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« Congenital NDI Is a rare hereditary disorder,
characterized by inability of the kidney to
concentrate urine in response to arginine
vasopressin (AVP)

« X-linked NDI can result from mutations in the
type 2 vasopressin receptor (V2R) [90%]

 The autosomal recessive and dominant
forma of NDI are caused by mutations in the
aguaporin 2 (AQP2) water channel [10%].
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« Children with NDI may experience frequent
episodes of hypertonic dehydration which
can complicated by seizures, cerebral
edema, and acute kidney injury.

« Current conventional treatment regimen
Including adequate hydration, low sodium
and protein diet, hydrochlorothiazide
(HCTZ-amiloride) and non-steroidal anti-
iInflammatory (NSAID) can only partially
control the NDI symptoms.
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Regulation of water permeability in the
renal collecting duct cells
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Presentation Notes
Regulation of water permeability in the renal collecting duct cells
Under normal conditions, AVP binding to the V2R in the principal cells of renal collecting duct induces a cAMP signaling cascade resulting in the activation of protein kinase A (PKA) leading to translocation of AQP2 to the apical membrane. 
AQP2 expression increases the water permeability of the collecting duct in response to vasopressin in the presence of interstitial osmotic gradient generated by urea and sodium.

This model shows the interactions between the components of some of the major pathways that affect AQP2, and summarizes most of the points outlined in this review. The canonical V2R signaling pathway is depicted, with VP stimulation of V2R leading to the phosphorylation of AQP2 by PKA and subsequently altering the balance between exocytosis and endocytosis, leading to AQP2 accumulation at the apical plasma membrane. Also shown are the NO-cGMP pathway and the PGE2 receptor EP3 that can also positively and negatively modulate AQP2 trafficking respectively, as well as factors that affect AQP2 abundance and the elements and transcription factors that mediate this regulation. (activator protein-1 element (AP1), adenylate cyclase (AC), aquaporin-2 (AQP2), cAMP response element (CRE), CRE binding protein (CREB), cyclooxygenase (COX), G-protein i α subunit (Giα), G-protein s α subunit (Gsα), guanylate cyclase (GC), heat-shock protein of 70kDa (hsp70), myelin and lymphocyte-associated protein (MAL), nitric oxide (NO), nitric oxide synthase (NOS), nuclear factor of activated T-cells c (NFATc), phosphodiesterase (PDE), prostaglandin E2 (PGE2), prostaglandin receptor (EP3), protein kinase G (PKG), protein kinse A (PKA), Rho family small GTPase (Rho), tonicity response element (TonE), TonE binding protein (TonEBP), vasopressin (VP), vasopressin receptor type-2 (V2R)
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* Recent experimental studies have
suggested that treatment with sildenafil
citrate, a phosphodiesterase type 5
(PDES) Inhibitor, may enhance cyclic
guanosine monophosphate (cGMP)-
mediated apical trafficking of AQP2 and
may be effective in increasing water
reabsorption in patients with congenital
NDI.
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« Although, the use of sildenafil Iin
experimental animals has been shown
to resultin AQP2 membrane
accumulation of the principal cells of
collecting duct in the absence of
vasopressin via its G-protein coupled
V2R, it has not yet been evaluated for
the treatment of NDI In humans
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* A 4-year old boy with X-linked NDI
due to a mutation in V2R (12bp-
deletion, delta R247-G250 at Xq28
position) resistant to conventional
therapy (HCTZ-amiloride and
iIndomethacin) treated with sildenafil
citrate 2.0 mg/kg/day for 10 days after
a 2-day washout period between the
two treatment regimen.
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* Aliguots of the entire 24-hr urine
collections before and after sildenafil
treatment were analyzed for urine
volume, osmolality, cGMP, and AQP?2
determinations.

* Urinary cGMP and AQP2 excretion
were measured by quantitative
radioimmunoassay (RIA).
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* Blood samples were also obtained at
the completion of each treatment
regimen for, sodium and osmolality
measurements.

 The primary endpoint was 24-hour urine
volume after 10 days of sildenafil and
conventional treatments.
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« Compared to conventional therapy,
treatment with sildenafil resulted in
significant reduction in 24-hr urine
volume and an increase in CAMP and
AQP2 excretion

« Patient tolerated sildenafil well and
experienced no adverse effect
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Table 1. Desmopressin acetate (DDAVP) test

Parameter Serum sodium | Serum osmolality | Urine  osmolality | Urine output
(mEa/L) (mOsm/L) (mOsm/L) (mL/kg/hr)

Baseline 148 307 104 5.5

DDAVP 147 309 96 5.3

(2 pg injection)

2 hours later
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Table2. Comparison
indomethacin treatment

of sildenafil with

HCTZ/amiloride plus

Parameter Hhdrochlorothizide-amiloride | Sildenafil
plus indomethacin

Serum sodium (mEq/L) 148 139

Serum osmolality (mOsm/L) | 307 291

Urine osmolality (mOsm/L) 104 215

24-hr Urine volume (mL) 1698 1050

Average number of voids per | 9 4

day

Urine AQP2 concentration | 37 129

(fmol/mg creatinine)

Urine c¢GMP concentration | 0.41 1.68

(nmol/mg creatinine)

AQP2, aquaporin2 ; GAMP, Cyclic guanosine-3,5-monophosphate;
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« Treatment with sildenafil citrate for 10
days demonstrated a clear correlation
between the correction of polyuria and
an increase of urinary cGMP and AQP?2
membrane expression.

« Sildenafil citrate should be considered
as an alternative agent in treatment of
X-linked NDI resistant to conventional
therapy.
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