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ABSTRACT 

Differential biomarkers for early-stage Alzheimer’s disease (AD) diagnosis and neuropathological 
characterization are urgently needed. From a systematic screen of site-specific phospho-tau antibodies 
targeting two-dozen phosphorylation sites that showed high frequencies in AD patients, we identified 
novel epitopes p-tau198, p-tau356, and p-tau422. These new biomarkers were not only highly capable 
to differentiate AD from cognitively normal (CN) brains, but also discriminate early-stage AD from CN 
brains with outstanding differentiation capabilities that rival or outcompete p-tau181 and p-tau217. We 
further developed plasma-based Single Molecule Array (Simoa) homebrew tests that are not only capable 
of differentiating AD from non-AD cases, but also differentiating MCI due to AD from MCI due to non-AD 
subjects. We compared all three epitopes with AT8 (p-tau202/205), a reference antibody for AD 
neuropathological staging, using immunohistochemistry staining of different Braak stages of early AD 
brains of CA4-CA1 hippocampal areas, entorhinal cortex, superior temporal  cortex, and other adjacent 
areas. We discovered that both p-tau356 and p-tau422 staining are heavily skewed toward early stage 
prefibrillar tau aggregates (pre-tangles and intermediate tangles), while AT8 and p-tau198 staining are 
skewed toward mature tangles and dystrophic neurites. We further discovered that p-tau356 epitope as 
a marker of tau burden in the superior temporal cortex showed significantly better correlation with Braak 
stages of early-stage AD subjects (r=0.83) compared to AT8 (r=0.67). In summary, we identified new 
neuropathological markers that are more sensitive than AT8 for improved detection of earlier pathological 
processes that define pre-tangles, also new premortem plasma-based biomarkers for early-stage AD 
diagnosis and differentiation. 
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