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ABSTRACT

This review summarises current knowledge on the lymphatic system of the brain. It
has long been believed that the central nervous system is characterised by the lack of
a lymphatic system and that the role of the lymphatic system is played by cerebrospi-
nal fluid. Recently, research has shown that not only is the brain equipped with its own
unique lymphatic system, but also that this system consists of two anatomically and
functionally distinct parts. One part of this system is a classic lymphatic system, i.e.
the structure composed of genuine lymphatic vessels. The other, so-called glymphatic
system, is primarily built by astrocytes. The newly discovered lymphatic system of the
brain is likely to play a substantial role in the pathogenesis of many neuroimmune
and neurodegenerative disorders, such as: multiple sclerosis, Parkinson’s disease, and

Alzheimer’s disease.
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It this editorial review I will summarise current
knowledge on the lymphatic system of the brain. It has
long been believed that the central nervous system is
characterised by the lack of a lymphatic system and that
the role of lymphatic system is played by cerebrospinal
fluid. This paradigm was supported by the fact that ana-
tomical structures typical for lymphatic vessels were not
found on dissections of the brain. On the other hand, it
was known that metabolically active organs are typical-
ly characterised by well developed lymphatics. Thus, the
fact that the most metabolically active organ seemed to be
deprived of lymphatic vessels seemed strange. Also, the
anatomy of the brain, namely the fact that the distances
between interstitial cerebral fluid and cerebrospinal flu-
id contained in the cerebral ventricles and subarachnoid
space appear to be too great to enable efficient exchange of
the soluble, tells us that cerebrospinal fluid by itself can-
not play the role of a lymphatic system. Although in the
1980s some researchers put forward the idea that removal
of waste products from the brain may take place in the
perivascular spaces, where exchange between cerebrospi-
nal fluid and interstitial cerebral fluid is possible, an exact
mechanism of this hypothetical process remained elusive.

During last few years part of this great enigma has
finally been resolved and now we know that not only is
the brain equipped with its own unique lymphatic system,
but also that this system consists of two anatomically and
functionally very distinct parts. One part of this system
is a “classic” lymphatic system, i.e. a structure composed
of genuine lymphatic vessels. The other, so-called glym-
phatic system, is primarily built by astrocytes. It should

Phlebological Review 2015

EDITORIAL REVIEW

Phlebological Review 2015; 23, 3: 69-71
DOI: 10.5114/pr.2015.57465

Submitted: 21.11.2015
Accepted: 21.11.2015

ADDRESS FOR CORRESPONDENCE
Marian Simka

Department of Nursing College of Applied
Sciences

Krolowej Jadwigi 18, 41-704 Ruda Slaska
e-mail: mariansimka@poczta.onet.pl

be emphasised that the majority of currently available
knowledge on lymphatics of the central nervous system
comes from research on mice and other rodents, while
the anatomy and physiology of this newly discovered
system in humans - although it is likely to be structured
similarly to that of laboratory animals — remains largely
unknown (a preliminary study on cadaveric human dura
mater revealed the presence of lymphatic vessels similar
to those of the rodents) [1]. Respecting these caveats, it
seems safe to say that probably many basic assumptions
regarding the aetiology of many neuroimmune and neu-
rodegenerative disorders (such as: multiple sclerosis,
and Parkinsons and Alzheimer’s diseases) and also of
traumatic brain injury may need reassessment, since the
newly discovered lymphatic system may play a substan-
tial role here [2].

“CLASSIC" LYMPHATIC SYSTEM OF THE BRAIN

Recent research performed on mice revealed the pres-
ence of lymphatic vessels running parallel to the cerebral
sinuses (the transverse and superior sagittal sinuses, but
probably also other sinuses of the dura mater) [1]. Further
evaluation of these structures confirmed that they were
not blood vessels: these vessels did not fill with fluores-
cent dye that had been injected intravenously, they were
equipped with classic markers of lymphatic endothelium
[Prox1, chemokine CCL21, lymphatic vessel endotheli-
al hyaluronan receptor 1 (Lyve-1), vascular endothelial
growth factor receptor-3 (VEGFR3), and a punctuate
expression of VE-cadherin] and they contained leuko-
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cytes but not erythrocytes. Interestingly, the endothelial
layer of these meningeal lymphatic vessels was not sur-
rounded by smooth muscle cells, and electron microscopy
demonstrated non-continuous basement membrane (this
finding was in line with punctuate expression of VE-cad-
herin). Also, expression of integrin-o9, which is a marker
of lymphatic valves, was not found. Thus, lymphatic ves-
sels of the brain are structured typically for initial lym-
phatics, while, as yet, collecting lymphatics have not been
found in this organ. These lymphatic vessels were func-
tionally connected with both cerebrospinal fluid and the
systemic lymphatic system: a dye injected into cisterna
magna of the brain was found in the cerebral lymphatic
vessels after 30 minutes and was later demonstrated in the
deep cervical lymph nodes [1]. All these findings suggest
that the brain is indeed equipped with lymphatic vessels
that enable the drainage of waste products and cells of
the immune system from cerebrospinal fluid to the lymph
nodes (primarily: the deep cervical ones).

THE GLYMPHATIC SYSTEM

The discovery of the glymphatic system of the brain
was inspired by an observation that cerebrospinal flu-
id can flux deep into the brain parenchyma along the
perivascular spaces surrounding the penetrating cerebral
arteries. Here cerebrospinal fluid can exchange soluble
particles with the interstitial fluid. It seems that arterial
pulsation is an important force driving this perivascular
flow of cerebrospinal fluid. Further research has revealed
that a net flow of water in periarterial space is not direct-
ed from the interstitial space toward cerebrospinal fluid,
as might be expected in the case of passive diffusion, but
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rather - interstitial fluid is cleared through the perivas-
cular spaces surrounding draining veins. It has also
been demonstrated that this is an active process execut-
ed by astrocytes through aquaporin-4 water channels
[3, 4]. Since glial cells (astrocytes) seem to be the main
actor in this process, the researchers coined the term
“glymphatic” system to emphasise the role of glial cells
playing the role of lymphatics (Fig. 1). Thus, the glym-
phatic system, thanks to aquaporin-4 water channels,
enables the convective flow of interstitial fluid from the
periarterial to the perivenous space. This system allows
clearance of the brain from waste products, including
substances that are suspected to play a pivotal role in
the pathogenesis of neurodegenerative diseases (such
as: B-amyloid in Alzheimer’s disease). In addition, the
glymphatic system is probably responsible for spreading
within brain parenchyma such compounds as: glucose,
amino acids, neuromodulators, and growth factors [5,
6]. Interestingly, the glymphatic system is mainly active
during sleep [7], and - to further add to the confusion
- the study on rats revealed that it is more active during
sleep in the lateral and supine positions (although the
research in this area is still in its infancy, it is likely that
the most popular lateral sleep posture in humans has
evolved to optimise the function of the glymphatic sys-
tem in the sleeping brain [8]). Although functional and
anatomic connections between lymphatic and glym-
phatic parts of the cerebral drainage system have not yet
been deciphered, probably waste products drained by
the glymphatic system collect in the perivenous space,
from which they enter meningeal lymphatic vessels and
through the cervical lymph node are transported to the
general circulation [9].
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Fig. 1. Glymphatic system of the brain: convective flow of interstitial fluid from the periarterial to the perivenous space enabled

by aquaporin-4 water channels of astrocytes (AQP4 - aquaporin-4)
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Recent advances in understanding the lymphatic and glymphatic systems of the brain

IMPLICATIONS OF THE DISCOVERY
FOR NEUROLOGICAL DISEASE

The glymphatic system may play an important role
in a number of neurodegenerative diseases: Alzheim-
er’s disease, Parkinson’s disease, Huntington’s disease,
and amyotrophic lateral sclerosis. All these pathologies
share a common pathomechanism: an accumulation of
misfolded, prion-like proteins in the neurons [10-12].
It is tempting to speculate that impaired function of the
meningeal lymphatic vessels and also venous congestion
within cerebral venous microvasculature (that probably
accompanies so-called chronic cerebrospinal venous
insufficiency) may impede clearance of pathological pro-
teins and in such a way may promote neurodegenerative
diseases [13, 14]. Indeed, at least some neurodegenera-
tive diseases are more common in the settings of chronic
cerebrospinal venous insufficiency [14-17]. By the same
token, abnormal function of cerebral lymphatic and
glymphatic systems can be responsible for the develop-
ment of such a neuroinflammatory disease as multiple
sclerosis.
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