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R en a l  H an d l in g  o f  W ater  



In t r o d u c t io n  

• C ongen ita l N D I is  a  ra re  hered ita ry  d isorder, 
characte rized  by inab ility  o f the  k idney to  
concentra te  u rine  in  response to  a rg in ine  
vasopress in  (A V P )  

• X -linked  N D I can  resu lt from  m uta tions in  the  
type  2  vasopress in  receptor (V2R) [90% ]  

• The au tosom al recess ive  and  dom inant 
fo rm a o f N D I a re  caused by m uta tions in  the  
aquaporin  2  (AQP2) w a ter channe l [10% ]. 



 B ac k g r o u n d  

• C h ild ren w ith  N D I m ay experience  frequent 
ep isodes o f hyperton ic  dehydra tion  w h ich  
can  com plica ted  by se izures, cerebra l 
edem a, and  acu te  k idney in ju ry . 

• C urren t conventiona l trea tm ent reg im en 
inc lud ing adequate  hydra tion , low  sod ium  
and pro te in  d ie t, hydroch lo ro th iaz ide  
(H C TZ-am ilo ride) and  non-ste ro ida l an ti-
in flam m atory (N S A ID ) can  on ly  partia lly  
con tro l the  N D I sym ptom s.  
 



R eg u la t io n  o f  w ater  p er m eab i l i t y  in  th e  
r en a l  c o l lec t in g  d u c t  c e l ls  

Presenter
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)






E x p er im en ta l  an im a l  s tu d ies  

• R ecent experim enta l s tud ies have 
suggested  tha t trea tm ent w ith  s ildenafil 
c itra te , a  phosphod iesterase type 5  
(P D E 5) inh ib ito r, m ay enhance cyc lic  
guanos ine  m onophosphate  (cG M P )-
m ed ia ted  ap ica l tra ffick ing  o f A Q P 2 and 
m ay be e ffective  in  increas ing  w ater 
reabsorp tion  in  pa tien ts  w ith  congen ita l 
N D I. 
 



 S i ld en af i l  in  H u m an  w i th  N D I  

• A lthough, the  use o f s ildenafil in  
experim enta l an im als  has been show n 
to  resu lt in  A Q P 2 m em brane 
accum ula tion  o f the  princ ipa l ce lls  o f 
co llec ting  duct in  the  absence o f 
vasopress in  v ia  its  G -pro te in  coup led  
V 2R , it has no t ye t been eva lua ted  fo r 
the  trea tm ent o f N D I in  hum ans  



Th e f i r s t  c as e  s tu d y  

• A  4-year o ld  boy w ith  X -linked N D I 
due to  a  m uta tion  in  V 2R  (12bp-
de le tion , de lta  R 247-G 250 a t X q28 
pos ition) res is tan t to  conventiona l 
therapy (H C TZ-am ilo ride  and 
indom ethac in ) trea ted  w ith  s ildenafil 
c itra te  2 .0  m g/kg /day fo r 10  days a fte r 
a  2 -day w ashout period  be tw een the  
tw o trea tm ent reg im en. 



 M eth o d s  

• A liquots  o f the  en tire  24-hr u rine  
co llec tions be fore  and a fte r s ildenafil 
trea tm ent w ere  ana lyzed fo r u rine  
vo lum e, osm ola lity , cG M P , and A Q P 2 
determ inations.  

• U rinary  cG M P  and A Q P 2 excre tion  
w ere  m easured by quantita tive  
rad io im m unoassay (R IA ). 



 M eth o d s  (c o n t ’d ) 

• B lood sam ples w ere  a lso  ob ta ined a t 
the  com ple tion  o f each trea tm ent 
reg im en fo r, sod ium  and osm ola lity  
m easurem ents .  

• The prim ary endpo in t w as 24-hour u rine  
vo lum e a fte r 10  days o f s ildenafil and 
conventiona l trea tm ents . 
 



 R es u l t s  

• C om pared to  conventiona l therapy, 
trea tm ent w ith  s ildenafil resu lted  in  
s ign ifican t reduction  in  24-hr u rine  
vo lum e and an increase in  cA M P  and 
A Q P 2 excre tion  

• P atien t to le ra ted  s ildenafil w e ll and 
experienced no adverse  e ffect 



R es u l t s  



 

 

Tab le2 . C o m p ar is o n  o f  s i ld en af i l  w i th  H C TZ/am i lo r id e  p lu s  
in d o m eth ac in  t r eatm en t  

Parameter Hhdrochlorothizide-amiloride 
plus indomethacin 

Sildenafil 

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 
day 

9 4 

Urine AQP2 concentration 
(fmol/mg creatinine) 

37 129 

Urine cGMP concentration 
(nmol/mg creatinine) 

0.41 1.68 

AQP2, aquaporin2 ; GAMP, Cyclic guanosine-3,5-monophosphate;  

 

R es u l t s  



C o n c lu s io n  

• T reatm ent w ith  s ildenafil c itra te  fo r 10  
days dem onstra ted  a  c lear corre la tion  
be tw een the  correction  o f po lyuria  and 
an  increase o f u rinary  cG M P  and A Q P 2 
m em brane express ion . 

• S ildenafil c itra te  shou ld  be  cons idered 
as an  a lte rna tive  agent in  trea tm ent o f 
X -linked N D I res is tan t to  conventiona l 
therapy. 
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