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Neuromyelitis optica is an inflammatory disease characterized by neuritis and myelitis of the optic nerve. Its physiopathology is
connected with the aquaporin-4 water channel, since antibodies against aquaporin-4 have been found in the cerebrospinal fluid
and blood of neuromyelitis optica patients. The seropositivity for aquaporin-4 antibodies is used for the diagnosis of neuromyelitis
optica or neuromyelitis optica spectrum disease. On the other hand, aquaporin-4 is expressed in astrocyte feet in the brain-blood
barrier and subventricular zones of the brain ventricles. Aquaporin-4 expression is high in cerebrospinal fluid in hydrocephalus.
Furthermore, neuroepithelial denudation precedes noncommunicating hydrocephalus and this neuroepithelial disruption could
allow aquaporin-4 to reach anomalous brain areas where it is unrecognized and induce the generation of aquaporin-4 antibodies
which could cause the neuromyelitis optica and certain types of hydrocephalus.

1. Introduction

Neuromyelitis optica (NMO) or Devic’s disease is an autoim-
mune disorder affecting the optic nerve and spinal cord,
where the aquaporin-4 water channel (AQP4) plays an
important role.Thus, antibodies against AQP4 are detectable
in the cerebrospinal fluid (CSF) of most patients with neu-
romyelitis optica (NMO) spectrum disease, mainly when
it is worsening. Currently, seropositivity for AQP4-Ab is
the only validated diagnostic biomarker for autoimmune
optic neuropathies [1] since the diagnostic specificity of this
test is almost 99%. However, there is about a 5% overlap
with other autoimmune diseases [2]. These findings support
the suggestion that any patient with an autoimmune optic
neuropathy which is seropositive for AQP4 autoantibodies

should be given a diagnosis of NMO or NMO spectrum
disease (NMOSD) [3, 4].

However, AQP4 presence in the CSF has also been pro-
posed as a diagnostic biomarker of hydrocephalus type [5];
additionally the sites and mechanisms of CSF reabsorption
are relevant to the pathophysiology of hydrocephalus [6].
It has traditionally been supposed that CSF reabsorption
mainly occurred via arachnoid granulations, but increasing
evidence points towards other drainage sites. Studies [7, 8]
indicate the existence of a brain-wide pathway facilitating
the exchange of CSF and interstitial fluid via para-arterial
CSF influx, paravenous interstitial clearance, and a trans-
parenchymal pathway dependent on water transport through
astrocytic AQP4 channels.
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Figure 1: Drawing of ventricular zone disruption in hydrocephalus. AQP4 leaking into the CSF. Modified from Castaneyra-Ruiz et al. 2014
and Rodriguez et al. 2012 [16, 27]. CSF = cerebroespinal fluid, VZ = ventricular zone.

2. Aquaporin-4 and Hydrocephalus

Aquaporin-4 (AQP4) is a water channel mainly located at
the end feet of astrocytes on the ependymal layer and in
the blood-brain barrier (BBB) and is associated with the
elimination of cerebral edema via this route [9]. AQP4 levels
are significantly altered in kaolin-induced hydrocephalus,
suggesting that AQP4 could play an important neurodefen-
sive role in hydrocephalus and CSF disorders [10, 11]. An
increase in CSF AQP4 in hydrocephalus is reported in a
previous work [5] and this may occur as a consequence of the
loss of communication between ependyma and subsequent
cell disruption; thus AQP4 would pass into the CSF [5]. This
ependymal loss appears much earlier than the increase of
intracranial pressure and the ventriculomegaly and is there-
fore the first recognizable event in hydrocephalus pathology,

and this is accompanied by a microglial and astroglial
cell reaction; the subependymal astroglial cells respond by
proliferation in such a way that they form a glial scar-like
covering of the ventricular surface to replace the ependymal
epithelium [12, 13]. At the same time, if cellular death or
disruption occurs, the AQP4 could be in contact with the
ventricular lumen and may pass into the CSF. Furthermore,
the occurrence of various stages of ependymal denudation
within full-term spina bifida aperta (SBA) fetuses suggests
that there may be a continuation of the process after birth
and that cases of communicating hydrocephalus could soon
develop into noncommunicating hydrocephalus (Figures 1
and 2) [8, 14–16]. Therefore, the increase of CSF AQP4 may
be a consequence of ependymal disruption and the level of
AQP4 in the CSF could be an indicator of the ependyma
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Figure 2: Flow chart representing the hypothesis that the cell
junction pathology of the VZ cells leads to hydrocephalus, abnormal
neurogenesis, and certain types of NMO. Modified from Rodriguez
et al. 2012 [16]. NMO = neuromyelitis optica, NMOSD = neu-
romyelitis optica spectrum disease, NSC = neural stem cells, SVZ
= subventricular zone, and VZ = ventricular zone.

Table 1: Expression of aquaporins in ocular tissue (Patil et al. 1997
and Tran et al. 2014) [17, 18].

Ocular tissue AQP1 AQP3 AQP4 AQP5 AQP7 AQP9
Cornea D D ND D D ND
Iris D ND D D ND
Lens D ND D D D ND
Trabecular meshwork D ND ND ND D ND
Ciliary D ND D ND D D
Retina D ND D ND D D
Choroid D ND ND ND ND
Optic nerve ND ND D ND ND D
AQP = aquaporin, D = detected, and ND = not detected.

status and the stage of hydrocephalus [5]. Thus, an AQP4-
dependent mechanism could facilitate reabsorption of CSF
and clearance from the parenchyma into the microvascula-
ture.

3. Aquaporin-4 and Neuromyelitis Optica

Aquaporin-4 is located in optic nerve and other ocular tissues
(Table 1) [17, 18]. In a state of subacutely acquired AQP4
dysfunction, as occurs in NMO, altered CSF reabsorption
could further exacerbate hydrocephalus through a nonob-
structive mechanism [19]. Furthermore, the 1% frequency
of obstructive hydrocephalus is observed in patients with
NMOSD, which is far greater than in the general adult
population. The incidence of all types of hydrocephalus,
annual numbers of new ventricular shunts recorded in the
Nationwide Inpatient Sample database and the Californian

population, is 2.95 and 5.5 per 100,000, respectively [20–
22]. Only 16.6% were for obstructive/noncommunicating
hydrocephalus [20]. Hydrocephalus is related to NMOAQP4
seropositive patients in only one report by Clardy et al. [19]
and in a poster presented in one neuroophthalmology meet-
ing [23]. The cerebral aqueduct, an anatomically restricted
access of the ventricular system, is lined with ependymal
cells expressing AQP4 and inflammatory sequelae of IgG
binding toAQP4 and it is thought that this is the regionwhere
scarring, occlusion, stenosis, or reduced compliance of the
aqueductal channel leading to obstruction occurs [19].

NMO is an inflammatory disease of the central nervous
system clinically characterized by a neuritis and transverse
myelitis of the optic nerve. Likewise, the NMO has recently
been defined as a disabling and autoimmune disease with
an astrocyte pathology characterized by severe and recurrent
attacks of optic neuritis and longitudinally extensive myelitis
[24]. NMO was initially considered as an acute aggressive
variant of multiple sclerosis (MS). However, the finding
of autoantibodies against AQP4 in both the serum and
CSF completely disassociated NMO from MS. Interestingly,
AQP4-Ab were found in other pathologies connected to
NMO which explains why these pathologies are now reclas-
sified as NMOSD. The mechanisms underlying the patho-
physiology of NMOSD as the production of autoantibodies
against AQP4 are still unknown today. Normally, the sample
used to test the presence of AQP4-Ab is blood serum, but
the presence of AQP4-Ab in the CSF and not in the serum
has been reported in some cases of NMO [25]; therefore,
it could be clinically useful to test for the presence of CSF
AQP4-Ab to consider a diagnosis of seronegative NMOSD.
Other authors report that the AQP4-Ab come from the blood
and pass into the CSF by a malfunction of the blood-CSF
barrier [6], but how could that explain, as reported [24],
the absence of AQP4-Ab in serum and their presence in the
CSF? Given the wide range of illnesses covered by NMOSD
and the anomalous presence of AQP4 described in the CSF
in cases of hydrocephalus, bacterial meningitis, and diseases
with inflammatory phenomena of the central nervous system
[5, 26], the presence of AQP4 in the CSF is probably due to
ependymal disruption phenomena. The possibility that there
were neuroepithelium alterations in some cases of NMO,
which allowed the anomalous presence of AQP4 in the CSF
thereby causing an autoimmune reaction and the possible
generation of AQP4-Ab, could explain the physiopathology
of several kinds of NMOSD such as seronegative cases for
AQP4-Ab [25].

4. Conclusion

The frequency of patients with NMOSD and obstructive
hydrocephalus is greater than that in the general adult
population [19].One could therefore propose that a reason for
this greater frequency is because neuroepithelial disruption
could occur more slowly during the onset stage in some
types of hydrocephalus; thus the anomalous presence of
AQP4 in the CSF would be longer and the parenchymal-
CSF barrier disruption (transparenchymal pathway) during
this time would allow more brain AQP4 to be in contact
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with lymphocytes in encephalic regions where this does not
normally occur and where brain AQP4 is unrecognized and
consequently autoantibodies (AQP4-Ab) might be generated
which would then attack the AQP4 surrounding the optic
nerve, in the ciliary body and on the ventricular surface
of the sylvian aqueduct, and thereby trigger NMO and
noncommunicating hydrocephalus.
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J.M.González-Toledo, and E.M.Carmona-Calero, “Los canales
de agua. Acuaporinas 1 y 4 en el sistema nervioso central y su
relación con la hidrocefalia,” Majorensis, vol. 10, no. 1, pp. 1–6,
2014.


