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DYRK1a levels in the hippocampus (Hp) and cortex (Ctx) are 
reduced with DYR533

• Alzheimer’s Disease (AD) is a neurodegenerative disorder 

characterized by amyloid-β (Aβ) plaques and neurofibrillary tau tangles 

(NFTs) leading to inflammation and cell death in the brain.

• AD currently has no effective therapies to ameliorate the pathological 

progression and associated cognitive deficits.

• 1 in 3 seniors dies every year with AD or another kind of dementia.

• It’s estimated that by 2050 ~14 million Americans will be diagnosed with 

AD (2022 Alzheimer’s Disease Facts and Figures).
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Figure 2: Various mechanistic pathways by which DYRK1a contributes to Alzheimer’s Disease (T. Dunckley,
2020).

Figure 1: Depiction of tau in a healthy neuron vs. the disintegration of microtubules (loss-of-function) leading to
the aggregation into paired helical filaments and NFTs (gain-of-function) in diseased neurons.

Figure 3: The 3xTg-AD mouse model is currently one of the most widely used mouse model for AD research to study both Aβ and tau pathology. Female 3xTg-AD mice show
consistent pathology, while males show inconsistent pathology. Thus, only female mice are being used for this project.
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Table 2: Female non-transgenic (NonTg) and 3xTg-AD mice were randomly assigned to one of four
dosage groups. Mice begin dosage regimen at ~7 months of age for 64 days. Mice were then
perfused to remove blood from the brain and brain tissue underwent neuropathological assessment.

Figure 4: Timeline of experiment from initial blood draws to euthanization and tissue harvesting.
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Early phosphorylated (p) tau at threonine 217 is reduced in the Cortex of DYR533 treated mice

DYR533 reduces pro-inflammatory cytokine Tumour Necrosis Factor alpha (TNF α) in blood, hippocampus and cortical samples

Cortical soluble Amyloid-β42 levels are reduced with DYR533

Soluble and insoluble fractions of ptau at serine 396 is reduced in the hippocampus and cortex of DYR533 treated mice

Conclusion
• Our results show that DYR533 reduces DYRK1a, cortical Aβ42, ptau at threonine 217, serine396, and TNF-α in 

the 3xTg-AD mouse model of Alzheimer’s Disease.
• These results may help springboard clinical testing of DYR533 as a therapeutic for AD and related tauopathies. 

• The tau protein plays an important role in stabilizing microtubules within 

neurons, allowing for adequate protein transport along the axon 

(Mandelkow, et al. 2012).

• Kinases can phosphorylate tau which can lead to its removal from the 

microtubules and contribute to aberrant protein accumulation 

(Mandelkow, et al. 2012).

• In AD and a class of disorders known as the tauopathies, aberrant post-

translational modifications to the tau protein contributes to pathological 

tau aggregation and destabilization of microtubules.

• Among these kinases is the dual-specificity tyrosine phosphorylation-

regulated kinase 1a (Dyrk1a), which directly phosphorylates tau at 

multiple serine and threonine sites (Ryoo, et al. 2007). 

• Human postmortem brain tissue from AD patients show upregulation of 

DYRK1a (Velazquez et al., 2019).

• DYRK1a can also phosphorylate the amyloid precursor protein (APP) at 

threonine 668, regulating amyloid precursor intracellular domain (AICD) 

translocation into the nucleus, contributing to neurodegeneration 

(Chang et al., 2006). 

• We have shown that pharmacological inhibition of a novel inhibitor 

(DYR219) reduces both tau aggregation and Aβ pathology in the 

hippocampus and cortex of the 3xTg-mouse model of AD (Velazquez et 

al., 2019; Branca et al., 2017).

• Here, we used an optimized version of DYR219, called DYR533, to 
further study the effects of DYRK1a inhibition on AD-like pathology 
and inflammatory molecules in the 3xTg-AD mouse model of AD. 

The Dyrk1a kinase directly phosphorylates tau at multiple serine and threonine residues.

Table 1: A comparison between the DYRK1a inhibitor (DYR533) used in this current study vs. the DYRK1a
inhibitor (DYR219) used in previous studies.

Figure 3: A. DYR533 significantly reduces the levels of Dyrk1a in the hippocampus (Hp) across all groups
compared to vehicle (0 mg/kg) groups. B. In the cortex (Ctx), Dyrk1a is significantly elevated in 3xTg-AD mice
compared to NonTg mice. DYR533 significantly reduces levels of Dyrk1a. **** p < 0.0001.

Figure 5: A. 3xTg-AD mice show significantly increased levels of Hp phosphorylated (p) tau at threonine (Thr)
217 compared to the NonTg mice. B. Western blot of pTau at Thr217 and loading control β-Actin. **** p <
0.0001. “Ctrl” represents a between gel control of pooled Hp samples.

Figure 6: A. 3xTg-AD mice show significantly elevated Ctx pTau Thr217 compared to NonTg mice. DYR533 
significantly reduces pTau Thr217 in the 1.0 and 2.5 mg/kg groups. B. Western blot of pTau at Thr217 and loading 
control β-Actin. * p < 0.05. “Ctrl” represents a between gel control of pooled Ctx samples.

Figure 7: A. DYR533 significantly reduces the levels of Hp soluble pTau at Serine (S) 396 in 3xTg-AD mice. B. DYR533 significantly reduces Ctx soluble pTauS396 in 3xTg-AD mice. Notably, the 5.0mg/kg group exhibits significantly
lower levels of pTauS396 compared to the 1.0mg/kg group. C-D. DYR533 significantly reduces both Hp and Ctx insoluble levels of pTauS396 in all dosed groups compared to the vehicle (0mg/kg) groups. * p < 0.05, *** p < 0.001.

Figure 8: A, B. Plasma from blood was extracted to measure tumorous necrosis factor ⍺, a pro-inflammatory cytokine. Hippocampal (Hp) and cortex (Ctx) brain homogenates were obtained to measure TNF⍺. C. 3xTg-AD mice show 
significantly elevated plasma TNF⍺ compared to NonTg 0mg/kg (control) mice and DYR533 reduced levels in 3xTg-AD mice to that of NonTg levels. D, E. 3xTg-AD mice show significantly elevated Hp and Ctx TNF⍺ compared to 
NonTg control mice and DYR533 reduced levels in 3xTg-AD mice to that on NonTg levels in both brain regions. 
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Figure 4: A. DYR533 significantly reduces the levels of Ctx soluble Aβ42 in 3xTg-AD mice. No other significant
effects were detected in soluble or insoluble Aβ40 and 42 within the Hp and Ctx (graphs not shown). B.
Photomicrographs depicting thioflavin S staining among the 3xTg-AD treatment groups. Scale bar = 1000μm. **
p < 0.01.
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