation studies.

• IONPs of 25 nm in diameter were successfully synthesized and proved to be stable in biological fluids

via DLS analysis.

• Future directions include applying our findings to in-vitro cell models to further test cytotoxicity and

efficacy in disaggregation amyloid- β and tau proteins and expending our differentiation research.

METHODS
MAGNETIC IONPs

Figure 6: Magnetic IONPs were synthesized via thermolysis and functionalized with polymer brushes.

TEM images of the particles can be referenced in A and B. DLS was employed to determine the particles

C) hydrodynamic size and D) zeta potential.

Synthetic amyloid-β and tau oligomers were purchased in lyophilized form and diluted in Millipore

deionized water at a concentration of
5 𝜇𝑔

10 𝜇𝐿
and

1 𝜇𝑔

10 𝜇𝐿
respectively. The aggregation kinetics of amyloid-β

and tau were investigated. SH-SY5Y neuroblastoma cells were cultured in standard cell culture and

differentiated into phenotypic neurons via an 18-day media treatment protocol. Thermolysis was

employed to synthesize Iron-Oxide Nanoparticles (IONPs) which were functionalized with polymer

brushes to aid in alternating magnetic field (AMF) induced disaggregation.

Transmission Electron Microscopy (TEM) and DLS Results
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Amyloid-β Aggregate Scanning Electron Microscopy (SEM)

IN-VITRO AMYLOID-β AGGREGATION

Figure 2: The aggregates were strained using Thioflavin T (ThT) and SEM images were taken of the

samples at x50 magnification at A = 0 hours, B = 5 hours, C = 24 hours, and D = 48 hours. Amyloid-β

kinetics are summarized in E, and indicate an aggregation rate of 0.467 𝜇m2/h.
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Amyloid-b Aggregation Kinetics

Time Hydrodynamic Size Standard Deviation

(hr) (nm) (σ)

0 2318.6 257.13

3 2089.4 199.69

24 1479 506.11

48 1924.5 169.6

72 2050 548.23

Figure 3: The hydrodynamic size distribution of the aggregates was determined using DLS.

The aggregation kinetics of amyloid-β was investigated by incubating the oligomer sample in PBS at

37˚C and 150 RPM in an Incu-Shaker for 72 hours. Aliquots were taken at 0, 3, 24, 48, and 72 hours.

Amyloid-β Aggregate Dynamic Light Scattering (DLS)

IN-VITRO TAU AGGREGATION

The aggregation kinetics of tau in the absence of without amyloid-β was investigated by incubating the

tau oligomer for 72 hours. The aggregation kinetics of tau in the presence of amyloid-β was investigated

by incubating amyloid-β oligomers for 72 hours and then adding tau oligomers to the sample for an

additionally 72 hours. While the proteins aggregated for 72 hours, they were submerged in PBS at 37˚C

and 150 RPM in an Incu-Shaker. Aliquots were taken at 0, 3/6, 24, 48, and 72 hours.

Figure 4: DLS was utilized to determine the hydrodynamic size of the A) tau independent of amyloid-β

and B) tau aggregation induced by amyloid-β. Isolated tau did not experience aggregation as expected.
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Amyloid-β Induced Tau Aggregation Kinetics

Time Hydrodynamic Size

(hr) (nm)

0 4326

6 995.1

24 3112

48 1369

72 2457
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Tau Isolated Aggregation

Time Hydrodynamic Size

(hr) (nm)

0 313.2

3 1168

24 1283

48 624.7

72 996.1
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SH-SY5Y DIFFERENTIATION

Figure 5: SH-SY5Y neuroblastoma cells were differentiated into phenotypic neurons in the A,B,E&F)

presence or C,D,G,&H) absence of amyloid-β and tau oligomers. The cells were stained and imaged with

Fluorescence Imaging. Green indicates live cells, blue indicates the cell nucleus, and red indicates

protein plaques.
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Brightfield & Fluorescence Imaging Results

Tau Aggregate Dynamic Light Scattering (DLS)


