N AMERICAN
AN NEUROLOGICAL

of Clinical and Translational Neurology

Open Access

BRIEF COMMUNICATION

Correlation of plasma and neuroimaging biomarkers in
Alzheimer’s disease

Adam M. Brickman%3(, Jennifer J. Manly'?3, Lawrence S. Honig"*3, Danurys Sanchez
Dolly Reyes-Dumeyer'?3, Rafael A. Lantigua’?, Jean Paul Vonsattel'>, Andrew F. Teich'>,
Min Suk Kang', Jeffrey L. Dage® & Richard Mayeux'-%3

'Taub Institute for Research on Alzheimer’s Disease and the Aging Brain, Vagelos College of Physicians and Surgeons, Columbia University, New

1,2,3
I

York, New York, USA

2G.H. Sergievsky Center, Vagelos College of Physicians and Surgeons, Columbia University, New York, New York, USA
Department of Neurology, Vagelos College of Physicians and Surgeons, Columbia University, and the New York Presbyterian Hospital, New York,

New York, USA

“Department of Medicine, Vagelos College of Physicians and Surgeons, Columbia University, and the New York Presbyterian Hospital, New York,

New York, USA

®Department of Pathology and Cell Biology, Vagelos College of Physicians and Surgeons, Columbia University, New York, New York, USA
SStark Neurosciences Research Institute, Indiana University School of Medicine, Indianapolis, Indiana, USA

Correspondence Abstract
Adam M. Brickman, Taub Institute for
Research on Alzheimer’s Disease & the Aging
Brain, Department of Neurology, Vagelos
College of Physicians and Surgeons,
Columbia University, PS Box 16, 630 West
168th Street, New York, NY 10032, USA.
Tel: +1 212 342 1348; Fax: +1 212 342

1838; E-mail: amb2139@columbia.edu

Blood-based phosphorylated tau (Ptau) 181 and 217 biomarkers are sensitive
and specific for Alzheimer’s disease. In this racial/ethnically diverse cohort
study, participants were classified as biomarker positive (Ptaut) or negative
(Ptau-) based on Ptau 181 and 217 concentrations and as cognitively impaired
(Sym) or unimpaired (Asym). The four groups, Ptau-/Asym, Ptau+/Asym,
Ptau-/Sym, and Ptau+/Sym, differed by age, APOE-4 allele frequency, total tau,

neurofilament light chain, and cortical thickness measured by MRI. Our results
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Introduction

The development of blood-based biomarkers to estimate
the amyloid (‘A’), tau (‘T"), and neurodegenerative (‘N’)
features of Alzheimer’s disease (AD) has increased the abil-
ity to study disease in diverse populations. Plasma concen-
trations of phosphorylated tau at threonine 181 and 217
(Ptau 181 and Ptau 217) along with neurofilament light
(NfL) chain were elevated in multi-racial/ethnic, commu-
nity based, older adults diagnosed clinically, and pathologi-
cally with AD,' consistent with other studies.”” We found
increased Ptau 181 and Ptau 217 concentrations and
decreased AP42/AP40 ratios were associated with higher
risk of AD after an average of 4 years.

Fluid and imaging biomarkers allow for incorporation
of pathophysiological data into diagnosis according to the

add to increasing evidence that plasma Ptau 181 and 217 concentrations are
valid Alzheimer’s disease biomarkers in diverse populations.

ATN framework without explicit consideration of cogni-
tive or clinical symptoms.® The goal of this study was to
examine demographic (i.e., age, sex/gender, race/ethnic-
ity), genetic (i.e., APOE €4 allele), amyloid (AB42/AB40),
tau (total tau concentration), neurodegeneration (NfL,
cortical atrophy) variables across older adults classified by
Ptau cutpoint and clinical status in a multi-ethnic cohort.

Methods

Participants and diagnostic procedures

This follow-up study included 300 participants from the
Washington Heights-Inwood Columbia Aging Project
(WHICAP) selected for equal representation from race/
ethnicity groups: non-Latinx White, Latinx/Hispanic, and
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non-Latinx African American/Black) with similar numbers
with an AD clinical diagnosis at their last longitudinal assess-
ment. Race and ethnicity were self-reported and coded via
standardized criteria.” A goal for the current analyses was to
define four groups based on symptom and biomarker status.
A consensus committee, including clinicians with expertise
in dementia, reviewed neuropsychological, medical, and
neurological data (but not biomarker data) for clinical diag-
noses. A clinical diagnosis of AD was assigned using research
criteria'® and a Clinical Dementia Rating'' of 0.5 or higher.
To derive a diagnostic threshold score for Ptau biomarker
concentration, we examined data from autopsied WHICAP
participants with stored plasma (n = 113) as described pre-
viously." A pathological assignment of AD was made accord-
ing to the National Institute on Aging-Alzheimer’s
Association criteria, as previously described,' with case status
assigned to those deemed with high AD neuropathological
changes (ADNC) and controls to those without pathological
AD or with low or intermediate ADNC.

Plasma biomarkers

Plasma biomarker concentrations were measured as
described previously.! Briefly stored aliquoted plasma was
used to determine AP42, AB40, t-tau, NfL, Ptau 181, and
Ptau 217 concentrations. For AB42, AB40, and t-tau we used
Simoa (Quanterix) technology on the SR-X platform with
the multiplex Neuro 2-plex A (#101995) and NfL (#103400)
kits. Each plate assayed in duplicate 38 samples, 8 calibrators,
and 2 controls. The ratio of AP42 to APB40 was considered as
the primary biomarker for amyloid. Ptau 181 and Ptau 217
concentrations were determined on a Meso Scale Discovery
(MSD) platform as described previously." Briefly, for Ptau
181, Biotinylated-AT270 (MN1050, ThemoFisher) was used
as a capture antibody and SULFOTAG-Ru-4G10-E2 (Eli
Lilly) for the detector. For Ptau217, Biotinylated-IBA493 (Eli
Lilly) was used as a capture antibody and SULFO-TAG-Ru-
4G10-E2 (Eli Lilly) for the detector.

Neuropsychological assessment

At each visit, participants are evaluated with a compre-
hensive set of neuropsychological tests' in their preferred
language (English or Spanish). Based on the factor struc-
ture of the neuropsychological battery,'> summary scores
were derived for memory, language, visuospatial function,
and speed/executive function by averaging z-scores for
individual tests in each domain.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) was available for a sub-
set of participants (n = 223) included in the analyses. T1-
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weighted anatomical images were acquired on a 3 T Philips
(Best, the Netherlands) Intera scanner (TR = 6.6 ms;
TE = 3.0 ms; flip angle=8°% FOV =256 x 200 x
165 mm; slice thickness = 0.6 mm) or 1.5 T Philips Intera
scanner (TR = 20 ms, TE = 2.1 ms, FOV = 240 x 256 x
160 mm, slice thickness = 1.3 mm). FreeSurfer'* was used
to derive regional cortical thickness and an “AD signature”
was calculated by averaging cortical thickness in the
entorhinal cortex, parahippocampus, inferior parietal lobe,
pars opercularis, pars orbitalis, pars triangularis, inferior
temporal lobe, temporal pole, precuneus, supramarginal
gyrus, superior parietal lobe, and superior frontal lobe
across hemispheres.

Statistical analysis

We used receiver operating characteristic (ROC) curves to
evaluate the area under the curve (AUC) to assess Ptau 217
and Ptau 181 concentrations with high ADNC relative to
controls. We calculated Youden’s index'” to derive the
respective Ptau concentration cutoff scores with the highest
combination of sensitivity and specificity. This allowed us
to define four distinct groups: low Ptau concentration
(Ptaul81 and Ptau217) without clinical diagnosis of AD
(Ptau-, Asym), high Ptau concentration without clinical
diagnosis (Ptaut, Asym), low Ptau concentration with clin-
ical diagnosis (Ptau-, Sym), and high Ptau concentration
with clinical diagnosis (Ptau+, Sym). We compared age,
sex/gender, and race/ethnicity across the four groups using
chi-squared and general linear models. Next, we examined
differences in AD-relevant variables, including APOE ¢4
allele frequency; plasma biomarker concentrations for
AB4/AByo, t-tau, and NfL; cognitive domain scores; and
cortical thickness on MRI using general linear models and
Chi-squared tests. Post hoc analyses contrasted participant
groups to Ptau-/Asym group as reference.

Results

The Youden Index for Ptau 217 was 0.21 pg./mL, yielding
a diagnostic sensitivity and specificity of 0.84 and 0.77,
respectively, as previously reported.' Relative to individu-
als classified as Ptau-/Asym, those who were Ptau+/Sym
were older, but similar in sex/gender and race/ethnicity
(Table 1). Ptau+ individuals regardless of cognitive status
were more likely to have at least one APOE ¢4 allele. The
four groups did not differ in AB4,/AByo ratio. Compared
with participants classified as Ptau-/Asym, Ptaut/Asym,
and Ptau+/Sym had higher total tau concentrations. Par-
ticipants classified as Ptau+/Asym, Ptau-/Sym, or Ptau+/
Sym had higher NfL concentrations compared with the
Ptau-/Asym group. Cortical thickness was lower in the
Ptau-/Sym and Ptaut/Sym compared with the Ptau-/
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Figure 1. Differences across biomarker/clinical groups in cortical thickness in Alzheimer’'s signature regions for groups defined by Ptau 217

cutpoint (A) and by Ptau 181 cutpoint (B).

Asym group, respectively (Fig. 1 and Table 1). Cortical
thickness values decreased linearly (p = 0.02) across
groups as seen in Figure 1. For Ptau 181, the Youden
Index was calculated as 0.95 pg./mL, yielding a sensitivity
and specificity of 0.84 and 0.59, respectively. Results were
similar for groups defined by Ptau 181 compared with
Ptau 217 with the exception of a slight difference in the
age and the significant difference in cortical thickness
(Table 1).

Discussion

Groups defined by Ptau 217 and Ptau 181 yielded similar
results. Compared to those with low Ptau concentrations,
with elevated Ptau concentrations, were slightly older but
did not differ in race/ethnicity or sex/gender especially
when symptomatic. The results here indicate that in a
community-representative sample, biomarkers and clinical
diagnoses do not vary by demographic factors. Groups
with increased Ptau concentration irrespective of dementia
status had a higher APOE &4 allele frequency. Interestingly,
those diagnosed clinically without biomarker evidence of
AD had a similar proportion of APOE &4 carriers as those
who were asymptomatic and biomarker negative.

In assessing biological differences among groups, sev-
eral important patterns emerged. Our previous analyses
showed that APB42/AB40 concentration ratios may be
prognostically useful; those with lower values were more
likely to progress to dementia but the values did not dis-
criminate prevalent cases from unimpaired control partic-
ipants." The analyses here confirm that these plasma
amyloid biomarkers in this community-based sample do
not track as well with other AD biomarkers or with clini-
cal status, providing additional evidence that implementa-
tion of a single Ptau value may be sufficient for
characterizing AD pathophysiology.

Mass spectrometry approaches to estimate amyloid
pathology from plasma samples may be more accurate
than immunoassays.'® Consideration of the three biologi-
cal markers that reflect neurodegeneration: t-tau, NfL,
and cortical thickness, provides additional insight into the
biological basis of the diagnostic groups. Although t-tau
measurements are considered markers of neurodegenera-
tion'” they appear to track most with Ptau elevation and
not with clinical status. Neurofilament light chain concen-
trations, conversely, appeared elevated among individuals
with either elevated Ptau concentrations or a dementia
diagnosis. Similarly, cortical thickness, a reflection of neu-
rodegeneration in the form of brain atrophy, decreased
across diagnostic groups (Fig. 1), but tracked with
dementia. We conclude that plasma NfL concentrations
and cortical thinning reflect neurodegeneration, irrespec-
tive of a specific AD pathophysiological process. Our
observed sensitivities and specificities are slightly lower
than what has been reported previously, including recent
papers from Thijssen et al.'® and Palmqvist et al.'” We
speculate that differences reflect the design and composi-
tion of our study cohort. Ours is a community-based
study, the average age at death is older than the other
two studies, and the interval between the antemortem col-
lection and death is somewhat longer. These factors are
likely contributors to the differences in diagnostic accu-
racy among studies.

The existence of two discordant groups: those with ele-
vated Ptau concentrations but asymptomatic and those
who were symptomatic but without elevated Ptau concen-
trations are of great interest. In the first group, despite
evidence of neurodegenerative changes, there may be fac-
tors that mitigate the impact of neurodegenerative pathol-
ogy on its clinical manifestations, while in the second
group, other pathophysiological factors are likely driving
the diagnosis of dementia. AD pathology per se is only

4 © 2022 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.
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one of the myriad factors that contributes to emergence
of dementia. Indeed, pathological data suggest that the
defining feature of symptomatic AD in older adults is the
presence of multiple pathologies.”® Future studies should
continue to examine biological and social correlates of
biomarker and clinical features of AD without discount-
ing either.
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