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AUTOSOMAL DOMINANT 

POLYCYSTIC KIDNEY DISEASE 

(APCKD)
• INHERITANCE AS AUTOSOMAL DOMINANT TRAIT

– AT LEAST 2 LOCI IDENTIFIED
• 85% WITH CHROMSOME 16 (PKD1 LOCUS); MOST OTHERS WITH 

CHROMOSOME 4 (PKD2 LOCUS)

– GENE PRODUCTS IDENTIFIED: 
• POLYCYSTIN 1 - PKD1: 46 EXONS CODING FOR 4000 AA PROTEIN

• POLYCYSTIN 2 - PKD2: 15 EXONS CODING FOR 1000 AA PROTEIN

• 1 IN 400-1000 LIVE BIRTHS

• PHENOTYPIC EXPRESSION: KIDNEYS WITH EXTENSIVE 
CYST FORMATION AND OFTEN EXTRARENAL 
MANIFESTATIONS

– 50% DETECTION RATE DURING LIFETIME



CHARACTERISTICS OF 

POLYCYTIN-1
• LOCATED IN RENAL TUBULAR EPITHEIAL CILIA AND 

PLASMA MEMBRANE
– ALSO LOCATED IN HEPATIC AND PANCREATIC DUCTS

• LOCALIZED TO THE LATERAL CELL MEMBRANE –
ALLOWING CELL-CELL AND CELL MATRIX 
INTERACTION AFFECTING GROWTH AND SURVIVAL OF 
CELLS

• IN MOUSE MODEL, EARLY PKD-1 INACTIVATION (WITHIN 
13 POSTNATAL DAYS) RESULTS IN SEVERE CYST 
FORMATION 

• PART OF THE STRUCTURE OF CILIA: SENSING FLOW IN 
TUBULAR LUMEN AND IN THE CENTROSOME



CHARACTERISTICS OF 

POLYCYSTIN-2

• SERVES A ROLE IN CALCIUM 

SIGNALING

• FOUND IN PLASMA MEMBRANE, 

ENDOPLASMIC RETICULUM AND 

PRIMARY CILIUM

• INTERACTS WITH POLYCYSTIN-1



INTERACTIONS BETWEEN THE 

POLYCYSTINS
• BOTH LOCALIZE TO CILIA

• BOTH ARE FOUND IN THE CELL MEMBRANE AND IN 
INTRACELLULAR LOCATIONS

• BOTH ARE FOUND IN BLOOD VESSELS AND HEPATIC 
DUCTS

• BOTH REGULATE G PROTEIN SIGNALING

• BOTH PROTIENS INTERACT AT THE CELL MEMBRANE

• BOTH PROTEINS CREATE A NON-SELECTIVE CALCIUM 
PERMEABLE CATION CHANNEL

• MECHANICAL STIMULI LEADS TO POLYCSTIN-2  
MEDIATED TRANSLOCATION OF A POLYCYSTIN-1 
FRAGMENT TO THE NUCLEI LEADING TO AK-1 
TRANSCRIPTION



SECOND HIT HYPOTHESIS

• ONLY SEVERAL HUNDRED TO A 

THOUSAND NEPHRONS HAVE TO 

DEVELOP CYSTS TO RESULT IN RENAL 

FAILURE

• CYSTIC DILATATION IS FOCAL

• CYSTS MAY FORM ONLY WHEN THERE IS 

LOSS OF THE NORMAL HAPLOTYPE IN 

ADDITION TO THE INHERITED ABNORMAL 

GENE
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SCREENING
• RENAL ULTRASOUND IS USUAL INITIAL MODALITY; CT 

AND MRI MAY BE MORE SENSITIVE

• PATIENT AT RISK/UNKNOWN GENOTYPE
– 15-39 YEARS: > 3 UNILATERAL OR BILATERAL CYSTS; SENS 82-

96%/SPEC 100%

– 40-59 YEARS: 2 CYSTS IN EACH KIDNEY; SENS 100%/SPEC 98%

– 60 + YEARS: 4 CYSTS IN EACH KIDNEY; SENS 100%/SPEC 100%

– NO CYSTS AT AGE 30 RULES OUT APCKD-1

– DETECTION OF HEPATIC OR PANCREATIC CYSTS

• PATIENT WITH NEGATIVE FAMILY HISTORY
– 10 OR MORE CYSTS IN EACH KIDNEY

• GENETIC TESTING
– LINKAGE ANALYSIS- REQUIRES 4 RELATIVES



ULTRASOUND PITFALLS

http://www.obgyn.net/us/present/0410/fistula1.jpg
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APCKD: COMPUTERIZED TOMOGRAPHY



CYCTIC KIDNEY DISEASE

APCKD AND THE

LIVER
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REQUIREMENTS FOR CYST 

FORMATION AND  GROWTH 

• EPITHELIAL PROLIFERATION

• FLUID SECRETION

• MATRIX REMODELING

• FIBROSIS



CYST DEVELOPMENT



Fluid secretion

MAP KINASE CASCADE IN NORMAL AND PCKD CELLS

RER

PC1

PC2

CILIUM



CYST GROWTH

• INITIALLY EXPANDED BY GFR 

• FIBROSIS OCCURS LEADING TO LOSS OF CONNECTION TO 
FUNCTIONING NEPHRONS

• CYST FLUID CONTAINS GROWTH FACTORS AND 
STIMULATES SECRETION
– Na-K ATPase FOUND IN APICAL MEMBRANE OF APCKD CELLS

– CFTR: CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE 
REGULATOR A C-AMP-DEPENDENT CHLORIDE CHANNEL,IS IN 
THE APICAL MEMBRANE OF APCKD CELLS

– CYST FLUID CAUSES RENAL EPITEILIUM IN CULTURE TO 
FORM CYSTS

• CYTIC FLUID ACCUMULATION ESTIMATED AT 26-475 
mL/year

• SODIUM CONTENT OF CYSTS IS VARIABLE:
– High Gradient Cysts (cells with tight junctions-collecting duct) and Low Gradient 

Cysts (proximal tubule)



Fig. 1   Mechanisms of fluid secretion in ADPKD cyst-lining epithelial cells. Model of the transporters and channels involved in fluid 

accumulation in the lumen of ADPKD cysts. The apical and basolateral poles of the cell are delineated by tight junctions. T...

Sara  Terryn , Anh  Ho , Renaud  Beauwens , Olivier  Devuyst

Fluid transport and cystogenesis in autosomal dominant polycystic kidney disease

Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease Volume 1812, Issue 10 2011 1314 - 1321

http://dx.doi.org/10.1016/j.bbadis.2011.01.011
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RENAL EFFECTS OF APCKD
• CYST GROWTH AND RENAL FAILURE

• HYPERTENSION

• HEMATURIA
– CYST RUPTURE

• PROTEINURIA
– 300MG – 1 GRAM /24 HOURS

• RENAL CALCULI
– MOST OFTEN URIC ACID

• LOSS OF CONCENTRATNG ABILITY

• INFECTION

• PAIN SYNDROMES

• POLYCYTHEMIA
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EXTRARENAL EFECTS OF 

APCKD

• CEREBRAL ANEURYSMS

• HEPATIC CYSTS

• CARDIAC VALVE DISEASE

• COLONIC DIVERTICULI

• HERNIAS



ANEURYSMS
• INTRACEREBRAL HEMORRHAGE/SAH

– 4%-10% INCIDENCE

– 22% IF A RELATIVE SUFFERED A BLEED

– 50% DEATH OR DISABILITY

• INITIAL SCREENING

– PATIENTS WITH BLEED, POSITIVE FAMILY HISTORY, WARNING 
SYMPTOMS, HIGH-RISK OCCUPATION, HYPERTENSION, NEED 
FOR ANTICOAGULATION

• RE-SCREENING

– HIGH-RISK PATIENTS

• IF INITIAL STUDY IS NEGATIVE THE IS A 2.6% INCIDENCE OF AN 
ANEURSM AFTER 10 YEARS OF FOLLOW-UP

• RE-SCREEN EVERY FIVE YEARS IF INITIAL STUDY IS NEGATIVE; 
EVERY 2-3 YEARS IF ANEURYSM IS SMALL ~ 7-10M

– LOW-RISK PATIENTS (- FAMILY HISTORY) ?



OTHER ORGANS

• HEPATIC CYSTS
– UP TO 80% OF PATIENTS WILL HAVE CYSTS

– EQUAL MALE/FEMALE INCIDENCE BUT MORE 
SEVERE IN FEMALES AND ASSOCIATED WITH 
ORAL CONTRACEPTIVES USE

– RARELY TRANSPLANTATION IS REQUIRED; 
RAPAMYCIN REDUCES HEPATIC CYSTS

• CARDIAC
– MITRAL VALVE PROLAPSE AND AI

– INCIDENCE 20%

• COLONIC DISEASE
– DIVERTICULI 
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TREATMENT STRATEGIES

• PREVENTION OF CYST GROWTH
– INIBITION OF TRANSPORT

• VASOPRESSIN ANTAGONISTS

• REDUCED CAFFEINE INTAKE

• SOMATOSTATIN

– INHIBITION OF CELL PROLIFERATION 
• VASOPRESSIN, STEROIDS, RAPAMYCIN

– INHIBITION OF FIBROSIS
• RAAS BLOCKADE, PROTEIN RESTRICTION

– CYST REDUCTION

– CONTROL OF HYPERTENSION



TOLVAPTAN



Nature Medicine 9, 1323 - 1326 (2003) 

V2 RECEPTOR ANTAGONISM



V2 RECEPTOR ANTAGONISM



MAP KINASE CASCADE AND V2-RECEPTOR ANTAGONIST



• ENDOTHELIAL CELL PROLIFERATION AND FLUID 

SECRETION NECESSARY FOR RENAL CYST 

FORMATION IN HERITABLE CYSTIC KIDNEY 

DISEASE RESULTS FROM ALTERED CA 

HOMEOSTASIS AND INCREASED CAMP SIGNALING

• V2 RECEPTOR ANTAGONISTS DECREASE 

INTRACELLULAR CAMP 

• V2 RECEPTOR ANTAGONISTS ARE ATTRACTIVE AS 

THERAPY BECAUSE OF THEIR RENAL SELECTIVITY 

• V2 RECEPTOR ANTAGONISTS CAN BE SAFELY 

ADMINISTERED BASED ON PRECLINICAL AND 

CLINCAL DATA IN OTHER DISEASES (CHF, 

CIRRHOSIS)

CONCLUSIONS



TOLVAPTAN INTERACTION 

WTH V1 & V2 RECEPTORS

• ANTAGONISM TO AVP BINDING:
– UP TO 300-FOLD INCREASE CONCENTRATION FOR V1 RECEPTORS 

• PLATELET AGGREGATION (MEDIATED BY V1a)
– INHIBITS AVP-INDUCED AGGREGATION BUT NOT ADP-INDUCED 

AGGREGATION

– TOLVAPTAN DOES NOT INDUCE AGGREGATION

• DOSE DEPENDENT INCREASE IN URINE VOLUME AND DECREASE IN 
URINE OSM
– NO TOLERANCE

– PARTIAL AGONISTIC WAS NOT DEMONSTATED

• CORRECTS HYPONATREMIA IN MODELS OF CIRRHOSIS, CHF, 
HYPONATREMIA 



TOLVAPTAN STUDY



TOLVAPTAN STUDY

• PHASE 3 TRIAL

• PROSPECTIVE, DOUBLE-BLIND, PLACEBO-

CONTROLLED, PARALLEL-ARM TRIAL IN 

PATIENTS WITH APCKD

• 1200-1500 SUBJECTS STUDIED FOR UP TO 

36 MONTHS

• SUBJECTS STRATIFIED FOR GFR, RENAL 

SIZE AND HYPERTENSION



Patient Enrollment and Outcomes.

Torres VE et al. N Engl J Med 2012;367:2407-2418



Demographic and Clinical Characteristics of the Patients at Baseline.

Torres VE et al. N Engl J Med 2012;367:2407-
2418



Effect of Tolvaptan on the Annual Slopes of Total Kidney Volume and Kidney Function.

Torres VE et al. N Engl J Med 2012;367:2407-2418



Effect of Tolvaptan on the Time to Multiple Events Associated with Autosomal Dominant 
Polycystic Kidney Disease (ADPKD).

Torres VE et al. N Engl J Med 2012;367:2407-2418



Most Common Adverse Events and Serious Adverse Events.

Torres VE et al. N Engl J Med 
2012;367:2407-2418



OTHER TRIALS



HALT/PKD STUDY
• TO EXAMINE THE EFFECT OF INTENSIVE RAAS 

BLOCKADE AND BLOOD PRESSURE CONTROL ON 
PROGRESSION OF APCKD

• 2 PARALLEL STUDIES:

– A.  CKD I-II DESIGN- 2X2 RANDOMIZED, PLACEBO-CONTROLLED, 
DOUBLE-MASKED STUDY COMPARING ACE-I MONOTHERAPY vs 
ACEI + ARB AND STANDARD BP CONTROL vs LOW BLOOD 
PRESSURE.  PRIMARY OUTCOME IS CHANGE IN KIDNY SIZE 
OVER 5 YEARS

– B.  CKD III DESIGN- 2X1 RANDOMIZED, PLACEBO-CONTROLLED, 
DOUBLE MASKED STUDY COMPARING ACE-I MONOTHERAPY vs 
ACEI + ARB AND STANDARD BP CONTROL. PRIMARY OUTCOME 
IS RATE OF PROGRESSION OF RENAL FAILURE (50% REDUCTION 
IN MDRD eGRF, DDT) OVER 5 YEARS

• STUDY A: n = 550; STUDY B: n = 470
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Copyright ©2008 American Society of Nephrology

Yang, B. et al. J Am Soc Nephrol 2008;19:1300-1310

Figure 5. CFTR inhibitors slow cyst growth in embryonic kidney organ cultures
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EVEROLIMUS
WALZ ET AL NEJM 2010; 363:830-840

• 433 SUBJECTS 

• EVEROLIMUS vs PLACEBO

• KIDNEY SIZE @ BASELINE, 12, 24 MONTHS

• TOTAL KIDNEY SIZE WITH EVEROLIMUS 

LESS THAN PLACEBO AT 12 MONTHS

• NO DIFFERENCE IN RENAL FUNCTION



SIROLIMUS
SERRA ET AL NEJM 2010; 363: 820-829

• 100 SUBJECTS

• SIROLIMUS vs STANDARD CARE

• 18 MONTHS, RANDOMIZED, OPEN LABEL

• NO DIFFERENCE IN RENAL SIZE OR RENAL 

FUNCTION 



FOLATE-CONGUGATED 

RAPAMYCIN
SHILLINGFORD ET AL JASN 2010; 10:1674-81

• SIROLIMUS CONCENTRATIONS IN 

THE RENAL EPITHELIAL CELL MAY 

BE TOO LOW TO INFLUENCE  

PROLIFERATION

• THESE CELLS HAVE RECEPTORS FOR 

FOLATE

• CONGUGATING FOLATE TO THE 

DRUG MAY ENHANCE ITS UPTAKE 

BY THE CELLS
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Copyright ©2010 American Society of Nephrology

Hogan, M. C. et al. J Am Soc Nephrol 2010;21:1052-1061

Figure 4. Octreotide therapy (OctLAR) stalled kidney growth in treated individuals



Copyright ©2010 American Society of Nephrology

Hogan, M. C. et al. J Am Soc Nephrol 2010;21:1052-1061

Figure 1. Administration of octreotide LAR to a patient with severe PLD resulted in decreased liver and kidney 
volumes



CONCLUSION

• UNDERSTANDING THE SIGNALS THAT 

PROMOTE CELL PROLIFERATION AND 

GOVERN SECRETION INTO THE CYSTS 

WILL EVENTUALLY LEAD TO 

INTERVENTIONS TO SLOW THE 

PROGRESSION OF APCKD


