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Abstract

Age-related changes in cognition are linked to decreased expression of somatotropins, GHRH and
IGF-1. Mild cognitive impairment (MCI) and Alzheimer’s disease (AD) are heterogeneous
conditions. The loss of GHRH signaling in the brain may be mechanistically involved in AD
pathogenesis. The consequent need to identify AD at an early and perhaps more treatable stage has
fueled research into blood-based, exosome biomarkers. Plasma exosomes from participants
enrolled in a randomized, double-blind, placebo-controlled 20-week trial of GHRH administration,
were isolated, precipitated, and enriched by immuno-absorption with anti-L1CAM antibody
(neural adhesion protein) from adults with MCI and age-matched, cognitively normal controls
(CNC). Extracted protein cargo from neuronally-derived exosomes (NDEs) were assessed by
ELISAs for protein levels implicated in AD neuropathology and for synaptic proteins altered by
AD. Plasma NDE concentrations of Ap;.4p were significantly increased while plasma NDE
concentrations of NRGN, synaptophysin, synaptotagmin, and synaptopodin were significantly
decreased in patients with MCI, independent of GHRH treatment. Plasma NDE concentrations of
ptau-S396 and GAP43 were not affected by cognitive status (CNC versus MCI) or by GHRH
treatment. AB1.42, neurogranin (NRGN), synaptophysin, synaptotagmin, and synaptopodin
demonstrated the highest diagnostic accuracy for distinguishing between CNC and MCI patients,
while synaptophysin and synaptotagmin demonstrated moderate accuracy in distinguishing
between placebo-treated and GHRH-treated, MCI patients.
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INTRODUCTION

Somatotropin hormones play an important role in normal brain development and healthy
brain function [1]. Activation of the somatotropin axis begins with the release of growth
hormone-releasing hormone (GHRH) from the hypothalamus. Subsequently, GHRH
promotes increased circulating levels of insulin-like growth factor 1 (IGF-1). Circulating
IGF-1 stimulates neurite outgrowth, promote neuronal survival, regulate tau phosphorylation
[2], and attenuates amyloid-p (Ap) toxicity /n vivo[3]. GHRH and IGF-1 decline with
advancing age [4] and may be mechanistically involved in AD pathogenesis [3, 5-8].
Reduced hormone levels of GHRH and IGF-1 are associated with poorer executive function
[9], short-term memory impairments [10], and increased Alzheimer’s disease (AD)
pathology in humans [11] and in mice [12, 13].

The accumulation of neuropathological hallmarks such as toxic Ap oligomers,
neurofibrillary tangle formation of hyperphosphorylated tau protein, and widespread synapse
loss are well characterized hallmarks of AD [14-17]. The interest in exosomes biology has
grown dramatically in recent years, specifically regarding their role as potential biomarkers
[18-29]. We recently reported that abnormal levels of AD-related and synaptic-related
proteins contained within blood based, neuronally-derived exosomes (NDESs) can accurately
predict the conversion of mild cognitive impairment (MCI) to AD [22, 30]. Plasma NDE
concentrations of AB1.42, ptau-T181, ptau-S396, and synaptic-related proteins neurogranin
(NRGN), synaptophysin, synaptotagmin, synaptopodin, and GAP43 were previously
reported to be highly diagnostic in distinguishing cognitively normal controls (CNC) from
patients diagnosed with AD, frontotemporal dementia [22, 26, 30, 31], and traumatic brain
injury [32]. Other studies have analyzed additional cargo proteins contained within plasma
NDEs and further demonstrated that exosome cargo levels can differentiate patients based on
cognitive status and severity [19, 21, 24, 26, 27, 30, 33].

It is not well understood how somatotropic signaling contributes to AD pathogenesis;
however, the positive effects of GHRH on cognition has hypothetically been linked to the
hormone’s effect on modulating AD neuropathophysiology. Baker and colleagues reported
that twenty-week (20 w) administration of GHRH improved cognitive function in healthy
older adults [34] and individuals with MCI [35]. In the current study, we examined whether
the cargo of plasma NDEs could accurately distinguish healthy older adults (hereafter, CNC)
from patients with MCI. Specifically, we investigated whether the beneficial effects of
GHRH treatment could modulate plasma concentrations of NDE cargo proteins, including
traditional AD-related proteins, Ap4, and ptau-S396; and several pre- and post-synaptic
proteins, including NRGN, synaptophysin, synaptotagmin, synaptopodin, and GAP43.

Plasma exosomes from participants enrolled in the Baker et al. [35], randomized, double-
blind, placebo-controlled, twenty-week study of GHRH administration, were isolated, and
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enriched by immuno-absorption with anti-L1CAM antibody (neural adhesion protein,
hereafter LLCAM) from CNC and patients with MCI (both 55-87 years old). Protein cargo
contained within LICAM positive exosomes (NDEs) were quantified by human-specific
enzyme-linked immunosorbent assays (ELISAs). We found that plasma NDE concentrations
for AB1-40, were significantly increased while plasma NDE concentrations of NRGN,
synaptophysin, synaptotagmin, and synaptopodin were significantly deceased in MCI
patients as compared to CNC. Collectively, these biomarkers were highly diagnostic in
distinguishing MCI patients from CNC; however, these biomarkers were poor diagnostic
markers for distinguishing between placebo-treated and GHRH-treated, MCI patients.
Plasma NDE concentrations of ptau-S396 and GAP43 were not significantly modulated by
cognitive status (CNC versus MCI) or GHRH treatment. When all seven biomarkers were
considered together, plasma NDE concentrations for synaptophysin and synaptotagmin,
were moderately sensitive in distinguishing between placebo-treated and GHRH-treated,
MCI patients.

METHODS

Baseline characteristics of GHRH study completers

Specimens from CNC and adults with MCI (55-87 years of age) were obtained from a
randomized, double-blind, placebo-controlled trial of GHRH versus placebo [35]. A total of
137 adults (CNC, n=76; MCI, n=61) successfully completed the original study [35]. MCI
was diagnosed using the National Institute on Aging (NIA) standard guidelines. Plasma
samples were collected from all participants at baseline and following 20 weeks of treatment
and stored at —80°C. Baseline characteristics for age, education, body composition,
cognitive status, diagnosis, and circulating levels of IGF-1, insulin, and glucose were
comparable across treatment groups. Participants were assigned to one of two groups, by
cognitive status: Placebo — CNC (7= 36) or Placebo — MCI (7= 31); GHRH - CNC (n=
40) or GHRH - MCI (n= 30). Cognitive status was assessed based on the Mini-Mental State
Examination (MMSE) and baseline performance in executive function and episodic memory
tasks. Tests of executive function included a computer-administered version of Stroop Color-
Word Interference, Task Switching, the Self-Ordered Pointing Test, and Word Fluency. Tests
of episodic memory included total recall and the Hopkins Verbal Learning Test assess verbal
memory, and the Visual-Spatial Learning Test, and Delayed Match-to-Sample, to assess
visual memory [35]. Information regarding ApoE genotype was not available for these
participants. Plasma specimens from 12 participants were randomly selected per treatment
group for exosome isolation, neural enrichment, and protein cargo analysis. Table 1
summarizes baseline characteristics of the study participants [35] that were randomly
selected to participate in the current study.

Isolation and purification of neuronal exosomes from human plasma

250 uL of plasma were incubated with 2.5 pL of purified thrombin [System Biosciences,
Inc., Mountain View, CA) at room temperature for 5 min. After centrifugation at 10,000 rpm
for 5 min, supernatants were incubated with 63 pL ExoQuick Exosome Precipitation
solution (EXOQ); System Biosciences, Inc.), and resultant suspensions were centrifuged at
3,000x gfor 15 min at 4°C.

J Alzheimers Dis. Author manuscript; available in PMC 2019 April 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Winston et al.

Page 4

Each pellet was suspended in 300 ul of 1X phosphate buffer saline (PBS) with 1X Halt
protease and phosphatase inhibitor cocktail EDTA-free (100 uL of 100X Halt protease and
phosphatase inhibitor (PIC) was diluted in 10 mL of 1x PBS; ThermoScientific) followed by
immunochemical enrichment of exosomes from neural sources [22].

Total exosome suspensions were incubated with 2 pg of mouse anti-human CD171 (LLCAM
neural adhesion protein) biotinylated antibody (clone 5G3, eBioscience, San Diego, CA) in
50 pL of 3% BSA for 60 min at 20°C followed by addition of 10 pl of Streptavidin-Plus
UltraLink resin (Pierce-Thermo Scientific, Inc.) in 40 pL of 3% BSA and further incubation
for 60 min. After centrifugation at 400x gfor 5 min at 4°C, pellets were resuspended in 100
ul of 0.05 M glycine-HCI (pH 3.0), incubated at 4°C for 10 min, and re-centrifuged at
4,000% gfor 10 min at 4°C. Each supernate was transferred to a new Eppendorf tube
containing 10 pL of 1 M Tris-HCI (pH 8.0) and 40 uL of 3% BSA, mixed and received 400
pL of M-PER mammalian protein extraction reagent (Thermo Scientific, Inc.) containing
protease and phosphatase inhibitors, mixed and stored at —80°C.

L1CAM-positive NDE cargo proteins were quantified by human-specific ELISASs for AB1.42
(Cusabio, American Research Products, Waltham, MA), ptau-S396 (Life Technologies/
Invitrogen, Camarillo, CA), neurogranin (Cloud Clone Corp, American Research Products,
Katy, TX), synaptophysin (Cusabio, American Research Products, Waltham, MA),
synaptotagmin-2 (Biomatik, Wilmington, DE), synaptopodin, GAP43 (Cusabio, American
Research Products, Waltham, MA), and tetraspanning exosome marker CD81 (Cusabio,
American Research Products, Waltham, MA) with verification of the CD81 antigen standard
curve using purified human recom-binant CD81 antigen (Origene Technologies, Inc.,
Rockville, MD), according to suppliers’ directions [26]. The mean value for all
determinations of CD81 in each assay group was set at 1.00, and the relative values for each
sample were used to normalize their recovery [22].

Statistical analyses

RESULTS

Statistical significance of differences between groups (placebo — MCI versus GHRH — MCI)
and between each patient group and their respective control group (placebo — CNC versus
placebo — MCI; GHRH — CNC versus GHRH — MCI) was determined with by one-way
ANOVA with Newman—Keuls Multiple Comparison post hoc test (GraphPad Prism 6, La
Jolla, CA). Discriminant classifier analyses were conducted by the Wilks’ Lambda method
to assess the performance of each NDE protein and the combined set in patient classification
as described. Receiver operating characteristic (ROC) analyses were conducted under the
non-parametric distribution assumption for standard error of area to determine the
performance of classifier models (SPSS v21.0, IBM).

Plasma NDE concentrations of ApB1.42, NRGN, synaptophysin, synaptotagmin, and
synaptopodin accurately identify MCI patients based on protein cargo content

Plasma NDEs were isolated and protein cargo were extracted and analyzed by human-
specific ELISAS, as previously described [22]. All NDE concentrations for biomarkers were
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normalized against the exosome membrane protein marker, CD81. CD81 normalized
concentrations of plasma NDEs were not statistically different between CNC and MCI
patients (Fig. 1A, 1289 + 200.3 pg/ml versus 1567 + 153.8 pg/ml). Plasma NDE
concentrations for Ap1.42 (Fig. 1B, 1.838 + 0.462 pg/ml, versus 0.398 + 0.153 pg/ml, p<
0.01) were significantly increased, while plasma NDE concentrations for NRGN (Fig. 1C,
658.5 + 111,6 pg/ml versus 3978 £ 869.5 pg/ml, p < 0.001), synaptophysin (Fig. 1D, 355.6
+ 82.81 pg/ml versus 9046 + 2465 pg/ml, p < 0.001), synaptotagmin (Fig. 1E, 65750 + 8644
pg/ml versus 143914 + 20548 pg/ml, p < 0.0001), and synaptopodin (Fig. 1F, 1293 + 89.28
pg/ml versus 3019 + 282.1 pg/ml, p < 0.01) were significantly decreased in MCI patients as
compared to CNC. There was no significant difference in plasma NDE concentrations for
ptau-S396 (Fig. 1G, 25.08 + 3.394 pg/ml versus 24.31 + 3.065 pg/ml) and GAP43 (Fig. 1H,
2848 + 453.2 pg/ml versus 3685 + 733 pg/ml) between both patient groups.

Plasma NDE concentrations of AD-related and synaptic-related proteins were not
modulated with GHRH treatment

Plasma NDE concentrations were measured in four patient groups (placebo — CNC; placebo
— MCI; GHRH - CNC, and GRHR - MCI) that were identified from the twenty-week
GHRH study [35]. Plasma NDE concentrations for Ap1.4» (Fig. 2A, 1.542 + 0.465 pg/ml
versus 0.567 + 0.296 pg/ml) were increased while plasma NDE concentrations for NRGN
(Fig. 2B, 592.2 + 121.9 pg/ml versus 2848 + 528.1 pg/ml, p < 0.05), synaptophysin (Fig. 2C,
467.7 £ 146.4 pg/ml versus 10817 + 3187 pg/ml, p < 0.05), synaptotagmin (Fig. 2D, 46806
+ 2120 pg/ml versus 124899 + 19165 pg/ml, p< 0.01), and synaptopodin (Fig. 2E, 1263

+ 146.9 pg/ml versus 3212 + 316.9 pg/ml, p < 0.01) were significantly decreased in placebo-
treated, MCI patients as compared to placebo-treated, CNC patients. Similarly, plasma NDE
concentrations for AB1.42 (Fig. 2A, 2.133 + 0.829 pg/ml), NRGN (Fig. 2B, 704.7 + 208.6
pg/ml versus 5107 = 1593 pg/ml, p < 0.05), synaptophysin (Fig. 2C, 243.5 + 60.9 pg/ml
versus 7275 + 3285 pg/ml, p< 0.05), synaptotagmin (Fig. 2D, 82694 + 13982 pg/ml versus
162928 + 36687 pg/ml), and synaptopodin (Fig. 2E, 1324 + 100.5 pg/ml versus 2826

+ 484.6 pg/ml, p< 0.01) were significantly decreased in GHRH-treated, MCI patients as
compared to GHRH-treated, CNC patients. Following twenty-weeks of GHRH
administration, inter-group analysis determined that there was no significant difference in
plasma NDE concentrations for all biomarkers tested in GHRH-treated, MCI patients as
compared to placebo-treated, MCI patients (Fig. 2A-E).

Conversely, plasma NDE concentrations for ptau-S396 (Fig. 2F, 23.02 + 2.948 pg/ml versus
25.58 + 5.229 pg/ml) and GAP43 (Fig. 2G, 2990 + 608.8 pg/ml versus 4718 + 1201 pg/ml)
were not significantly different in placebo-treated, MCI patients as compared to placebo-
treated, CNC patients. Additionally, we observed no statistically significant difference in
plasma NDE concentrations for ptau-S396 (Fig. 2F, 27.15 + 6.346 pg/ml versus 23.02

+ 3.653 pg/ml) and GAP43 (Fig. 2G, 2707 + 724.7 pg/ml versus 2652 + 702.7 pg/ml) in
GHRH-treated, MCI patients as compared to GHRH-treated, CNC patients. Plasma NDE
concentrations for GAP43 were moderately reduced in GHRH-treated, MCI patients as
compared to placebo-treated, CNC patients (Fig. 2G); however these data failed to reach
significance. Intergroup analysis determined that there was no significant difference in
plasma NDE concentrations for ptau-S396 (Fig. 2F) and GAP43 (Fig. 2G) in GHRH-treated,
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MCI patients and GHRH, CNC patients. Together, plasma NDE concentrations of ptau-S396
and GAP43 were not modulated by cognitive status (CNC versus MCI) or GHRH treatment
(Fig. 2H, ).

Receiver operating characteristic curve (ROC) analyses for patient characterization and
treatment effect following 20 weeks GHRH administration

The diagnostic accuracy of the seven biomarkers was assessed by ROC analysis [22]. ROC
analysis was conducted to determine if the diagnostic sensitivity of the extracted NDE cargo
proteins, individually or collectively, increased their predictive ability in distinguishing two
patient populations. ROC analysis revealed that plasma NDE concentrations for AB1.-4»,
NRGN, synaptophysin, synaptotagmin, and synaptopodin demonstrated the highest
diagnostic accuracy for distinguishing between MCI and CNC patients, independent of
GHRH treatment (Table 2). The sensitivity for distinguishing placebo-treated, CNC patients
from placebo-treated, MCI was 81.4 + 0.092% (ClI: 63.4% to 99.5%) (Fig. 3A) while the
while the sensitivity for distinguishing GHRH-treated, CNC patients from GHRH-treated,
MCI was 86.1 + 0.116% (CI: 63.4 to 100%) (Fig. 3B).

Conversely, inter-group analysis determined that plasma NDE concentrations for AB1.42,
ptau-S396, NRGN, synaptopodin, and GAP43, lacked the sensitivity to distinguish placebo-
treated and GHRH-treated, MCI patients (52.8 + 0.177%, Cl: 18.2% to 87.4%, Fig. 3C),
while plasma NDE concentrations for synaptophysin and synaptotagmin were moderately
accurate in distinguishing placebo-treated and GHRH-treated, MCI patients (80.1 + 0.153%,
Cl: 50.6% to 100%, Fig. 3D).

Individually, the sensitivity for distinguishing placebo-treated, CNC patients from placebo-
treated, MCI patients was 80.6 + 0.078% for AB1-42 (Confidence Interval (Cl): 53.18% to
100%); 52.8 £ 0.187% for ptau-S396 (Cl: 16.1% to 89.5%); 100% for NRGN (CI: 100% to
100%); 100% for synaptophysin (Cl: 100% to 100%); 100% for synaptotagmin (Cl: 100%
to 100%); 100% for synaptopodin (CI: 100% to 100%); and 72.2 + 0.200% for GAP43 (Cl:
41.2% to 100%) (Table 2).

The sensitivity for distinguishing GHRH-treated, CNC patients from GHRH-treated, MCI
patients was 100% for AB1.47 (Cl: 100% to 100%); 52.8 £ 0.873% for ptau-S396 (Cl: 18.2%
to 87.4%); 86.1 = 0.037% for NRGN (CI: 63.4% to 100%); 100% for synaptophysin (CI:
100% to 100%); 77.8 + 0.109% for synaptotagmin (Cl: 48.7% to 100%); 91.2 + 0.016% for
synaptopodin (Cl: 74.2% to 100%); and 50 + 0.177% for GAP43 (Cl: 15.3% to 84.7%)
(Table 2).

The sensitivity for distinguishing placebo-treated, MCI patients from GHRH-treated MCI
patients was 52.8 + 0.184% for AB1.42 (Cl: 16.8% to 88.8%); 52.8 £ 0.176% for ptau-S396
(Cl: 22.5% to 91.49%); 52.8 + 0.177% for NRGN (CI: 18.2% to 87.4%); 69.4 + 0.166% for
synaptophysin (Cl: 36.9% to 100%); 80.6 + 0.153% for synaptotagmin (Cl: 50.6% to
100%); 50 + 0.184% for synaptopodin (Cl: 13.9% to 86.1%); and 55.6 + 0.178% for GAP43
(ClI: 20.7% to 90.5%) (Table 2).
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DISCUSSION

Validating the clinical utility of plasma NDEs will be critical for the optimization of patient
recruitment and outcome monitoring in future clinical trials. Abnormal plasma NDE
concentrations of AD-related and synaptic-related proteins can predict the conversion of
MCI to AD [22] and accurately distinguish between cognitively normal controls from
patients diagnosed with AD [26]. Here, we determined that plasma NDEs can distinguish
between cognitively normal controls and patients with MCI. Plasma NDE concentrations of
AB1.42, pre- and post-synaptic proteins, NRGN, synaptophysin, synaptotagmin, and
synaptopodin accurately differentiated between MCI and CNC patients (Fig. 1A-E).
Furthermore, ROC analysis confirmed that the combination of AB1.42, NRGN,
synaptophysin, synaptotagmin, and synaptopodin demonstrated the highest diagnostic
accuracy for distinguishing between these two patient populations (Fig. 3A, B).
Unfortunately, inter-group analysis determined that twenty-week administration of GHRH
did not modulate plasma NDE concentrations of these biomarkers, despite patients
exhibiting improved cognition (Fig. 3).

Previously, plasma NDE concentrations of GAP43 and ptau-S396 were reported to be
reduced in AD patients as compared to CNC; however, we found that plasma NDE
concentrations for GAP43 and ptau-S396 were not influenced by cognitive status or GHRH
treatment (Fig. 3A-D). Reduced expression of GAP43 tends to not be as robust in early AD
patients as compared to other synaptic proteins [31, 36]. It is probably that there is a
temporal order associated with the phosphorylation of tau species and a differential loss of
synaptic-related proteins as cognitive dysfunction worsens. Similarly, ptau-S396 may be
associated with advanced cases of dementia while other epitopes of tau, such as ptau-T181 is
associated early dementia (i.e., MCI) [22]. Given our patient population, an early stage p-tau
isoform, such as ptau-T181 would have been more appropriate for this study. Because of
this, the lack of diagnostic value of p-tau in MCI patients is a recognized limitation of the
study. All future analyses will include multiple p-tau isoforms which are known to be
associated with early and late stages of AD. Together, these data suggest that loss of ptau-
S396 and GAP43 expression may be associated with more advanced cases of AD while loss
of synaptophysin, synaptotagmin, and NRGN are associated with MCI and early dementia.

The lack of diagnostic value of p-tau in our study could also be attributed to the similarities
in MMSE scores between the MCI and CNC patients. The MMSE is the most commonly
used mental status test, however it has significant limitations. Study participants were
classified by MMSE and a series of executive function and verbal memory tasks, including
task switching accuracy, Hopkins Verbal Learning Test and Total Story Recall [35].
Unfortunately, the individual measurements for the executive function and verbal memory
tasks were not available. While examining the individual MMSE scores, we found that the
cognitive measurements do not directly correlate with plasma NDEs concentrations of
NRGN, synaptotagmin, and synaptophysin in CNC patients. The varying levels of plasma
NDE concentrations for these proteins could reveal a subset of the CNC patients are a pre-
MCI group with a risk to convert and warrants further investigation. Approximately 46% of
our MCI and CNC patients reported MMSE scores >29. While we expected to see in an
increase in plasma NDE concentrations for ptau-S396 and AB1.42, here, we found plasma
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NDE concentrations were either sustained (ptau-S396) and/or reduced (AB1-42) in MCI
patients. The diagnostic accuracy of the plasma NDE biomarkers we investigated in the
current study could have be improved if there was a greater separation in MMSE scores
between the CNC and MCI patients.

The mechanisms associated with exosome trafficking are not fully understood. We are
actively investigating why pre- and post-synaptic markers were significantly reduced while
GAP43 and the AD- related markers were sustained (ptau-s396) and/or increased (AB1.42) in
plasma NDEs of MCI patients. Exosomes have been described as “molecular trash cans;”
aiding in the clearance of cellular debris and toxins while the cell is still viable. It is
plausible that as the cell becomes terminal, the rate of exosomes packaging increases to
expedite protein clearance.

Overall, GHRH appeared to have no effect on modulating the plasma NDE concentrations of
all the biomarkers tested. However, ROC analysis revealed that the combination of
synaptophysin and synaptotagmin was moderately accurate in distinguishing between
GHRH-treated and placebo-treated, MCI patients (Fig. 3D). The synergistic effect of these
markers provides preliminary, mechanistic insight into the cognitive benefit of GHRH in
MCI patients. However, further investigations are needed to elucidate those specific
mechanisms in greater detail. Although GHRH appeared to have no effect on modulating
plasma concentrations of individual NDE cargo proteins; analyzing changes in plasma NDE
concentrations from multiple protein signatures, simultaneously, could improve the
diagnostic accuracy and clinical utility of plasma NDEs for patient recruitment and outcome
monitoring in clinical trials. The development of a high throughput screening tool and
protein algorithm to assess the clinical utility plasma NDE protein cargo is needed to further
this aim.

Modulating somatotropin expression via hormone supplementation has been investigated as
a potential therapeutic for neurodegenerative diseases including amyotrophic lateral sclerosis
[37-39] and AD [7, 8, 13, 40]. Unfortunately, these earlier studies have been inconsistent
and inconclusive. Although our data suggest that somatotropic supplementation does not
modulate intermediates involved in AD neuropathology in blood, somatotropins may still
have a role in AD pathogenesis. In 2008, MK-677, a drug that enhances IGF-1 secretion,
similarly to GHRH, was reported to have no clinical benefit for people with mild to
moderate AD over a one-year trial [41]. However, the small clinical trial found that MK-677
provided some benefit to those in the study who did not carry the apolipoprotein E (ApoE4)
24 allele, the strongest genetic risk factor for developing AD [42]. These finding suggest that
there is a beneficial outcome to stimulating IGF-1 signaling in those suffering from mild to
moderate AD, yet cognitive status and genetic influence must also be accounted for when
designing therapeutic interventions [40]. The ApoE status of the participants in this study
was not available. The lack of ApoE status and the short duration of GHRH administration
(20 weeks) could explain the poor diagnostic accuracy of the plasma NDE biomarkers in this
study. Detectable changes in plasma NDE concentrations for these biomarkers in response to
GHRH treatment may be better identified in patients who were treated and followed over an
extended period of time. Lastly, our less than expected results could be attributed to our
relatively small sample size.
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In conclusion, it is unclear whether GHRH impacts the clearing mechanisms associated with
reducing AD neuropathology in the brain or if the difference in engagement of these
intermediates is due to the early stage of disease and subsequent disease progression in these
patients. The underlying mechanism for exosome protein packaging and exosome trafficking
from the CNS to periphery are grossly understudied and not well understood. Nonetheless,
blood-based biomarkers have the potential to revolutionize the way patients are identified
and monitored during clinical trials. In lieu of conducting a battery of lengthy and
exhausting neurophysiological tests, developing a single method that analyzes multiple
disease-related protein combinations in blood would enhance the diagnostic accuracy of
plasma NDEs for patient selection and outcome monitoring during clinical trials. Early
determination of the beneficial and/or deleterious effects of certain drug treatments could
also give pharmaceutical companies and other researchers preliminary insight into drug
affects prior to the cessation of the clinical trial.
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Plasma NDE concentrations for AB1.42, NRGN, synaptophysin, synaptotagmin, and
synaptopodin accurately identify MCI patients based on protein cargo content. Plasma NDE
concentrations for AD-related and synaptic-related proteins were quantified using ELISA.
Plasma NDE concentrations for CD81 were not statistically different between CNC and
MCI patients (A). Plasma NDE concentrations for AB1.42 (B) were significantly higher
while plasma NDE concentrations for NRGN (D), synaptophysin (E), synaptotagmin (F),
and synaptopodin (G), were significantly lower in MCI patients as compared to CNC
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patients. We found no significant difference in plasma NDE concentrations for ptau-S396
(C) and GAP43 (H) between CNC and MCI patients. Unpaired #test: **p < 0.01 versus
CNC, ***p < 0.001 versus CNC, ***p < 0.0001 versus CNC.
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Plasma NDE concentrations of AB1.42, NRGN, synaptophysin, synaptotagmin, and
synaptopodin are not modulated with GHRH treatment while plasma NDE concentrations of

p-tauS396 and GAP43 are not modulated by cognitive status

or GHRH treatment. Plasma

NDE concentrations for AB1-42 (A) were increased while plasma NDE concentrations for
NRGN (B), synaptophysin (C), synaptotagmin (D), and synaptopodin (E) were significantly
reduced in MCI patients as compared to CNC patients, independent of GHRH treatment.
Plasma NDE concentrations for ptau-S396 (F) and GAP43 (G) were not significantly
different between both patient groups (CNC versus MCI), independent of GHRH treatment.
There was no significant difference in plasma NDE concentrations for all biomarkers (A-G)
in placebo-treated, MCI patients as compared to GHRH-treated, MCI patients. 1-way
ANOVA with Tukey’s multiple comparisons post-hoc test; *p < 0.05 versus placebo-treated,

CNC, **p < 0.01 versus GHRH-treated, CNC.
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Fig. 3.

Plgsma NDE concentrations of AB1.42, NRGN, synaptophysin, synaptotagmin, and
synaptopodin demonstrated the highest diagnostic accuracy for distinguishing between MCI
and CNC patients as measured by ROC analysis. Representative ROC curves for plasma
NDE concentrations for Ap1.42, NRGN, synaptophysin, synaptotagmin, and synaptopodin
for placebo-treated, MCI patients as compared to placebo-treated, CNC patients (A) and
GHRH-treated, MCI patients as compared to GHRH-treated, CNC patients (B). AP1-42,
NRGN, synaptophysin, synaptotagmin, and synaptopodin demonstrate the highest diagnostic
accuracy for distinguishing CNC and MCI patients, independent of GHRH treatment.
Plasma NDE concentrations of AP1.42, ptau-S396, NRGN, synaptopodin, and GAP43 (C)
demonstrated the lowest diagnostic accuracy for distinguishing between placebo-treated and
GHRH-treated, MCI patients. Plasma NDE concentrations for a synaptophysin and
synaptotagmin demonstrated moderate diagnostic accuracy for distinguishing between
placebo-treated and GHRH-treated, MCI patients (D).

J Alzheimers Dis. Author manuscript; available in PMC 2019 April 29.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Winston et al. Page 16

Table 1

Baseline characteristics of participants who completed the study [35]

Characteristic Controls  Adultsw/ MCI
Age? 67.8+23 702+23
Years of Education  16.9 + 0.69 15.6 £ 0.69
%Female 61.5 63.6

% Male 38.5 36.4
MMSE Score? 2914033  27.9+0.64

Story recall score?  55.6+122  428+157

Depression Scale® 3.9+ 1.10 509£136

GHRH, growth hormone-releasing hormone; IGF-1, insulinlike growth factor 1; MCI, mild cognitive impairment; MMSE, Mini-Mental Status
Examination (maximum score, 30).

ap < 0.05 (baseline difference by diagnosis).
b . o . .
Immediate + delayed memory score on Story Recall, a test of verbal memory for thematic information (maximum score, 80).

Self report measurement of depression in older adults. A score >5 points is suggestive of depression. A score 210 points is almost always
indicative of depression. A score >5 points should warrant a follow-up comprehensive assessment.
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