Acta Pharmaceutica Sinica B 2024;14(7):3291—3293

Chinese Pharmaceutical Association
Institute of Materia Medica, Chinese Academy of Medical Sciences

Acta Pharmaceutica Sinica B

www.elsevier.com/locate/apsb
www.sciencedirect.com

COMMENTARY

Commentary: The central lymphatic drainage in ®

Check for
updates

pharmacological, surgical and physical therapies

of Alzheimer’s disease

KEY WORDS

AB;

Central lymphatic
drainage;

Surgery;

NPLP;

AD

Alzheimer’s disease (AD) is a prevalent neurodegenerative disease
in the aged population'. Etiology of AD remains largely unknown
and no effective drugs are available in clinical settings to reverse
or delay the disease progress’. In recent years, the brain’s
lymphatic systems, including glymphatic® that exists in the brain
interstitial space and meningeal lymphatic vessels” that presents
within the dural sinuses, have been found to play an important role
in the AD pathogenesis. Dysfunction of the lymphatic drainage
led to the cognitive decline, whereas improvement of the drainage
function rescued the learning abilities in aged mice’. The
lymphatic drainage of central nervous system has emerged as a
potential target in the treatment of AD. However, translation of the
laboratory findings into clinical practice is limited by our under-
standing of the central lymphatic structure of the human brain.
This issue is addressed in a recent study in Nature®.

Amyloid-@ (AQ) protein accumulation is one of the key factors
in etiology of AD. Aggregation of A@ protein together with
misfolding of neurofibrillary Tau proteins (Tau tangles) is the
histological features of AD brain’. It is hypothesized that imbal-
ance between A production and clearance causes the AS accu-
mulation®. A@ clearance is conducted by several pathways,
including hydrolysis by local proteases, uptake and degradation by

microglia, drainage crossing the blood—brain barrier, and clear-
ance through perivascular spaces surrounding the cerebral ar-
teries’. The blood vessel system may count for half AG protein
clearance in the brain'’. The role of AS protein is enforced in AD
pathogenesis by recent studies. A(-specific monoclonal antibodies
for removal of the protein deposition are able to slow down AD
progression at the early stage’. A 2024 Nature article reports that
an excessive stress response in the brain is responsible for
neuronal death in the presence of the AS protein deposite''. The
team identified a large E3 ligase complex by the name “silencing
factor of the integrated stress response (SIFI)”, which inhibits
general stress response by promoting proteasomal degradation of
unimported mitochondrial precursors and stress response compo-
nents. SIFI inactivation leads to a persistent stress response for a
widespread neuronal loss''. The loss was attenuated in the mice
by induction of SIFI activity with a SIFI activator (ISRIB). In
another study, Tony Wyss-Coray’s team analyzed the result of
single-nucleus RNA-sequence (snRNA-seq) of the AD brain tis-
sue, finding that A triggers the synthesis of triglyceride (TAG)
lipid in microglia, leading to accumulation of lipid droplet, and
subsequent secretion of neurotoxic factors in an APOE-dependent
manner'”. These lipids might be transferred to neurons thereby
inducing neurodegeneration as neurons can’t metabolize TAG.
This finding presents a new mechanism in the pathogenesis of AD
mediated by lipid droplet accumulating microglia (LDAM)'%.
These studies suggest that the neuron damage in AD involves two
new mechanisms: the first is the AB-dependent stress response
from inactivation of SIFI activity; the second is neurotoxic factors
derived from lipid containing microglia in response to AS accu-
mulation. Accumulation of Tau protein is another feature of AD
brain pathology and induction of Tau protein clearance by ubig-
uitination-mediated degradation is able to attenuate neuro-
degeneration and cognitive dysfunction'”. Obesity may increase
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the AD risk through disorders in glucose, lipids and hormones. In
obesity, adipose tissue-derived products are able to impair the
cognitive function in type 2 diabetes (T2D) models'*.

The brain lymphatic vessel system may count for a significant
portion of AS clearance under the physiological conditions. In the
classical view of anatomy, the brain lacks lymphatic vessel system.
However, the view has been updated by a Nature study in 2015".
While searching for T cell pathways in and out of the brain
meninges, Louveau et al. discovered lymphatic vessels within the
dural sinuses in the study. These lymphatic structures express all
molecular characteristics of lymphatic endothelial cells, carry
immune cells out of the cerebrospinal fluid (CSF), and drain into
the deep cervical lymph nodes (dcLNs). The finding was intro-
duced into the AD research field in another Nature study, in which
the meningeal lymphatic vessels were found to transport macro-
molecules from the central nervous system (CSF and interstitial
fluid, ISF) into the cervical lymph nodes’. The system dysfunction
slowed the perivascular influx of CSF macromolecules and outflow
of ISF macromolecules inducing the cognitive impairment.
Enhancement of the system function by treating aged mice with the
vascular endothelial growth factor C (VEGF-C) improved the CSF
macromolecule drainage, improving cerebral perfusion and
cognitive abilities. In 2023, the findings of animal studies were
translated into a clinical practice in AD treatment by Xie Qingp-
ing’s team through establishment of a surgical procedure of “cer-
vical lympho-venous anastomosis (LVA)” in AD patients, which
was published in the American Society of Plastic Surgeons
(ASPS)'°. The surgical approach is able to improve the drainage
function of the brain lymphatic system and improve the cognitive
ability of AD patients. Recently, therapeutic value of the brain
lymphatic system has been demonstrated in more studies of AD.
An article in Nature reports that multisensory 40 Hz light and
sound stimulation affected arterial pulsation by increasing neuro-
peptide signals, which promoted clearance of A protein by the
glymphatic system in AD'®. Meanwhile, another study in Nature
Communications reported that the meningeal lymphatic endothe-
lial cells (mLEC) was improved by 808 nm near-infrared light in
aged mice through an impact in mitochondrial functions, which led
to an increase in A@ clearance through the lymphatic drainage and
a reduction in neuroinflammation for an improvement in the
cognitive ability'’. These findings suggest that the brain’s
lymphatic system is a new target for AD treatment in multiple
therapies. Nevertheless, the lymphatic structures in the head and
neck regions remains to be fully understood. The status has been
changed by identification of a new lymphatic network in the brain°.

In the new Nature study by Yoon et al.’, the nasopharyngeal
and cervical lymphatics were identified using a line of prospero-
related homeobox 1-green fluorescence protein (Prox1-GFP)
reporter mice. The study revealed that the nasopharynx was
observed with a fluorescence microscopy and it has a distinctive
lymphatic plexus as a major hub for CSF lymphatic outflow from
the cribriform plate to dcLNs. They found that the lymphatics in
nasopharynx mucosa formed a unique nasopharyngeal lymphatic
plexus (NPLP), which is connected to the posterior nasal
lymphatic plexus, and covers all posterior nasal and nasopharyn-
geal surface tissues except the skull base. The NPLP had 45-65
irregular, linearly shaped valves without smooth-muscle coverage
and resembled an inverted saddle in a view of three dimension. To
determine whether NPLP was a route for CSF outflow, the fluo-
rescence stereomicroscope was used to trace tetramethyl rhoda-
mine-conjugated dextran (TMR-dextran) fluorescence after

infusing into the subarachnoid space at the cisterna magna of
mice. At 30 min after infusion, fluorescence was detected in the
nasopharyngeal lymphatics, deep cervical lymphatics and dcLNs,
but not in the oropharyngeal or soft palatal lymphatics. These
results suggest that CSF outflow through NPLP, but not the
oropharyngeal lymphatic plexus. The route of CSF drainage is that
CSF traverse the anterior and middle cranial fossae, enters the
NPLP and flows through the medial cervical lymphatic vessels
into the discharge pathway of dcLNs. This network mainly links
to the internal cervical lymphatic vessels rather than the lateral
lymphatic vessels. The conclusion may be influenced by factors
such as deep anesthesia and surgical removal of neck muscles,
which alter the physiological dynamics of CSF drainage’.
Therefore, more advanced methods may help to reveal charac-
teristics of CSF drainage under the physiological conditions.

Both blood and lymphatic vessels suffer a functional reduction
with age®'®. Compared with adult mice (8—12 weeks in age), old
mice of 73—102 weeks do exhibit the reduction of CSF outflow
and NPLP. Phosphorylated tau and apoptosis (TUNEL) staining in
endothelial cells of aged mice were 2.5-fold and 7.4-fold higher in
the old mice, respectively, than the young adult mice, increasing
the risk of plexus regression in the aged mice. Mice at 75—78
weeks in age were infused with VEGF-C, and the size of plexus
and the volume of CSF outflow were both increased in three
weeks®. The findings demonstrated that the functional reduction of
the nasopharyngeal plexus and CSF outflow is reversible in the
aged mice. Pharmacological approach in activation of medial
cervical lymphatics could promote CSF outflow. al-Adrehergic
agonist phenylephrine could stimulate both phasic and tonic
lymphatic contractions, while sodium nitroprusside could induce
muscle relaxation and blood vessel dilation. Researchers have
successfully utilized these drugs to modulate the cervical
lymphatic vessels. Importantly, this characteristic is preserved
during the aging process, even when the nasopharyngeal lym-
phatics are atrophied and functionally impaired.

The field of brain lymphatic system study has made significant
progress in recent years, providing new insights into the structure,
function, and application of this system. Several recent studies
have consistently indicated that the brain lymphatic drainage
system holds great promise as a target for pharmacological, sur-
gical, and physical therapies for AD. In addition to its role in
clearing the A protein, the brain lymphatic drainage system may
also play a crucial role in removing other metabolites, particularly
lipids, in the maintenance of the microenvironment of neurons in
the brain.
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