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Autosomal Dominant Polycystic Kidney

Curie Ahn, M.D.

Department of Internal Medicine, College of Medicine, Seoul National University, Seoul, Korea

Epidemiology

= 3rd most frequent inherited
monogenic disease
= The most common monogenic
disorder that is potentially fatal
= Prevalence:
# General population:
1/400 ~ 1/1,000(white)
¥ x2 cystic fibrosis
¥ x10 Huntington’s ds
# Maintenance dialysis: 2~10%
(1.7% in Korea, 1998)
= Mean age atDx: 43 (ol=2,9)
= Mean age at ESRD: 48 (0154, %)

Clinical Presentations Renal Manifestations

= Renal Manifestations = Extrarenal manifestations

# Microscopic hematuria 4 Extrarenal cyst = Hypertension >80% with hematuria, UTI,
# Proteinuria(18%) > Hepatic e .
+

S Hypiiticalon i nephrolithiasis + Renal failure
# Renal failure > Spleen = Progressive Kidney enlargement
# Pain > Quary - - -
# Bieeding # Diverticulosis coli ® Decreased urine-concentrating ability
# Infection # Cardiac valvular disease i g i

L ]
& Calcilos « Intracranial aneurysms Preserved erythropoietin production
# Cancer # Inguinal hernias

* Sx at initial presentation, ** @ 50yr, *** renal calcification
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Extrarenal Manifestations

Features OIE (%) | HohH (%) | Others (%)
Headache 70

Intracranial Aneurysms 8 79-10
Stroke 56

Valautar heart ds me 39
MVP 0 0 30
Hep jaly 48 30
Hepatic cysts 76 82 75
Colonic diverticulum 13 70-80

* Among selected cases, ** @ 50yr

Diagnostic Cirtieria for ADPKD

= Primary critieria
#Innumerable fluid-filled cysts scattered diffusely throughout
the renal cortex and medulla
@ Definite history of PKD in genetically related family members
= Secondary critieria
#Polycystic liver, Renal insufficiency, Abdominal hernia,
Cardiac valvular lesions, Pancreatic cysts, Cerebral
aneurysm, Seminal vesicle cysts, Drooping eyelids
= A certain dx of ADPKD: 1st criteria only

Ravine's Critieria

= <30 yrs: 2 cysts(bilateral or unilateral)
= 30-59yrs: 2 cysts in each kidney
= >G0yrs: > 4 cysts in each kidney

= For PKD1 family only
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Poor Prognostic Factors for ADPKD

= PKD 1 family

= Young age at diagnosis, unless detected by
screening

= African-american race( vs white: 43:55)
= Male

= Hypertension

= (ross hematuria

= |ncreased kidney size

Variable Expression in ADPKD

= Locus Heterogeneity: PKD 1: PKD 2
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PKD-1 Gene PKD-2 Gene

Chromosome 16
Chromosome 4

P133f2 —— IHvR * 16p13.3
| - = genomic region 52 kb $1538 = Locus : 4g21-23
P i !
\ Tsc2 = mRNA transcript 14,148 bp = Gene length: 88 kb
! = 46 exons — )
\ » 4302 a3s 423 fomed = Exon number: 15
Dissss = 460kd protein(polycystin 1) : = mRNA transcript: 5.4Kb
= Exon 1-33: severalduplications e = 25% homology to PKD1 gene
in 16p(pseudogenes)

HG loci: 16p13.1 >95%
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| o Examples of Locus Heterogenecity

%:‘@27 S R Disease Description Chx Location
Retinitis pig Progressive retinopathy & loss of vision | >20
Osteogenesis imperfecta | Brittle bone disease 147
Carcot-Marie-Tooth ds Peripheral neuropathy 15811,17.X
Familial imer ds Pi ive di t 1,14,19,21
Familial mel A | domii 19
Hereditary nenpolyPosis | putosomal dominant colarectal cancer | 25.20.37
T PR Predisposition to sarty-onwet bresstand
breast cancer ovarian cancer i

i Seizurs, facial anglofibroma, hypopigmented
Tuberous sclerosis fes, mental retardation 9,18
Spacity ADPKD A lation of renal cysts 4,16
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Shart Report e s

Genetic heterogeneity in Korean families pusis
with autosomal-dominant polycystic kKidney = T SIS 2 —
disease (ADPKD): the first Asian report o) ~
Goume cva Gva
Sudden death (3;  Lirknoead 1)

[ dlagnoms: OVA - cerebiowascusr accident; TPL  iranoplontation
Cx — compioation

New mutation

= Single AD in a family

718 of all cases of

achondroplasia

4+ 2-40% in ADPKD(av 25%)
il = 105~ 108/ocus/
gamate/generation
Couple carried 2-3% risk
for other anormalities as
general populations

Late Onset Variable Expression in ADPKD
= Age onset curve for o L | 13 1. = Locus Heterogeneity: PKD 1 .. PKD 2
Huntington ds w—f——| == = Alleleic heterogeneity

= Age 10:2 8%
= Age 30:> 100% §

0 10 2w W 0 % m N
Age (yesrs)
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Mutations of PKD-1

» 3-Single copy
region
= (Ca 50 mutations
#non-sense
mutation
#small deletion
#frameshift
mutation
= No hot spots

Mutation Detection

= Mutations throughout gene without hot spot
= PKD1 gene
@ Mutation detection in duplicated region
» DHPLC with long-range PCR
 Protein truncation test
@ Earlier renal failure gene: in 5' ends(Rossetti, 2002, JASN)
* PKD2 gene
@ Truncated mutation{95%)

#No relationship between the location of mutations and clinical
severity

TDGS(Two-Dimensional Gene Scanning)

Mormal Patient

e

DNA fragments are separated by melting point of DNA fragments on
Urea-Formamide gradient gel
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Variable Expression in ADPKD

= Locus Heterogeneity: PKD 1 .. PKD 2
= Alleleic heterogeneity
= Intra-familial variable expression

Segmental Involvement

= Only 1-5% of the
nephrons make cysts

* Inherited susceptability
+a subsequent
so-called
activating event

ADPKD is a Focal Disease

* Involve a small fraction of renal tubular cells
= Two hit model of cytonenesis
4 Second somatic mutation is mandatory
# Loss of wild type allele
= Dominant inheritance,
But molecular recessive mechanism

= Relatively high rate of somatic mutation in the
kidney

Variable Expression in ADPKD

= Locus Heterogeneity: PKD 1: PKD 2
= Alleleic heterogeneity
* Intra-familial diversity
# Stability of DNA-> susceptibility to the second hit

Effect of Modifying Gene in ADPKD

= TGFp = ecNOS
@ Expression: in all cell # Endothelial Constitutive hitirc Oxide
types of glomerulus & Synthease
proximal tubule # Endothelial NO by ecNOS

#Reduce degradationof ~ ®Fx

ECM » Vasodistion
# Contribute to matrix » Ant-thrombolic effects
accumulation 3 Regulation of glomerular
microgiroulation

#Roles in DMN & GN
Renal fibroblast
# Cell proliferation
# Collagen production

» Renal functional reserve
4 Gene: Chx 7q35-36(26 exons)
# Exon 7 polymorphysm
 Coronary arlery spasm in Jpn
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Kaplan-Meier survival analysis of time to
the onset of (A) azotemia and
hypertension according to TGF-fi1 T869C
genotypes.

Kaplan-Meier survival analysis of time to
the onset of (A) azotemia and (B)
hypertension according to ecNOS
Glu298Asp genotypes.
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Effect of Modifying Gene in ADPKD

= EGFR = ACE

#EGF & cAMP: inc. the #1// D polymorphism: DD
growth of cysts by has highest ACE level
stimulating cellular #Related to hypertension
proieation 2 flkd @Enhanced progression in
saeretion _ renal disease{DD)

4 Cystic hyperplasia > IgAN

4EGFR »FSGS

ACE EGFR
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No association of the TGF-fi, gene
polymorphisms with the renal progression in
autosomal dominant polycystic kidney disease
(ADPKD) patients
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The Korean J Generics 24(3): 241-246, 2002

Title: The Glu/Asp Polymorphism of ecNOS Gene and the
Renal Progression in Korean Autosomal Dominant Polycystic
Kidney Disease (ADPKD) Patients

Jung Geon Lee!, Curie Ahr?, Sung-Chul Yoon', Jong Hoon Park?, Jin Ju No?,
Chang Suk Moor?, Eun Kycung Song’, Yeong Hwan Hwang’, Dac Yeon
Hwang®, Yon Su Kin¥, Jin Suk Han’, Suhnggwon Kin¥, Jung Sang Lec and

Seung Hyup Kim*

Variable Expression in ADPKD

= Locus Heterogeneity: PKD 1: PKD 2

= Alleleic heterogeneity

= Intra-familial diversity
# Stability of DNA-> susceptibility to the second hit
4 Modifying gene

»ACE gene, CF gene?
» Age onset of hypertension(DD 39.1, Di+ll 426, I 1999

»Not w TGFp, ecNOS, EGFR

Anticipation and Repeat Extension

= More recent generation of a pedigree > earlier
age of onset and/or more severe expression
= No of triple repeats is strongly correlated with
severity of the disease(ex)
#5-30 copies no sx
450 - 100 copies no sx or mildly affected
4100 - 1000 copies  severe sx
= The number of repeats often increases with
succeeding generations

Is there evidence for anticipation?

= Fick GM, Johnson AM, Gabow PA
@ Kid Int, 1994, 45(4):1153-62

= Gonzalo A, Gallego A, San Millan JL, Ortuno J
# Nephrol Dial Transplant 1996, suppl 6:21-3

= Sotirakopolus N, Tsitios T, Stambolidow M,
#®Ren Fail 2001, 23(5):715-20

= Cristodoulidou C, Spaia S, Mavromatidis K
#® Nephrol Dial Transplant 1995, 10(9):1603-6
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ESRD age 59

ESAD Age 35
v 1

8., 1.5 mg/di
AGE 41
2

S., 1.7 mg/dl S, 0.9 mg/dl
AGE42 AGE37
3

ADPKD diagnosed
in utero

Se: 0.7 mg/dl

Se 1.0 mg/dl
Age 13 Age 16

Variable Expression in ADPKD

= | ocus Heterogeneity: PKD 1: PKD 2
= Alleleic heterogeneity
= |ntra-familial diversity
# Stability of DNA—> susceptibility to the second hit
# Modifying gene: ACE gene
#Notw TGFf3, ecNOS, EGFR
# Dynamic mutation: Anticipation

Hepatic cyst in ADPKD

Liver Involvement

= Prevalence
= Mechanism
@ Cystic dilation of biliary microhamartoma(hyperplastic
embryonic intrahepatic bile duct origin)
= Clinical Features
@ Compression: nausea, early satiety, supine dyspnea
@ Obstruction: bile duct(jaundice), portal vein(portal
hypertension), intrahepatic vena cava(ascites, edema)
#Hemorrhage, rupture, infection

Prevalence of Hepatic Cysts in Korea

@male o
T

Total: 116/148 (78.4%) 1

8
Male: 43/60 (71.7%) %
Female:  73/88 (83.0%)

-0 30-43 50-

Clinical Manifestations

Symptoms & signs Male Female %

Asymptom’ 724 40.0 512
Abdominal fullness 13.8 250 19.0
RUQ discomfort* 103 400 28
Nausealearly satiety* 69 3.4 250
Chest tightness* 0.3 13.0 83
Other symptoms 9.5
Palpable liver mass 207 429 5
Tendemess on liver 34 2.8 16.7

zla, 00

*p<0.05
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Hepatic cysts and No. of Pregnancy

No. of pregnancy<3

DHepatic cyst>15
[]Hepatic cyst<15

Variable Expression in ADPKD

= Locus Heterogeneity: PKD 1.. PKD 2
= Alleleic heterogeneity
= |ntra-familial diversity
# Stability of DNA-> susceptibility to the second hit
¥ Modifying gene: ACE gene
>Not w TGF, ecNOS, EGFR
% Dynamic mutation: Anticipation
# Environmental factors:

»female hormone for hepatic cyst
»Hypertension for renal failure

Treatment: early treatment

= Dietary protein restriction: rodents(early)
= ACEl: Mashicho et al: no effect
= Hypertension control: 7 no effect

» Lovast SECERRS X5 § 412 BOY -
2 A 4 dhiddide OdF dnay
= Steroid
- lExOrc& #3449 4 FRAGARE FRaa’
L LU
ORI T HEE - U6
Sclerotherapy Effect of Sclerotherapy
160 .
= Patients

= Ethanol = NBCA-Lipiodol ©1998.5-2002.2

@ Pigtail catheter #N-butyl cyanoacrylate 24 patients

ot @ Glue widely used in ;
A .
N " neuroradiologic intervention * Pain: 12/14
$Fling ouMENOHTOr  suoh as arterovenus » Abdominal fullness 7/7
15-30min malformation for embolization X

#Needs admission @ NBCA-lipiodol mix-> slow * Large cyst causing

®Takes 3-5days injection after aspiration compression(>6cm): 3/3

@ Size>5cm @ 5ame day, outpatient based

procedure

#Multiple cysts intervention
# Size<5cm diameter

Decreased Arterial Blood
Pressure After Procedure

- 5.900 ~
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Treatment Prospect for ADPKD

= From pathogenesis to treatment stratagies
# Antimutagens & antioxidants
# Dietary & metabolic interventions
@ ErbB receptor & tyrosine kinase inhibitors
#cAMP antagonists & protein kinase A type | inhibitors
@ Hormonal modulators
# Anti-inflammatory agents

Pathogenesis

Positional cloning

E

Lessons from Mouse Models
+ Orthologues of human PKD genes : Pkd! & Pkd2

= Knockout mice lacking each gene - created
homozygote — embryonic lethal
heterozygote - develop cysts late in life
* Support two-hit hypothesis

* Trans-heterozygous mutations of Pkd! & Pkd2 -
more severe renal disease
haploinsufficiency may play a role

: = 4,302-aa
Polycystin 1 s
glycoprotein
w_‘ﬁﬂaﬁ = 11 membrane spans
: * ~2,500 aminoacid
.  frrrmargan ol ) Exkaoelula domain
- «hnmmm..w. =
{) Cectin domain
1 LD cysteine-ich repeat
¢ il repet

Polycystin 1

* Large extracellular aa
domain
@ Many motifs
# Prot-prot interaction
@ Prot-CHO interactions
# Receptor function?
= Cytoplasmic carboxyl
terminus
@ FPotential site of
phasphorylation

Polycystin | Expression

» Sites:
#renal tubular epithelia, hepatic bile ductules, pancreatic ducts,
all sites of cyst formation in ADPKD
@ brain, heart, bone, muscle
*= Less abundant in adult than fetal epithelia
* In mature tubules - lateral membrane (site of cell-cell
interaction)
= Over-expressed in mast but not all cysts in kidneys from
patients with ADPKD
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Polycystin I: Function

= Unkown
= Adhesive protein-prolein interactions
#Cell-cell interaction
#Cell-matrix interaction
#Protein-protein or protein-CHO binding
= Activate a number of intracellualr signaling pathways:
Wnt, G-protein signaling
= Activate JAK-STAT signalling
- Inhibit Cdk2(cyclin dependent kinase 2)

Polycystin 2

= 968 amino acid integral
membrane protein

* 110 kd

6 transmembrane-spanning

domains

tail

Exon 12 coil structure; Ca
binding EF -hand domain
Exon 12-13: interacting w
polycystin 1

Polycystin 2 : Expressions

= Distal tubule, collecting duct, thick ascending
limb in normal fetal and adult kidneys

* Located @ ER

= Strong expression was noted in some, but not all,
cysts form PKD1 & PKD2 cysts

Polycystin 2: Function

= Cell calcium signaling; iron channel

= |nteract with polycystin | via their carboxy
terminal coiled domains = create calcium-
ermeable non-selective cation current

Pathogeneic Mechanisms of ADPKD

= Alterations in extracellular matrix
= Abnormal regulation of renal epithelial cell growth
4 Overexpression of oncogenes:
¢-myc, c-fos, c-ha-ras, c-ki-ras
#bcl-2 overexpression
#Growth Factors: HGF, KGF, TGFa EGFR
= Abnomal fuid and electrolyte transport
#Related to adenyl cyclase signal transduction

#Cystic fibrosis transmembrane receptor(CFTR) & £ 8! Ck
secretion
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