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Abstract

Background—ABrain-derived neurotrophic factor (BDNF) is produced by cleavage of proBDNF,
and BDNF and proBDNF may play antagonistic roles in nervous system development, learning,
memory and neuronal stress resistance. BDNF and proBDNF are present in blood, but the origin
and relative contributions of soluble and extracellular vesicle (EV)-associated levels are unknown.

Methods—In this study we used validated immunoassays to measure proBDNF and BDNF levels
in plasma, total plasma EVs and a subpopulation of EVs enriched for neuronal origin (expressing
the neuronal marker LLCAM) in 150 Baltimore Longitudinal Study of Aging participants with and
without decline in walking speed (reflecting aging-associated motor decline).

Results—Levels of BDNF and proBDNF were highest in LLCAM+ EVs. Participants with
walking speed decline had higher levels of proBDNF in LLCAM+ EVs compared to non-
decliners, but no differences in proBDNF levels in plasma and total EV.

Conclusions—Our findings suggest that levels of proBDNF and BDNF in circulating LICAM+

EVs might be used as biomarkers for conditions involving altered BDNF signaling.
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Background

In the field of aging, one of the strongest phenotypic markers of health and function is
walking speed. Walking speed has been shown to predict mortality, disability, cognitive
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decline, dementia and health care utilization (1-7). A meaningful decline in walking speed
has been defined and shown to independently predict mortality (8, 9). Walking speed has
also been shown to have shared underlying neurological processes with cognitive function,
especially with executive function (10). Walking speed is thought to capture abnormalities in
multiple organ systems (11, 12) and is sensitive to changes in brain structure and function
(13-15). However, the specific mechanisms underlying neural contributions to walking speed
are presently unknown.

Mature brain-derived neurotrophic factor (BDNF) is an extracellular signaling protein with
neuroprotective and neuroregenerative functions that is well known for its prominent roles in
nervous system development (16), learning and memory (17) and neuronal stress resistance
(18). Additionally, BDNF increases with aerobic exercise and its increase has been
implicated in neurocognitive and physical performance improvements that involve balance,
coordination, flexibility and agility (19-22). Exercise interventions have also been associated
with improvements in walking speed (23, 24). It is currently unknown whether changes in
BDNF signaling are involved in walking speed decline.

BDNF is produced from a precursor protein (proBDNF) by proteolytic cleavage at amino
acid 128 (25). BDNF and proBDNF often have opposing actions, with BDNF promoting
synaptic long-term potentiation (LTP) and stress resistance, and proBDNF enhancing long-
term depression (LTD) and endangering neurons (26-28). While BDNF and proBDNF can
be distinguished by their molecular weights on immunablots, the distinction between, and
quantification of BDNF and proBDNF in higher throughput quantitative assays can be
problematic because of potential cross-reactivity of BDNF antibodies with proBDNF.

There have been hundreds of studies in which levels of presumptive BDNF have been
measured in plasma or serum samples from human subjects. Findings of these studies have
often been inconsistent, in terms of differences in BDNF levels, in diseased versus control
subjects, in response to environmental challenges such as exercise, or in observational
studies versus clinical trials (29-34). However, very few studies have quantified levels of
both BDNF and proBDNF in the same samples. Moreover, because proBDNF and BDNF
are produced not only by neurons, but also by many other cell types including lymphocytes,
megakaryocytes, and skeletal and vascular smooth muscle cells (35-38), the contribution of
different cell types to levels of circulating BDNF and proBDNF are unknown.

Harvesting EVs enriched for neuronal origin from peripheral blood provides a novel
platform for biomarker discovery and may allow us to follow biochemical and cellular
changes occurring in neurons in a dynamic way. Our methodology for isolating EVs
enriched for neuronal origin involves isolating total EVs from plasma or serum samples,
followed by immunoprecipitation (IP) using antibodies against the neuronal cell adhesion
molecule L1CAM to isolate a sub-population of LICAM+ EVs (39). In a series of case-
control studies, we showed that a priori selected proteins in plasma LLCAM+ EVs can be
used as prognostic and diagnostic biomarkers for Alzheimer's disease (AD) (40-45).
Neuronal origin EV-derived BDNF and proBDNF measures may better reflect neuronal
neurotrophin production than circulating soluble levels and offer a tool for exploring neural
mechanisms implicated in walking speed decline.
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In this study we validated immunoassays that distinguish BDNF and proBDNF, and used the
assays to quantify BDNF and proBDNF levels in plasma, total EVs and EVs of neuronal
origin in samples from elderly subjects in the Baltimore longitudinal study of aing (BLSA)
who either did or did not exhibit a decline in walking speed as they aged. We found that
levels of BDNF and proBDNF are higher in EVs of neuronal origin compared to plasma and
total EVs, and that proBDNF levels in EVs of neuronal origin are higher in subjects with
walking speed decline compared to those without walking speed decline.

Design and Methods

Subjects and sample collection

We identified 150 participants from the BLSA, a longitudinal study of normative aging, age
65-97 years. All sample partiticipants were followed over time with repeated measures of
walking speed. We selected 75 participants who had walking speed decline of at least 0.05
m/s/year and 75 who had stable walking speed. The follow-up period for this cohort ranged
from 1 to 8 years, mean 1.93. The study protocol was approved by the NIH Institutional
Review Board and all participants provided informed consent. Blood samples were collected
from subjects after an overnight fast; plasma was separated by centrifugation, aliquoted and
stored at -80°C. A total of 300 plasma samples (0.5 ml each) drawn from the 150 subjects at
two time points were studied. In 116 samples from 58 subjects, we proceeded with EV
isolation and LICAM EV enrichment from the entire aliquot to generate enough material for
future LLCAM+ EV-based studies. The remaining 184 samples from 92 subjects were used
for BDNF and proBDNF assays in all types of samples (plasma, total EVs, LLCAM IP
supernatant, and LLCAM+ EV5).

Motor Function

For measurement of walking speed, participants walked at their preferred speed ona 6 m
walking course and were timed by a study staff member. The average of the two trials
conducted was used for these analyses. Participants were defined as walking speed decliners
if speed declined more than 0.05 m/s/year (8). Strength was assessed by 1) the average of
three trials of maximum force grip strength by Jamar Hydraulic hand dynamometer and 2)
the average of three trials of peak knee extension and flexion on a KinCom 125 AP
dynamometer, each at angular velocities of 30°/s and 180°/s, as well as isometric knee
strength at 120° and 140°. Physical activity was assessed by self-report of weekly activity
yielding an estimate in total kilocalories per week (46).

Isolation of EVs

The following protocol was used for total EV isolation followed by LICAM enrichment
(numbers below refer to a starting volume of 0.5 ml and were adjusted linearly for decreased
starting volumes) (39). Samples were defrosted and each sample received 0.2 ml of
Thromboplastin-D (Thermo-Fisher Scientific Inc., Rockford, IL) followed by incubation for
30 minutes at room temperature (RT). After addition of 0.3 ml of Dulbecco's calcium and
magnesium-free salt solution containing thrice the suggested concentrations of protease
inhibitor cocktail (Complete Tablets Easy pack, Roche Applied Sciences, Inc., Indianapolis,
IN) and phosphatase inhibitor cocktail (Pierce Halt, Thermo-Fisher Scientific, Inc.,
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Rockford, IL), samples were mixed at RT and then centrifuged at 3000 x g for 20 minutes at
4°C. Supernatants were transferred to fresh tubes and gently mixed after addition of 252 pl
of ExoQuick exosome solution (System Biosciences, Inc., Mountainview, CA). Suspensions
with ExoQuick were incubated for 60 min at 4°C to precipitate total EVs and then
centrifuged at 1,500 x g for 5 minutes at 4°C. Supernatants were discarded after
centrifugation and the pellet containing EVs was re-suspended in 0.5 ml distilled water
containing thrice the suggested concentrations of protease and phosphatase inhibitors. For
L1CAM IP, suspensions were incubated for 1 hr at 4°C with 4 pg of mouse anti-human
CD171 (L1CAM) biotinylated antibody (clone 5G3, eBioscience, San Diego, CA) in 50 uL
of 3% BSA (1:3.33 dilution of Blocker BSA 10% solution in PBS [Thermo Scientific, Inc.])
per tube with mixing, followed by addition of 18.75 pl of streptavidin-agarose Ultralink
resin (Thermo Scientific, Inc.) in 21.25 pL of 3% BSA and incubation for 30 min at 4°C
with continuous mixing. After centrifugation at 200 x g for 5 min at 4°C and removal of the
supernatant, each pellet was re-suspended in 200 pL of 0.1 M glycine-HCI by mixing for 10
sec and centrifuged at 4,500 x g for 10 min at 4°C. 10 pL of the supernatant was aliquoted
for EV counts using a nanoparticle tracking analysis instrument (NS500). To the remainder
of the sample, which was used to measure BDNF and proBDNF levels, was added 15 uL of
the supernatant. To lyse EVs, each tube received 300 pL of M-PER mammalian protein
extraction reagent (Thermo Scientific, Inc.), containing thrice the suggested concentrations
of protease and phosphatase inhibitors. These suspensions were stored at -80°C until used
for assays.

Enzyme-linked immunosorbent assays (ELISAS)

Mature BDNF (BDNF Emax® ImmunoAssay System, Promega, cat. #G7611) and
proBDNF (Pro BDNF [Human, Mouse, Rat] ELISA Kit, Aviscera Bioscience, cat#s
SK00752-08 and SK00752-09) ELISAs were performed on aliquots of plasma, and total
EVs or LLCAM+ EVs isolated from the plasma, using the protocols of the assay
manufacturer's. Assays procedures were performed according to protocols outlined by the
manufacturers. Plasma and supernatant samples were run on SK00752-08 plates, and the
total EV and LLCAM+ EV samples were run on SK00752-09 plates.

For each type of sample, one third of the total sample was run in duplicate (plasma, total
EVs, LLCAM IP supernatant, and LLCAM+ EVs). Members of the research team who
performed EV isolation and assays (CS, EE, DK) remained blinded to decliner/non-decliner
status until all measurements were completed and data were handed off to unblinded
collaborators (NC, TQ, SD) for statistical analysis. Each plate included both samples (time
points) from a given subject. We chose to optimize comparability within and between
participants for each type of sample rather than comparability between types of sample
within participants. Therefore, we opted to run separate plates for plasma, total EVSs,
L1CAM IP supernatant, and LICAM+ EVs fitting as many participants as possible in each
plate rather than fit all types of samples from a given participant in the same plate. To correct
for between-plates variability, plasma samples from three control subjects (not part of the
BLSA cohort), two with high BDNF levels and one with a high proBDNF level, were
included as external standard in all ELISAs. Raw signal values were normalized to the
average signal value of these three control subjects. To further examine whether between
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plate variability affects the findings, plate number was used in logistic regression as a
covariate (adjustment did not affect the magnitude of the associations and is included as
supplemental analysis).

Anthropometric and body composition measures

Body mass index (BMI) (kg/m2) was obtained from physical examination. Lean mass and
fat mass were assessed via dual-energy X-ray absorptiometry (DXA) whole body scans from
the Prodigy Scanner using Encore Software. In addition to absolute values of lean mass and
fat mass, we assessed appendicular lean mass (ALM), the sum of lean mass from the arms
and legs, ALM relative to height (kg/m2), percent lean mass, and percent fat mass.

Comorbidity Index

A summary measure was created to account for the presence of 14 comorbidities:
hypertension, diabetes, coronary artery disease, congestive heart failure, stroke, chronic
obstructive pulmonary disease, cancer, Parkinson's disease, arthritis, anemia, chronic kidney
disease, peripheral arterial disease, cognitive impairment, and depression (47). Anemia was
defined as having a hemoglobin less than 12g/dl in women and 13g/dl in men (47).
Cogpnitive impairment was defined as a Mini Mental State Examination score less than 24
(48). A Center for Epidemiologic Depression Scale score greater than or equal to 16 defined
depression (49). All other conditions for the comorbidity index were determined from self-
report from the BLSA medical questionnaire.

Statistical analyses

Results

T-tests and chi-square were used to assess differences between decliners and non-decliners
for covariates including age, anthropometric and body composition measures, comorbidities,
physical function, and muscle strength. Covariates that were statistically significant, or
biologically plausible, were included in the regression analyses. Logistic regression was
used separately for each time point to predict odds of being a decliner, with and without
adjustment for age, sex, percent fat mass, baseline walking speed, plate number, and
comorbidity index. All statistical analyses were conducted using SAS 9.4 (SAS Institute
Inc., Cary, NC, USA).

BDNF and proBDNF ELISAs have little or no cross-reactivity

We used recombinant BDNF (7.8-4000 pg/ml) and proBDNF (7.8-4000 pg/ml) protein to
generate the standard curves for the ELISA assays of proBDNF (Figure 1A) and BDNF
(Figure 1B) and assess potential cross-reactivity. Adding standard concentrations of
recombinant BDNF to the proBDNF ELISA generated a linear curve with a significantly
lower slope compared to the one achieved by recombinant proBDNF; the measured
concentrations of BDNF were approximately 20-fold lower than the known concentrations
added across all seven standards and in three separate proBDNF ELISA plates (Figure 1A).
Conversely, recombinant proBDNF was detected with the BDNF ELISA only in
concentrations higher than 5 ng/ml (Figure 1B) and even then the measured concentrations
in all repeats were about 25 times lower than the concentrations actually added to the assay.
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In order to further examine if proBDNF interferes with BDNF detection and vise-versa,
BDNF and proBDNF were combined on each plate to ensure that the mixture of the two
does not modify the expected signal (for example, on the proBDNF plate, BDNF was added
to the proBDNF internal standard). Adding increasing amounts of BDNF, up to 500 pg, did
not interfere with the measurements of either low or high concentrations of proBDNF
(Figure 1C) (each concentration level serves as a technical repeat and the whole experiment
was repeated on three separated ELISA plates). Similarly, adding up to 100 ng of proBDNF
had no effect on BDNF measurements (Figure 1D). Moreover, reproducibility was shown in
technical duplicates throughout the study (data not shown). We conclude that although there
is some signal cross-reactivity, it is negligible.

BDNF and proBDNF levels are highest in LICAM+ EVs

To determine the range of BDNF and proBDNF values in plasma, total EVs and LLCAM+
EVs, a preliminary cohort of 20 subjects was analyzed (Figure 2). BDNF levels were
significantly different in the three fluid types (F = 6.868, p = 0.002). Specifically, BDNF
levels in LLCAM+ EVs were significantly higher compared to levels in total EVs (p =
0.016) and plasma (p = 0.001) and were comparable between total EVs and plasma (p =
0.254) (Figure 2A). ProBDNF levels were also significantly different in the three fluid types
(F =4.410, p = 0.017). Specifically, proBDNF levels in LLCAM+ EVs were significantly
higher compared to levels in total EVs (p = 0.026) and plasma (p = 0.007) and were
comparable between total EVs and plasma (p = 0.628) (Figure 2B).

proBDNF levels in LICAM+ EVs differ between decliners and non-decliners

Participant characteristics are described in Table 1. Decliners were more likely to be male,
with greater height, higher lean mass, lower fat mass, and faster baseline walking speed.
There were no other significant differences between decliners and non-decliners.

Participant characteristics at time 2 are detailed in Table 2. All of the differences observed at
time 1 were present at time 2. Additionally, at time 2 decliners had fewer comorbidities.
There were no other significant differences between decliners and non-decliners.

Within subject differences in measures between time 2 and time 1 show that non-decliners at
time 2 had a decline in proBDNF from LLCAM+ EVs, were older, shorter, had a higher
BMI, more comorbidities, and less perecent lean mass (Supplemental Table 1). Decliners at
time 2 were also older and shorter, and additional had a slower gait speed, less ALM, less
grip strength, less knee extension strength at 180°/s, and less isometric strength at 120°. The
only measures that displayed significant different change between decliners and non-
decliners was gait speed.

We performed logistic regression analyses to assess the association between BDNF and
proBDNF measures and walking speed decline. The significant differences in lean mass
measures and height between decliners and non-decliners were fully attenuated upon sex
adjustment; therefore, these covariates were not included in further regression analyses.
Percent fat mass showed a greater difference between decliners and non-decliners than total
fat mass, therefore it was included as a covariate in the final regression analyses. We
included comorbidity index even though it did not differ significantly between decliners and
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nondecliners because comorbidity has a strong influence on multiple aspects of aging and
health.

To evaluate potential correlations among key factors, we additionally examined the
associations between the multiple strength measures and BDNF and proBDNF levels,
adjusting for age and height. At time 1, isokinetic peak torque during knee flexion at 30°/s
was significantly associated with BDNF in LLCAM+ EVs and isometric peak torque at 140°
was significantly associated with the ratio of BDNF/proBDNF from total EVs (both p-values
< 0.05). At time 2, more strength measures were associated with neurotrophin levels:
isokinetic peak torque during knee extension at 180°/s with the BDNF/proBDNF ratio from
plasma; grip strength with BDNF from total EVs; and isokinetic peak torque during knee
extension at 30°/s, knee extension at 180°/s, knee flexion at 30°/s, and isometric peak torque
at 140°, all with the BDNF/proBDNF ratio from total EVs (all p-values <0.05). All of the
strength measures were significantly correlated with walking speed at times 1 and 2 (p-
values <0.01), except for isokinetic peak torque during knee flexion at 180°/s, which
supports walking speed as a marker for motor function.

Full regression models were adjusted for age, sex, plate number, percent fat mass, baseline
walking speed, and the comorbidity index. Results with and without adjustment for
covariates did not affect the magnitude of the associations between BDNF and proBDNF
measures and walking speed decline.

In the logistical regression analyses, only proBDNF levels from the LLCAM+EVs are
associated with an increased risk of being a walking speed decliner at both time points
(Table 3). Mean differences in BDNF measures, adjusted for age and sex, are shown in
Supplemental Table 2 by decliner status and time. In LLCAM+ EVs, BDNF levels (Figure
3A) did not differ between decliners and nondecliners or between visits but proBDNF levels
(Figure 3B) were different between decliners and nondecliners at both time points but not
between visits. The BDNF/proBDNF ratio is also not different between decliners and
nondecliners or between visits. In plasma samples, the level of BDNF (Supplemental Figure
1A, S1A), proBDNF (Figure S1B), and the BDNF/proBDNF ratio (Figure S1C) did not
differ between decliners and non-decliners or between visits. In total EVs, the level of
BDNF (Figure S2A), proBDNF (Figure S2B), and the BDNF/proBDNF ratio (Figure S2C)
did not differ between decliners and non-decliners or between visits.

Discussion

This study has three main findings: 1) There were low levels of cross-reactivity between
BDNF and proBDNF using two widely used commercially available assays; 2) BDNF and
proBDNF levels were higher in LLCAM+ EVs than in plasma or total plasma EVs; and 3)
walking speed decliners had higher levels of proBDNF in LICAM+ EVs compared to
nondecliners, even after adjustment for multiple factors affecting walking speed.

Research on EVs in recent years has documented an impressive variety of cargo molecules
(collated in the combined ExoCarta/EVpedia dataset (50, 51)), which can potentially be used
as disease biomarkers for various conditions and disease states (52, 53). Our team has
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pioneered a new approach in biomarker discovery for AD and other neurodegenerative
diseases by measuring candidate biomarkers in plasma LLCAM+ EVs, including pathogenic
molecules (42), markers of metabolic and lysosomal dysfunction (40, 41), but also
intracellular signaling molecules that promote cellular resistance to various stressors (39,
45). The concentration of some of these molecules (e.g tau) can be many-fold higher in
L1CAM+ EVs compared to plasma (39). Therefore, our findings of higher BDNF and
proBDNF in LICAM+ EVs compared to plasma and total plasma EVs are not surprising.
Importantly, biomarker levels in this enriched EV sub-population may more closely reflect
brain changes compared to plasma, especially when the biomarker of interest is produced by
the brain as well as by peripheral cells, as is the case for BDNF. The latter findings suggest
that neuronal alterations contribute to walking speed decline during aging, and further
suggest a potential value for analyses based on plasma EV subpopulations in elucidating
underlying cellular and molecular mechanisms in their cells of origin. Our finding that
proBDNF levels are elevated in plasma EVs of neuronal cell origin suggests a role for
perturbed BDNF signaling in age-related decline in walking speed. More broadly, our
findings suggest that molecular interrogation of LLCAM+ EVs may serve as a platform for
investigating a wide range of aging related processes and diseases. Further developments in
isolation of cell-origin specific EVs is warranted to increase our ability to study diseases and
age related alterations in humans in a minimally invasive manner.

BDNF plays important roles in learning and memory, and motor functions. Experiments in
both rodents and humans have found that exercise increases BDNF levels, and can reverse
the effects of a high-fat diet through BDNF signaling (54-58). Associations between motor
function and BDNF were reported in a previous study (59). In addition, serum levels of
BDNF are correlated with poor motor function in Parkinson's disease patients (60).
Moreover, mice with BDNF haploinsufficiency exhibit a decline of motor performance and
in synaptic markers in their motor cortex, but no differences in learning and memory or
hippocampal synaptic markers (61). Clinical studies of exercise using plasma or serum
BDNF measures have reported contrasting findings in that clinical trials suggest that BDNF
increases with exercise while observational studies have found an inverse relationship (34).
Our analysis of plasma and plasma-derived EVs revealed no associations of plasma BDNF
or proBDNF levels on motor decline, whereas proBDNF in LICAM+ EVs uniquely
discriminated between decliners and nondecliners. Given that LLCAM+ EVs more closely
reflect brain processes, the association of elevated LICAM+ EV proBDNF levels with
motor decline suggests that a neural contributor may be a prominent factor in walking speed
decline.

BDNF is cleaved from proBDNF by different proteases and in response to stimulation (62,
63). Though proBDNF has been shown to have opposite effects of BDNF in learning and
memory, and despite the plethora of information tying BDNF to motor function, many
articles investigating motor function and BDNF ignore proBDNF. However those that
include plasma measurements of proBDNF have found that the serum levels are negatively
correlated with motor function (for instance, in recovery after stroke (64). There has been
evidence of BDNF being produced in smooth and skeletal muscle (65, 66), but no studies
have specifically examined the effects of proBDNF on muscle. However, several studies
discuss the role of proBDNF in cell death and atrophy of motoneurons (63, 67). Here we
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found that higher proBDNF only in LLCAM+ EVs is associated with walking speed decline,
suggesting that proBDNF plays a role in motor function and aging-associated motor decline.
Decliners may either be producing an excess of proBDNF, have reduced cleavage of
proBDNF, or an increase in release into the circulation (packed predominantly into LICAM
+ EVs). However, the fact that we see only minimal reduction in BDNF levels between
groups suggests that an alteration in cleavage is not the main culprit.

In this study we found a novel association between proBDNF and aging-related walking
speed decline using LLCAM+ EVs as a diagnostic platform. This supports the broader
hypothesis that increased proBDNF levels are associated with motor impairment including
with aging-related motor impairment. Though previous studies have found associations
between motor function and BDNF plasma levels, we did not find any such association,
raising doubts about any specific implication of plasma BDNF levels in aging-related motor
impairment.

While our study was designed to assess potential causality (operating within the timeframe
between the two time points) by including “before and after” measures of gait speed and
neurotrophins, we were unable to achieve this goal. While we anticipated that associations
between the neurotrophins and walking speed would only develop at time 2, we observed an
association between LICAM+ EVs proBDNF at both time 1 and time 2. Our walking speed
decliner group had a slower baseline gait speed, and even though we accounted for this in
our analyses, the associations between LICAM+ EVs and walking speed at time 1 persisted.
Therefore, the neurotrophin changes may have preceded our time 1 observations and the
direction of effect cannot be determined.

Many factors affect change in walking speed. While changes in muscle strength are a
potential contributing factor, and soluble plasma levels of BDNF are known to be associated
with muscle (68, 69), our study found no differences in strength measures between decliners
and non-decliners, and found no associations between strength and proBDNF from L1CAM
+ EVs. The association we found between between neuronal origin EV-derived proBDNF,
but not circulating soluble proBDNF, and decline in walking speed provides supporting
evidence for a contribution from the nervous system to decline in walking speed.

Conclusion

With the increase in lifespan, healthspan becomes of paramount importance, especially the
preservation of cognitive and motor function. Multiple lines of evidence suggest that
cognitive and motor functions are inter-related and BDNF signaling is perhaps the most
prominent mechanism evoked to support this connection. Our findings highlight the
complexity of measuring candidate biomarkers in biological fluids, as they may be variably
present in different fractions in mature and precursor forms. Moreover, clinical studies
where levels of a single molecule are used to characterize a complex and likely
multifactorial phenomenon (typical for all aging-associated changes) may oversimplify this
inherent complexity. More research should be done to advance EV research, and, in
particular, studies of cell type-specific subsets of EVs that can further improve knowledge of
complex phenomena of aging.
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Highlights
. There was little or no cross-reactivity between assays for BDNF and
proBDNF
. BDNF levels in extracellular vesicles, particularly LICAM+ EVs (enriched

for neuronal origin) were higher than in plasma

. Levels of proBDNF in LLCAM+ EV were higher in older adults with walking
speed decline compared to those without walking speed decline
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Figure 1.

Recombinant BDNF was added in concentrations of 62-4000 pg/dl to proBDNF ELISA
plates (A) and recombinant proBDNF was added in concentrations of 62 — 4000 pg to
BDNF ELISA plates (B). The signal produced was compared to the signal produced by the
same concentration of recombinant proBDNF (A) or recombinant BDNF (B). Each curve
represents a separate experiment on a separate ELISA plate, while the samples were run in
duplicates. C. On a proBDNF ELISA plate, increasing concentrations of recombinant BDNF
were added to 3.3 or 25 ng of recombinant proBDNF and the measured concentration of
proBDNF was calculated based on the standard curve produced by pure recombinant
proBDNF. The fact that the line remains almost horizontal at the excpected concentration
shows the reproducibility of the ELISA and its validity when measuring mixtures of BDNF
and proBDNF. D. On a BDNF ELISA plate, increasing concentrations of recombinant
proBDNF were added to 500 or 1000pg of recombinant BDNF and the measured
concentration of BDNF was calculated based on the standard curve produced by pure
recombinant BDNF. The fact that the line remains almost horizontal at the excpected
concentration shows the reproducibility of the ELISA and its validity when measuring
mixtures of BDNF and proBDNF.

Exp Gerontol. Author manuscript; available in PMC 2018 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Suire et al. Page 17

500 4000

30007

-
o
e

20007

10007

Mean BONF (pg/dl)
L -
£ 3
|
Mean ProBDNF (pg/dl)

100 0 ———

[

T T T
Plasma Total EVs L1CAM+ EVs Plasma Total EVs L1CAM+ EVs

Figure 2.
A. BDNF concentrations in LLCAM+ EVs, plasma, and total EVs, in a preliminary cohort

of 20 participants showing higher levels of BDNF within LLCAM+ EVs. B. ProBDNF
concentrations in LICAM+ EVs, plasma, and total EVs, in a preliminary cohort of 20
participants showing higher levels of BDNF within LICAM+ EVs.
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Figure 3.

A. BDNF readings from LLCAM+ EVs are not significantly different between decliners and
non-decliners or visits. B. proBDNF readings from LLCAM+ EVs are significantly different
between decliners and non-decliners at both time points. C. The ratio of BDNF to proBDNF
in LICAM+ EVs is not significantly different between decliners and non-decliners or time
points.

Exp Gerontol. Author manuscript; available in PMC 2018 November 01.



Page 19

Suire et al.

Author Manuscript

T alqeL

Author Manuscript

280 | (t092)esee | s | (L92€)86'06 | v¥ WN ‘P OFT dH32WOS|
060 | (62ge)06'L2T | 8% | (SL'6v) 0062T | v WN ‘P 0ZT dHI8Wos|
G50 | (s6'0c)TL€9 | 87 | (66'72) 2809 | S¥ WIN ‘s/p 08T UOIX3]| 9dUM
650 | (TT02) 082S | 67 | (2522 vias | oy WIN 'S/P OE UOIX3]H 83U
v20 | (05v2) L6°2L | 6y | (G2ee)€5'SL | Gy | WN ‘s/p 08T UOISUSIXT dduU
080 | (b9'se) 21T | 67 | (€0'8Y) 0Z'STT | 9% |  WN 's/p OF UoISUBIXT 8o
8T0 | (vom)ovee | oL | (eeTT)€6'6C | TL By ‘ybusns duo
100> 69'TE | 0L (62'8) 60'9€ | S9 SSBIAl 1B JUBdIad
500 (rze)oese | 0L | (s8v'1T)SP'6C | ¥9 B3 ‘sselN 1ed
100> (96'9) 1579 | 0L (66'2) €709 | ¥9 SSBIA| UeaT] JU8dIad
110 T L | 0L (tz1) 6oL | 9 qw/By ‘NI
200 (¥8v)eeee | oL (vo's) eg'0C | 99 B ‘WIVY
280 | (68'15)96'G8 | T2 | (8v'29)0€'88 | L9 | My [€10} ‘ANAROY [edlsAyd
810 (ov'1) 20T | SL (9T'T) 9872 | SL (¥1-0) xapu] Aupigiowo)
100> (6Z'0)ST'T | G2 (€2'0)66°0 | GL s/w ‘paads He
€20 (8z'v) 28'9¢ | &L (e6'v)8L'Le | &L cw/By ‘NG
100> (oT'0)eLT | S (0T'0) 89T | S w ‘b1eH
100> €eLT | 6L 199 | GL % ‘X3S dlewa
110 (998) ¥9'2L | L (tz8)sysL | &L sif ‘aby
FAN() (26'0) 08T | GL (86'0) S0C | L [ensaul
(@s)uesy | u (as)uesy | u
anfea-d sJauloeg SJ18UI[98Q-UON

Author Manuscript

“T aW1} Je 1OY0d Y} JO SONSIIRdRIRYD JIseq

Author Manuscript

Exp Gerontol. Author manuscript; available in PMC 2018 November 01.



Page 20

Suire et al.

Author Manuscript

¢ dlqeL

Author Manuscript

6.0 | (29g¢) 2966 | 2€ | (69°2€) 2086 | OF WN ‘P OYT dLI8WOs|
60 | (evay)Tser | 2e | (16'9v) 8'¥ET | OF WN ‘P OZT dL8WOs|
160 | (0T'02) 10'G9 | 2€ | (v2ea) 6ST9 | Tv WIN ‘s/P 08T UOIX3]4 98U
060 | (ece61)e6'19 | 2€ | (@Sva) €19 | T WIN ‘S/P OF UOIX3|- daUM
€80 | (cese)eses | ze | (0822)90°GL | Tv | WN 'S/p 08T UOISUBIXT 98U
v80 | (eL1v) 81T | 2e | (€sev) 8'STT | T WN ‘s/p OE UOISUSIXT 9dUM
veo | (veot)sLoc | 22 | (80°TT) 9982 | OL 6 ‘ybuans duo
100> | (€92)6zTE | €9 | (€£'8)9¥'9e | 29 SSeIAl Jed JU3dIdd
200 (60'6) S0’ | €9 | (LLTT) ¥¥'6C | 29 B 'ssein yed
100> | (ee2)o6v9 | €9 | (ev'8)66'65 | 29 SSBIA UesT Jusdlad
100 wrTners | €9 | (€r1)ooL | 29 /By ‘NI
100 (99v)6T'2C | €9 | (99%) L6'6T | 29 B3 ‘NI
€90 | (w2l 1198 | ¥9 | (¥599) 9208 | S9 | MpP [el0) ‘AuAnOY [ealsAud
€00 (tvt)ere | 62| Werioz | s (¥1-0) Xapul Aupigiowod
ve0 (8z'0)260 | G2 | (czo)ooT | SL S/W ‘paads Ne omL swlL
100> (6zo)sTT | 62| (cz0)660 | L s/ ‘paads e auljeseq
ST0 (e8v)erse | s2 | (vo's)8z8e | &L cw/By ‘NG
100> (600)esT | 62| (oTo)9T | SL w ‘b1eH
100> €Lt L L9'9Y L % ‘X3S dlewa
ST0 (ove)vveL | 62 | (08)1S5LL | S sif ‘aby
2o (2600081 | 62| (860)S0Z | L [ensaul
(as)uesin u (a@s)uesn u
anfea-d sJauloeg SJ18UI|28Q-UON

Author Manuscript

*Z W1 T8 10Y0d Y} JO SONSLISdRIRYD JIseq

Author Manuscript

Exp Gerontol. Author manuscript; available in PMC 2018 November 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Suire et al. Page 21

Table 3

A. Adjusted odds ratio (OR) for time 1, where only proBDNF L1CAM+ EVs predict decliners. Models
adjusted for age, sex, plate number, percent fat mass, baseline gait speed, and comorbidity index. B. Adjusted
OR for time 2, where only proBDNF L1CAM+ EVs predict decliners. Models adjusted for age, sex, plate
number, percent fat mass, baseline gait speed, and comorbidity index.

A
Time One Measurement OR 95% ClI
BDNF 0.86 (0.58, 1.26)
Plasma proBDNF 1.14 (0.91, 1.44)
BDNF:proBDNF | 0.96 (0.87, 1.06)
BDNF 0.08 | (<0.001, >999.99)
Total Evs proBDNF 3.01 (0.31, 29.75)
BDNF:proBDNF | 0.86 (0.19, 3.83)
BDNF 0.07 (<0.01, 1.88)
L1CAM + EVs | proBDNF 212 (1.09, 4.15)
BDNF:proBDNF | 0.45 (0.15, 1.36)
B.
Time Two Measurement OR 95% ClI
BDNF 0.91 (0.56, 1.46)
Plasma proBDNF 1.13 (0.93, 1.36)
BDNF:proBDNF | 1 (0.96, 1.05)
BDNF 1.82 | (<0.001, >999.99)
Total Evs proBDNF 135 (0.32,567.73)
BDNF:proBDNF | 0.53 (0.10, 2.81)
BDNF 0.84 (0.10, 6.97)
L1CAM +EVs | proBDNF 2.6 (1.07, 6.29)
BDNF:proBDNF | 0.74 (0.26, 2.13)
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