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Abstract

Hereditary polycystic kidney disease (PKD) is a common cause of renal
failure. Increasing knowledge is available regarding mechanisms of cyst develop-
ment and progression, and renal functional deterioration in PKD. On the basis of
this information and theories regarding the pathophysiology of these processes,
studies to alter progression and potentially treat PKD have been reported. Cyst
development and progression requires epithelial cell proliferation, transepithelial
fluid secretion and extracellular matrix remodelling. Several interventions
designed to inhibit cell proliferation or alter fluid secretion modify the progression
of PKD in selected animal models. Renal functional deterioration appears to
involve interstitial inflammation and fibrosis, and tubular apoptosis. Glucocorti-
coids with anti-inflammatory and antifibrotic properties slow the progression of
cystic disease and renal functional deterioration in animal models of PKD. Other
interventions, such as dietary modification and angiotensin antagonism, shown to
be of benefit in non-PKD models of slowly progressive renal disease, are also of
benefit in animal models of PKD. Caution should be used in extrapolating
interventional studies in one animal model to another model and certainly to
human disease, since examples exist in which treatments in one model of PKD
have different effects in another model. Nonetheless, early attempts to determine
whether potential treatments are tolerated and of potential benefit in patients with
PKD are beginning to appear. Ultimately, treatment of PKD may involve efforts
to identify patients at greatest risk for disease progression, thus allowing targeted
therapy, use of surrogate markers for disease progression to assist assessment of
therapeutic efficacy, and combination therapy to retard disease progression and
renal functional deterioration in this common hereditary cause of chronic renal
failure.

Autosomal dominant (AD) polycystic kidney
disease (PKD) is the most common potentially fatal
monogenetic hereditary disease in humans,!'! esti-
mated to affect more than 10 million people world-
wide. Although the most striking and consistent
pathology occurs in the kidneys, ADPKD is also
associated with abnormalities in the liver, heart

valves, vascular system, gastrointestinal tract and
other organs.!'l Autosomal recessive (AR) PKD is
rare, but is also a multiorgan disease with significant
pathology seen in the lungs and liver. In both
ADPKD and ARPKD, kidneys become grossly dis-
torted by epithelial-lined, fluid-filled cysts which
originate as dilations of renal tubules. Significant
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progress has been made in identifying the genes
responsible for ADPKD/?> and ARPKD,P” and
understanding the pathophysiological mechanisms
of renal cyst formation.®”! Studies focusing on
mechanisms of progressive renal dysfunction in
ADPKD are beginning to appear.l'” Using this
pathophysiological information, reports of potential
treatments to retard cyst formation and growth,
and to delay renal dysfunction in ADPKD have
appeared. This article focuses on hereditary PKD
and reviews mechanisms of cyst progression and
renal dysfunction in ADPKD, identifies potential
targets for treatment strategies to retard these pro-
cesses, discusses selected animal and human stud-
ies, considers reasonable current treatment and an-
ticipates future avenues for research. For recom-
mendations regarding treatment of other medical
complications of hereditary PKD, as well as ac-
quired renal cystic disease and other forms of renal
cystic disease, the reader should consult relevant
monographs and book chapters.!!!-13]

Human ADPKD is associated with renal cyst
development in essentially all cases; however, it
should be emphasised that severe renal dysfunction
occurs in only approximately 50% of affected indi-
viduals. Thus, factors other than the primary genetic
defect are important in causing progressive renal
dysfunction in ADPKD. Furthermore, glomerular
filtration may be remarkably well preserved in
patients with ADPKD, despite significant anatomic
distortion of kidneys. Therefore, we make a distinc-
tion between cyst progression and functional deteri-
oration in ADPKD. Of note, since ADPKD is so
common, medical costs are estimated to be billions
of dollars worldwide.[!! Thus, interventions that alter
disease progression, even incrementally, have the
potential to result in considerable savings.

1. Mechanisms of Polycystic Kidney
Disease (PKD)

1.1 Cyst Initiation and Progression

In hereditary PKD, the initiating event is genetic
mutation. In humans, ADPKD can be caused by
mutation in at least two genes, PKDI, accounting
for approximately 85% of cases, and PKD2, ac-
counting for approximately 10% of cases.*> Evi-
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dence suggests that mutations in PKD2 cause a
milder form of ADPKD than that caused by muta-
tions in PKD1.1"% Limited reports have documented
families with ADPKD not linked to PKD1 or PKD2,
leading to speculation that mutations in one or more
other loci can cause ADPKD.['+!7 Polycystin-1, the
novel protein encoded by PKDI, has as yet unde-
fined functions. Polycystin-1 is large (~400 kDa),
appears to be an integral membrane protein and
contains extracellular regions suggesting a role in
cell-cell or cell-matrix interactions.”®! Polycystin-1
is thought to contain 11 transmembrane-spanning
domains, contains intracellular regions that could
function in several different types of signal trans-
duction pathways and a putative coiled-coil region
through which it is thought to interact with polycys-
tin-2, the protein encoded by PKD2.5! Polycystin-2
is smaller (~140 kDa) than polycystin-1, but is also
an integral membrane protein with undefined func-
tions, though it can serve as a cation channel with
some selectivity for calcium.P! Recent studies sug-
gest that both polycystin-1 and -2 localise to cilia in
normal kidney, though their role in ciliary structure
or function is unclear.'81 More recently, the gene
responsible for ARPKD has been cloned. The en-
coded protein, 7! termed fibrocystin or polyduc-
tin, is of unknown function but, interestingly, also
localises to cilia in normal kidney.

Regardless of the type of PKD, studies using
human kidneys, animal models of PKD and cell
culture have defined three fundamental patho-
physiological mechanisms requisite for the develop-
ment and progression of PKD: cell proliferation,
fluid secretion and extracellular matrix remodelling.
It has been shown that cell size does not change
appreciably in PKD,?Y thus, cell proliferation is
required for progressive cyst growth. Although cyst
growth may progress slowly and require only mod-
est increases in cell proliferation, several lines of
evidence have supported the presence of increased
cell proliferation in animal and human PKD.?! As
long as cysts remain in continuity with tubules,
intracystic fluid can originate by glomerular filtra-
tion. Since some cysts (the majority in human
ADPKD?% Jose their connections to tubules, as
these cysts expand, transepithelial fluid secretion is
required to fill the cyst lumens. Although tubular
epithelium typically absorbs fluid, numerous studies

Drugs 2004; 64 (12)



Treatment of Polycystic Kidney Disease

1287

have supported the presence of fluid secretion in
PKD"?!l and have suggesting a role for 3",5" cyclic
adenosine monophosphate (cAMP) in this pro-
cess.2!l Furthermore, studies have demonstrated, in
fluid from human ADPKD cysts, the presence
of an unidentified lipid factor that promotes tran-
sepithelial fluid secretion.??! Finally, cyst expansion
requires remodelling of the extracellular matrix. In
this regard, studies have shown abnormal expression
of matrix metalloproteinases and tissue inhibitors of
metalloproteinases in human and animal PKD.[?3-28]

In addition to the above fundamental mechan-
isms, other processes have been implicated in cyst
progression in PKD. Histological, ultrastructural
and molecular evidence has been consistent with
developmental dedifferentiation or misdifferentia-
tion in cystic kidneys. In this regard, some studies
have suggested mislocalisation, or at least loss of
polarised expression, of proteins typically segregat-
ed in tubular epithelial cells,?*3% although this is not
uniformly seen in all models,?!34 suggesting that
loss of polarity may reflect cellular dedifferentiation
and is not requisite for cyst formation. Although all
cells in patients with ADPKD contain one mutated
PKD allele (homozygous human ADPKD has never
been reported), only a small percentage of nephrons
become cystic. Several mechanisms have been sug-
gested to explain this phenomenon, most promi-
nently the proposal that initiation of cystic transfor-
mation requires mutation in the second, normal
PKD allele.®! Factors that predispose to DNA mu-
tations could potentially accelerate the occurrence
of this ‘second hit’. Although only a small percent-
age of tubules become cystic, tubular loss appears to
be out of proportion to this small percentage of
cystic tubules. Efforts to explain this phenomenon
resulted in the description of increased apoptosis in
cystic kidneys.*! While some tubules show evi-
dence of obstruction from hyperproliferative tubular
epithelium, there does not appear to be abnormal
compliance of tubular basement membranes leading
to tubular dilatation;3”! furthermore, cysts develop
in unobstructed tubules, a finding that is of particu-
lar relevance in animal models of PKD in which
only a minority of tubules show evidence of obstruc-
tion.
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1.2 Progression of Renal Dysfunction

As mentioned in the introduction, although cystic
renal distortion is seen in all patients with ADPKD,
severe renal dysfunction is seen in only 50% of
affected individuals. Thus, factors other than the
primary genetic defect may affect the development
of renal dysfunction in ADPKD. In an effort to
understand these additional factors, selected studies
have focused on the mechanisms of progressive
renal dysfunction, as opposed to progressive cyst
growth, in PKD. As seen in other diseases, progres-
sive renal dysfunction in PKD is associated with the
development of interstitial abnormalities, partic-
ularly inflammation and fibrosis. In this regard, the
same lipid factor from human ADPKD cysts that
promotes fluid secretion is also a macrophage
chemoattractant.”?! In addition, renal expression of
the macrophage chemoattractant osteopontin is in-
creased in PKD in rats,¥! and the chemoattractant
monocyte chemoattractant protein-1 (MCP-1) is
present in increased amounts in kidneys of rats with
PKDP81 and in urine of both rats*! and humans with
PKD.[?9401 Whether chemoattractants, such as
MCP-1 or osteopontin, can served as surrogate
markers which identify individuals at risk for future
functional deterioration will require longitudinal
studies. It should be noted that osteopontin is ex-
pressed at high levels in normal renal medulla. In
many diseases, both renal and non-renal, chronic
inflammation is ultimately associated with fibrosis.
Fibrotic changes are seen in rodent and human PKD.
Furthermore, o-smooth muscle actin, a marker of
myofibroblast transformation (a hallmark of fibro-
sis), is increased in kidneys from rats with PKD.[*!]

Vascular abnormalities have also been noted in
PKD. Studies of human ADPKD kidneys revealed
evidence for angiogenesis and expression of angi-
ogenic factors by cyst cells in vivo and in vitro.!*?)
The rich capillary network surrounding cysts
may be necessary for cyst growth, similar to more
traditional neoplastic diseases, and may play a role
in fluid secretion into cysts. The anatomical distor-
tion seen in polycystic kidneys has led to the sugges-
tion that associated vascular distortion results in
regional ischaemia. Consistent with this idea, in-
creased activity of the renin-angiotensin system is
seen in PKD.[***7! If ischaemia does exist, it does

Drugs 2004; 64 (12)



1288

Cowley

not seem to be severe enough to cause necrosis;
however, chronic ischaemia may lead to apoptosis
(which is increased in PKD, as noted in section 1.1).
Tubular apoptosis could explain tubular loss that
may have a role in progressive renal dysfunction.

2. Potential Targets for Treatment in PKD

2.1 Retarding Progression of Cystic Disease

The ultimate goal of PKD treatment is restoration
of normal protein function. Progress towards this
goal is currently hampered by the lack of under-
standing of polycystins and related proteins. How-
ever, knowledge is increasing rapidly on this front.
In the meantime, efforts to retard cyst progression
will logically focus on the fundamental pathophysi-
ological mechanisms responsible for cyst develop-
ment and growth. Antiproliferative agents, an-
tisecretory measures, inhibition of metalloproteinas-
es and anti-apoptotic measures could all be proposed
as potential interventions for retarding cyst progres-
sion. In addition, avoidance of agents, such as muta-
gens, carcinogens (e.g. cigarette smoke) and oxi-
dants that might promote ‘second hits’ in ADPKD
would seem reasonable. In this regard, oxidant stress
has been proposed to have a role in PKD.[#8->3]

2.2 Retarding Progression of
Renal Dysfunction

Depending upon the nature of the intervention
and how it interacts with the PKD phenotype, retar-
dation of cyst progression may not necessarily pre-
vent progressive renal dysfunction. Thus, additional
therapy to retard renal functional deterioration may
be advantageous and even necessary. Furthermore,
since cysts develop and progress over decades, ther-
apy that simply retards renal functional deterioration
may have significant merit even in the absence of
effective treatments to retard cyst progression.
Although the mechanisms responsible for renal
functional deterioration in PKD are not yet well
understood, based on currently available informa-
tion one could envision that anti-inflammatory
agents (either broadly or narrowly targeted), antifi-
brotic agents or combinations of these types of
agents might be of benefit.
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3. Studies in Animal Models of PKD

Numerous studies using animals models have
presented evidence that disease progression in he-
reditary PKD can be altered by dietary and pharma-
cological interventions (table I). Some studies inten-
tionally worsened disease progression in attempts to
understand pathophysiological mechanisms. A
greater number have attempted to ameliorate disease
progression, in efforts both to understand patho-
physiological mechanisms and to explore potential
treatments. All of these studies support the idea that
factors other than the primary genetic defect are
important in determining the rate of cystic disease
progression and the rate of renal functional deterio-
ration. In many cases, because of the broad effects of
the interventions studied, multiple potential patho-
physiological targets may have been affected. In
other cases, more narrowly targeted interventions
were studied. In general, interventions have been
chosen based on studies in other renal diseases,
based on theories regarding general pathophysio-
logical mechanisms, or in efforts to target specific
mechanisms of potential importance for disease pro-
gression. Studies are too numerous to review each in
detail; therefore, selected studies are reviewed in
this section.

Although increased epithelial cell proliferation
has been documented in PKD, the mechanism(s)
responsible are not well understood. Several studies
have documented abnormalities of epidermal
growth factor (EGF) receptor expression in animal
and human PKD,”3-73) with loss of normal polarised
expression in basolateral membranes. EGF receptors
can be activated by circulating EGF or soluble trans-
forming growth factor (TGF)-o, which is produced
by cleavage of membrane-bound TGFo. In response
to these findings, studies have shown that inter-
ference with EGF receptor activation, using an EGF
receptor-specific tyrosine kinase inhibitor,”! ame-
liorates renal cystic disease in the bpk murine model
of autosomal recessive, slowly progressive PKD.
More recent studies have confirmed a benefit of
EGEF receptor blockade in the Han:SPRD rat model
of autosomal dominant, slowly progressive PKD. %8

Early studies to support the concept of increased
cellular proliferation in PKD demonstrated in-
creased renal c-myc proto-oncogene expression in
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Table I. Selected studies of manipulation of disease progression of polycystic kidney disease (PKD) in animals

Treatment Model (reference) Severity of cystic disease Severity of renal failure
Paclitaxel cpk mousel54 Decreased Decreased

pcy mousel®%! Unchanged Unchanged

Han:SPRD rat(5s! Unchanged Unchanged

orpk mousel®e! Unchanged Unchanged
Methylprednisolone Han:SPRD ratl5”] Decreased Decreased

pcy mousel®7] Decreased Decreased

Ammonium chloride loading

Potassium deficient diet

Han:SPRD ratl®6:5%
pcy mousel®?!
Han:SPRD ratl®®

Markedly increased
Markedly increased
Markedly increased

Markedly increased
Markedly increased
Markedly increased

Han:SPRD rat(59-62]
pcy mousel®9-631

Alkali (sodium or potassium
bicarbonate, or potassium citrate)

ACE inhibition Han:SPRD ratl®465]
Angiotensin receptor blockade Han:SPRD rat!®4
Lovastatin Han:SPRD rat®e!
Probucol pcy mousel®?!

bpk mousel®7]
Han:SPRD ratl®®!
pck rat®?

Tyrosine kinase inhibition

c-myc antisense cpk mousel”

Vasopressin V2 receptor antagonist pcy mousel!
Han:SPRD ratl"!
Pioglitazone PKD1-KQO2

Decreased Decreased
Increased Increased
Decreased Decreased
Decreased Decreased
Decreased Decreased
Decreased Decreased
Decreased Decreased
Decreased Decreased
Increased Increased
Decreased Decreased
Decreased Decreased
Decreased Decreased
Decreased Not determined

murine and rat PKD."®7" In addition, transgenic
mice overexpressing c-myc develop renal cystic
disease.I”8! In response to these findings, treatment
with specially derivatized c-myc antisense oligonuc-
leotides has been used to attempt to decrease renal c-
myc expression and alter disease progression in
murine PKD. Treatment with c-myc antisense
oligonucleotide in DBA-cpk/cpk mice with ARPKD
resulted in decreased renal c-myc mRNA and pro-
tein expression, and ameliorated renal cystic disease
as assessed by kidney weight as a proportion of
bodyweight and blood urea nitrogen (BUN) concen-
trations.["]

Increased expression of RAS proteins, important
mediators of cell proliferation, has also been shown
in murine PKD."8 Activation of RAS proteins in-
volves covalent attachment of farnesyl residues,
with subsequent migration to the cell membrane.
HMG-CoA reductase inhibitors can inhibit produc-
tion of farnesyl residues and impair RAS activation.
HMG-CoA reductase inhibition in Han:SPRD rats,
which manifest slowly progressive PKD, amelio-
rates renal cystic disease as assessed by kidney
weight as a proportion of bodyweight and BUN
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concentrations.'®®) HMG-CoA reductase inhibitors
have many effects and, thus, the exact mechanism(s)
whereby they ameliorate PKD is unclear.

Urinary concentrating defects have been docu-
mented in human and animal PKD, and can be an
early finding, suggesting that this may not simply be
related to anatomical distortion and disruption of
medullary osmolality gradients necessary for maxi-
mal urinary concentration. In support of this con-
cept, studies in two different murine models of PKD
have documented abnormal expression of proteins
important in urinary concentration. Both the DBA-
cpk/cpk model of rapidly progressive ARPKD and
the DBA-pcy/pcy model of slowly progressive
ARPKD have increased renal abundance of vaso-
pressin V7 receptor, aquaporin-2 and aquaporin-
3.1 Increased activity of the V2 receptor can result
in increased cAMP production, which can result in
increased fluid secretion and increased cell prolifer-
ation.”!l Subsequent studies showed that in the pcy
mouse and the Han:SPRD rat, treatment with a V2
receptor antagonist ameliorated renal cystic disease
as assessed by kidney weight as a proportion of
bodyweight and cyst volume density.[”!!

Drugs 2004; 64 (12)



1290

Cowley

These interventions were finely targeted, based
on proposed pathophysiological mechanisms and
specific findings in animal and human studies. Other
studies have used more broadly targeted treatments
in efforts to alter disease progression. In various
models of progressive renal disease, dietary modifi-
cations alter disease progression. In Han:SPRD rats,
dietary protein restriction ameliorates and dietary
protein loading exacerbates cystic disease and renal
dysfunction.P®! In addition, replacement of casein-
based protein with soy-based protein in Han:SPRD
rats ameliorates cystic disease, renal dysfunction
and tubulointerstitial inflammation.!8%! Furthermore,
in Han:SPRD rats, dietary supplementation with
flaxseed, which has anti-inflammatory properties of
undefined mechanism, ameliorates cystic disease,
renal dysfunction and tubulointerstitial inflamma-
tion.[8!

In numerous studies using models of non-PKD
chronic progressive renal diseases, ACE inhibition
ameliorates renal pathology and functional deterio-
ration. It has been proposed that this occurs by
decreasing intraglomerular pressure and hyperfiltra-
tion; however, it should be noted that angiotensin II
is a growth factor for selected cell types found in the
kidney. ACE inhibition has been shown to amelio-
rate disease progression in Han:SPRD rats.[6463]
Whether this occurs by decreasing intraglomerular
pressure and hyperfiltration in remaining function-
ing nephrons, by decreasing growth promoting ef-
fects of angiotensin II or by some other undefined
mechanism is unclear.

As mentioned in section 1.2, interstitial inflam-
mation is thought to have a role in disease progres-
sion in many types of chronic progressive renal
disease. Evidence suggests that this may also be
true for PKD. Interstitial inflammation has been
described in human'®! and rodent ADPKD,38!
inflammatory cell chemoattractants can be isolated
from human™ and rodent polycystic kidneys,?®!
and urinary abundance of inflammatory cell
chemoattractants  is  increased in  human
ADPKDP?23401 and rodent ADPKD. Interstitial
inflammation and fibrosis correlate with the devel-
opment of renal dysfunction in both the Han:SPRD
rat and DBA-pcy/pcy mouse. Treatment with gluco-
corticoids markedly ameliorates interstitial inflam-
mation and fibrosis, renal cystic change and renal
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dysfunction in both of these models of slowly pro-
gressive PKD.7! Glucocorticoids have a multitude
of effects and, therefore, conclusions as to the mech-
anism whereby they ameliorate PKD can not be
made. In addition, oxidant stress has been proposed
to have a role in the progression of chronic renal
diseases, including PKD, #3331 and antioxidants have
been shown to retard PKD in mice.5?!

In models of non-PKD chronic progressive renal
disease in which individual pharmacological agents
have been shown to alter disease progression, recent
studies have shown that combinations of agents are
more effective than either alone in ameliorating
disease. Use of ACE inhibitors or angiotensin recep-
tor blockers in combination with the immuno-
suppressant mycophenolate mofetil in remnant kid-
ney disease!®¥3 is more effective that the individual
agents. Use of an ACE inhibitor plus an HMG-CoA
reductase inhibitor in advanced renal disease caused
by passive Heymann nephritis and uninephrecto-
my'® is more effective than either agent alone.
Whether this type of combination therapy will be of
benefit in PKD remains to be seen.

Caution should be used in extrapolating interven-
tional studies in one animal model to another untest-
ed model and certainly to human disease. Several
examples exist in which treatments in one model of
PKD had different effects in another. In one of the
first studies to demonstrate the ability to alter PKD
progression, paclitaxel ameliorated PKD in the
C57BL6J-cpk/cpk mouse model of rapidly progres-
sive PKD.P* Although subsequent studies con-
firmed this beneficial effect in cpk mice, in
Han:SPRD rats there was no beneficial effect and
significant toxicity of paclitaxel.’® Furthermore,
paclitaxel was ineffective in altering the progression
of PKD in the orpk mouse model of PKD.®! Initial
studies showed a beneficial effect of alkali adminis-
tration on PKD progression in Han:SPRD rats;>%-6?!
however, subsequent studies showed a mild detri-
mental effect in pcy mice.’%%3 As mentioned earlier
in this section, EGF receptor-specific tyrosine kin-
ase inhibition is of benefit in bpk mice!®”! and
Han:SPRD rats;[%8! however, the same treatment
worsens disease in the pck rat.[®! Finally, although
interference with EGF receptor tyrosine kinase
function ameliorates disease in bpk mice, exogenous
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EGF administration in cpk mice actually amelio-
rates disease.®”]

4. Clinical Studies in PKD

Several studies have sought to identify risk fac-
tors for progression of renal dysfunction in human
ADPKD.33 On the basis of these studies, the
following characteristics appear to be associated
with a greater risk of renal functional deterioration
in PKD: early age at diagnosis, hypertension, pro-
teinuria, haematuria, male gender and smoking.
These factors are helpful in identifying individuals
who are at increased risk for renal dysfunction;
however, this information does not help define ther-
apy or advance our understanding of the mechan-
isms of disease progression. Although kidneys in
PKD can develop dramatic anatomical distortion, it
is still unclear whether renal size and changes in
renal size over time are predictive of future changes
in renal function. A National Institutes of Health
(NIH)-sponsored trial, the Consortium for Radio-
logic Imaging Studies of Polycystic Kidney Disease
(CRISP), is underway and seeks to answer this
question.

Some initial attempts to alter disease progression
in human ADPKD have been made or are soon to
begin. The Modification of Diet in Renal Disease
(MDRD) study enrolled a disproportionate number
of patients with PKD./®"! In a subanalysis of these
patients it was concluded that, in patients with only
marginal renal impairment, neither dietary protein
restriction nor a lower blood pressure altered renal
functional deterioration.®!! In this same subanalysis,
in patients with more severe renal impairment, diet-
ary protein restriction resulted in slightly slower
deterioration of renal function.

More recently, a NIH-sponsored trial to evaluate
selected therapeutic interventions to retard disease
progression, including ACE inhibition, is in the
planning stages. This study may produce data that
will be helpful in determining more specific therapy
to retard cystic disease progression and renal func-
tional deterioration in PKD.

Finally, the initial steps in translating specific
targeted therapy from the laboratory to the bedside
have begun. Preliminary trials to evaluate the safety
of c-myc antisense treatment in patients with
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ADPKD have been completed and have revealed no
serious adverse side effects of this therapy targeted
to specific pathophysiological abnormalities demon-
strated in animal models of PKD.?

If precedents from other diseases translate to
PKD, then there is some hope that effective thera-
pies may be developed to at least slow progression
of renal dysfunction in human PKD. Recently,
investigators reported retardation of renal functional
deterioration and amelioration of proteinuria in
human renal disease with use of ACE inhibitors,
angiotensin II receptor antagonists and HMG-CoA
reductase inhibitors.[?*! For reasons stated in section
3, ACE inhibitors and angiotensin II receptor
antagonists may have beneficial effects independent
of decreasing intraglomerular pressures, and HMG-
CoA reductase inhibitors may have beneficial
effects beyond lipid lowering. Thus, even though
glomerular pathology is not prominent in PKD and
severe hyperlipidaemia is not a hallmark of PKD,
analogous measures might be of benefit.

5. Reasonable Current Treatment in
Attempts to Retard Disease Progression

At present, based on studies in humans and
animals, there are several interventions that have
theoretical potential to retard disease progression
and deterioration of renal function, and have mini-
mal potential adverse consequences in patients with
PKD. Smoking avoidance has multiple systemic
benefits and may have specific benefits in patients
with PKD. Although antioxidants have been shown
to be of benefit in mice,”?! their role in humans is yet
to be defined. Antihypertensive therapy, preferably
with an ACE inhibitor or an angiotensin II receptor
antagonist, is considered standard care. In view of
recent questions regarding non-ACE production of
angiotensin II, combination therapy with both an
ACE inhibitor and an angiotensin II receptor ant-
agonist may be of additional benefit; however, stud-
ies are needed to confirm this. In this regard, it
should be noted that recent studies have shown
increased chymase, an enzyme capable of catalysing
the conversion of angiotensin I to angiotensin II, in
human ADPKD kidneys.**! Even though there was
no clear benefit to dietary protein restriction in PKD
patients in the MDRD study, many clinicians still
recommend modest dietary protein restriction,
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citing the relatively short duration of follow up in
the MDRD study. Studies have repeatedly shown
that cAMP agonists promote fluid secretion across
renal epithelial monolayers and, therefore, avoid-
ance of cAMP agonists, such as caffeine, theophyl-
line and related compounds, seems prudent. More
speculative is any role for HMG-CoA reductase
inhibitors in PKD. Given the well documented bene-
ficial effects of these drugs on cardiovascular dis-
ease, routine lipid screening in patients with PKD
and use of these drugs in appropriate circumstances
may have additional beneficial effects beyond lipid
lowering but, once again, studies are needed to
confirm this. Finally, in view of the disparate results
in different species, treatment with supplemental
bicarbonate or bicarbonate precursors should prob-
ably be reserved for patients with systemic acidosis.

6. Anticipated Future Avenues

Several areas present clear opportunities to
improve specific therapy of patients with PKD.
Since PKD progresses over a number of decades,
identification of valid surrogate markers for disease
progression and future renal functional deterioration
will improve the ability to determine whether poten-
tial therapies are truly effective and allow targeting
of therapies to those at greatest risk. Using ad-
vanced, high throughput techniques, pharmaceutical
researchers are now able screen large numbers of
compounds for efficacy in retarding cyst develop-
ment and progression in vitro, and this approach
may increase the number of potential therapies to be
tested in vivo. As more is learned regarding the
functions of polycystins, and how mutations in them
disrupt normal cell biology and cellular physiology,
this may improve the ability to design therapies
based on gene function and specific pathophysio-
logical mechanisms. In the near future, a more de-
finitive determination regarding whether ACE inhi-
bition is of genuine benefit in PKD may be avail-
able, since the NIH-sponsored trial of this therapy
(see section 4; other potential therapies may be
included as subprojects) is anticipated to begin en-
rolling patients soon. Finally, if studies in animals
translate into effective therapies in humans, physi-
cians caring for patients with PKD may borrow a
page from the oncologists’ handbook and begin
speaking of ‘combination chemotherapy’ in efforts
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to retard disease progression and renal functional
deterioration in this common hereditary cause of
chronic renal failure.
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