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Abstract

World Trade Center (WTC) responders who were more severely exposed to the airborne pollution while working in rescue and recovery work
would have heightened circulating levels of f—Amyloid (AB) levels in plasma. Plasma for 905 WTC responders was retrieved in 2019 and flash
frozen and assayed using single molecule analysis to measure circulating levels of two subtypes of AB (Ap40, Ap42), alongside phosphorylated
tau-181, glial fibrillary acidic protein (GFAP), and neurofilament-light. Plasma data were linked to demographics, blood volume, apolipoprotein-e4
status, and medical outcomes as well as, in a subsample, with neuroimaging-based measures of cortical thickness. Amyloidogenesis was mea-
sured using the ratio of observed/expected levels of Ap40 and labeled Normalized Ap40. Spearman'’s rho was used to examine correlations;
generalized linear modeling was used to examine multivariable-adjusted associations. The average age of WTC responders was 55.98 years, and
73.9% had completed at least some college. Observed Ap40 levels were 24.61% higher than expected values, and lower in minimally exposed
WTC responders as compared to severely exposed WTC responders (17.26 vs 44.48%, P=.005). Results remained statistically significant upon
adjusting for covariates (adjusted blood volume ratio=1.11 [1.02-1.22] P=.019). Normalized Ap40 levels were associated with higher measures of
phosphorylated tau-181, Ap42, GFAPR, and neurofilament-light in serology as well as, in a subsample (n=70), with reduced cortical thickness
(rho=-0.29, P=.020). Increased amyloidogenesis may be a neuropathological response in people who are severely or chronically exposed to
airborne neurotoxic pollutants.
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Background

Alzheimer’s disease (AD) and related dementias (ADRD) refer
to a host of age-related progressive neurodegenerative condi-
tions resulting in cognitive impairment.' Risk factors for ADRD
include low education, age, and exposures to Airborne Pollut-
ants (APx).> AD is characterized by the development of p-Am-
yloid (AB) plaques,® which often initially develop as diffuse
plaques containing predominantly one specific subtype of Ap
(AB42) and can affect substantial portions of the brain before
symptoms present. AB40, however, is also used neuropatho-
logically when forming dense-core plaques that are more severe
and usually not present until late-stage AD.’

To understand the development and spread of cerebral amy-
loidosis, many researchers use a ratio of AB42 to a reference
Ap subtype called AB40 based on the hypothesis that Ap42
declines in blood when it begins to bind to the cerebral cortex
while AB40 acts as the referent for normal levels of Ap42
expression. However, amyloidogenesis—the process of f-Am-
yloid production—may also serve an adaptive purpose when
isolating viral particles. Prior research has reported that Ap40
is upregulated following infection and could help the brain to
isolate and interrupt replication of viral particles.® Increases in
ApB40 levels, are associated with increased phosphorylated tau
burden in the cerebrospinal fluid,” neuroinflammation,'® and
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activated astrocytes.!! Thus, it is important that we better
understand the determinants of AB40 expression in humans.

Emerging research suggests that APx exposures could trigger
amyloidogenesis and may have neuropathological implications.
Indeed, APx contains a mix of contaminants and chemicals (eg,
fine particulate matter, dioxins, heavy metals, and polycyclic
aromatic hydrocarbons) that are small enough to cross the
blood-brain barrier and could induce a neuroimmune response
increase the risk of cognitive dysfunction and dementia.'>"
APx exposure has long been associated with changes in cogni-
tion in mice'* but studies of human aging have also reported a
dose-response relationship between APx exposure and lower
levels of verbal recall’” and executive functioning.'® In condi-
tions of APx exposure, researchers have reported sustained
increases in circulating levels of both Ap40 and AB42 when
examining rodents'” and among people with lengthy exposures
to traffic exhaust.'® Seeking to better understand the interpre-
tation of APx exposures and amyloidogenesis, several autopsy
studies have reported that APx exposures are associated with
evidence of metal in the brain coincident with the development
of other inflammatory signatures including gliosis'* as well as
hyperphosphorylated tau."

Following the collapse of the World Trade Center (WTC) on
September 11, 2001, survivors and first responders were
severely and repeatedly exposed to fine particulate matter and
known neurotoxic materials,” including heavy metals, polycy-
clic aromatic hydrocarbons, and persistent organic pollutants
including dioxins.?'**> Building on these exposures, studies of
WTC survivors and responders have reported that cognitive
performance was reduced among those reporting WTC expo-
sure duration® and dust exposure among WTC survivors.*
Interrogating temporal change in cognition, a recent study
clarified that WTC exposure severity was also. associated with
an increased incidence of dementia in WTC responders who
were under 65 years old* Neuroimaging studies have sup-
ported these results, showing that WTC exposure duration was
associated with hippocampal atrophy?® and neuroinflamma-
tion.?”»*$ Interrogating biomarkers, studies have reported that
dust exposures is associated with cerebral amyloidosis in
mice,”” and phosphorylated tau-181 (pTAU181) without
changes in the Ap-40/42 ratio among WTC responders.*

In this study, we hypothesized that responders who were
most severely exposed at the WTC while working in rescue and
recovery work might express heightened levels Ap40. Further-
more, we felt that if AB40 is responding to a potential exposure
to neurotoxins, then increased levels of AB40 might also be
associated with other neuropathological outcomes including
increased levels of phosphorylated tau and neurofilament-light
alongside cortical degeneration.

Methods

Ethics

This study was approved by the Stony Brook University Insti-
tutional Review Board. All participants provided written
informed consent.

Setting

Since 2016, studies of first responders who were severely
exposed to APx during response efforts at the WTC have
reported that more severe exposures are associated with

cognitive dysfunction®' and recently reported that exposures
were associated with increased levels of circulating phosphor-
ylated tau absent increased amyloid burden as measured using
the Alzheimer’s disease Ap-40/42 ratio.*

Inclusion/exclusion criteria include consenting to research
and willingness to provide plasma, successful processing and
storage of bloodwork prior to assessment. We also excluded
observations where glial fibrillary acidic protein (GFAP) values
were indicative of evidence of stroke (history of stroke or
GFAP>200)* and excluded individuals with outlying values
on other measures including for neurofilament light (NfL>50),
0.45>pTAU181>20, or 1>Ap42>20 because these values were
rare and potentially influential.

Plasma collection

Non-fasting plasma samples were collected from consented
patients during routine monitoring visits in 2019. These whole
blood samples were collected via venipuncture in BD Vacutainers
containing K2 EDTA. Samples were centrifuged at 4°C at 2000
g for 15 minutes. The supernatant (plasma) was transferred into
cryogenic vials and stored in -80°C freezers until analysis. We
used the Simoa Human Neurology four-plex assay to measure
Ap40 (lower limit of quantification [LLOQ]=1.02 picograms per
milliliter [pg/mL]), Ap42 (LLOQ=0.38 pg/mL), GFAP
(LLOQ=0.686 pg/mL) and NfL(LLOQ=0.40 pg/mL) along with
a pTAU181 single-assay kit (LLOQ=0.09 pg/mL). Assays passed
quality control procedures, and mean coefficients of variation
were within acceptable ranges (<5%). Several samples (five
pTAU181, one NfL, and one AB42) had analytes below the
LLOQ. Due to instrumentation error, we removed five partici-
pants were missing information on Ap42, AB40, and NfL, and 12
were missing information on pTAU181. Those with missing
plasma samples did not differ when compared to those whose
data were successfully assayed. Our outcome of interest in this
study was amyloidogenesis, which we proxied as the total circu-
lating levels of AB40. To facilitate comparisons between individ-
uals of different ages and genders, we normalized AB40 levels
using a calculation based on data for the least exposed WTC
responders with minimal exposures and without cardiovascular
disease (CVD) or Post-Traumatic Stress Disorder (PTSD): Nor-
malized AB40=observed AB40/expected AB40, where expected
Ap40=0.272*(Age-50)-0.050*(Age-50)*+0.263*BVol-12.73
8*Black +0.695 *Hispanic-1.316*Other+68.911.

Measures

World Trade Center Exposure Severity was measured using a
validated expert-assessed Neurotoxic Exposure Severity Index.”
This measure is a combined measure using self-reported infor-
mation about exposures, response activities, and timing mea-
sures that has five categories ranging from minimal exposure,
a category reserved for people who never reported dust expo-
sures or who consistently wore full personalized protective
equipment during their response period, to severe exposure, a
category reserved for individuals who were regularly and exten-
sively exposed to dust and other debris while conducting dan-
gerous work without personalized protective equipment.
Post-Traumatic Stress Disorder is a common psychological
response after traumatic exposures® that is associated with
symptoms of neurodegeneration®* and evidence of neuroinflam-
mation in WTC responders.”® We incorporated measures of
probable PTSD assessed using the 17-item PTSD Checklist
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(PCL) designed for the Diagnostic and Statistical Manual of
Mental Disorders, 4th edition.*® PCL items were modified to
specifically focus on WTC trauma, and the PCL score was
created by summing symptoms (Cronbach’s a=0.95).
Demographic and Medical Factors were retrieved from ques-
tionnaires and medical records. Demographics included age,
sex, race/ethnicity, educational attainment, and whether a per-
son was trained as a first responder. Medical conditions includ-
ing a history of severe or chronic head injuries including during
military service, as well as several diseases like obstructive
airway disease, cancer, and gastroesophageal disease that are
common in this population. Since cardiovascular disease (CVD)
burden is known to affect the risk of cerebral amyloid angiop-
athy (CAA), a condition that is known to involve Ap40 depo-
sition in the occipital lobe, we measured CVD using a
summation of the number of diagnosed cardiovascular diseases
including hypertension, heart disease, diabetes, and stroke.

Neuroimaging sub-study

In a subgroup of individuals, we examined correlations between
normalized Ap40 levels and cortical thickness measures derived
from our nested neuroimaging study.*” Briefly, neuroimaging was
completed on 70 participants for whom blood was also available,
and a T1-weighted magnetization prepared rapid gradient echo
sequence was completed. Cortical thickness was measured across
68 unilateral regions using Computational Anatomical Tomog-
raphy (CAT12) following an established and validated protocol.*
To simplify data analysis, we used a previously validated cortical
thickness meta-region of interest that was derived to facilitate
detection of WTC-related early-onset dementia and represents
evidence of bilateral reductions in cortical thickness in the frontal
pole, lateral and medial orbitofrontal, supramarginal, isthmus
cingulate, middle, superior, and transverse temporal, pericalcar-
ine, precentral, and rostral anterior and posterior cingulate along-
side the pars opercularis, triangularis, and orbitalis.*

Genotyping

A sub-study of participants also completed an apolipoprotein-e4
(APOEA4) genotyping study (7=690), however since APOE4 was
not associated with Ap40 distribution (Figure S1) before or after
covariable adjustment, and further since examinations of whether
APOEH4 status might moderate associations between AB40 and
serological measures of neurodegeneration, we chose not to show
genotyping results in the current study.

Statistical analyses

We began by describing the sample overall and, for descriptive
purposes alone, we stratified the sample into high versus low
exposure. Next, we examined correlations between age, CVD
burden, and WTC exposure severity with Normalized Ap40
levels. We provided scatter plots with linear best-fitting lines
to show overall direction of association. AB40 levels were not
expected to follow a Gaussian distribution, so we also provided
violin plots showing expectations for normalized AB40 levels
to show differences by exposure status. Non-Gaussian distri-
bution led us to use Spearman’s rho to examine unadjusted
associations with putative biomarkers. For multivariable-ad-
justed models, we implemented a log-Gamma model with a
robust variance estimator. Log-gamma models were used
because they accurately address distributional skew in out-
comes as a result of being measured as distributional weight

or volume in standardized serological samples.*’ Log-Gamma
coefficients were transformed to report blood volume ratios
(VR) and multivariable-adjusted volume ratios (aVR) alongside
95% confidence intervals [95% C.1.] and associated P-values.
Analyses were completed using Stata 17/MP [StataCorp].

Results

Our study included 970 individuals with exposure information
for whom plasma data were successfully measured. Of these,
46 responders were excluded due to high GFAP levels or a
history of stroke. Exclusions for outlying values resulted in loss
of seven AB42, two NfL, and four pTAU181 observations. As
shown in Table 1, the analytic sample of responders (N=905)
was predominantly male, and most had at least some college
education. The average responder was aged 55.98 when plasma
biomarkers were retrieved.

WTC exposure, CVD burden, and amyloidogenesis
To examine factors that might be associated with raw Ap40
levels (Table 2). Overall, these results showed that AB40 levels
were 104.79 in severely exposed WTC responders as compared
t0 99.09 in minimally exposed WTC responders. Interestingly,
we also found that both in raw and normalized measures, age,
CVD burden, and any WTC exposure were associated with
statistically significant increases in Ap40 levels before and after
normalization, though results were somewhat stronger when
using normalized data as compared to raw data.

Correlations among putative neurodegenerative
biomarkers

Next, we examined correlations between increased Normalized
AB40 levels and other markers of Alzheimer’s-related

Table 1. Characteristics describing the whole sample, and stratified by
minimal to mild versus moderate to severe exposures for descriptive
purposes alone.

Characteristics Sample Minimal to Moderate to
(n=905) mild exposure severe
severity exposure
(n=533) (n=372)
Age, years 58.05 (7.64) 57.16 (6.92) 59.33 (8.42)
Estimated blood 59.6 (4.82) 59.6 (4.63) 59.6 (5.09)
volume, mL
Cardiovascular disease  1.61 (0.75) 1.55(0.73) 1.7 (0.77)
burden
N (%) N (%) N (%)

Female 65(6.7%) 42 (7.6%) 18 (4.7%)
Education

High school diploma 224 (24.8%) 100 (18.8%) 124 (33.3%)

Some college 466 (51.5%) 288 (54%) 178 (47.8%)

University degree 215 (23.8%) 145 (27.2%) 70 (18.8%)
Untrained responder 242 (26.7%) 49 (9.2%) 193 (51.9%)
Supervisor 134 (14.8%) 108 (20.3%) 26 (7%)
Post-traumatic stress 1.62 (0.75) 1.5 (0.65) 1.8 (0.84)
disorder, Sx
Obstructive airway 134 (14.8%) 108 (20.3%) 26 (7%)
disease
All-cause cancer 40 (4.4%) 23 (4.3%) 17 (4.6%)

We report frequency (%) or means (standard deviations).
Abbreviations: mL; milliliters; Sx, symptom severity.
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Table 2. Plasma blood volume ratios (VR) and 95% confidence intervals derived from log-gamma generalized linear models showing associations with

normalized Ap40 levels.

Unadjusted model

Multivariable-adjusted model

Characteristics VR 95% CI P aVR 95% CI P
Age, years 1.014 1.012-1.016 <.001 1.014 1.012-1.016 <.001
Cardiovascular disease burden 1.058 1.038-1.078 <.001 1.059 1.039-1.079 <.001
WTC neurotoxic exposure severity
Minimal 1.000 1.000
Mild 1.078 1.018-1.141 .010 1.080 1.020-1.142 .008
Moderate 1.083 1.021-1.147 .008 1.091 1.029-1.156 .003
High 1.105 1.026-1.191 .008 1.119 1.038-1.205 .003
Severe 1.095 1.004-1.194 .040 1.112 1.018-1.215 .019

Multivariable-adjusted models account for age, sex/gender, race/ethnicity, education, occupation, supervisor status, PTSD symptom severity, obstructive
airway disease, all-cause cancer, blood volume, and cardiovascular disease burden.

Abbreviations: aVR, multivariable-adjusted distribution volume ratios estimated from a log-Gamma model; PTSD, post-traumatic stress disorder; VR,
distribution volume ratios estimated from a log-Gamma model; WTC, World Trade Center; 95% CI, 95% confidence interval.

Table 3. Spearman'’s correlations between normalized p-amyloid levels in
plasma, and biomarkers of cerebral damage.

Non- Multivariable-adjusted
parametric log-gamma coefficient
unadjusted
correlation
Plasma levels Rho P B SE P
Phosphorylated Tau 181 0.16 <.001 0.384 0.083 <.001
B-Amyloid42 0.54 <.001 0.635 0.033 <.001
Neurofilament light 0.16 <.001 0.436 0.065 <.001
Glial fibrillary acidic 0.14 <.001 0.431 0.054 <.001
protein
Ratios

Amyloid ratio, AB40/42 0.31 <.001 0.245 0.033 <.001
Amyloid-linked tauopathy, -0.28 <.001 -0.480 0.091 <.001

pTAU181/Ap42

Neurodegenerative tau, 0.18 <.001 0.539 0.078 <.001
pTAU181 & NfL

Neuroinflammation, -0.02 .593  0.007 0.070 .923
GFAP/NfL

Multivariable-adjusted models account for age, sex/gender, race/ethnicity,
education, occupation, supervisor status, PTSD symptom severity,
obstructive airway disease, all-cause cancer, blood volume, and cardiovascular
disease burden.

Abbreviations: Ap, p-amyloid; GFAP, glial fibrillary acidic protein; NfL,
neurofilament-light; pg/mL, picograms per milliliter; PTSD, post-traumatic
stress disorder; SE, standard error.

eurodegeneration (Table 3). Bivariate correlational analyses
(first column) showed consistent, positive associations between
higher levels of Normalized AB40 and higher levels of
pTAU181, NfL, and GFAP as well as variation in the cerebral
tauopathy, and neurodegenerative tauopathy ratios. As would
be expected, Normalized AB40 was associated with higher
amyloid ratios consistent with reduced cerebral amyloidosis.
After adjusting for confounders (second column), log-Gamma
models revealed statistically significant associations between
Normalized AB40 and higher levels of pTAU181, NfL, and
GFAP. Similar associations were evidence in ratio measures of
neuropathology.

Neuroimaging results

To address the concern that elevated cerebral immune response
in plasma could cause biased results when examining other
biomarkers in blood, we next validated these results using

results from the structural neuroimaging study (Figure 1).
These analyses revealed that increased Ap40 was moderately
associated with evidence of cortical atrophy across WTC-re-
lated regions of interest (rho=-0.29, P=.02) and appeared
somewhat stronger among cognitively impaired responders
(rho=-0.41, P=.02).

Discussion

Amyloid burden is a topic of interest across studies of blood-
based biomarkers in Alzheimer’s disease. Many researchers use
a ratio of Ap40 and AB42 based on the hypothesis that Ap42
declines when it begins to bind to the cerebral cortex, while
AB40 is used as a generic reference. In this study of WTC
responders, we examined AB40 levels with and without nor-
malization and found that higher AB40 levels in the blood
increased with age and were associated with both CVD burden
and WTC exposure severity. These findings suggest that using
AB40 to normalize AP42 levels are likely to be biased by the
degree of CVD burden and by potential neurotoxic exposures.
Nevertheless, we have also shown that increased levels of AB40
are associated with increases in other blood-based biomarkers
and, also, with reduced cortical thickness.

Severe or prolonged exposures to air pollution (APx) pro-
duce long-term effects on a person’s physical health. These
particulates are small enough to affect not just the respiratory
system but also the cortices of the brain, resulting in decreased
cognitive function.*! Symptoms appear to include cognitive
impairment, often at midlife,"” accompanied by relatively
unique signs of neurodegeneration in the cerebral®” and cere-
bellar cortices* and in the hippocampus.?® In this study, we
examined whether increased amyloidogenesis as measured in
plasma was associated with other biomarkers of neurodegen-
erative diseases. The findings in this study supported a model
where exposure severity correlated to an increase in amyloi-
dogenesis, and corresponding evidence of phosphorylated tau-
181, neurofilament-light, and cortical atrophy.

This study follows on a mouse modeling study that showed
that inhaled exposure to WTC dust resulted in an amyloi-
dogenic response, causing both an increase in AB40 and Ap42
levels in the rodent hippocampus, results that were accompa-
nied by increases in glial activation in a second rodent model.**
Here, we similarly reported increases in circulating Ap40 levels
were coincident with increases in circulating Ap42 and with
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Figure 1. Scatter plot showing the correlation between lower cortical thickness and higher plasma distribution of (A) normalized AB40 (rho=-0.29, P=.02),
(B) Ap42 (not significant), and the (C) AB-40/42 ratio (not significant) in a nested study of responders who completed neuroimaging (n=70). For descriptive
purposes, gray squares indicate responders with mild to severe cognitive impairment while hollow squares show individuals who are cognitively

unimpaired. Exp., expected; Obs., observed; Std., standardized; WTC-ROI, a World Trade Center (WTC) signature meta-region of interest (ROI) established

on cortical thickness analysis.

increases in glial activation as measured using GFAP, as well
as with axonal injury as measured using both cortical thickness
and Neurofilament-light. These results match well with studies
showing changes in cerebral amyloid in mice exposed to
inhaled WTC dust.” Together with prior results showing that
increases in WTC exposure duration were associated with
increased glial activation as measured using translocator pro-
tein?” coupled with evidence of neuroinflammation in the hip-
pocampi,” our results suggest that amyloidogenesis might be
a central part to the brain’s response to neurotoxic infiltrate.
Interestingly, we found that Ap40 was associated with expo-
sures but not with APOE4 allele possession. Studies suggest
that the impact of APOE4 on the risk of AD is predominantly
characterized by variability in levels of circulating Ap42 rather
than levels of Ap40,* resulting in the use of the Ap40/42 ratio
in studies of AD. Here, we propose that Ap40 levels, which are
used as a putative reference category, may be biased in part by
neurotoxic exposures that is not associated with genotype.
However, genotype does predict risk of cognitive decline in this
population**and prior research has also found that APOE4
allele possession increases the association between WTC

exposure duration and incidence of MCL** Explanations for
variation in findings may include that genotype affects the onset
of symptoms following neuropathology. APOE4 could also
reduce cognitive reserve in APx exposure, though such results
have not been generally found in previous studies of AD.*
Further work is needed to determine the effect of genotype in
the context of APx exposure.

To date, relatively little is known about the distal conse-
quences and mechanisms linking WTC exposures to neurode-
generation and the role that Ap40 might play. One theory is
that there is a direct association between exposure and tauop-
athy, as shown in a study of mice introduced to ambient out-
door fine particulate air pollution for a period of three months
that produced increased level of phosphorylated tau in the
olfactory bulb and hippocampus.* In each case, studies have
shown that phosphorylated tau presents a significant intercor-
relation with memory across several studies including in the
present cohort.*” However, researchers have noted that the
presence of amyloidogenesis in humans may be an indicator of
the presence of CAA among individuals with comorbid Alz-
heimer’s disease,” a condition that can increase the disease
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severity. This presents further opportunities for longitudinal
studies to examine how changes in amyloidogenesis might be
correlated with cognitive performance and decline.

Strengths and limitations

This study is subject to several important limitations. First,
while the distribution of AB40 and Ap42 was measured, there
are other amyloid proteins that were not measured, and little is
known about their role in this process. However, unlike in imag-
ing studies, we could analyze the presence of these two factors
and could therefore, for the first time, also show that while the
ratio of AB40 might increase consistent with a cerebral amyloi-
dosis, this increase was associated with an increase in Ap40
rather than a decrease in Ap42 as is generally hypothesized.

Second, while APx exposures at the WTC sites are not
unique, the severity and complexity of the exposure is unique.
Several chemicals that were common in the WTC dust include
extremely toxic substances including dioxins and furans that
are more heavily regulated now than they were in the 1970s
when the WTC was built. Similarly, the airplanes and jet
engines were a sizable part of the detritus on the ground that
burned throughout the response periods, and these are made
up of high-temperature alloys that are uncommon in the gen-
eral population. Thus, the generalizability of this exposure to
other APx exposures remains unclear.

Third, while studies have shown that plasma produces equal
or better predictors of cognitive decline in several biomarkers
when compared to measures of cerebral spinal fluid,’" this is
not generally true of serological measures of amyloid since, in
part, amyloid is not expressed in the brain and can be recruited
to respond to pathology in other organs.*

Fourth, as the population is predominately White males, the
sample population lacks power when it comes to these findings
being definitively significant for both women and those of
minority background. This study also does not have an external
control group comprised of non-responders who were not
exposed to the aftermath of the WTC attacks for comparison.

Finally, since there were 18 years between the 9/11 disaster
and blood draw, there may be additional factors including
chronic exposure to residential or occupational air pollutants,
or other unobserved factors that could modify the distribution
of Ap40 in this sample.

Conclusion

Amyloidogenesis may be dysregulated by exposures to APx, and
by older age and the presence of CVD. This may imply that
Amyloidogenesis may bias levels of Ap40 in serology and may
therefore become a poor reference score for identifying ADRD
in some populations. In addition, our finding that the increased
distribution of Amyloidogenesis was associated with decreased
cortical thickness in the brains of neuroimaged responders with/
without cognitive impairment who lacked evidence of stroke
implies, further, that not only are AB40 levels changed by these
factors but that such changes may be pathogenic. These findings,
coupled with others,”” may suggest that exposures to dust and
fumes from an uncontrolled building collapse has the potential
to cause a toxic encephalopathy with a lengthy latency period
potentially consistent with a latent form of Type II toxic enceph-
alopathy.”® Future work is warranted examining the potential
role of Ap40 in this condition and, also, its correlation with cere-
bral amyloidosis or tauopathy in studies of cerebral etiology.
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