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INTRODUCTION

Polycystic Kidney Disease (PKD) is one of the
most common hereditary diseases in humans,
accounting for almost 5-10% of subjects on renal
replacement therapies®. Although clinical symptoms
occur most frequently in adult life, the hereditary
nature of PKD has permitted the screening of first
degree relatives and therefore to reach a diagno-
sis in early adulthood. That said, early diagnosis
per se does not contribute to halting the progres-
sive nature of the renal failure as no specific ther-
apies are available as of yet. To date, therapeu-
tic interventions in PKD are based on blood
pressure control, protein restriction, avoidance of
nephrotoxics and other nephroprotective measures.
Although not specifically directed to PKD patients
these interventions have contributed to better out-
comes in recent years2. As cardiovascular disease
is the most important cause of death in PKD and
hypertension is the main risk factor for cardiovas-
cular events, early diagnosis is required to screen
for hypertension and this may contribute to reduc-
ing the rate of cardiovascular events in this pop-
ulation3.

As the result of intense investigation in basic
sciences that followed the discovery of the genes
responsible for ADPKD, recent advances have
thrown up several possibilities of therapeutic inter-
vention in PKD that specifically interfere with the
known pathophysiology of the disease4.

CONVENTIONAL THERAPY IN PKD

Clinically, PKD is characterised by progressive
involvement of the kidneys with fluid-filled cysts.
Cysts may also be present in other organs but it is
the kidney involvement that determines most of the
clinical symptoms in the early stages of the disease.
Prevalence of hypertension in young adults is greater
than in the age-matched control population3-. Cere-
bral aneurisms and urologic symptoms, such as
nephrolithiasis and haematuria, are common, but pro-
gressive renal failure is the main concern for patients
and nephrologists.

Therapeutic intervention in PKD depends on the
stage of the disease. In early stages, detection of
hypertension, changing lifestyle, diet and preventive
interventions of urologic symptoms are the corner-
stones of the therapy. In families with clustering of
aneurism rupture, screening for cerebral aneurisms
using Angio-MRI may be adequate®. Genetic coun-
selling is also appropriate in this pre-reproductive
phase. In later stages, therapeutic interventions are
directed to reducing the rate of decline in renal func-
tion, to controlling risk factors for cardiovascular dis-
ease and preparing for renal replacement therapies.

Several risk factors have been implicated in the
progression of renal failure in ADPKD7, such as the
type of mutation, hypertension, urologic symptoms
and renal volume. As hypertension is the only risk
factor that is modifiable by medical intervention, most
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attention has been slanted towards ascertaining
whether control of hypertension will affect the pro-
gressive nature of the disease. The first intervention-
al study to address the effect of blood pressure con-
trol and low protein diet in the progression of renal
failure of PKD patients was the Modification in Diet
in Renal Disease (MDRD) Study®. While not specifi-
cally aimed at PKD patients, almost 25% of the sub-
jects had PKD. However, a subgroup analysis revealed
that neither tight blood pressure control nor low pro-
tein diet significantly reduced the rate of renal dete-
rioration?. One of the main limitations of the study
was that patients had moderate to advanced renal
failure and were therefore less likely to benefit from
the intervention during the 2.2 years of the trial.
Moreover, the separation of the groups in terms of
the achieved mean arterial pressure was less than
adequate. Nonetheless, similar results were obtained
in other studies, shedding concern on our ability to
control this disease0,

At this point it was clear that if an intervention
was to be of any use, it should begin in the early
stage of the disease. As renal function was appar-
ently well preserved until late stages, the question
was which end-point should be used to compare the
effects of a medical intervention in this disease. The
answer comes from the Consortium of Radiologic
Imaging Studies of Polycystic Kidney Disease (CRISP
study) which demonstrated that kidney volume result-
ing from the cysts’ expansion correlates tightly with
the decline of renal function. The study also demon-
strates that the volume expansion is continuous and
quantifiable!?. It meant that an adequate surrogate
marker of disease progression was found and should
be used as a measurable end-point in future trials.

RECENT THERAPEUTIC ADVANCES
IN PKD

A light at the end of the tunnel appeared in recent
years when encouraging results were reported in ani-
mal models of PKD3. Taking the pathophysiological
importance of the secretory function of the cystic
epithelia, which is mediated by cAMP, into consider-
ation, a vasopressin receptor antagonist reduced the
rate of cystic development in animal models. Simi-
larly, the use of octreotide, a somatostatin agonist
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that reduces the levels of cAMP in cystic epithelial
cells, also reduces the rate of volume progression in
patients with ADPKD4. The observed increased rate
of proliferation and hyperplasia in cystic pathogene-
sis prompted a different approach: rapamycin, a well-
known anti-proliferative agent was used in animal
models of PKD and the results were encouraging?s.
Several other therapeutic options have been studied
in animal models although their application to clini-
cal practice remains to be proven (Table I).

Table |

Drugs tested in animal models of cystic kidney disease

Probucol

Lovastatin

Paclitaxel

MAPKK/MEK inhibitors (AG825)

ErbB antagonists (EKI-785; EKI-569)
Tirosine kinase inhibitors (PDI 184352)
c-Src inhibitor (WY-606)

Antisense oligonucleotide to c-myc

B Vasopressin receptor antagonists

Cyclic adenosine-monophosphate (cAMP) is an
intra-cellular second messenger that is implicated in
the pathogenesis of cystic kidney disease® and there-
fore a logical target for drug therapy in PKD. In 2003,
the group of Torres?3 reported the effects of an antag-
onist of the V2 receptor of vasopressin, OPC 31260.
The V2 receptor of vasopressin mediates the produc-
tion of cAMP in collecting duct epithelium; conse-
quently, the use of OPC 31260 reduced the renal accu-
mulation of cAMP in mouse models of Autosomal
Recessive Polycystic Kidney Disease (PCK rat),
nephronophthisis (pcy rat) and Autosomal Dominant
Polycystic Kidney Disease. Further evidence of the role
of vasopressin in cystogenesis was the demonstra-
tion that high water intake, which suppresses vaso-
pressin, exerts a protective effect in PCK rat model
of PKD4. A more potent and selective human vaso-
pressin receptor antagonist, tolvaptan, has been test-
ed in phase Il trials with encouraging results'/. Tolvap-
tan has a great advantage because it has been tested
in other clinical situations such as heart failure'8 and
hyponatraemia due to SIADH?® and hepatic cirrho-
sis. No major adverse effects have been reported
except for thirst and polyuria, well tolerated by
patients2°. Phase Il trials are expected to start in
the current year4.
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B Octreotide

Octreotide is a long-acting somatostatin analogue that
was used in a small randomised controlled study, with
a cross-over design, for reducing the rate of volume
expansion in ADPKD patients4. Volume progression was
accessed by CT scan and even with this limited popu-
lation good results were observed. It has been shown
that somatostatin, via sst2 receptor, inhibits intra-cellu-
lar cAMP production in several models of PKD. Interest-
ingly, somatostatin also inhibits cAMP, fluid secretion and
cell proliferation in the liver4 which could be an option
in patients with enlarged cystic disease of the liver.

B mTOR inhibitors

Beyond fluid secretion in cysts, mediated by cAMP,
increased cell proliferation is a hallmark of PKD2.
Intracellular mechanisms mediating cell proliferation
involves hamartin and tuberin, products of the genes
TSC1 and TSC2, the genes responsible for Tuberous
Sclerosis. Cystic kidneys is a common finding in Tuber-
ous Sclerosis. Both hamartin and tuberin function as
a GTPase activating protein that controls the activi-
ty of mTOR, the mammalian target of rapamycin.
mTOR phosphorilates S6K1 and 4EBP1, proteins that
migrate to nucleus, and consequently promotes cell
growth and cell cycle progression.

It was shown in animal models that inhibition of
mTOR by rapamycin, a well-known immunosupressor
agent used in transplantation and cancer therapy,
reduces the rate of expansive progression of cystic
kidneys22:23, In PKD patients with renal transplant
treated with rapamycin, reduction of renal volume of
the native kidneys has been demonstrated when com-
pared to PKD patients not receiving rapamycin24. Sev-
eral trials using rapamycin are now underway.

CONCLUSION

More than 20 years after the localisation of the
putative gene for ADPKD in the short arm of chro-
mosome 16 and after intense research in clinical and
genetic settings, a promising specific therapy is now
on the horizon. For those caring for patients and fam-
ilies with PKD this is definitely good news.

Conflict of interest statement. None declared.

References

"

Gabow PA. Autosomal Dominant Polycystic Kidney Disease. N Engl ] Med
2003;329:332-342

N

Ecder T, Edelstein CL, Fick-Brosnahan GM, et al. Progress in blood pressure
control in Autosomal Dominant Polycystic Kidney Disease. Am J Kidney Dis
2000;236:266-271

w

de Almeida E, Martins Prata M. Hipertens3o arterial na Doenca Poliquistica
Renal Autossomica Dominante: estudo observacional em 207 doentes com
follow-up médio de 107 meses. Rev Port Cardiol (Submitted)

E

Torres VE, Harris PC. Polycystic kidney disease: genes, proteins, animal mod-
els, disease mechanisms and therapeutic opportunities. J Intern Med 2007;
261:17-31

«

Kelleher CL, McFann KK, Johnson AM, Shrier RW. Characteristics of hyper-
tension in young adults with autosomal dominant polycystic kidney dis-
ease compared to the general US population. Am ] Hypertens 2004;
17:1029-1034

o

Pirson Y, Chauveau D. Intracranial aneurysms in autosomal dominant poly-
cystic kidney disease. In Polycystic Kidney Disease, Michael L Watson and
Vicente E Torres (ed), Oxford Medical Publication, 1996.

~N

Peters DJM, Breuning M. Autosomal dominant polycystic kidney disease: mod-
ification of disease progression. Lancet 2001;358:1439-1444

®

Khlar S, Breyer J, Beck GJ, et al. Dietary protein restriction, blood pressure
control, and the progression of polycystic kidney disease. ] Am Soc Nephrol
1995;5:2037-2047

0

Levey AS, Greene T, Beck G, et al. Dietary Protein restriction and the pro-
gression of chronic renal disease - what have all the results of the MDRD
study shown? J Am Soc Nephrol 1999;10:2426-2439

0 Maschio G, Alberti D, Janin G, et al. Effect of the Angiotensin Converting Enzy-
me inhibitor benazepril on the progression of chronic renal insufficiency. N
Engl ) Med 1996;334:939-945

4 Schrier RW, McFann, Johnson AM, et al. Cardiac and Renal Effects of Stan-
dard versus Rigorous Blood Pressure Control in ADPKD: results of a seven-
year prospective randomized study. ] Am Soc Nephrol 2002;13:1733-1739

2 Grantham JJ, Torres VE, Chapman AB, Guay-Woodford LM, Bae KT, King
BF. Volume progression in polycystic kidney disease. N Engl ] Med 2006;
354:2122-2130

B Gattone V, Wang X, Harris PC, Torres VE. Inhibition of renal cystic disease
development and progression by a vasopressin V2 antagonist. Nat Med 2003;
9:1323-1326

% Ruggenenti P, Remuzzi G, Ondei P, et al. Safety and efficacy of long-acting
somatostatin treatment of autosomal dominant polycystic kidney disease.
Kidney Int 2005;68:206-216

15 Walz G. Therapeutic approaches in ADPKD: is there a light at the end of the
tunnel? Nephrol Dial Transpl 2006;21: 1752-1727

% Torres VE. Cyclic AMP, at the hub of the cystic cycle. Kidney Int 2004; 66:
1283-1285

17 Torres VE. Vasopressin antagonist in polycystic kidney disease. Kidney Int
2005;68: 2405-2418

8 Gheorghiade M, Niazi I, Ouyang J, et al. Vasopressin-V2 receptor blockade
with tolvaptan in patients with chronic heart failure- results from a double-
blind, randomized trial. Circulation 2003;107:2690-2696

19 Schrier RW, Gross P, Gheoghiade M, et al. Tolvaptan, a selective oral vaso-
pressin V2-receptor antagonist, for hyponatremia. N Engl ] Med 2006; 355:
2099-2112

Port ] Nephrol Hypert 2007; 21(4): 261-264 | 263



Edgar A F de Almeida, M Martins Prata

20Gheoghiade M, Gattis WA, O"Connor CM, et al. Effects of tolvaptan, a vaso-
pressin antagonist, in patients hospitalized with worsening heart failure - a
randomized controlled trial. JAMA 2004;261:1963-1971

21Wilson PD. Polycystic kidney disease. N Engl )] Med 2004;350:151-164

22Ta0 Y, Kim ), Schrier RW, Edelstein CL. Rapamycin markedly slows disease
progression in a rat model of PKD. ] Am Soc Nephrol 2005;16:46-51

23Wahl PR, Serra AL, Le Hir M, Molle KD, Hall MN, Wiitrich RP. Inhibition of
mTOR with sirolimus slows disease progression in Han:SPRD rats with ADPKD.
Neprol Dial Transpl 2006;21:598-604

24Shillingford JM, Murcia N, Larson C, et al. The mTOR pathway is regulated

by polycystin-1 and its inhibition reverses renal cystogenesis in PKD. Proc
Natl Acad Sci USA 2006;103:5466-5471

264 | Port ] Nephrol Hypert 2007; 21(4): 261-264

Correspondence to:

Dr Edgar A F de Almeida

Servico de Nefrologia e Transplantagao Renal
Hospital de Santa Maria

Av Prof Egas Moniz

1649-035 Lishoa

e-mail: edgar.almeida@hsm.min-saude.pt




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.04167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


