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Lymphatic system



JJ Iliff, 2012

On the basis of in vivo two-photon imaging of small fluorescent tracers, we showed 
that CSF enters the parenchyma along paravascular spaces that surround penetrating 
arteries and that brain interstitial fluid is cleared along paravenous drainage 
pathways.

Animals lacking the water channel aquaporin-4 (AQP4) in astrocytes exhibit slowed 
CSF influx through this system and a ~70% reduction in interstitial solute clearance, 
suggesting that the bulk fluid flow between these anatomical influx and efflux routes is 
supported by astrocytic water transport.
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The glymphatic (glial+lymphatic) system



Aquaporins

Aquaporins also called water 
channels, are integral membrane 

proteins from a larger family of 
major intrinsic proteins that form 

pores in the membrane of biological 
cells, mainly facilitating transport of 

water between cells

The 2003 Nobel Prize in Chemistry was awarded 
jointly to Peter Agre for the discovery of aquaporins



from Journal of Cell Science, 2011



Mahmood Amiry-Moghaddam, 2003

In the central nervous system, 
there are five members of the 

AQP family, AQP1, AQP4, AQP7, 
AQP9, and AQP11.

Of the five expressed AQPs, only 
AQP1 and AQP4 are expressed 

in abundance, with AQP4
showing the highest expression 

pattern of any other member

Filippidis, 2011
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Materials and methods



Controls AD NPH
Number 9 11 10
Gender 
(M:F)

6:3 5:6 6:4

Age 
(years)

68.2 ± 7.7 71.8 ± 5.5 73.4 ± 6.0

MMSE 28.3/30 ± 1.5 25.4/30 ± 4.1 25.3/30 ± 4.8
GDS 1.2 ± 0.4 2.3 ± 0.8 1.9 ± 0.7

Diagnostic criteria
- AD  IWG2
- NPH clinico-radiological presentation + tap-test

- Beta-Amyloid (Aβ)  ELISA kit (Fujirebio, Ghent, Belgium) 
- Total Tau (Tau)  ELISA kit (Fujirebio, Ghent, Belgium) 
- Phospho Tau (P-Tau)  ELISA kit (Fujirebio, Ghent, Belgium) 
- Aquaporin4 (AQP4)  ELISA kit (Abbexa, UK)

CSF



Results and discussion



Control NPH AD
Kruskal Wallis

test
Intergroup comparison

Mean SD Mean SD Mean SD Con vs NPH Con vs AD NPH vs AD

Amyloid-β 1197.89 356.73 596.90 414.13 479.73 72.99 0.0005 <0.05 <0.05 >0.05

Total Tau 186.22 70.58 118.20 55.49 1043.36 472.08 <0.0001 >0.05 <0.05 <0.05

Phospho Tau 38.56 12.20 27.30 8.33 111.73 43.50 <0.0001 >0.05 <0.05 <0.05

Aquaporin 4 1.17 0.17 1.07 0.17 1.02 0.10 0.0405 >0.05 <0.05 >0.05

R Santangelo, 2017 S Abu-Rumeileh, in press



AQP4

AQP4

Column graphs showing mean and standard error of the 
mean (SEM) of Aquaporin4 (AQP4) cerebrospinal fluid values 
in controls, in patients with normal pressure hydrocephalus 
(NPH) and in patients with Alzheimer’s disease (AD).
AD patients compared to controls showed a significant 
decrease of AQP4 in CSF (p<0.05, with correction for 
multiple comparison).

DM Zeppenfeld, 2017
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accumulation

Neurodegeration
progression

Aquaporin4 
mislocalization

Glymphatic 
system alteration

Correlation between Aquaporin4 (AQP4) values and 
Amyloid-β (Aβ) levels in cerebrospinal fluid
Spearman’s correlation coefficient 0.373, p=0.042

DM Zeppenfeld, 2017



• Reduced levels of AQP4 in AD

 explained by the mislocalization of AQP4 related with the loss of perivascular AQP4 

[Rasmussen MK et al, 2018; Zeppenfeld DM et al, 2017]

• AQP4 reduction trend in NPH

 explained by reduced AQP4 expression in astrocytic endfeet [Eide PK and Hansson HA, 2018]

• Correlation between Aβ and AQP4 levels in CSF

 explained by correlation between Aβ deposition and glymphatic system dysfunction 

[Zeppenfeld DM et al, 2017]

The low levels of AQP4 in both AD and NPH patients and the correlation with Aβ levels may be 

the link between these two neurodegenerative diseases [Golomb J et al, 2000; Santangelo R et 

al, 2017; Abu-Rumeileh S eta al, 2019]

The major limitation of the present study is the small number of participants, although very well 

characterized by using CSF biomarkers in AD group and tap-test in NPH group
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Alzheimer’s 
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Population
Larger groups of patients and controls and including groups 
with other neurodegenerative disease (AD, FTD, LBD  150)

A new biomarker????

Neuroimaging
- Perivascular space
- Microstructural damage (DTI MD and FA maps)

Sleep TMS
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