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Autosomal dominant polycystic kidney disease (ADPKD) is a
leading cause of end-stage renal disease. The vasopressin V2
receptor (VPV2R) antagonist OPC31260 has been effective in
two animal models of PKD with pathologies that are probably
related. Here we show, in a mouse model of ADPKD
(Pkd2–/tm1Som), a similar cellular phenotype and response to
OPC31260 treatment, with reduction of renal cyclic AMP
(cAMP) levels, prevention of renal enlargement, marked
inhibition of cystogenesis and protection of renal function.

ADPKD is genetically heterogeneous, with two genes (PKD1 and
PKD2) expressing interacting polycystin proteins. The polycystin 
complex has a role in the regulation of intracellular calcium1–3.
Increased cAMP levels, possibly related to altered intracellular 

calcium homeostasis4, may underlie the proliferative and secretory
phenotype of cystic epithelium5–7. OPC31260, an antagonist of
VPV2R, the major cAMP agonist in the collecting duct, has recently
been shown to be an effective therapy in two models orthologous 
to human autosomal recessive PKD (ARPKD; PCK rat) and
nephronophthisis (pcy mouse)8.

In this study, we tested the efficacy of OPC31260 in an animal
model of ADPKD. The Pkd–/tm1Som mouse (orthologous to human
PKD2) was selected because, unlike Pkd1+/– or Pkd2+/– models, it
reliably develops renal cysts within 3 months and is most
amenable to study9. Renal cAMP levels and expression of
aquaporin-2 and VPV2R were higher in Pkd2–/tm1Som than in 
wild-type mice (Fig. 1a,b). As in ARPKD, the cysts in ADPKD
patients are predominantly derived from the collecting duct10, and
a defect in urine concentration is one of its earliest manifesta-
tions11. Pkd2–/tm1Som renal cysts originate predominantly from the
collecting duct and distal nephron, as reported previously9. We
found that 52% of renal cysts stained positively for collecting duct
markers12, whereas only 3% derived from the thick ascending limb
and none derived from the proximal tubule (Fig. 1c–f). The
remaining cysts were negative for all markers, suggesting a degree
of dedifferentiation.
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e fFigure 1 Renal cAMP concentrations, aquaporin-2 and VPV2R expression,
and immunohistochemistry for tubular markers. (a) Renal concentrations of
cAMP, measured using enzyme immunoassay and expressed per mg of
protein, in 16-week-old wild-type mice and untreated and OPC32160-
treated Pkd2–/tm1Som mice. Two-way ANOVA was used for statistical analysis.
(b) Renal expression of VPV2R and aquaporin-2 (AQ-2) mRNA analysis by
northern blot hybridization in 16-week-old wild-type mice and untreated and
treated Pkd2–/tm1Som mice. Equal loading was confirmed by staining blots
with methylene blue. All signals were normalized relative to 18S mRNA
signal. (c–f) Immunohistochemical staining of Pkd2–/tm1Som mouse kidney. 
c, Collecting duct, stained with Dolichos biflorus lectin. d, Thick ascending
limb, stained with Tamm-Horsfall protein antibodies (Biomedical
Technologies). e, Collecting duct, stained with F13 antibodies (provided by
E. Avner, Rainbow Babies and Children’s Hospital & Case Western Reserve University). f, Proximal tubule, stained with antibody to lysozyme
(BioGenex). Diameter cutoff of 200 µm was used to differentiate cysts from dilated tubules. Scale bar, 200 µm.
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OPC31260 (0.05%), administered in the diet to Pkd2–/tm1Som

mice between 3 and 16 weeks of age, markedly reduced the renal
accumulation of cAMP and corrected the overexpression of aqua-
porin-2 and VPV2R (Fig. 1a,b). OPC31260 also markedly inhibited
disease development, as reflected by lower kidney weights, plasma
blood urea nitrogen concentrations, numbers of renal cysts and
fibrosis volumes, and by mitotic and apoptotic indices (Fig. 2 and
Supplementary Table 1 online). The kidney weights of treated
Pkd2–/tm1Som mice were similar to those of wild-type mice 
(1.4 ± 0.2% of body weight), indicating that renal enlargement was
prevented. OPC31260 did not have a significant effect on polycystic
liver disease or tail-cuff blood pressures. It was well tolerated 
and did not cause electrolyte abnormalities. Urine outputs and
osmolalities in treated and untreated mice were similar, possibly
because OPC31260’s aquaretic effect was compensated for by its
beneficial effect on the disease.

ADPKD is one of the most common life-threatening monogenic
disorders, and causes 5% of end-stage renal disease in the United
States. Recent studies have shown that cAMP has a central role in
cystogenesis, stimulating fluid secretion in normal collecting
ducts5 and isolated ADPKD cysts6. Its effect on epithelial cell 
proliferation is more complex. Adenylyl cyclase agonists and 
8Br-cAMP activate the ERK cascade and increase proliferation of
ADPKD cells, while inhibiting proliferation of normal kidney 
cortex cells7. The mechanisms responsible for this phenotypic
switch are unknown, but a similar change can be induced when 
collecting duct epithelial cells are treated with Ca2+ channel block-
ers, suggesting the importance of cross-talk between the Ca2+ and
cAMP signaling pathways13.

The ability of VPV2R antagonists to markedly slow disease 
progression in an animal model has shown their potential to delay
the requirement for transplantation or dialysis in ADPKD patients,
although the usefulness of such antagonists in PKD is yet to be
proven. These drugs are attractive because of their apparent safety

in preclinical and clinical studies, which can probably be explained
by their renoselectivity14. Several VPV2R antagonists are in phase 3
efficacy and safety trials for hyponatremia and disorders of water
retention, such as congestive heart failure and cirrhosis. Given the
present lack of effective therapies and the apparent safety of VPV2R
antagonists, clinical trials of these compounds in ADPKD seem
appropriate.

Note: Supplementary information is available on the Nature Medicine website.
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Figure 2  Effects of OPC32160 on development of PKD in Pkd2–/tm1Som mice. 
(a,b) Representative kidney sections at the same magnification, stained with H&E. (c,d) Gross
appearance of whole kidneys from the most severely affected untreated (c) and OPC-32160-
treated (d) Pkd2–/tm1Som mice. (e–g) Effect of OPC32160 on body weight (BW; e), kidney weight
(f), renal cyst volume (g) and blood urea nitrogen (BUN) concentration (h) in Pkd2–/tm1Som mice.
*, P < 0.05 compared with control, by two-way ANOVA. Image analysis procedures (see
Supplementary Table 1) were performed with Meta-Morph software (Universal Imaging).
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