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Abstract

Background—Precuneus choline acetytransferase activity reduction co-occurs with greater 3
amyloid (AB) in Alzheimer's disease (AD). Whether this cholinergic deficit associates with
alterations in nerve growth factor (NGF) signaling and its relation to Af plaque and neurofibrillary
tangle (NFT) pathology during disease onset is unknown.

Methods—~Precuneus NGF up and down stream signaling levels relative to Ap and NFT
pathology were evaluated using biochemistry and histochemistry in 62 subjects diagnosed
premortem as non cognitively impaired (NCI, n=23), mild cognitively impaired (MCI, n=21) and
mild to moderate Alzheimer's disease (AD, n=18)

Results—Immunoblots revealed increased levels of proNGF in AD but not MCI, whereas its
cognate receptors were unchanged. There were no significant differences in protein level for the
downstream survival kinase-signaling proteins Erk and phospho-Erk among groups. Apoptotic
phospho-JNK, phospho-JNK/INK ratio and Bcl-2 were significantly elevated in AD. Soluble
AB1_s2 and fibrillar AR measured by [3H] Pittsburgh compound-B (PiB) binding were significantly
higher in AD compared to MCI and NCI. The density of plaques showed a trend to increase, but
only 6-CN-PiB positive plaques reached significance in AD. AT8, TOC-1 and Tau C3 positive
NFT density were unchanged, whereas only AT8 positive neuropil thread density was statistically
higher in AD. A negative correlation was found between proNGF, phospho-JNK, Bcl-2 levels and
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phospho-JNK/JNK ratio and cognition, whereas proNGF correlated positively with 6-CN-PiB
positive plaques during disease progression.

Conclusions—Data indicate that precuneus neurotrophin pathways are resilient to amyloid
toxicity during the onset of AD.
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tau

Introduction

The precuneus, a component of the default mode network (DMN), is implicated in episodic
memory retrieval (1) and displays high metabolic activity during conscious rest and
selectively deactivates during non-self-directed cognitive tasks in the healthy brain (2, 3, 4),
but is dysregulated in aging (5) and its ability to inactivate during cognitive tasks is
compromised at the earliest stages of AD even before cognitive impairment (6, 7, 8).
[3H]PiB (PiB) amyloid imaging reveals that the DMN is vulnerable to AB deposition in the
earliest, pre-clinical stages of the disease (9, 10, 11). There is also an overlap between
synaptic failure, functional disconnection and amyloid in the DMN in MCI (12), linking AB
and connectivity disruptions within the DMN prior to clinical onset of dementia (13). The
precuneus also displays a greater degree of atrophy in early compared to late onset AD (14,
15, 16) and a reduction in synapse number in AD but not MCI (17).

Precuneus cholinergic activity is reduced in AD but not MCI and co-occurs with increased
amyloid burden (18). A plays a key role in cholinergic dysfunction due to alterations in
interactions between NGF/proNGF and its cognate high affinity TrkA and low affinity
p75NTR receptors (19, 20, 21), which underlie cholinergic basal forebrain neuron survival.
We have shown a shift in upstream and downstream NGF/proNGF signaling from cell
survival to cell death within the lateral parietal cortex (22, 23) and hippocampus (24) during
AD progression. Whether precuneus neurotrophic NGF signaling pathways are altered in
relation to amyloid and NFT deposition during AD progression is not known. Therefore,
expression levels of NGF/proNGF, TrkA and p75NTR as well as cell survival and pro-
apoptotic downstream NGF activated pathways relative to AB and tau pathology were
examined in precuneus tissue from people who died with a clinical diagnosis of NCI, MCI
or AD. Neurochemical changes were correlated with cognitive and neuropathologic
variables.

Subjects and Methods

Subjects

Study included 62 cases diagnosed as NCI (18F/5M), MCI (15F/6M) and AD (10F/8M)
from the Rush Religious Order Study (RROS) (25, 26, 27) and University of Kentucky
Alzheimer's Disease Center (UKADC) (28, 29) (see Table 1). Participants agreed to an
annual premortem clinical evaluation and brain donation at death. Human Investigations
Committees of Rush University and University of Kentucky approved the study.
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Clinical and Neuropathological Evaluations

Tissue

Antibodies

Clinical criteria for diagnosis of AD, MCI and NCI have been reported (25, 27, 28, 29, 30).
Five RROS and six UKADC cases were amnestic MCI (31). Mini Mental Score
examination (MMSE) was performed within 2 years of death. Available for RROS cases
were a global cognitive z-score (GCS) comprising 19 tests and an episodic memory z-score
(see Supplement 1).

Frozen precuneus was homogenized (150 mg/mL) on ice in phosphate-buffered saline (PBS)
and processed for [3H]PiB, AB ELISA and western blotting (see Supplement 1). Precuneus
from the other hemisphere was dissected and fixed in 4% paraformaldehyde (pH 7.4) for 5
days, cryoprotected and cut frozen into 40 um series and stored until processing (24, 30).

Antibody characterization and specificity are reported in Supplement 1 and Table S1 in
Supplement 1.

Quantitative immunoblotting

Proteins were denatured in sodium dodecy! sulfate (SDS) loading buffer to a final
concentration of 5 mg/mL. Proteins (50 pug/sample) were separated by 8%-16% or 7.5%
SDS-PAGE and transferred to polyvinylidene fluoride membranes electrophoretically (24,
32) Protein signals were normalized to B-tubulin and samples analyzed in three independent
experiments (see Supplement 1 for additional details).

In vitro [3H]PiB binding assay

[3H]PiB binding was performed in RROS cases (33). Unlabeled PiB was dissolved in
dimethyl sulfoxide (DMSO) at 400uM to yield <1% DMSO. [3H]PiB (1nM; American
Radiolabeled Chemicals, St. Louis, MO; specific activity 72.4 Ci/mM) was incubated with
100 pg of tissue in 1 mL PBS. Non-specific binding was defined as the number of counts
remaining in the presence of 1 M unlabeled PiB. Filters were counted in Cytoscint-ES,
results corrected for non-specific, non-displaceable binding in the presence of 1 M PiB and
values expressed as pmol [3H]PiB bound per gram of wet tissue weight. Bound [3H]PiB
correlates with total number of PiB binding sites (34) and mimics the low nanoM
concentrations of [3H]PiB achieved in human positron emission tomography (PET) brain
imaging.

AB enzyme linked immunoadsorbant assay (ELISA)

AP1_4o peptide concentration was quantified in diethylamine soluble Ap fractions prepared
by centrifuging precuneus homogenate (RROS samples) at 135,000 x g at 4° C for 1 hour
and neutralizing the supernatant with 0.5M Tris-Cl. Af concentration was assayed using a
fluorescent-based ELISA (Biosource, Camarillo, CA) with a capture antibody specific for
the human AB NH2-terminus (amino acids 1-16), and detection antibodies specific for the
42 amino acid end of AB (18). Values were determined from standard curves using synthetic
APB1_4» peptide (Biosource) and expressed as pmol/g wet brain tissue.
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Histofluorescence and Immunohistochemistry

Plaque load

Precuneus sections from six randomly chosen RROS cases per clinical group were stained
with X-34 and 6-CN-PiB to examine fibrillar plaques (33, 35). Sections were incubated in a
10 mM 6-CN-PiB solution (45 minutes), dipped in 0.1 M PBS, followed by a 1-min
differentiation in 132.9 mM NaCl, 8.7 mM K,;HPO4 and 1.5 mM KH,POy4 (pH 7.4)
solution. Additional sections were processed for X-34 (0.04 g/L), which detects the full
spectrum of amyloid pathology, or immunostained for 6E10 (APP/AR) as well as AT8 (early
tau phosphorylation), TOC-1 (oligomeric tau) and Tau C3 (late tau truncation; see Table S1
in Supplement 1 and Supplement 1 for additional methods).

The two main morphological types of plaques included cored and diffuse (non-cored)
plaques, which were quantified either separately or together in tissues sections processed for
6-CN-PiB or X-34. First the percent area was determined for all plaques, regardless of
morphology, and this produced “total plaque load” for each of the two markers. Next, we
quantified separately “diffuse plaque load” for each of the two markers; this was performed
by manually deleting cored plaques when determining diffuse plaque load (see Supplement
1 for additional methods).

AB plaque, NFT and neuropil thread (NT) density

Density of AP plaques, NFTs and NTs were evaluated using 6E10, AT8, TOC-1 and Tau C3
antibodies. Plaques, NTs and NFTs were counted in one to two sections under a 10x
objective in five random fields with a size of 1.13 mmZ2. Mean was calculated from counts of
five different fields per section.

Statistical analysis

Results

Data were compared across clinical groups using non-parametric tests, which are more
robust to outliers and non-normality (i.e., Kruskal-Wallis test or Fisher's exact test, with
Dunn's correction for multiple comparisons). Spearman rank correlation or Wilcoxon rank-
sum test assessed variable associations. Plaque load and tau densities were log-transformed
(adding 1 to original value and calculating the natural logarithm (In)) to reduce outlier
effects. Statistical significance was set at 0.05 (two-sided). Due to the large number of
analyses performed, p-values between 0.01 and 0.05 were interpreted with caution (see
Supplement 1 for additional details).

Case demographics

Clinical diagnostic groups NCI (14 RROS and 9 UKADC), MCI (15 RROS and 6 UKADC)
and mild to moderate AD (14 RROS and 4 UKADC) did not differ by age, gender,
education, postmortem interval or brain weight (see Table 1). There were significantly more
ApoE4 allele cases in the MCI (48%) than in NCI (4%) group. Cognitive function (MMSE,
GCS, episodic memory z-score, and the 7 individual episodic memory tests) was
significantly lower in AD compared to MCI and NCI, while differences between the latter
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two groups did not reach statistical significance (see Table 1). Neuropathology revealed that
94% of AD compared to ~60% of NCI and MCI cases, were Braak stages 111-V1. Using
NIA-Reagan criteria, 26% of NCI, 50% of MCI, and 89% of AD cases were classified as
intermediate to high likelihood of AD (Table 1). Consortium to Establish a Registry for
Alzheimer's Disease (CERAD) diagnosis revealed that 35% of NCI, 65% of MCI, and 94%
of AD cases were probable or definite AD. Among the 3 clinical groups we found
significant differences in Braak scores, NIA-Reagan diagnosis, and CERAD diagnosis.
While the differences between NCI and AD were statistically significant for these
neuropathologic criteria, only the NIA-Reagan diagnosis showed significantly more
advanced pathology in MCI compared to NCI, and significantly less pathology compared to
AD.

ProNGF, TrkA, p75NTR and sortilin receptor levels

Precuneus proNGF levels were elevated 13% in MCI and a significant 30% in AD compared
to NCI (Fig.1A). No differences in sortilin (Fig. 1B), TrkA (Fig. 1C and D) or p75NTR (Fig.
1C and E) levels were detected across groups (see Table 2). Sub-analysis revealed increased
TrkA levels in amnestic compared to non-amnestic MCI subjects (p = 0.002). A second sub-
analysis revealed no difference in proNGF levels between AD cases neuropathologically
characterized as moderate Braak (111-1V) compared to severe Braak (V-VI) scores.

Erk and phospho-Erk levels

Precuneus levels of total Erk (Fig. S1A), phospho-Erk (Fig. S1B) and the phospho-Erk to
total Erk ratio were comparable across groups (Fig. S1C and Table 2). There was no
difference between amnestic and non-amnestic MCI cases.

JNK, phospho-JNK and Bcl-2 levels

Although total INK levels remained stable across clinical groups (Fig. 2A), phospho-JNK
was increased 23% in MCI and significantly increased 85% in AD compared to NCI (Fig.
2B). The ratio of phospho-JNK to JNK was significantly increased in MCI (32%) and AD
(97%) compared to NCI, while MCI and AD did not reach statistical significance (Fig. 2C).
Bcl-2 levels showed a modest increase in MCI (12%) and AD (27%) compared to NCI, and
only AD and NCI differed significantly (Fig. S2 and Table 2). No differences in these
protein levels occurred between amnestic and non-amnestic MCI cases. A sub-analysis
revealed no differences in phospho-JNK and the ratio of phospho-JNK to JNK or Bcl-2
levels between AD cases neuropathologically characterized as moderate Braak (I11-1V)
compared to severe Braak (V-VI) scores.

AB1_4» soluble and [3H]PiB binding levels

Both soluble AB1_4; levels and [3H]PiB binding levels were significantly higher in AD

compared to NCI and MCI, but with no difference between the NCI and MCI groups (Table
S2 in Supplement 1) as reported previously in a study using 19 of the current cases (18). No
differences in these binding levels occurred between amnestic and non-amnestic MCI cases.
A sub-analysis revealed no difference in AB;_4 soluble and [3H]PiB binding levels between
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AD cases neuropathologically characterized as moderate Braak (111-1V) compared to severe
Braak (V-VI) scores.

Plague pathology

Although qualitative examination of APP/Af (Fig. 3A-C), 6-CN-PiB (Fig. 5D-F) and X-34
(Fig. 3G-H) positive plaques suggest an increase in MCI and AD compared to NCI (Table
S3in Supplement 1), statistical analysis of total (compact/cored and diffuse) 6-CN-PiB and
X-34 plaque load and APP/AR plaque density revealed no differences across groups (Table
S3in Supplement 1). Only the comparison for 6-CN-PiB compact/cored (neuritic) profiles
reached statistical significance, with the AD plaque load significantly higher than NCI
(Table S3 in Supplement 1). Compact/cored 6-CN-PiB-plaque load was significantly higher
than diffuse 6-CN-PiB plaque loads in AD (p = 0.026), whereas no differences were
observed in the other two groups.

Tau pathology

Qualitative examination revealed very few AT8, TOC-1 and Tau C3 immunoreactive (ir)
NFTs across clinical groups (Fig. 4 and Table 3). In fact, 14 (78%) of cases did not display
Tau C3 positive NFTs. By contrast, AT8 and TOC-1-ir NTs were consistently more
abundant in AD (Fig. 4C, F and Table 3). Median AT8-ir NT density was 7.2, 47.3, and 92.3
per mm?2 in NCI, MCI and AD, respectively (Table 3). Post hoc analysis revealed that AT8-
ir NT density was significantly higher in AD compared to NCI, but not with MCI. However,
TOC-1 positive NT density did not differ statistically (Table 3). Although Tau C3 positive
NT median density was lowest in MCI (0.3 per mm?2) compared to NCI or AD (median 1.6
and 4.5 per mm?) (Table 3), statistical analysis did not reveal changes between clinical
groups.

Biochemical, plaque and tau pathology associations

Increased proNGF levels were positively correlated with sortilin (r = 0.40, p = 0.0013) and
negatively correlated with TrkA levels (r = -0.31, p = 0.013). There was a weak positive
correlation between proNGF and phospho-Erk (r = 0.26, p = 0.043), but not between
proNGF and the other proteins examined. ProNGF showed the strongest and most consistent
correlation with plagque pathology (r = 0.30-0.54 for diffuse and neuritic 6-CN-PiB and X34
plaque loads). Phospho-JNK and the p-JNK/INK ratio also correlated with plaque pathology
(r = 0.26-0.36). Only the correlation between proNGF level and 6-CN-PiB neuritic plaque
load reached significance (Fig. S3A, r = 0.54, p = 0.021).

The association between proNGF and NFTs and NTs was more pronounced. Precuneus
proNGF levels were significantly correlated with the density of AT8 and TOC-1 positive
NFTs and NTs (Fig. S3B-E, r = 0.54-0.60, p = 0.008-0.027) and to a lesser extent, the
density of Tau C3 NTs (r = 0.47, p =0.049). No association was found between proNGF and
the absence/presence of Tau C3-ir NTFs (Fisher's exact test, p = 0.2). We found that sortilin
levels correlated with TOC-1 and Tau C3 NT density (r = 0.52-0.59, p = 0.016-0.031),
though less with AT8 and TOC-1 NFT and AT8 NT densities (r = 0.37-0.46, p = 0.06-0.13).
Phospho-JNK correlated with AT8 positive NFT and NT density (Fig. S3F, r = 0.57-0.60, p
= 0.0086-0.013), but less with TOC-1 NFT and NT or Tau C3 positive NT density (r =
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0.31-0.41, p = 0.10-0.21). Phospho-JNK/INK ratio correlated with AT8 positive NFT and
NT density (r = 0.48-0.56, p = 0.015-0.042); its correlation with TOC-1 and Tau C3
pathology was less evident (r < 0.30, p > 0.2).

Although AB1_42 and [3H]PiB binding positively associated (r = 0.64, p < 0.0001) with each
other, neither correlated with proNGF or other upstream or downstream proteins examined.
[3H]PiB binding did exhibit a strong correlation with tau pathology, especially AT8 and
TOC-1-ir NFT and NT densities (r = 0.52-0.60, p = 0.012-0.038). A similar pattern was
observed between AB1_4» and AT8 and TOC-1 but correlations were weak (r = 0.34-0.42, p
=0.10-0.19). Total and diffuse X-34 and 6-CN-PiB plaque loads and APP/AB (6E10)-ir
plaque density correlated with AT8 and TOC-1 pathology (r = 0.46-0.75, p = 0.0004-0.049).
Correlation between 6-CN-PiB plaque loads and TOC-1 positive NT density was not
significant (r = 0.45, p = 0.07).

Biochemical, clinical and neuropathological associations

Only levels of phospho-JNK and phospho-JNK/JNK ratio showed a negative association
with cognitive function (GCS and episodic memory z-score, r = -0.41 and -0.33, p = 0.010
and 0.036, respectively; MMSE, r = -0.25, p = 0.060) (Fig. S4A and B). The association
between phospho-JNK/INK and episodic memory was due to a strong correlation (Fig. S4C,
r =-0.45, p = 0.0036) between phospho-JNK/INK and East Boston Memory (EBM)
immediate recall test. EBM immediate recall showed a significant negative correlation with
phospho-JNK and Bcl-2 (r = -0.36 and -0.35, p = 0.022 and 0.027, respectively) (Fig. S4D).
Bcl-2 showed a negative correlation with MMSE (r = -0.30, p = 0.021). Only proNGF levels
correlated with increased neuropathology (Braak scores (r = 0.32, p = 0.011); Reagan (r =
0.49, p < 0.0001); CERAD (r = 0.46, p = 0.0002).

Precuneus AB1_4» values correlated with reduced cognitive function (MMSE (r = -0.45, p =
0.004); GCS (r =-0.55, p < 0.001); episodic memory z-score (Fig. S4E, r =-0.62, p<0.001)
and increased neuropathology (Braak scores (r = 0.38, p = 0.013); NIA-Reagan (r = 0.43, p=
0.0042); CERAD (r = 0.46, p = 0.0023). [3H]PiB binding values were negatively correlated
with cognitive function (MMSE (r=-0.56, p < 0.0001); GCS (r =-0.53, p = 0.001); episodic
memory z-score (Fig. S4F, r = -0.61, p < 0.0001) and positively with neuropathology (Braak
scores (r = 0.62, p < 0.0001); Reagan (r = 0.69, p < 0.0001); CERAD (r = 0.61, p < 0.0001).
Both AB1_4» and [3H]PiB binding correlated with episodic memory test scores (data not
shown).

Discussion

The neurotrophin NGF is responsible for the differentiation, survival and maintenance of the
cholinergic basal forebrain projection (CBF) neurons, which provide the major cholinergic
innervation to the precuneus (36, 37). NGF is synthesized from its precursor molecule,
proNGF, the major form found in human brain (38), which plays a key role in cellular
apoptosis by binding with a higher affinity to p75NTR (39, 40, 41, 42, 43) than TrkA (44).
We found that precuneus proNGF levels were increased in AD but not MCI, which contrasts
to increased proNGF in lateral parietal cortex in both MCI and AD (23) but similar to frontal
(38, 44, 45) and entorhinal cortex (46) and hippocampus (38, 44) in AD. These data suggest
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that alterations in proNGF are not uniform across brain regions during the onset of AD. The
mechanisms underlying the differential changes in cortical proNGF remain unknown. One
factor may be an alteration in NGF metabolic activity. Altered activity of components of the
extracellular complex protease cascade (e.g., MMP-9 and plasmin), which is involved in the
maturation and degradation of NGF (47) is upregulated in AD (48) resulting in an
accumulation of proNGF. Perhaps these proteases are not dysregulated in the MCI
precuneus allowing stable metabolic regulation. Another possibility may be related to the
increase in amyloid load seen in our AD cases. In this regard, animal studies have shown
that over-expression of APP/Af (49) and AP oligomers (50) increase hippocampal NGF/
proNGF levels and activate MMP-9 (50). We found that proNGF levels were not associated
with increased soluble ABy_s> or fibrillar A [3H]PiB binding, but rather to compact/cored
6-CN-PiB positive plaque load, which was significantly higher in AD, suggesting that AR
soluble forms are not needed for proNGF upregulation. Precuneus proNGF levels were
positively associated with the AT8 and TOC-1 NFTs and NTs density (51) and Braak scores
across clinical groups. We speculate that parenchymal changes induced by fibrillar A
deposits (52, 53, 54), such as dystrophic neurites, drive the local accumulation of precuneus
proNGF and tau (55), due to disrupted transport mechanism(s) (51). Interestingly, the
density of neuritic plaques correlate better with cognitive deficits than total plaque load
highlighting the importance of these lesions in AD (56). Precuneus proNGF levels correlated
negatively with Reagan and CERAD scores indicative of an association with disease
pathology.

We found no changes in precuneus IrkA, p75NTR and sortilin levels across clinical groups.
ProNGF binds with higher affinity to p75NTR, which is enhanced in the presence of sortilin
to induce apoptosis (39, 40, 41, 42, 43, 46, 57). Homeostatic regulation of these receptors
together with proNGF results in receptor internalization and retrograde transport of this
signaling complex (58) to activate downstream pathways involved in cholinergic basal
forebrain neuron survival and maintenance (38, 44). Under appropriate conditions proNGF
alone activates neurotrophic activity (38, 44, 59) via TrkA binding (38, 44). Cortical TrkA
expression levels are susceptible to regional and temporal differences during disease onset
(32, 24). The anterior portion of the nucleus basalis provides the main source of cholinergic
innervation to the precuneus and displays less pathology than posterior subfields (60). Gene
array studies of single anterior cholinergic neurons revealed an intermediate down regulation
of TrkA expression in MCI, and a significant reduction in mild to moderate AD, while
p75NTR gene expression was unchanged (61). Since we have not found any change in the
levels of p75NTR during disease progression, similar to other cortical regions (24, 32), it is
unlikely that there would be a change in precuneus vulnerability to amyloid. Since both
receptor levels were unchanged in the precuneus, it is possible that there is a compensatory
upregulation of TrkA protein levels reminiscent of that found in the AD hippocampus (24).
We reported reduced choline acetyltransferase (ChAT) activity in association with increased
[3H]PiB binding and soluble AB1_42 only in the AD precuneus (18) which contrasts with
ChAT activity upregulation in the superior frontal cortex and hippocampus in MCI (62, 63).
Together these data reflect a selective cortical topographic vulnerability of CBF neuron
projections sites to disease (60). Moreover, the resilience of neurotrophin signaling may
mitigate the effects of the degenerative signaling within the precuneus.
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Binding NGF/proNGF and TrkA triggers downstream cascades leading to intracellular
events that promote neuronal survival. Erk is activated by TrkA phosphorylation and turns
on nuclear effectors involved in gene transcription (64). Similar to the hippocampus (24), we
found that precuneus levels of total Erk, phospho-Erk and phospho-Erk/Erk ratio were
unchanged among the clinical groups examined. Conversely, the stress-activated kinase
phospho-JNK, and the ratio of phospho-JNK to JNK were significantly increased in the AD
precuneus, while total INK levels remained stable across clinical groups similar to the AD
hippocampus (24). We also found a significant upregulation in Bcl-2 levels in AD but not
MCI. Bcl-2, a component of JNK signaling, is involved in the activation of apoptotic
enzymes (65). We hypothesize that proNGF, which binds with high-affinity to p75NTR (46),
could, at least in part, be responsible for the activation of INK apoptotic pathways in AD.
We detected a positive relationship between phospho-JNK and the density of AT8-ir NFTs
and NTs during disease onset lending support to the observation that JNK activation
mediates tau phosphorylation at Ser202/Thr205 (AT8) (66, 67), a pretangle marker (68). The
correlation between phospho-JNK and tau suggests a role for the former in NFT and NT
formation. Alternatively, we do not rule out that tau could induce JNK alterations. Our data
revealed a relationship between Bcl-2, phospho-JNK and phospho-JNK/INK ratio with the
EBM test. Since the precuneus is involved in retrieval and formation of episodic memory,
these data suggest that activation of INK pro-apoptotic signaling plays a role in episodic
memory disturbances in AD.

We found that fibrillar amyloid detected by [3H]PiB binding and soluble AB;_4» levels were
significantly higher in AD compared to NCI, whereas no differences were found between
MCI and AD or MCI and NCI. In vivo [11C]PiB PET amyloid imaging has revealed
precuneus AP deposition prior to clinical AD (9, 11). Histological examination revealed that
6-CN-PiB positive compact/cored plaque load was significantly higher in AD compared to
NCI, whereas no differences in X-34 or 6-CN-PiB diffuse or total plaque load, or number of
APP/AB (6E10)-ir plaques were found across clinical groups. An association between
precuneus [*1C]PiB binding retention and 6E10-ir plague number occurs in non-demented
subjects (69). Our 6E10-ir plaque counts in MCI do not support high in vivo PiB binding
levels prior to clinical AD (9, 11). This discrepancy could be explained by differences in
cohorts, techniques (in vivo versus in vitro), or that [11C]PiB binds to other non-fibrillar AB
related proteins. Our data support previous observations that values of [*H]PiB binding and
soluble ABq_4 in the precuneus correlate negatively with MMSE, CERAD, episodic
memory, indicating an interaction between amyloid and cognition late in AD (18). A
fundamental question related to PiB binding is whether visualized amyloid accumulation is
linked etiologically to cognitive impairment or secondarily to some other pathologic
process.

Here the density of neurons expressing AT8, oligomeric TOC-1 and truncated tau C3 were
unchanged across clinical groups, whereas the AT8-ir NTs density was significantly higher
in AD. The significant increase in the density of NTs may indicate that tau phosphorylation
is initiated first in neurites prior to somal expression (68) suggesting that precuneus NFTs
are in an early developmental stage. Density of precuneus tau pathology is associated with
diffuse rather than compact/cored plaques, 6E10-ir plaques and [3H]PiB binding, but not
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with soluble AB;_4, across groups. Although we found a parallel increase and interaction
between plaque pathology and tau changes, differences among the clinical groups were not
significant until the onset of clinical AD, similar to earlier studies (70, 71). Figures 5 and 6
summarize our findings and suggest that A was insufficient to drive proNGF signaling
dysfunction in MCI, perhaps reflecting a slow progression of AD pathology or resilience of
the precuneus to AP toxicity (17, 72).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Representative immunoblots and box plots of precuneus levels of proNGF, TrkA, p75NTR
and sortilin in cases clinically diagnosed as NCI, MCI and AD. B-tubulin probe was used to

normalize the immunoreactive signal obtained by densitometry in the blots. Levels of

proNGF in AD (A) were significantly higher compared to NCI (*p = 0.003), whereas the

levels of sortilin (B), TrkA (C, D) and p75NTR (C, E) remained stable across the three

clinical groups. Black dots in box plots indicate outliers.
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Figure 2.

Representative immunoblots and box plots of precuneus levels of total INK, phospho-JNK
(p-INK) in cases clinically diagnosed as NCI, MCI and AD. Box-plot of the phospho-
JNK/INK ratio is also presented. f-tubulin probe was used to normalize the immunoreactive
signals obtained in the blots by densitometry. Levels of total INK (A) were stable across
clinical groups, while the level of phospho-JNK (B, *p = 0.015) and phospho-JNK/INK
ratio (C, *p < 0.001) were significantly increased in AD compared to NCI. Black dots in
box-plots indicate outliers.
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Pr?otomicrographs of APP/AB (A-C), 6-CN-PiB (D-F) and X-34 (G-I) positive plaques in
the precuneus in NCI, MCI and AD. Note the presence of many more APP/AfB, 6-CN-PiB
and X-34 plaques in AD (C, F and I) compared to NCI (A, D and G), while the difference
with MCI (B, E and H) appeared intermediate between AD and NCI. Scale bar shown in C
is same for A and B =50 um and in D-1 = 40 pum.
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Photomicrographs showing phosphorylational AT8 (A-C), oligomeric TOC-1 (D-F) and
truncated C3 (G-I) tau immunoreactivity in NCI, MCI and AD precuneus. Note the absence
of AT8 (A-C), TOC-1 (D-F) or Tau C3 (G-1) positive NFTs across clinical groups, the
abundance of AT8 (C) and TOC-1 (F) positive NTs in AD compared to NCI (A and D) or
MCI (B and E) as well as a lack of Tau C3-ir NT in the three clinical subjects (G-I). Insets in
C and F show clusters of dystrophic neurites indicated by unfilled arrows in their respective
panels. Scale bars: 50 um.

Biol Psychiatry. Author manuscript; available in PMC 2016 April 15.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Perez et al.

Schematic diagram of relative
changes in precuneus protein levels

Figu

soluble AB,_,,
/ [*H]PiB binding
_________// proNGF
— /

e Bcl2

\ ChAT
\ synapses

NCI MCI mAD '

and synapses

re 5.

Schematic summary diagram showing the changes in neurotrophic upstream and
downstream protein levels and synapses (see 17) in the precuneus during the progression of

AD.

Biol Psychiatry. Author manuscript; available in PMC 2016 April 15.

Page 19

TrkA, p75NTR, sortilin
Erk, pErk, pErk/Erk ratio



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Perez et al.

Schematic diagram of relative
changes in plaques, NFTs and NTs
in precuneus

Figure 6.
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Summary diagram of the pathobiology found within the precuneus during AD progression.
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