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Abstract

Aquaporin-4 (AQP4) is a channel protein that plays a fundamental role in glymphatic system, a newly described
pathway for fluid exchange in the central nervous system, as well as a central figure in a fascinating new theory for
the pathophysiology of neurodegenerative diseases such as Alzheimer’s disease (AD) and frontotemporal dementia
(FTD). In this study, cerebrospinal fluid (CSF) concentration of AQP4, amyloid-(3, total tau and P-tau were determined in
103 CSF samples from patients affected by neurodegenerative dementias (AD and FTD) or psychiatric diseases and 21
controls. Significantly higher levels of AQP4 were found in AD and FTD patients compared to subjects not affected by
neurodegenerative diseases, and a significant, positive correlation between AQP4 and total tau levels was found. This
evidence may pave the way for future studies focused on the role of this channel protein in the clinical assessment of
the glymphatic function and degree of neurodegeneration.
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Introduction

Interstitial fluid and solute clearance are crucial for
homeostasis. Although in peripheral tissues this func-
tion is carried out by the well-characterised lymphatic
system, the central nervous system (CNS)—which is
one of the organs with the highest metabolic rate [1]—
was thought to be devoid of such circulatory system,
and these essential roles were considered prerogative of
intra- and extra-cellular degradation mechanisms, such
as autophagy and ubiquitination [2]. Furthermore, the
removal of some critical proteins is indispensable for the
health of the CNS, as their accumulation is a well-known
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pathogenetic mechanism for neurodegenerative diseases
such as Alzheimer’s disease (AD) [3]. Recent studies have
undoubtedly proven that the cerebrospinal fluid (CSF)
continuously interchanges with interstitial fluid (ISF),
thanks to a convective bulk flow movement facilitated by
water channels, called aquaporin-4 (AQP4) [4, 5], which
are highly polarised and expressed selectively on the
astrocytic endfeet that surround the brain vasculature,
both in the periarteriolar and the perivenular space [6].
The continuous CSF and ISF movement that is generated
has been therefore named glymphatic system, because
of its resemblance with the peripheral lymphatic system
and the importance of the astroglia in its composition [4].
One of the main functions of the glymphatic system is, as
a matter of fact, the clearance of solutes, and amyloid-$
(AB) was demonstrated to follow this pathway for its
elimination [4, 7]. Moreover, in AD, glymphatic activity
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is strongly compromised and this may contribute to the
accumulation of AP [7-9]. Further studies demonstrated
that patients suffering from neurodegenerative diseases
show pathogenetic changes on a molecular level of the
glymphatic system, which include a reactive gliosis—or
neuroinflammation—of astrocytes, and loss of polarisa-
tion in the expression of AQP4 on the plasma membrane
[6, 10, 11]. Whether it is a compromised glymphatic that
causes protein accumulation or the amyloid plaques and
neurofibrillary tangles that reduce the glymphatic flow
and generate these changes is not yet completely known,
but the main theory is that the two factors are in a mutual
relationship, so that a feed-forward mechanism takes
place [7].

Since AQP4 plays a key role in both the physiological
and the pathological glymphatic system, one of the most
interesting and appealing approaches, as well as the pur-
pose of this study, is to investigate the changes in AQP4
concentration in the CSF, obtained by lumbar puncture,
that is routinely performed when a neurodegenerative
disease is suspected.

Materials and methods

Subjects

A total of 124 subjects were recruited for this study, 103
of whom were patients undergoing neurological workup
at the Neurodegenerative Diseases Unit of the Fondazi-
one IRCCS Ca’ Granda Ospedale Maggiore Policlinico in
Milan (Italy), between January 2012 and February 2020,
whereas 21 were healthy controls. The clinical workup
included past medical history; general and neurologi-
cal examination; neurocognitive assessment—includ-
ing neuropsychological tests such as Mini-Mental State
Examination (MMSE); magnetic resonance imaging;
and lumbar puncture. Control subjects underwent lum-
bar puncture in suspicion of pathologies of the CNS and
were discharged with no evidence of CNS involvement.
Therefore, we considered them as controls.

Subjects were assessed at baseline and during the fol-
low-up and diagnoses were established according to mul-
tiparametric criteria: the International Working Group 2
(IWG-2) Criteria for Alzheimer’s Disease Diagnosis [12]
for diagnosis of AD, the revised diagnostic criteria for the
behavioural variant of frontotemporal dementia by Ras-
covsky et al. [13] for the diagnosis of FTD, and Petersen
et al. criteria [14] were considered to diagnose MCI
patients, who were assessed periodically and maintained
their cognitive functions for 4 years. Psychiatric disor-
ders (which were major depressive disorder and bipolar
disorder) were evaluated according to the Diagnostic
and Statistical Manual of Mental Disorders Fifth Edition
(DSM-5) [15].
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CSF collection and protein determination

Lumbar puncture was performed in the L3/L4 or L4/L5
interspace between 8 and 10 am after a night of fasting.
The samples were later centrifuged at 1500 x g for 10 min
at 4 °C. The supernatants were aliquoted in polypropyl-
ene tubes and stored at— 80 °C until use. Before freez-
ing them, the samples were analysed and CSF cell count,
glucose, and total protein were calculated. CSF levels of
AP1-42, AB1-40, tau, and P-tau of 101 subjects were
assessed using the method ChemiLuminescence Enzyme
ImmunoAssay (CLEIA) by a Lumipulse G600II platform
(Fujirebio).

These evaluations allowed to stratify patients accord-
ing to their pathophysiological background basing on the
amyloid/tau/neurodegeneration (ATN) classification of
the National Institute on Aging — Alzheimer’s Associa-
tion (NIA-AA) Research Framework. This classification
is based on dichotomous categories (normal/abnormal)
of AP (A), tau (T), and neurodegeneration (N) biomark-
ers [16]. CSF concentration threshold for AP1-42 was
640 pg/mL (subjects with CSF concentrations greater
than this value were considered A —, normal; if it was
lower they were considered A +, abnormal, with A dep-
osition); the threshold for tau protein was set at 580 pg/
mL (if they had concentrations greater than this value,
they were considered N+, abnormal, with tau deposi-
tion; otherwise they were N —, normal); the threshold
for P-Tau was 61 pg/mL (if it was greater, patients were
labelled T+, abnormal, with neurodegeneration; if not,
T —, normal) [17].

AQP4 concentration in the CSF was determined with
immunoassay from Cusabio for the whole population
considered for the study; quantitative enzyme immuno-
assay technique includes an AQP4 antibody pre-coated
into a microplate, about 100 pl of standards and sam-
ples are pipetted into the wells and each AQP4 present is
bound by the immobilised antibody. After removing any
unbound substances, a biotin-conjugated antibody spe-
cific for AQP4 is added and then, after washing, avidin
conjugated Horseradish Peroxidase (HRP) is also added
followed by the substrate solution and the colour devel-
oped is in proportion to the amount of AQP4 bound in
the initial step. The optical density was determined using
a micro reader set to 450 nm. The sensitivity of this assay
or Lower Limit of Detection of human AQP-4 is typi-
cally less than 39 pg/ml as reported by the manufacturer
(www.cusabio.com).

Statistical analyses

Data were analysed using the statistical spreadsheets Jam-
ovi v 1.8.1 (https://www.jamovi.org) and JASP v 0.16.3
(https://jasp-stats.org/). AQP4 and other CSF biomarker
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levels, demographic parameters such as age and disease
at the time of the lumbar puncture, and educational stage
as well as MMSE score were all considered continuous
variables and expressed as mean =+ standard error of the
mean (SEM). Conversely, patients’ sex, diagnostic group,
and the dichotomised classification on AQP4 levels com-
pared to the median value were all considered categori-
cal variables. Significant statistical threshold was set at
0.05. Shapiro—Wilk’s test of normality was performed for
continuous variables, and intergroup comparisons were
carried out using the non-parametric Kruskal-Wallis
test and Mann—Whitney test. Spearman’s correlation was
used to assess the association between CSF biomarkers.
Multivariate linear regressions were used to explore the
relation between different CSF biomarkers, and demo-
graphics were used as covariates. Categorical variables
were analysed using the chi-squared test. With respect
to the patients’ progression in MMSE scores for at least
4 vyears of follow-up, Kaplan—Meier estimators were
realised, considering the conversion to dementia (from
a MMSE score > 24 to a MMSE score <24) as the main
event.

Results

Fifty-nine females and 65 males were included in the
study. Patients were divided into groups, depending on
their diagnosis: 48 of these subjects were affected by
AD, 22 were suffering from FTD, 20 had mild cogni-
tive impairment with no evidence of a neurodegenera-
tive underlying pathology, 13 had psychiatric disorders,
and 21 belonged to the control group. Subjects were
later grouped again into three main groups, which were
patients suffering from neurodegenerative disease (AD
and FTD), patients with cognitive deficits but with
no diagnosis of neurodegenerative disease (MCI and
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psychiatric patients), and controls. Finally, only two
groups were analysed and compared to each other: one
was composed of patients with a diagnosis of neuro-
degenerative disease, whereas the other was obtained
by gathering all the other subjects. Furthermore, the
NIA-AA ATN classification was considered, and 101
of the 124 patients—the ones whose concentrations of
specific proteins measured using CLEIA were availa-
ble—were divided into groups according to A, T, and N
parameters (depending on their CSF levels of, respec-
tively, AB, Tau, and P-Tau).

Principal sociodemographic and clinical character-
istics of studied subjects are summarised in Table 1.
There were no significant differences between groups
with respect to sex, educational stage, or disease dura-
tion. Conversely, as expected, there were statistically
significant differences between age in the AD patients
compared to the psychiatric group (p=0.034) and in
MMSE score between AD patients and the not neuro-
degenerative groups (Kruskal-Wallis test: AD versus
controls p<0.001, AD versus MCI p<0.001, AD ver-
sus psychiatric patients p<0.001), between subjects
affected by FTD and controls (Kruskal-Wallis test:
p=0.002), as well as between MCI groups and controls
(p=0.035). These differences maintained their signifi-
cance when the main groups were considered (degener-
ative patients versus not degenerative Mann—Whitney
test: for age p=0.015; for MMSE p <0.001).

AQP4 levels were not normally distributed (Shapiro—
Wilk p<0.001) with a mean of 296.6 £16.0 pg/ml. There
was no correlation between AQP4 concentration and
demographic parameters (Spearman’s correlation: edu-
cational stage p =0.268; age at lumbar puncture=0.413;
disease duration p=0.390; Mann-Whitney test:
sex p=0.453) except for MMSE score at the time

Table 1 Principal sociodemographic and clinical characteristics of studied subjects: Alzheimer’s disease (AD), behavioural variant
frontotemporal dementia (bvFTD), mild cognitive impairment (MCI), psychiatric disorders (Psy), and controls (Con). Values are

expressed as mean =+ SEM

AD bvFTD MCI Psy Con
Number 48 22 20 13 21
Age (years) 69.8+£1.1 70515 673+£19 62.8+23 701+£1.1
Gender (M:F) 22:26 10:12 10:10 85 15:6
Education (years 4= SEM) 10.0+06 99+10 10.1£0.8 13.0+1.2 104409
Disease duration (years + SEM) 31403 23+03 27+04 57427 40+09
MMSE &+ SEM 21.2£09 231+£12 259£05 272+£0.7 274£10
Beta-amyloid (pg/ml 4 SEM) 3976£209 586.3+£476 760.7 £69.6 8449+£124.2 8052+£728
Total tau (pg/ml =4 SEM) 909.8+72.8 55224837 306.8429.1 253.0+31.8 31214257
P-Tau (pg/ml 4 SEM) 1496+11.3 762+13.8 423+44 363+£58 483450
AQP4 (pg/ml £ SEM) 3504+32.7 3105+346 266.2+250 261.6+£32.1 209.6+234

MMSE Mini-Mental State Examination, AQP4 Aquaporin 4
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lumbar puncture was performed (Spearman’s correlation:
rho= —0.160 p=0.038).

When the single diagnostic groups were taken into
consideration, there was a significant difference in
AQP4 levels between AD patients and the control group
(AD 350.4+32.7 pg/ml vs controls 209.6+23.4 pg/ml,
Dwass-Steel-Critchlow-Fligner test for pairwise compar-
isons from Kruskal-Wallis test: p=0.046), but no other
statistically significant variations were obtained (FTD vs
controls p=0.347, MCI vs controls p=0.713, psychiatric
patients vs controls p=0.759) (Fig. 1).

When the patients were categorised into three
groups—with a diagnosis of neurodegenerative dis-
ease, with cognitive deficits but without a diagnosis of
neurodegenerative disease, and controls—the AQP4
levels were significantly higher in the neurodegen-
erative group with respect to controls (Kruskal-Wallis
test: p=0.019) and the same result was obtained when
only two groups were considered, i.e., the neurodegen-
erative (mean=337.9+£24.9 pg/ml) versus not neu-
rodegenerative subjects (mean=243.1+15.3 pg/ml).

Page 4 of 10

Mann-Whitney test between these two groups was sig-
nificant, with a p=0.010 (Figs. 1 and 2).

The patients were later organised into a dichotomised
classification depending on the AQP4 concentrations
compared to the median: AQP4-High and AQP4-Low
groups were defined, and there was a significant asso-
ciation between neurodegenerative patients and the
AQP4-High group (AQP4-High: 42 patients with neu-
rodegenerative disease and 21 subjects without neu-
rodegenerative disease; AQP4-Low: 28 patients with
neurodegenerative disease and 33 subjects without
neurodegenerative disease; chi-squared test: y>=5.44,
p=0.020) (Fig. 2).

With respect to the other CSF proteins analysed in
101 of these patients using CLEIA method, consider-
ing the differences in AQP4 concentrations with respect
to the ATN classification criteria, AQP4 levels were sig-
nificantly higher in the N group, which is defined by
the total Tau concentration in CSF (Mann—Whitney
test: A+vs A—p=0.202, T+vs T—p=0.622, N+vs
N — p=0.004) (Fig. 3).
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Fig. 1 On the left, box plot representing cerebrospinal fluid (CSF) aquaporin 4 (AQP4) levels in the diagnostic groups: Alzheimer’s disease (AD),
frontotemporal dementia (FTD), mild cognitive impairment (MCI), psychiatric disorder (Psy), and control group (Con). On the right, box plot with
three-group classification: patients affected by neurodegenerative disease (Deg), patients with neurological or psychiatric not degenerative disease
(Non-Deg), and controls (Con)
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Fig. 2 Box plot representing cerebrospinal fluid (CSF) aquaporin 4 (AQP4) levels (on the left) and frequency analysis (on the right) in the two
main groups: patients affected by neurodegenerative diseases (Deg), and patients not affected by degenerative diseases (Non-Deg + Con
groups). The bar plot shows the number of patients with high and low AQP4 levels distributed in the two main groups (light for Deg and dark for
Non-Deg + Con)

At visual inspection, the distribution of CSF AQP4
concentrations was positively skewed; hence, for correla-
tion and regression analysis, data were log-transformed
(Log,p); however the distribution was still non-normal;
hence, non-parametric testing was preferred.

A significant positive correlation was observed between
Log;, AQP4 levels and total Tau concentrations (Spear-
man’s correlation: rho=0.186, p=0.031), but no other
significant correlations were observed, neither positive
nor negative (Spearman’s correlation test: Log,, AQP4
versus AB1-42 rho= —0.158, p=0.057; Log,;, AQP4 ver-
sus AP1-40 rho= —0.034, p=0.373; Log,, AQP4 versus
phosphorylated Tau rho=0.109, p =0.140).

The same evidence was demonstrated with chi-squared
association test, when comparing the ATN groups
with the AQP4-High and AQP4-Low group, defined as
previously mentioned (AQP4-High: 23 N+, 27 N—;
AQP4-Low: 10 N+, 41 N —; chi-squared test: y>=7.99,
p=0.005).

Multiparametric linear regressions were used to assess
the correlation between CSF biomarkers and Log,;, AQP4
levels of 101 patients whose levels of A, tau, and P-tau

were available with the CLEIA method, using demo-
graphic parameters as covariates (educational stage, age,
sex, disease duration, and MMSE). Log;, AQP4 levels
were positively correlated with total tau (Log;, AQP4 and
Tau p=0.026). No significant correlation was obtained
when considering Log;, AQP4 and A protein in any of
its subunits (Log,, AQP4 and AB1-42 p=0.308; Log,,
AQP4 and AP1-40 p=0.760; Log;, AQP4 and P-Tau
p=0.088) (Fig. 4).

The Kaplan—Meier estimators showed no significant
differences in the rate of conversion to dementia, neither
considering the AQP4-High versus AQP4-Low group,
nor combining the AQP4 groups with the N parameter of
ATN classification.

Discussion

In this retrospective study, we showed that CSF AQP4
levels are significantly higher in AD patients compared
to control subjects (Fig. 1). This finding was confirmed
when the population was grouped according to the pres-
ence or absence of a diagnosis of neurodegenerative dis-
ease, specifically AD and FTD, two of the most common



Arighi et al. Alzheimer’s Research & Therapy ~ (2022) 14:135 Page 6 of 10
p 0.004
1000 — o 1000 o 1000 — o
o o o
800 — 800 — 800 —
E = =
S £ 5 ©
£ 600 - & 600 £ 600 - o°
0 » »
] o ) £ o
9] 3 o 2
3 3 3 :
2 400 2 400 - % < 400 &
L L L @R
8 3 % 8 L
% & g B
f QO
200 — 2 200 — o = 200 ~
g ) % o
0 - 0 .} 0 -
I ! | | I |
A+ A- T+ T- N+ N-
Fig. 3 Box plots representing cerebrospinal fluid (CSF) aquaporin 4 (AQP4) levels in the three parameters of ATN classification: A4/ — (according
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types of dementia [18—-20]. This evidence may suggest a
pathological change of the glymphatic system, and a con-
sequent rise in the concentration of AQP4 in CSF, since it
is crucial to its function [4, 21]. Beyond our results, very
little is known about the levels of this channel protein in
the CSE, as few studies focused on this topic. Bergstrom
et al. [22] analysed a total of 216 different proteins in AD
patients” CSF compared to MCI patients and controls,
and one of the proteins that displayed higher levels was
AQP4. On the contrary, our previous study [23] found a
reduction of AQP4 in CSF from AD patients compared
to controls. This discrepancy could be due to the small
sample size enrolled for that study (11 AD patients and
9 controls) and/or from the different methodological
procedures employed. Although the technology was the
same, a different ELISA kit was used that showed techni-
cal characteristics more adaptable to the analysis of mol-
ecules in the CSF.

However, the hypothesis of higher concentrations
of AQP4 in CSF of people suffering from neurodegen-
erative disease seems more conceivable. A recent study,
published in October 2021, considered an overall popu-
lation of 179 individuals consisting of 81 idiopathic
normal pressure hydrocephalus (iNPH), 41 AD, and 32
non-AD dementia [24]. The study argued that in these
last two groups, the levels of AQP4 concentrations were
undetectable in the CSF, with a mean (& standard devia-
tion) of 0.009+0.01 ng/mL for the AD patients, and

0.007 £0.007 ng/mL for not-AD patients with dementia,
but also for the other clinical conditions examined similar
negative results were obtained. This evidence prompted
the authors to suggest that AQP4 is undetectable in CSF.
The poor reproducibility intra- and inter-laboratory still
represents a concrete limitation to be considered in a
future diagnostic setting as well as the lack of a standard-
ised methodology. These major limitations do not allow
us to draw definitive conclusions on the optimal detec-
tion range of the AQP4 in CSF.

For what concerns the causes behind this evidence, not
enough is known, so only assumptions can be made. One
possible explanation is that reactive gliosis, a common
feature in glymphatic system degeneration [6, 25], might
directly induce an over-expression of AQP4 in astrocytes,
which is demonstrated by an increase in its levels in the
CSE. An alternative theory contemplates neurodegen-
eration as the cause of loss of protein selectivity on the
astrocytic plasma membrane, which slows down the
glymphatic flow [10, 26]. To restore it, an over-expression
of channel proteins such as AQP4 would be needed, in a
positive feedback mechanism.

Both these interpretations are reinforced by the asso-
ciation between AQP4 levels and total tau concentration
found in this study, which is the very indicator for neuro-
degeneration in the ATN classification [16, 27, 28]. It is
therefore debatable whether it is the neurodegeneration
that causes a glymphatic dysfunction or vice versa, but
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this correlation may suggest that the two mechanisms
act synergistically in a feed-forward fashion, and this is
proven in this study both with clinical and molecular
evidence.

No significance was found when comparing AQP4 and
AB. Currently, the reasons behind this evidence are not
known and probably involve a pathogenetic link between
the two molecules. Another possible explanation may
lie in the fact that patients suffering from FTD, who
show hallmarks of neurodegeneration, do not necessar-
ily have amyloid burden as well [29], so in some of these
patients, high concentrations of AQP4 are not accompa-
nied by altered levels of AP. It is interesting to point out
that the same lack of correlation was found in the Berg-
strom et al. study [22]. The relationship between AQP4
and AP was analysed in a study published in March 2021
[30], which focused on the circulating levels of AQP4
and the cerebral amyloid angiopathy-associated intrac-
erebral haemorrhage (CAA-ICH). Despite being not
able to demonstrate any significant difference between
CAA-ICH patients and controls, this study showed a very

interesting association between serum AQP4 levels and
the load of cerebral haemorrhages in the CAA cohort;
AQP4 levels were lower in the serum of patients suffer-
ing cognitive impairment, implying a very important link
between AP clearance and AQP4 expression. The differ-
ence in blood and CSF concentrations is still to be under-
stood, but this does not necessarily mean that the two
results are incoherent with each other.

The Kaplan—Meier indicators, instead, proved no sig-
nificant difference in predicting the rate of conversion
to dementia. This may be the consequence of setting the
median value, an arbitrary cut-off, as a discriminant for
the AQP4 groups, instead of a real pathological thresh-
old, which has not yet been identified.

Our findings are consistent with previous results con-
cerning the expression of AQP4 in postmortem frontal
cortex of cognitively healthy and histopathologically
confirmed individuals with AD, in particular increas-
ing AQP4 expression and loss of perivascular astro-
cytic endfeet localisation of AQP4 are associated to AD
pathology [10].
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Nevertheless, it is correct to underline that, although
it is widely acknowledged that CSF exchanges with the
brain interstitial fluid through the perivascular spaces
[31], the existence of the glymphatic system is still
strongly debated [32] and some crucial elements such
as the parenchymal convective flow are likely to be false
[33]. From this point of view, our data need to be reinter-
preted, in particular the increased values of CSF AQP4
could be explained simply by reactive gliosis, in particu-
lar astrogliosis which is the enhancement of astrocytes
expression with concomitant changes in its morphology
[34]. Astrogliosis might directly induce an over-expres-
sion of AQP4 in the astrocytes and, consequently, an
increase in its levels in CSE.

Limitations and perspectives

The limitations of this study are the rather small sample
size for the statistical analysis, although considering that
we studied CSF, numbers seem reasonable. In particu-
lar, the small number of control subjects did not allow
to identify an effective AQP4 cut-off value; therefore, we
limited to use AQP4 median value to artificially stratify
the population into subjects with high and with low levels
of AQP4. A study with larger groups of patients and con-
trols is needed to confirm these preliminary data and to
identify an AQP4 cut-off value.

In addition, the choice of a case—control study to inves-
tigate a potential biomarker, undoubtedly not as effective
as a prospective cohort study would be, could explain the
lack of significance in the Kaplan—Meier indicators. Fur-
thermore, despite being two of the most common causes
of neurodegeneration, AD and FTD are not the only dis-
eases with that pathological feature [35, 36]. Therefore,
it is possible that they have a mechanism in common
which is not shared by other neurodegenerative diseases,
despite the strong association between AQP4 and tau
protein suggesting otherwise.

This study has several positive aspects as well: firstly, it
is one of the first analyses that tries to identify an easily
accessible biomarker to characterise the newly described
glymphatic system, as lumbar puncture is already being
used in the diagnostic workup for people with suspected
dementia [37]. Furthermore, it compared the results with
other parameters widely validated, such as proteins cur-
rently used to define AD and other neurodegenerative
diseases [12, 38], which contributed to the reliability of
the results. Additionally, it is monocentric and used a
very innovative technology for measurement, such as
CLEIA [39].

Overall, these data show that AQP4 is in fact a very
good potential biomarker for neurodegeneration and
possibly, given its fundamental role in the glymphatic
pathway [21], for the functionality of the whole system
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as well. This could be extremely useful in the future, as
the glymphatic theory is an interesting and likely way to
explain the pathogenesis of dementia and neurodegener-
ative disease [4], but a way to assess it in clinical practice
does not exist yet.

Another interesting perspective is that using AQP4 as
a marker of glymphatic functionality could help iden-
tify those common neurological diseases in which the
system is compromised: for example, this study showed
that, compared to controls, patients suffering from MCI
or psychiatric disorders displayed a slightly, yet not sig-
nificantly, increased levels of AQP4 (Fig. 1). Studies that
consider larger samples focused solely on these subjects
might prove a more evident difference.

Future perspectives also include the description of
normal values for this protein, since there are very few
studies which focused on this task [22-24], and, con-
sequently, the definition of a pathological threshold,
in order to consider AQP4 the same as other proteins,
such as Ap, tau, and P-tau, which are currently utilised.
Another interesting potentiality is employing AQP4 lev-
els for prospective, cohort studies. This may prove that
not only is this channel protein possibly an early marker
of disease, but it might also help identify whether it is the
compromised glymphatic that causes neurodegeneration
or vice versa, shedding light on one of the most contro-
versial, yet deeply important mechanisms for neurode-
generation, especially in such common diseases like AD
and FTD.

Conclusions

This study proves that a fundamental protein for glym-
phatic system function and CSF and ISF flow, AQP4, is
increased in CSF of patients suffering from different
types of dementia compared to healthy controls, and
strongly correlates with a marker for established neuro-
degeneration such as tau. This piece of evidence leads
to a hypothesis that AQP4 could represent a fascinating
potential biomarker for future studies on dementia as
well as glymphatic function, and analysing this protein
and its level in body fluids may help explain the patho-
genesis of these diseases and hopefully provide a new
tool for both diagnosis and prognosis in clinical practice.
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