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Esistono due tipi di edema cerebrale

» Edema citotossico: rigonfiamento cellulare che
riguarda principalmente le cellule della astroglia,
molto evidente nei processi pedicellari (foot
processes) degli astrociti pericapillari. Tipico
delle fasi precoci dell’ictus cerebrale su base
ischemica e della iponatriemia.
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+ Edema vasogenico: accumulo di liquido in
eccesso nello spazio extracellulare del
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Aquaporin-4 deletion in mice reduces brain edema after acute
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Fig. 1 Effect of water intoxication on survival in AQP4™* and AQP4™ mice.
Mice received intraperitoneal injection of distilled water (20% body weight)
containing DOAVP. Neurological deficit scores were determined at intervals
over the first 90 min (see text) and time of death was recorded. Mice were fol-
lowed for 24 h (1440 min). The percentage of surviving AQP4+ and AQP4--
mice is shown for each time point.
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Aquaporin-4 Gene Disruption in Mice Reduces Brain Swelling and

Mortality in Pneumococcal Meningitis™
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The astroglial water channel aquaporin-4 (AQP4) fa-
cilitates water movement into and out of brain paren-
chyma. To investigate the role of AQP4 in meningitis-
induced brain edema, Sirepococcus pneumoniae was
injected into cerebrospinal fluid (CSF) in wild type and
AQP4 null mice. AQP4-deficient mice had remarkably
lower intracranial pressure (9 + 1 versus 25 £ 5 cm Hy0)
and brain water accumulation (2 * 1 versus 9 £ 1 ul) at
30 h, and improved survival (80 versus 0% survival) at
60 b, through comparable CSF bacterial and white cell
counts. Meningitis produced marked astrocyte foot
process swelling in wild type but not AQP4 null mice,
and slowed diffusion of an inert macromolecule in brain
extracellular space. AQP4 protein was strongly up-reg-
ulated in meningitis, resulting in a ~5-fold higher water
permeability (P) across the blood-brain barrier com-
pared with nen-infected wild type mice. Mathematical
modeling using measured P, and CSF dynamics accu-
rately simulated the elevated lower intracranial pres-
sure and brain water produced by meningitis and pre-
dicted a beneficial effect of prevention of AQP4 up-
regulation. Our findings provide a novel molecular
mechanism for the pathogenesis of brain edema in acute
bacterial meningitis, and suggest that inhibition of
AQP4 function or up-regulation may dramatically im-
prove clinical outcome.
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Esistono due tipi di edema cerebrale Crystal structure of human aquaporin 4 at 1.8 A

» Edema citotossico: rigonfiamento cellulare che and its mechanism of conductance
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astrociti pericapillari. Tipico delle fasi precoci dell’ictus
cerebrale su base ischemica, della iponatriemia e
della meningite batterica sperimentale.

Aquaporin (AQP) 4 is the predominant water channel in the mam-
malian brain, abundantly expressed in the blood-brain and brain-
cerebrospinal fluid interfaces of glial cells. Its function in cerebral
water balance has implications in neuropathological disorders, in-
cluding brain edema, stroke, and head injuries. The 1.8-& crystal

« Edema vasogenico: accumulo di liquido in eccesso

nello spazio extracellulare del parenchima cerebrale a structure reveals the molecular basis for the water selectivity of the
causa di aumento di permeabilita della b?rr'era channel. Unlike the case in the structures of water-selective AQPs
e_matqenlcefahca; segno cargtterlstlco el apertura .de”e AqgpZ and AQP1, the asparagines of the 2 Asn-Pro-Ala motifs do not
giunzioni serrate (tight junction) dell’endotelio capillare. hydrogen bond to the same water molecule; instead, they bond to 2
Tipico dei tumori cerebrali e delle fasi tardive dell’ictus. different water molecules in the center of the channel. Molecular

dynamics simulations were performed to ask how this observation
bears on the proposed mechanisms for how AQPs remain totally
insulating to any proton conductance while maintaining a single file
of hydrogen bonded water molecules throughout the channel.
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On a structural level, AQP4 is unique among AQPs that it exists
in 2 isoforms owing to the use of 2 different translation initiation
sites at methionine M1, or at M23. The M1 and M23 isoforms have
very different effects on array formation with the shorter isoform
tavoring larger arrays mediated by 2 symmetric interactions be-
tween Arg-108 of each molecule and Tyr-250 of another molecule
in the neighboring tetramer (12, 13). The C-terminal 3 amino acids,
—SSV, serve as the ligand of a PDZ binding partner, a-syntrophin,
which is a component of the dystrophin protein complex that links
AQP4 to the actin cytoskeleton (14). Such bridged connection
between AQP4 and the actin cytoskeleton allows AQP4 to be
anchored at the endfeet of astrocytes such that transgenic mice
deficient in a-syntrophin completely lack such polarized expression
in astrocytes (15).
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Fig. 2. The conducting pore. The trace of the pore inner surface is shown in
cyan. The selectivity filter residues, Arg-216 and His-201, are shown as sticks with
surfaces in purple. The glycerol molecule is shown as green stick, and the water
molecules in the channel are shown as red spheres. (B) Plot of the channel radius
versus position along the pore for human AQP4, bovine AQP1 (bAQP1), and the
P. falciparum AQP (PfAQP). Regions of the channel are labeled as extracellular
vestibule, the selectivity filter (SF), the NPA motif, and the intracellular vestibule.
The pore inner surface and its dimension are calculated using Hole 2.0 (51).
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Extracellular Vestibule, Selectivity Filter, and Conducting Pore. AQP4
is a water-selective channel. Signature to the water-selective chan-
nels, His-201 lies directly in the selectivity filter, reducing the
channel diameter to =15 A, sterically excluding the passage of
glycerol (Fig. 2). AQP4 was purified and crystallized in the presence
of 5% (volfvol) glycerol (0.7 M), and 3 glycerol molecules are found
in the extracellular vestibule, although not in the selectivity filter
where the 2 glycerol-conducting AQPs, GlpF, and PfAQP, bind
glycerol identically to one another (26, 27) (Fig. S5). In the
water-selective rAQPI1, the double mutant Phe56Ala and
His180Ala (Phe-77 and His-201 in hAQP4) (Fig. S5) allows for the
passage of glycerol, showing that steric occlusion is one mechanism
for exclusion of larger solutes (28).

The =25-A long conducting pore contains a line of water
molecules and no solute molecule. However, the electron density of

AQP4 is not sensitive to inhibition by mercury (16), because
it does not have the reactive cysteine residue in the lumen of the
channel corresponding to Cys-191 in AQP1 (17). AQP4 con-
ductance is reduced >50% by phosphorylation mediated by
protein kinase C at Ser-180 (18, 19), and increased =40% by
protein kinase G activity at Ser-111 (20). The gating mechanism
by phosphorylation events may be similar to that of the spinach
AQP SoPIP2;1 (21, 22).



Swelling of the brain or spinal cord (CNS edema) affects millions of people every year. All potential pharmaco-
logical interventions have failed in clinical trials, ing that tomm itis the only treatment op-
tion. The water channel protein aquaporin-4 (AQP4) is expressed in astrocytes and mediates water flux across
the blood-brain and blood-spinal cord barriers. Here we show that AQP4 cell-surface abundance increases in
response to hypoxia-induced cell swelling in a caimodulin-dependent manner. Calmodulin directly binds the
AQP4 carboxyl terminus, causing a specific conformational change and driving AQP4 cell-surface localiza-
tion. Inhibition of calmodulin in a rat spinal cord injury model with the licensed drug trifluoperazine inhibited
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