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Abstract.
Background: While drainage/removal of fluid and toxins from the brain by cerebrospinal fluid (CSF) directly into venous
blood is well-known, a second drainage route has recently been (re)discovered—meningeal lymphatic vessels (mLVs)—which
are responsible for up to half of total brain fluid/toxin drainage. The cytokine vascular endothelial growth factor (VEGF)
increases mLV diameter and numbers to increase mLV drainage, resulting in increased mLV drainage. Alzheimer’s disease
(AD) is characterized by low plasma and CSF levels of VEGF.
Objective: To determine if non-invasive transcranial radiofrequency wave treatment (TRFT), through modulation of VEGF
levels in blood and CSF, can affect removal of toxins tau and amyloid-� (A�) from the brain.
Methods: Eight mild/moderate AD subjects were given twice-daily 1-hour TRFT sessions at home by their caregivers. Blood
and CSF samples were taken at baseline and following completion of 2 months of TRFT.
Results: In plasma and/or CSF, strong baseline correlations between VEGF levels and AD markers (t-tau, p-tau, A�1-40,
A�1-42) were eliminated by TRFT. This effect was primarily due to TRFT-induced increases in VEGF levels in AD sub-
jects with low or unmeasurable “baseline” VEGF levels. These increased VEGF levels were associated with increased
clearance/drainage of tau and A� from the brain, likely through VEGF’s actions on mLVs.
Conclusions: A new mechanism of TRFT is identified (facilitation of brain tau and A� clearance via VEGF) that is likely
contributory to TRFT’s reversal of cognitive impairment in AD subjects. TRFT may be particularly effective for cognitive
benefit in AD subjects who have low VEGF levels.
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INTRODUCTION

Although cerebrospinal fluid (CSF) has long been
known to drain fluid and soluble toxins from the brain
such as tau and amyloid-� (A�) via the brain’s venous
sinuses, only recently has an additional drainage
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route for CSF and toxins been found—meningeal
lymphatic vessels (mLVs) located in the brain’s
meninges.1,2 The human brain’s mLVs are comprised
of “dorsal” and “basal” lymphatic vessels.3 Both
mLV vessel locations represent a crucial “alternative”
drainage route for CSF to leave the brain4, with mLV-
containing CSF then being discharged into cervical
lymph nodes (Fig. 1).5 Indeed, mLV drainage of brain
CSF and toxins accounts for around half of total brain
CSF flow from the brain.5,6

The diameter and number of mLVs can vary.
As such, any dilation or lymphangeogenesis (gen-
eration of new lymphatic vessels), respectively,
would increase lymph flow through the mLVs
to enhance CNS flow and thus toxin clearance

from the brain (Fig. 2, far right). Conversely, in
aging and Alzheimer’s disease (AD), decreased
CSF flow through mLVs would hinder toxin clear-
ance from the brain, allowing buildup of toxins in
brain parenchyma. Thus, mLVs have been recently
suggested as a new target for AD therapeutics,7

specifically to increase CSF flow through mLVs to
enhance brain clearance of soluble tau and A� that
otherwise accumulate in the brain’s parenchyma and
neurons.

Both dorsal and basal mLVs are critical for
the clearance of tau and A� from the brain,
although dorsal mLVs appear more important for
such clearance.8,9 Regarding A�, PET studies have
shown that reduced CSF clearance in AD patients is

Fig. 1. Meningeal lymphatic vessels (mLVs), located within the brain’s meninges/dura, are comprised of both “Dorsal” and “Basal” lymphatic
components (green vessels). Collectively, these lymphatic vessels account for up to half of total brain CSF drainage out of the brain, and
thus a substantial amount of toxin drainage/clearance from the brain. CSF within mLVs is transported to cervical lymph nodes and then into
the venous circulation. Note the close parallel of mLVs to venous sinuses (blue) within the brain. Yellow circles depict the approximate head
surface locations for the four radiofrequency emitters of a MemorEM device on the left side of the head.
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Fig. 2. Dilation of mLVs or an increase in their numbers (lymphangiogenesis) will increase MLV flow of CSF (and thus toxins) out of the
brain (far right). Vascular endothelial growth factor (VEGF) is a critical cytokine that targets both of these processes to increase CSF flow
and toxin removal from the brain. The three likely sources of VEGF that modulate mLV diameter and vessel numbers are shown as: 1)
VEGF (both A and C sub-types) in blood plasma of choroid plexus capillaries that diffuses into choroid plexus ependymal cells, then into
CSF, and finally to mLVs located in the brain’s dura, 2) epithelial ependymal cells lining the choroid plexus make and release VEGF into
the CSF they produce, which then goes to mLVs, and 3) resident macrophages within the choroid plexus interstitial fluid secrete VEGF-C,
which then follows the same route as plasma VEGF across ependymal cells, then to mLVs. TRFT likely affects all three of these VEGF
sources through re-balancing of VEGF between RBCs and plasma, and stimulating VEGF release from ependymal cells and macrophages.
To facilitate understanding of this figure, “VEGF” is meant to indicate VEGF-A and/or VEGF-C.

associated with increased brain A� deposition.10 As
well, blocking mLV drainage in AD transgenic mice
increases their AD-related characteristics, including
brain A� accumulation and cognitive impairment.11

Regarding tau, mLV drainage dysfunction has been
reported to play a role in tau aggregation in the
brain.9,12,13 For example, human tau injections into
the brain of both wild-type and transgenic mice
lacking a functional central nervous system (CNS)
lymphatic system showed a significantly higher
amount of tau retention in the brains of these trans-
genic mice.9

It is clear that therapeutic interventions to augment
mLV function through an increase in mLV dilation
and/or lymphangiogenesis are highly desirable to
clear soluble tau and A� from the brain. In this regard,
the cytokine vascular endothelial growth factor-C
(VEGF-C) and its receptor VEGFR-3 primarily act to
dilate mLVs and to increase mLV lymphangiogenesis
(Fig. 2).14 Whereas early studies demonstrated that
VEGF-A and its receptors VEGFR-1 and VEGFR-2
selectively stimulate angiogenesis (generation of new
blood vessels), recent studies also indicate a direct
lymphangiogenic role of VEGF-A15 as well as pro-
motion of macrophages to release VEGF-C.16,17 The
stimulatory effect of VEGF-A on VEGF-C release is

an indirect route for VEGF-A to enhance both lym-
phangiogenesis and mLV dilation. Figure 2 depicts
three likely sources of VEGF that can affect mLV
flow and toxin clearance from the brain. It should
be noted that VEGF-C and VEGF-A largely paral-
lel one another in plasma concentrations, with an
approximate 30:1 ratio.18

A variety of mouse studies have been done to
investigate the effects of direct (invasive) VEGF
administration to the brain on mLVs and clear-
ance of brain toxins. For example, direct brain
treatment of aged mice with VEGF-C enhances
mLV diameter and meningeal lymphatic drainage
of CSF macromolecules.19 In another study, intrac-
erebroventricular infusions of VEGF-C induced
lymphoangiogensis of mLVs in APP+PS1 transgenic
mice, resulting in greater clearance of A� from
their brains as evidenced by lower soluble A� lev-
els in CSF and brain.20 These studies of “brain”
VEGF administration in mice clearly show that
there is resulting lymphogenesis and increased mLV
vessel diameter; both would increase lymph flow
through the mLV’s to increase brain clearance of CSF
and toxins.

Regarding human clinical studies, one study found
that serum VEGF levels in AD subjects is 30%
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lower than in aged controls; a 5-fold lower level of
VEGF was present in AD subjects with the great-
est dementia scores compared to those AD subjects
with the least dementia scores.21 Another clinical
study involved measurement of VEGF in CSF of nor-
mal aged, mild cognitive impairment (MCI), and AD
subjects.22 Irrespective of group, higher VEGF levels
were strongly correlated with greater baseline hip-
pocampal volume, lesser hippocampal atrophy over
time, and lesser memory decline over time. Most
striking was that a sub-set of “normal aged” subjects
in this study who had high VEGF levels as well as the
same levels of CSF t-tau and A�1-42 found in the AD
subset, showed no clinical cognitive impairment.22

Thus, high VEGF levels in CSF (and possibly
plasma) could stave off MCI and AD-related cogni-
tive impairment irrespective of CSF t-tau or A�1-42
levels.

Up until now, there had been no human studies that
concurrently modulated both plasma and CSF/brain
VEGF levels and effects on brain clearance of toxins.
Even beyond that, the present clinical study details
effects of a new bioengineered, non-invasive tech-
nology on brain clearance of tau and A� through
proposed modulation of both blood and brain VEGF
levels. The technology, called transcranial radiofre-
quency wave treatment (TRFT), has been shown to
both stop and reverse AD cognitive decline in small
clinical trials, including a TRFT-induced reversal of
cognitive impairment that was previously reported for
AD subjects in the present study.23.24 Three “disease-
modifying” mechanisms of TRFT action have been
identified for explaining these cognitive benefits: 1)
brain disaggregation of soluble oligomers of A�
and tau, 2) brain mitochondrial enhancement, and
3) re-balancing of the brain and blood’s immune
system.23,25–28

The current study presents clinical evidence for
a fourth mechanism of TRFT action – modulat-
ing soluble tau and A� clearance/drainage from the
brain through TRFT-induced changes in VEGF lev-
els within both plasma and brain (Fig. 2). Our results
indicate that AD patients with low VEGF levels
in plasma and/or brain should benefit from TRFT
because it increases clearance of both tau and A�
from the brain, presumably through TRFT-induced
increases in VEGF levels in and around mLVs. Con-
firmatory involvement of mLVs in TRFT’s effects to
clear tau and A� from the brain must nonetheless
await studies that directly measure mLV flow through
MRI. It is proposed that this fourth mechanism of
TRFT action (facilitation of brain tau and A� clear-

ance) contributes to the cognitive benefits of TRFT
in AD subjects.

METHODS

Subjects

Eight subjects with mild-moderate AD were
enrolled in a 2-month clinical protocol at the Uni-
versity of South Florida Health/Byrd Alzheimer’s
Institute (Tampa, FL). Subjects were required to be
diagnosed with mild or moderate AD according to the
National Institute of Neurological and Communica-
tive Disorders and Stroke-Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA)
criteria. At screening, subjects were at least 63 years
of age (mean of 70.8), had a Mini-Mental State Exam
(MMSE) score range of 16–26 (mean of 19.5), and
a baseline Alzheimer’s Disease Assessment Scale-
cog (ADAS-cog) 13 score range of 26.7–62 (mean of
36.7). In addition, subjects were required to have a
Hachinski test score lower than 4 and a Global Dete-
rioration Score above 2. Additional demographics,
characteristics, AD-verification analyses, and exclu-
sion criteria for the subjects participating in this
study can be found in [23]. For each AD subject,
a caregiver (spouse, family member, etc.) with non-
impaired mental abilities/motor skills needed to be
identified to be responsible for administering the
daily treatments to the subject. Most AD patients
of this study were receiving AD medication prior to
TRFT. As such, if they were being medicated with a
cholinesterase inhibitor and/or memantine, subjects
were required to have been on such medication for at
least 3 months prior to screening, then on a stable dose
for at least the 60 days prior to screening and main-
tained on that dose throughout the period of this study.
In strict accordance with the informed consent regu-
lations of the USF Health/Byrd Alzheimer’s Institute,
all subjects gave their consent to be in this study. This
study was conducted according to the guidelines of
the Declaration of Helsinki, and the clinical study’s
protocol was approved by the Western Institutional
Review Board (WIRB) or the WIRB-Copernicus
Group (WCG-IRB) as Protocol #20152640. The clin-
ical protocol for this study (NCT02958930) is listed
on http://www.clinicaltrials.gov.

The investigational device

The MemorEM head device is self-contained and
has been designed for in-home treatment, allowing

http://www.clinicaltrials.gov
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Fig. 3. A MemorEM device being worn by a mannequin human
head. The control panel/battery box is worn on the subject’s upper
arm and is wired via a cable to eight radiofrequency wave emitters
(four on each side of the head) embedded between the device’s
two-layered head cap. Emitters collectively provide full forebrain
TRFT, while allowing near complete mobility during any given
1-hour treatment.

for near-complete mobility and comfort in any given
1-h treatment, and requires at least a 7-h interval
between two daily treatments (Fig. 3). When run-
ning a treatment, the device transmits radiofrequency
waves sequentially through the 8 head emitters
(embedded between the two head cap layers) at
915 MHz frequency every 4.6 ms (e.g., a pulse rep-
etition rate to each antenna of 217 Hz). Figure 1
shows where the four emitters would be located on
the head surface for the left side of the head. Power
levels (specific absorption rate, SAR) for each emitter
were set at an average of 1.6 W/kg. At this frequency
and power level, human head computer simulations
show that the eight emitters collectively provide both
global and penetrating TRFT to the entire human
forebrain.23,24,28 The MemorEM head device and
this clinical trial protocol were both approved as
“non-significant risk” by the Western Institutional
Review Board and in March 2020, the MemorEM
device was designated by FDA as its first “Break-
through Device” for the treatment of AD cognitive
decline.

General protocol

This was a single arm, single performance site
study wherein 2 months of daily TRFT administra-
tion occurred in patients with mild-to-moderate AD.
All screening events occurred within two weeks of
treatment initiation, and all baseline measures were
attained within one week of treatment initiation. Fol-
lowing the baseline clinical visit and for the purposes
of this study, a succeeding visit occurred on Day 60,
after 2 months of daily treatments. Throughout the
2-month treatment period, subjects were given twice-
daily TRFT treatment for 1 h each (early morning and
late afternoon), as administered and supervised by the
caregiver. Baseline (BL) and Day 60 clinical visits
actually involved 2 clinical visits each. The first clin-
ical visit involved ADAS-cog13 administration and
withdrawal of 20 ml of blood for later VEGF and AD
marker analyses. At the second clinical visit, 15 ml
of CSF was attained via spinal tap. On the clinical
visits of blood collection, blood samples (collected at
baseline and treatment Day 60) were divided into two
10 ml BD k2-EDTA tubes and centrifuged at 300 g for
10 min. The plasma (upper layer) for each tube was
transferred into a new 15 ml tube, then centrifuged
at 2000 g for 10 min. One ml volumes of the top
plasma layer were aliquoted into 1.5 ml tubes and
stored at –80◦C for future analysis. The two 15-ml
samples of CSF collected at baseline and Day 60 were
each aliquoted after collection into 1.5 ml tubes, then
frozen and stored at –80◦C until analysis. At the end
of the study, plasma and CSF samples were thawed
completely on ice, with samples being mixed well on
vortex and centrifuged at 2000 g for 10 min to pre-
cipitate any debris. Plasma and CSF measurements
were performed in duplicate and averaged for each
sample.

Blood and CSF analyses

VEGF. Multiplex kits from Millipore (Cat
HCYTOMAg-60K) were used to detect/measure
VEGF in plasma and CSF samples. These kits
measure the VEGF-A sub-type, which has been
shown to not only directly induce lymphangiogen-
esis [29], but also to stimulate the release of the
VEGF-C sub-type from resident macrophages.16

VEGF-C also induces lymphangiogenesis as well as
evokes dilation of lymphatic vessels.20,30 VEGF-C
and VEGF-A largely parallel one another in plasma
concentrations, with an approximate 30:1 ratio.18

All measurements were read on Bio-Rad Bio-Plex
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MAGPIX Reader. Cytokine levels in plasma and
CSF (including VEGF levels) were inadvertently
not determined for one of the eight AD subjects in
this study.

Human total tau (t-tau). Instructions were followed
according to those provided for the Thermo Fisher
Human Tau (total) kit (Cat: KHB0041). Standard,
Streptavidin-HRP, and wash buffer solutions were
prepared according to the menu. For each well, 100 μl
of standard and plasma or CSF sample (undiluted)
were added, incubated overnight at 4◦C with shak-
ing, then washed 4 times with wash buffer. Detection
antibody (100 μl/well) was then added, followed by
incubation for 1 h at room temperature. Plates were
washed 4 times with wash buffer, then 100 μl of
diluted streptavidin-PE was added to each well, fol-
lowed by incubation for 1 h at room temperature with
shaking. Next, plates were washed 4 times, followed
by addition of 100 μl of stabilized chromogen to each
well. The reaction was allowed to occur for 10 min,
then 100 μl of stop solution was added to each well,
followed by plate reading on the BioTek Synergy H4
reader.

Human phospho-tau (p-tau). Instructions were fol-
lowed according to those provided for the Thermo
Fisher Human p-tau (pT231) phosphoELISA kit (Cat:
KHB8051). Standard, anti-rabbit IgG HRP, and wash
buffer solutions were prepared according to the menu.
For each well, 100 μl of standard and plasma or CSF
sample (undiluted) was added, incubated overnight
at 4◦C with shaking, then washed 4 times with wash
buffer. Detection antibody (100 μl /well) was then
added, followed by incubation for 1 h at room tem-
perature. Plates were washed 4 times, then 100 μl of
diluted anti-rabbit IgG HRP was added to each well,
followed by incubation for 1 h at room temperature
with shaking. Next, plates were washed 4 times, fol-
lowed by addition of 100 μl of stabilized chromogen
to each well to allow reaction to occur for 10 min.
Then 100 μl of stop solution was added to each well,
followed by plate reading on the BioTek Synergy H4
reader.

Human A�1 -40 , A�1 -42 . Antibodies (goat anti-
human A�1-42, and goat anti-human A�31-40 specific
antibody) were purchased from MegaNano BioTech.,
Inc. FL. Instructions were followed according to
those provided. Standard, detection antibody, anti-
rabbit IgG HRP, and wash buffer were all prepared
according to the menu. For each well, 50 μl standard
and plasma or CSF (1:100 diluted for A� determina-
tions) sample were added to appropriate wells, then
50 μl of detection antibody for A�1-40 or A�1-42 was

added to each well. Incubation occurred overnight at
4◦C with shaking. After 4 washes, 100 μl of diluted
anti-rabbit IgG HRP was added to each well, followed
by incubation for 1 h at room temperature with shak-
ing. This was followed by 4 washes with wash buffer,
then addition of 100 μl of stabilized chromogen to
each well to allow reaction for 10 min. Stop solution
(100 μl /well) was then added and plates read on the
BioTeck Synergy H4 reader.

Statistical analysis

To determine effects of 2 months of daily TRFT,
all baseline values were statistically compared to 2-
month (Day 60) values with Paired t-tests at p < 0.05
or lower level of significance. For correlation anal-
yses, correlation coefficients (r) were calculated and
level of significance determined from Pearson’s cor-
relation table. Plasma or CSF data from a subject
on a given measure was sometimes omitted due to
undetectable baseline readings, inconsistent dupli-
cate values, or as a clear outlier (Grubb’s single outlier
test).

RESULTS

ADAS-cog scores strongly correlate with CSF
levels of t-tau, p-tau, and VEGF

Baseline ADAS-cog scores were clearly corre-
lated with baseline CSF levels of t-tau, p-tau, and
VEGF in the mild/moderate AD subjects of this
study (Fig. 4A–C). Indeed, ADAS-cog scores for
the seven AD subjects plotted could be divided into
two non-overlapping groups based on their ADAS-
cog scores: higher scores (48.2 ± 7.1; n = 3) and
lower scores (27.9 ± 1.6; n = 4), with a significant
difference (p = 0.022) between groups. Higher lev-
els of CSF t-tau and p-tau were seen in those
AD subjects with higher ADAS-cog scores (poorer
cognitive performance). Conversely, subjects with
higher CSF levels of VEGF showed lower ADAS-
cog scores (better cognitive performance). Thus,
ADAS-cog score was a good index of CSF/brain
levels of these three markers and vice versa.
There were no correlations between baseline CSF
levels of A�1-40 and A�1-42 versus ADAS-cog
performance (Fig. 4D, E), although the correla-
tion involving A�1-40 was significant at p < 0.05
(one-tailed).
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Fig. 4. ADAS-cog scores strongly correlate with CSF levels of t-tau, p-tau, and VEGF. (A–C) Higher levels of t-tau and p-tau correlated
with poorer ADAS-cog performance, while higher levels of VEGF correlated with better ADAS-cog performance. The correlation between
A�1-40 and cognition (D) was significant (p < 0.05) with one-tailed analysis. Red dots represent AD subjects with higher (poorer) ADAS-cog
scores, while green dots represent AD subjects with lower (better) ADAS-cog scores.

TRFT re-balances VEGF levels in both plasma
and CSF

In both plasma and CSF, the change in VEGF levels
induced by 2 months of TRFT was inversely depen-
dent on baseline VEGF levels (Fig. 5A, B). If baseline
levels of VEGF in plasma or CSF were low, TRFT
induced an increase in those levels (green circles). If
baseline levels of VEGF in plasma or CSF were high,
TRFT induced a decrease in those levels (red circles).
Thus, VEGF levels in both plasma and CSF were “re-
balanced” by TRFT, with AD subjects bearing low
baseline VEGF benefiting from TRFT with enhanced
VEGF levels. This re-balancing of VEGF by TRFT is
underscored in the bar graph of Fig. 5C wherein base-
line plasma VEGF is shown for AD subjects divided

into two groups—those with low and those with
higher VEGF levels at baseline. Although there was a
large difference in plasma VEGF levels between these
two groups at baseline, TRFT re-balanced VEGF lev-
els by increasing levels in the low baseline group and
decreasing levels in the higher baseline group. The
result was no low versus high group difference after
2 months (D60) of TRFT, as shown in the bar graph
of Fig. 5C.

It should be mentioned that half of the AD subjects
in this study had VEGF levels in their CSF that were
below detection levels pre- and post-treatment. The
reasons for this are three-fold: 1) plasma baseline lev-
els were already relatively low, with two subjects even
having undetectable VEGF at baseline, 2) the con-
centration gradient of plasma toward CSF for VEGF,
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Fig. 5. TRFT re-balances VEGF levels in both plasma and CSF. If baseline VEGF levels in plasma (A) or CSF (B) were low, TRFT increased
those levels (green circles). By contrast, if VEGF levels were high, TRFT induced a decrease in those levels (red circles). Re-balancing of
VEGF by TRFT is also evident in bar graph format (C), wherein AD subjects were divided into two groups – low or high baseline (BL)
plasma VEGF levels. The large difference in plasma VEGF between these two groups at BL was completely eliminated by 2 months of TRFT.

as exemplified by CSF concentrations of baseline
VEGF-A being well below those of baseline plasma,
and 3) the VEGF-A sub-type was measured, which
is only around 1/30th the plasma concentration of the
VEGF-C sub-type [18]. This last reason was probably
the most important reason for lack of VEGF detection
in plasma.

Plasma t-tau, Aβ1-40, and Aβ1-42 levels are
correlated with plasma VEGF levels: TRFT
re-balances these plasma AD markers to
eliminate their correlations with plasma VEGF

At baseline, three AD markers in plasma (t-tau,
A�1-40, and A�1-42) were directly correlated with
plasma VEGF levels (Fig. 6A–C). This suggests

that higher levels of plasma VEGF are resulting in
increased clearance of all three AD markers from
brain/CSF into plasma. Daily TRFT for 2 months
eliminated these three correlations (Fig. 6D–F). For
t-tau and A�1-42, the correlations with VEGF were
eliminated by: 1) robust TRFT-induced increases in
t-tau and A�1-42 levels for those AD subjects with
low baseline levels (green circles) and 2) small or no
TRFT-induced decreases in t-tau and A�1-42 levels
for those AD subjects with high baseline levels. This
“re-balancing” of plasma t-tau and A�1-42 levels by
TRFT is also evident in bar graphs showing means
of the low baseline versus high baseline groups at
baseline compared to after 2 months (D60) of TRFT
(Fig. 7A, B). A “re-balancing” effect of TRFT is
likewise very evident when showing the relationship
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Fig. 6. Plasma t-tau, A�1-40, and A�1-42 levels are directly correlated with plasma VEGF levels (A–C): TRFT re-balances these AD markers
to eliminate their correlations with VEGF (D–F). Subjects with low baseline (BL) levels of VEGF are indicated by green circles, while those
with high BL VEGF levels are indicated by red circles. It is evident that this re-balancing by TRFT primarily involved an increase in AD
marker levels in subjects with low BL levels of VEGF.

between baseline t-tau levels in plasma and the effect
of TRFT on them (Fig. 8A). With one exception,
a re-balancing of TRFT on t-tau occurred wherein
lower t-tau levels were increased and higher t-tau lev-
els were decreased. TRFT’s re-balancing effect on
A�1-40 (Fig. 6F) was not significant in bar graph for-
mat (Fig. 7C) because the low A�1-40 baseline level
group: 1) did not differ from the high baseline group,
and 2) did not show a TRFT-induced increase on Day
60. Parenthetically, plasma p-tau levels were below
detection in this clinical study.

CSF t-tau and p-tau levels are correlated with
VEGF levels in CSF: TRFT re-balances these
CSF AD markers to eliminate their correlations
with CSF VEGF

Only four of the 8 AD subjects of this study had
measurable CSF levels of VEGF. The reasons for

this were indicated in the second sub-section of this
Results section. Thus, caution should be taken for
any interpretation of the CSF VEGF results. How-
ever, even with only four subjects having measurable
levels of VEGF in CSF, evidence for VEGF within
CSF/mLV increasing “baseline” drainage of t-tau
and A�1-42 was apparent in comparing: 1) aver-
aged plasma t-tau levels in low versus high CSF
VEGF subjects (98 versus 387 pg/ml) and 2) aver-
aged plasma A�1-42 levels in low versus high CSF
VEGF subjects (21.7 versus 32.2 pg/ml). Also, there
were strong negative correlations between baseline
CSF levels of VEGF and baseline CSF levels of t-
tau and p-tau (Fig. 9A, B). TRFT eliminated these
two correlations at Day 60 by dramatically increas-
ing CSF VEGF levels in the two subjects with low
baseline VEGF levels and by decreasing CSF levels
in the two subjects with higher baseline VEGF levels
(Fig. 9C, D).
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Fig. 7. Re-balancing of plasma t-tau and A�1-42 levels by TRFT. In bar graph format, re-balancing of both plasma t-tau and A�1-42 is
evident following 2 months of TRFT (D60)—more specifically, the significant differences between low versus high BL VEGF groups were
eliminated (A,B). TRFT’s re-balancing effect on A�1-40 (see Fig. 6C, D) was not evident in bar graph format (C).

Fig. 8. TRFT re-balances plasma (A) and CSF (B) t-tau levels. With the exception of one AD subject (lower right green) in both plasma and
CSF, lower t-tau levels were increased/stable with TRFT and higher t-tau levels were decreased.
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Fig. 9. CSF t-tau and p-tau levels are directly correlated with CSF levels of VEGF (A, B): TRFT re-balances these AD markers to eliminate
their correlations with VEGF (C, D).

Although only half of AD subjects in this study
had measurable VEGF in CSF, all eight subjects had
measurable CSF levels of t-tau at both baseline and
after TRFT (Day 60). For these eight subjects, Fig. 8B
shows the relationship between their baseline t-tau
levels in CSF and the effect of TRFT. With one excep-
tion, a re-balancing of TRFT on CSF t-tau occurred
wherein lower t-tau levels were increased/stable and
higher t-tau levels were decreased. This is essen-
tially the same TRFT effect as seen for t-tau levels

in plasma (Fig. 8A). Thus, TRFT re-balances t-tau in
both plasma and CSF. Interestingly, TRFT had no
effect on the “baseline” gradient of t-tau between
plasma and CSF, wherein half of AD subjects had
greater t-tau levels in CSF than plasma and the other
half had just the opposite. TRFT had no effect on
CSF levels of A�1-40 and A�1-42, largely because
there were no correlations between VEGF levels and
these AD markers at baseline for the small number
of subjects involved (Fig. 10).
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Fig. 10. TRFT has no effect on CSF levels of A�1-40 and A�1-42.

DISCUSSION

The present study is the first to clinically eval-
uate the cytokine VEGF on brain clearance of tau
and A� in human subjects, specifically those with
mild/moderate AD. Moreover, this study provides the
first evidence for TRFT as a new and non-invasive
therapeutic that “clinically” modulates VEGF lev-
els in and around mLVs, thus impacting their flow
and ensuing removal of toxins such as A� and tau
from the brain. These TRFT effects would seem to
be particularly beneficial to the majority of AD sub-

jects who have low or unmeasurable VEGF levels in
plasma because such subjects in the present study
also had low cognitive performance at baseline.21

TRFT induced elevations in both plasma and CSF lev-
els of VEGF in these low-VEGF individuals, which
was associated with (and likely contributed to) the
much better cognitive performance these AD subjects
showed after TRFT.23 Though accurate measurement
of mLV flow in humans presently requires MRI imag-
ing, it seems apparent that TRFT-enhanced levels of
VEGF in and around mLVs likely increased their flow
through vessel dilation and enhanced lymphangio-
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genesis to facilitate removal of A� and tau from the
brain. Such facilitated toxin removal by TRFT is evi-
denced by elevated levels of A� and tau in plasma
of “low baseline” VEGF subjects following the 2
months of TRFT.

In this Discussion, the importance of mLVs and
their modulation by VEGF is considered first—this,
in order to put the ensuing detailed discussion of this
clinical study’s TRFT-induced effects on VEGF and
brain toxin clearance into proper perspective.

Importance of mLVs for CSF/ISF drainage from
the brain

The recently (re-)discovered mLV system in the
human brain’s dura is comprised of both dorsal and
basal lymphatic vessels in close apposition to the
brain’s venous sinuses (Fig. 1).3 Dorsal mLVs appear
to be more important for toxin removal from the brain,
with MRI showing they are located around almost all
dural venous-parasagittal structures.3 Although both
the CSF/venous sinus pathway and mLVs drain CSF
from the brain, the proportion of this CSF drained by
mLVs has been reported to be a surprising 30–50%
of the total outflow.6 Indeed, there is even evidence
that the main route of CSF outflow is through mLVs
rather than through the CSF/venous sinus pathway.6

Underscoring how important mLVs are for clear-
ance/drainage of toxins and other molecules from
the brain is a study in AD transgenic mice showing
that impaired lymphatic drainage of CSF decreases
A� clearance and thus increases the A� bur-
den in the brain.31 In another study, inhibition of
VEGFR3 (the receptor specifically on mLVs that
is activated by VEGF-C) leads to degeneration of
mLVs.32 Consistent with these results, some stud-
ies have demonstrated that boosting the function of
mLVs could lessen brain A� deposition in various
transgenic AD mouse models. For example, intrac-
erebroventricular (icv) injection of recombinant
VEGF-C, which promoted mLV lymphangiogene-
sis, also reduced the accumulation/levels of deposited
and soluble brain A�, and alleviated the cognitive
deficits of APP+PS1 mice.20 Additionally, repetitive
transcranial magnetic stimulation (rTMS) treatment
in 5xFAD transgenic mice reduced brain A� deposi-
tion by improving the drainage of A� via mLVs.33

Regarding these last two studies that measured
“insoluble” A� deposition, brain insoluble A� depo-
sition into neuritic plaques is no longer thought to
be a primary pathogenic cause of AD’s memory
impairment.34 Rather, “soluble” levels of A� and tau

(measured in the present study) are now viewed by
many researchers as a primary cause of AD cognitive
decline, specifically the oligomeric species of A� and
tau.34–36 In any event, the importance of mLVs for
drainage of CSF and brain toxins appears to be fairly
well established from animal studies.9,11

Modulation of mLVs by VEGF

VEGF is a cytokine well-known for its ability
to stimulate tissue angiogenesis.29 However, with
the recent (re-)discovery of lymphatic vessels in
the brain’s dura (i.e., mLVs), a second function of
VEGF is now becoming prominently researched –
namely, VEGF’s targeted ability to enhance mLV
flow (via mLV dilation and lymphanagiogenesis) to
remove/drain toxins from the brain.14 Studies have
shown that direct brain treatment of aged mice with
VEGF results in enhanced mLV diameter, increased
lymphoangiogenesis of mLVs, and greater clearance
of A� from their brains.8,20 Both mLV dilation
and mLV lymphoangiogenesis increase lymph flow
through mLVs, resulting in increased brain drainage
of CSF and toxins within it.

There appear to be at least three sources of VEGF
that can influence mLV diameter and vessel num-
bers (Fig. 2). First, VEGF (both A and C sub-types)
in blood plasma of choroid plexus capillaries dif-
fuses down its concentration gradient into choroid
plexus (CP) ependymal cells, then into CSF, and
finally around and into mLVs located in the brain’s
dura. Second, ependymal cells lining the choroid
plexus and bordering CSF make and release VEGF
into the CSF they produce, which then goes around
and in mLVs.37,38 Third, resident macrophages
within the CP interstitial fluid secrete VEGF-C,
which then follows the same route as plasma
VEGF across ependymal cells, then into and around
mLVs.17

Actions of VEGF-A and VEGF-C on mLVs

The present study measured VEGF-A in plasma
and CSF, but not VEGF-C. This was inadvertent
because the utilized cytokine kit indicated mea-
surement of “VEGF” without indicating that the
VEGF-A subtype was being measured. Nonetheless,
recent studies have demonstrated that VEGF-A has
the same lymphangiogenic actions as VEGF-C on
mLVs, although having much lower levels in plasma
and presumably low levels in CSF/ISF as well.18

Nonetheless, VEGF-A appears to induce formation



S236 G.W. Arendash et al. / TRFT Enhances Brain Clearance of Tau and Aβ

of greatly enlarged lymphatic vessels, which would
facilitate mLV drainage.29,39,40

All but one of the AD subjects in this study had
higher “baseline” VEGF levels in plasma than in CSF,
indicating a flux of VEGF was occurring into CP
ependymal cells and then into mLVs. Even at that,
plasma VEGF-A levels were relatively low, result-
ing in even lower or unmeasurable levels in CSF.
Certainly, the 30:1 ratio of VEGF-C to VEGF-A in
plasma also was contributory to the low VEGF-A
levels in plasma and CSF.18 Given our inadvertent
choice of measuring VEGF-A in this study, it would
have been better to have also measured VEGF-C in
hind-sight. Nonetheless, TRFT’s effects on VEGF-
A levels should be paralleled by the same effects on
VEGF-C levels in both blood and CSF.

TRFT regulates VEGF to influence mLV function

Although one clinical study reported plasma
VEGF levels to be slightly elevated or no differ-
ent from aged controls,41 another study showed that
VEGF in serum of AD subjects is 30% lower than in
controls, with greatest severity of AD linked to 5-fold
lower levels of VEGF.21 Yet another clinical study
measured VEGF in CSF of normal aged, MCI, and
AD subjects, finding that higher VEGF levels were
strongly correlated with greater baseline hippocam-
pal volume, lesser hippocampal atrophy over time,
and lesser memory decline over time.22 Incredibly, a
subset of “normal aged” subjects in this study who
had the same high levels of CSF t-tau and A�1-42 as
in the AD subset showed no clinical manifestations
of AD. It could be argued that the high CSF levels of
VEGF in these normal aged subjects staved off AD-
related neurodegeneration and associated cognitive
impairment. If true, high VEGF levels in CSF would
be protective against AD irrespective of CSF t-tau or
A�1-42 levels.

In the present study, an initial set of correlation
analyses showed that baseline CSF/brain levels of
t-tau, p-tau, and VEGF were all excellent indices
of cognitive performance (ADAS-cog score) in AD
subjects. Higher t-tau and p-tau levels in CSF were
correlated with poorer cognitive performance, while
higher VEGF levels in CSF were correlated with bet-
ter cognitive performance. Thus, a therapeutic that
can reduce t-tau or p-tau levels in CSF, and/or increase
VEGF levels therein, could beneficially impact cog-
nitive performance in AD subjects. The present study
provides evidence that such a therapeutic is TRFT in
view of its ability to: 1) modulate all three of these

markers in CSF and/or plasma, and 2) reverse cogni-
tive impairment in the same AD subjects, as we have
previously reported.23

If TRFT influences mLV function and flow, we
reasoned that it would need to modulate the VEGF
levels in and around mLV vessels. In this capacity,
a 2-month period of daily TRFT re-balanced VEGF
levels in both plasma and CSF of AD subjects. Specif-
ically, if AD subjects had low baseline VEGF levels,
TRFT increased those levels and vice versa such that
there were no differences between these two groups
in VEGF levels in plasma or CSF after TRFT. This
was especially important for the AD subjects with low
baseline VEGF because the TRFT-induced increase
in their VEGF levels were associated with (and likely
contributory to) their better cognitive performance
after TRFT.

As mentioned earlier in this Discussion, the VEGF
seen by mLVs comes from at least three sources:
1) plasma within arterial capillaries in the CP, 2)
ependymal cells lining the CP, and 3) resident CP
macrophages. TRFT is probably affecting all three
of these VEGF sources, as shown in Fig. 2. First
and most likely is TRFT’s ability, through the afore-
mentioned “re-balancing” of plasma VEGF levels, to
increase the fluidity/transport capacity of red blood
cells (RBCs). This would result in a “re-balancing”
flux of VEGF in or out of RBCs depending on base-
line VEGF levels (low baseline VEGF levels would
result in a flux of VEGF out of RBCs). We have
previously indicated that this TRFT-induced flux in
or out of RBCs occurs for many cytokines in view
of the ability of RBCs to act as cytokine reserves
by concentrating cytokines by an average of 12x
higher than their plasma concentrations;42 for VEGF,
its concentration in RBCs is 30x higher than in
plasma. Secondly, TRFT could be stimulating the
known release of VEGF from the CP’s ependymal
cells for ensuing uptake into CSF.38 Unfortunately,
the effects (if any) of radiofrequency waves on such
ependymal cells is unknown. Thirdly, TRFT may be
stimulating the known release of VEGF from res-
ident macrophages within CP.38,43 Along this line,
rat macrophages have been shown to be activated
by exposure to radiofrequency waves of the same
frequency (915 MHz) used in the present clinical
study.44

Re-balancing of plasma AD markers by TRFT

Baseline plasma t-tau, A�1-40, and A�1-42 lev-
els were all positively correlated with plasma VEGF
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levels. This is consistent with VEGF increasing the
clearance/drainage of all three of these AD mark-
ers from the brain/CSF into plasma, presumably
via VEGF increasing mLV flow. TRFT re-balanced
these plasma AD markers to eliminate their corre-
lations with plasma VEGF. This was almost totally
due to the TRFT-induced increase in these AD
markers observed in those AD subjects having low
baseline VEGF levels in plasma. For such AD sub-
jects, re-balancing by TRFT to increase VEGF levels
in plasma (and in and around mLVs), presumably
resulted in increased lymphatic drainage/clearance
of t-tau, A�1-40, and A�1-42 from the brain. For
AD subjects with higher plasma VEGF levels at
baseline, some reduction of these three AD mark-
ers in plasma occurred during re-balancing, but not
much (i.e., mLV flow was not significantly com-
promised). Alternatively, it is possible that TRFT
induced changes in RBC levels of these three AD
markers to affect their plasma levels directly, without
any VEGF involvement—in other words, a plasma
re-balancing of AD markers similar to that occurring
for cytokines. Along this line, RBCs of senescent-
accelerated mice concentrate high levels of t-tau,
p-tau, and A�1-42.45 As well, RBCs of AD subjects
have increased A� inside compared to controls.46

In view of the above considerations, it is presently
not known which of the two sources of these three
AD markers (i.e., release from RBCs or from brain
drainage) is being impacted more prominently by
TRFT to increase their plasma levels.

One additional point should be made regarding
plasma VEGF levels. We believe it is important to
measure plasma VEGF levels in AD patients since
the large majority of them who bear low VEGF lev-
els should benefit substantially from TRFT elevating
their VEGF levels to increase clearance of A� and tau
from their brains/CSF.21 Such an effect of TRFT to
enhance VEGF levels could increase their cognitive
performance, as was seen for the AD subjects in the
present study.

Re-balancing of brain/CSF AD markers by TRFT

Although limited by the number of AD subjects
with measurable CSF/brain VEGF-A levels in this
study, the strong negative correlations between base-
line CSF levels of VEGF and baseline CSF levels
of both t-tau and p-tau are strongly suggestive of
increased VEGF in CSF going the short distance to
mLVs to induce increased mLV dilation and lym-
phangiogenesis. The resultant increase in mLV flow

would clear/drain A� and tau from the brain and into
blood vessels. Evidence for this increased baseline
drainage of t-tau and A�1-42 by increased CSF VEGF
was seen when comparing: 1) averaged “baseline”
plasma t-tau levels in low versus high CSF VEGF
subjects, and 2) averaged “baseline” plasma A�1-42
levels in low versus high CSF VEGF subjects.

Two months of daily TRFT re-balanced CSF levels
of both t-tau and p-tau to eliminate their “baseline”
correlations with CSF VEGF. It should be under-
scored that TRFT only increased CSF VEGF in 2
of the 8 AD subjects; in 2 other AD subjects, TRFT
actually decreased VEGF levels in CSF. So most of
VEGF’s effects on mLVs must result from: 1) the
very low levels of VEGF-A in CSF, 2) stimulation
by VEGF-A of VEGF-C release from ependymal
cells37, and/or 3) from the much more prevalent
VEGF-C itself.18 In the several AD patients with
unmeasurable CSF levels of VEGF at baseline, the
increased (measurable) VEGF levels in CSF as a
result of TRFT likely came from both the plasma
(RBC re-balancing) and the brain (stimulation of
ependymal cells and/or macrophages).

TRFT rebalances blood and brain/CSF t-tau
levels

For t-tau in both plasma and CSF, when base-
line and 2M TRFT values were plotted out for the
individual AD subjects in this study, a clear “re-
balancing” pattern of TRFT on t-tau was apparent.
Indeed, the plasma and CSF response to TRFT was
the same as that we have previously found for 11
of 12 cytokines in plasma and 7 of 7 cytokines in
CSF,28 as well as for plasma t-tau at 14–17 months
into TRFT.24 With one exception for both plasma
and brain, lower levels of t-tau at baseline resulted in
increased t-tau levels after TRFT. Since soluble t-tau
is almost totally monomeric tau, these increases may
reflect a treatment-induced increase in monomeric
t-tau within plasma and CSF, which would be con-
sistent with disaggregation of oligomeric tau in the
brain and re-balancing of t-tau by RBCs. Regarding
the latter, RBCs in a model of AD have high inter-
nal concentrations of t-tau compared to controls and
RBCs of AD subjects have much higher A� levels
than in plasma.45,47 So the increased RBC membrane
fluidity induced by TRFT for blood going through the
brain likely produced a flux of t-tau out of RBCs. If
baseline t-tau levels were higher in plasma and CSF at
baseline, there was only a small decrease in t-tau after
TRFT. This maintenance of t-tau levels (if already
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high) may be a beneficial for facilitating t-tau clear-
ance in the brain and blood. Thus, TRFT re-balances
both plasma and brain levels of t-tau. It should be
noted that p-tau levels were not measurable in plasma
and that p-tau levels in CSF did not show the same
re-balancing effects by TRFT as did CSF t-tau levels.

Decreased mLV function and flow during aging
and disease

Both mLV and CSF drainage from the brain
become impaired during aging.19,48 Drainage capac-
ity of meningeal immune cells is also decreased with
aging.19,49 Not surprisingly, meningeal lymphatic
function and CSF toxin transport become signif-
icantly less efficient in aged mice and in elderly
humans.6,49 For example, MRI studies revealed age-
related lymphatic output and waste removal were
reduced in older human subjects compared with
younger subjects.3 Additionally, old mice have a
decrease in meningeal lymphatic vessel diameter,
as well as decreased drainage capacity of CSF
toxins/macromolecules into their cervical lymph
nodes.19

Importantly, mLVs are an effective way to remove
“senescent” astrocytes from the brain. In com-
prising most of the senescent cells in the brain,
glial cells (mostly astrocytes) secrete inflamma-
tory cytokines onto adjacent neurons.50,51 Consistent
with this finding, blockage of mLVs to prevent
brain senescent astrocyte removal increases brain
inflammation in aged mice, while administration of
VEGF improves clearance of senescent astrocytes
and lessens neuroinflammation.50 Moreover, VEGF
is highly expressed in senescent astrocytes, inducing
them to migrate across/into mLVs.50 We believe that
removal of senescent glial cells from the brain via
their drainage in mLVs is much safer and much more
beneficial than trying to kill the brain’s senescent
cells with “senolytic” drugs. A case-in-point is the
senolytic drug combination of Dasatinib+Quercitin
that was given to AD subjects for 3 months.52 The
study reported no beneficial cognitive effects, no
changes in AD markers in plasma or brain, and evi-
dence of increased inflammation in both brain and the
periphery. We anticipated these disappointing find-
ings involving senolytic drug administration to AD
subjects, stating that senolytic drugs will increase
brain inflammation and not provide beneficial neu-
rologic actions.53

It seems apparent that improving the function of
(“rejuvenating”) the brain’s mLV drainage system

could be very beneficial to aged humans in general.
Dysfunctional mLVs, particularly “dorsal” mLVs,
play a role in a number of neurologic conditions
besides AD, including Parkinson’s disease, multiple
sclerosis, stroke, traumatic brain injury, brain tumors,
and aging itself.54. Along this line, enhancement
of meningeal lymphatic function by VEGF-C has
been shown to be beneficial against brain tumors and
increasing VEGF signaling in mice lessened occur-
rence of age-associated pathologies (e.g., sarcopenia,
osteoporosis, tumors, inflammation).55,56 Pretreat-
ment of mice with VEGF-C also promotes expansion
of MLVs and alleviates viral infections in the brain.57

We propose that TRFT may be therapeutically bene-
ficial to all of these conditions by “rejuvenating” the
aged mLV system through VEGF modulation. More
broadly, we propose that enhancement of meningeal
lymphatic function by TRFT could prevent or lessen
age-associated neurologic diseases, with the result
being an extension of healthy human longevity.

Clearance/drainage of toxins from the brain: a
fourth mechanism of TRFT action

In the present study, initial clinical evidence is pro-
vided for enhanced brain mLV clearance of soluble
toxins (e.g., A� and tau) through the actions of TRFT,
potentially on three sources of VEGF in CSF. TRFT
modulation of VEGF release from red blood cells via
“re-balancing of VEGF’s levels in plasma is proba-
bly the most contributory to enhanced mLV function,
although TRFT actions to directly influence VEGF
release from epithelial cells and macrophages within
choroid plexus is also likely. This fourth mechanism
of TRFT action is complimentary to the other three
mechanisms of TRFT action that we have previously
identified: 1) disaggregation of small toxic A� and tau
oligomers within neurons and in brain parenchyma,
2) brain mitochondrial enhancement, and 3) re-
balancing of the immune system’s cytokines in both
the brain and blood. Regarding AD, a primary key to
the occurrence and development of AD is the imbal-
ance between tau/A� production and their clearance.
Results from our present and earlier studies23–25,27

indicate that TRFT has a two-fold beneficial
action on brain A� and tau. Specifically, TRFT
decreases A�/tau aggregation (induces disaggrega-
tion) and TRFT also increases clearance/removal
of these soluble toxins from the brain via VEGF
modulation.



G.W. Arendash et al. / TRFT Enhances Brain Clearance of Tau and Aβ S239

Study strengths and drawbacks

This study has a number of noteworthy strengths.
Firstly, this was an initial clinical study to evalu-
ate the relationship of plasma and CSF VEGF levels
with AD marker clearance from the brain. A second
strength is the convincing evidence that a therapeu-
tic intervention (TRFT) can non-invasively affect this
relationship to increase AD marker clearance from
the brain. Third, the study brings in and ties mLV
function to explain VEGF’s potentially beneficial
effects in AD. And finally, the study shows for the
first time the ability of an AD therapeutic to impact
(re-balance) both plasma and brain levels of VEGF
and AD markers. Collectively, we believe that these
strengths show TRFT is essentially “rejuvenating”
the mLV drainage system to that seen in young adult-
hood/middle age.

The primary drawbacks to this study are its small
number of AD subjects and lack of a control (placebo)
group of AD subjects. Even so, the often highly sig-
nificant effects presently reported with such a small
number of subjects underscores the large clinical
significance of the effects reported. Future clinical
studies should, nonetheless, be controlled and have
larger number of subjects in order to definitively con-
firm the cognitive, AD/cytokine marker, and brain
imaging effects of TRFT that we have reported in our
single-arm studies.23,24,28 A second drawback is our
inadvertent measurement of the VEGF-A sub-type
rather than measuring the far more prevalent VEGF-C
sub-type in plasma and CSF. Although measurement
of VEGF-C would have certainly added additional
insight, it is doubtful that the results and conclusions
of this study would have been altered much, espe-
cially since these two VEGF isoforms parallel one
another in plasma concentration.18 Lastly, not per-
forming FLAIR MRI imaging to accurately measure
mLV flow in humans necessitated us to make assump-
tions about mLV flow based on VEGF levels. Future
TRFT clinical studies directly measuring mLV flow
via FLAIR MRI are now warranted.

Conclusions

Meningial lymphatic vessels (mLVs) are a criti-
cal route for drainage of CSF and toxins (e.g., A�
and tau) from the brain into blood for their periph-
eral clearance/catabolism. AD and other neurologic
conditions such as Parkinson’s disease, multiple scle-
rosis, brain tumors, and aging itself are now known
to involve impaired mLV flow. As such, maintenance

or enhancement of mLV flow could be an important
component to any therapeutic strategy for these con-
ditions. The present clinical study forwards TRFT as
the first therapeutic intervention that has the capacity
to non-invasively modify both plasma and brain/CSF
levels of the cytokine VEGF, the primary known
agent that regulates mLV flow. In the case of the
large majority of AD subjects who have low or unde-
tectable VEGF levels in their blood or brain/CSF,
the present study demonstrates that TRFT should
increase plasma and brain VEGF levels to presum-
ably enhance CSF/ISF flow through mLVs and thus
increase brain A� and tau removal/drainage—this,
as evidenced by the increased levels of both A� and
tau in plasma after TRFT. Such a profound effect of
TRFT is likely contributory to the cognitive benefits
shown by these same AD subjects. If clinical benefits
of TRFT are shown in other neurologic conditions
or to increase human longevity itself, VEGF and its
target mLVs may very well be playing a prominent
role.
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