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    Chapter 8   
 Diagnostic Evaluation as a Biomarker 
in Patients with ADPKD                     

     Hayne     Cho     Park      and     Curie     Ahn    

    Abstract     Recently, newer treatments have been introduced for autosomal domi-
nant polycystic kidney disease (ADPKD) patients. Since cysts grow and renal func-
tion declines over a long period of time, the evaluation of treatment effects in 
ADPKD has been very diffi cult. Therefore, there has been a great interest to fi nd out 
the “better” surrogate marker or biomarker which refl ects disease progression. 
Biomarkers in ADPKD should have three clinical implications: (1) They should 
refl ect disease severity, (2) they should distinguish patients with poor versus good 
prognosis to select those who will benefi t better from the treatment, and (3) they 
should be easy to evaluate short-term outcome after treatment, which will demon-
strate hard outcome. Herein, we will discuss currently available surrogate biomark-
ers including the volume of total kidney and urinary molecular markers.  

  Keywords     Polycystic kidney, autosomal dominant   •   Biological markers   •   Patient 
selection   •   Prognosis   •   Treatment outcome  

8.1       Introduction 

 Autosomal dominant polycystic kidney disease (ADPKD) is the most common 
hereditary kidney disease, which is characterized by progressive multiple cyst for-
mation, proliferation, and apoptosis, fi nally causing interstitial fi brosis and end- 
stage renal disease (ESRD) (Torres et al.  2007 ). It is caused by genetic mutation on 
either  PKD1  or  PKD2  gene; however, it is not a congenital disease since phenotypic 
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presentation only begins in young adulthood. Furthermore, renal function remains 
stable at the early stage because glomerular hyperfi ltration compensates for the pro-
gressive loss of healthy glomeruli, which result in renal failure only after several 
decades from diagnosis. Interestingly, even within a family, individual members 
show different prognosis. Therefore, it is not a pure ‘genetic’ disease but a ‘genetic- 
environmental’ disease. 

 Recently, several novel therapies have been introduced to slow the rate of disease 
progression in ADPKD. Since ADPKD progresses slowly after cyst formation, typi-
cal hard outcomes such as time to ESRD or patient survival are often not useful in 
studying ADPKD treatment effect. Therefore, there has been a great interest to 
develop alternative endpoints or surrogate biomarkers for patient and renal out-
comes. Surrogate biomarkers should fulfi ll following conditions. Firstly, they 
should refl ect disease severity. Second, they should predict rapid disease progres-
sion, which will distinguish high-risk patients who will benefi t from the treatment. 
Lastly, they should be easy and convenient to evaluate disease progression in a 
short-term interval. Herein, we will discuss diagnostic evaluation of currently avail-
able surrogate  biomarker  s in the patients with ADPKD.  

8.2     Biomarker as a Predictor of Rapid Disease Progression 

 Since renal function declines only at the late stage of the disease, early biomarkers 
to predict renal disease progression need to be clarifi ed. This part will seek for 
markers used to assess prognosis in ADPKD (Table  8.1 ).

   Table 8.1    Biomarkers as a predictor of rapid disease progression   

 Genetic factor   PKD1  > >  PKD2  
 Truncating mutation in  PKD1  > > In-frame mutation > > Missense 
mutation 
 Pathologic mutation on second allele (Hypomorphic allele) 
 Modifi er gene 
 Hypermethylation on  PKD1  

 Demographic factors  Young age at diagnosis 
 Male > > Female 
 Family history of early ESRD < 55years 

 Clinical factors  Height-adjusted TKV ≥ 600 mL/m 
 Early onset of hypertension < 30years 
 Severe hypertension 
 Previous history of gross hematuria 
 Proteinuria 
 Recurrent urinary tract infection or pyuria 

H.C. Park and C. Ahn



87

8.2.1       Genetic Factors 

 ADPKD is hereditary disease which involves mutations in  PKD1  and/or  PKD2 . 
Recent advances in molecular diagnosis have led us to more precisely predict the 
renal disease progression in ADPKD patients. Not only type of genes but also type 
or location of mutations would make a difference in prognosis. We will discuss cur-
rent understanding of genetic prognostic factors. 

8.2.1.1     Locus Heterogeneity 

 ADPKD is genetically heterogeneous, in which cystic phenotype is caused by muta-
tions in genes at different chromosomal loci:  PKD1  (chromosome 16p 13.3) and 
 PKD2  (chromosome 4q21). This is called  locus heterogeneity  . Previously, a possi-
bility of third gene locus has been proposed and searched since fi ve pedigrees could 
not fi nd pathologic mutations from either  PKD1  or  PKD2  by  linkage analysis  
 (Paterson and Pei  1998 ). However, reanalysis of clinical data and genetic samples 
from ‘ PKD3  pedigree’ by mutation screening revealed that ‘ PKD3 ’ is unlikely to 
exist (Paul et al.  2014 ). Therefore, currently it is widely accepted that only  PKD1  
and  PKD2  genes are responsible for ADPKD development. 

 Patients with  PKD1  mutations generally show a more severe form of ADPKD 
than those with  PKD2  mutation, showing earlier onset of hypertension, earlier onset 
of diagnosis, larger kidneys, faster renal function decline, and earlier onset of 
ESRD. In the European  PKD1 - PKD2  cohort study,  PKD1  pedigree showed earlier 
onset of ESRD or death compared to  PKD2  pedigree (53.0 years vs. 69.1 years) 
(Hateboer et al.  1999 ). The incidence of other clinical manifestations such as hyper-
tension, hematuria or urinary tract infection was also less frequent in  PKD2  pedi-
gree. Similarly, patients with  PKD1  mutation have more cysts in kidneys resulting 
in larger kidney size compared to patients with  PKD2  mutation (Harris et al.  2006 ).  

8.2.1.2     Allelic Heterogeneity 

 The  PKD1  and  PKD2  genes present a high level of  allelic heterogeneity  . Within 
each gene, different type and location of mutations can cause cyst formation. These 
variable mutations are collected and reported in the ADPKD Mutation Database 
(PKDB,   http://pkdb.mayo.edu/    ). To date, 1273 pathogenic mutations in  PKD1  and 
202 pathogenic mutations in  PKD2  have been described in the database. Recently, 
the role of allelic heterogeneity in modulating disease severity has been studied. The 
 Consortium for Radiologic Imaging Study of PKD (CRISP)   researchers found that 
missense mutation in  PKD1  presents with mild phenotype similar to  PKD2  pheno-
type (Pei et al.  2012 ). Another study from Genkyst cohort compared renal survival 
among 387 patients with  PKD1  truncating mutation, 184 patients with  PKD1  non- 
truncating mutation, and 133 patients with  PKD2  mutation (Cornec-Le Gall et al. 

8 Diagnostic Evaluation as a Biomarker in Patients with ADPKD

http://pkdb.mayo.edu/


88

 2013 ). As the result, the patients with  PKD1  non-truncating mutation (in-frame 
mutation or missense mutation) demonstrated 12-year delayed onset of ESRD com-
pared to  PKD1  truncating mutation (68 years vs. 56 years, p < 0.0001). Interestingly, 
recent study suggested that  PKD1  non-truncating mutations can show heteroge-
neous renal prognosis according to gene dosage (Hwang et al.  2015 ). For example, 
some  PKD1  missense mutations result in milder form of disease similar to  PKD2  
mutation, while other  PKD1  missense mutations can show deleterious outcome 
such as  PKD1  truncating mutation. The allelic effect according to mutation location 
within  PKD1  non-truncating mutations should be elucidated further.  

8.2.1.3     Hypomorphic Allele 

 A mutation that reduces but doesn’t eliminate a gene’s functionality is hypomorphic. 
 Hypomorphic alleles   in ADPKD can be demonstrated as a mild phenotype, but they 
can result in a severe disease when they occur together with a pathogenic mutation 
on the second allele (Rossetti et al.  2009 ; Bergmann et al.  2011 ). This phenomenon 
can explain why some members from the family of mild phenotype show extremely 
severe disease form. Segregation study may be useful to fi nd out hypomorphic allele 
effect within the family (Hwang et al.  2015 ).  

8.2.1.4     Modifi er Genes 

 Intra-familial variability is another feature of ADPKD. Locus heterogeneity and 
allelic heterogeneity can explain variable disease severity among different pedi-
grees. However, within the same pedigree, family members may show variable 
renal disease progression (Barua et al.  2009 ). This can be partially explained with 
 modifi er gene effect  . Several gene  polymorphism  s such as  angiotensin converting 
enzyme (ACE)   (Perez-Oller et al.  1999 ),  Dickkopf 3 (DKK3)   (Liu et al.  2010 ), 
 endothelial nitric oxide synthase   (Persu et al.  2002 ) may be associated with poorer 
prognosis.  

8.2.1.5     Epigenetic Modifi cation 

 Recently,  epigenetic modifi cation   effect on ADPKD phenotype has become focus of 
scientifi c research. Epigenetic regulation is defi ned as the modifi cation of external 
or environmental factors that switch genes on and off and affect how cells read 
genes instead of changing DNA sequence (Park et al.  2011 ). Epigenetic modulation 
includes DNA methylation, histone modifi cation, and gene modifi cation by microR-
NAs. ADPKD patients showed hyper-methylation on  PKD1  gene and other 
cystogenesis- related genes and subsequent downregulation of  PKD1  expression 
(Woo et al.  2014 ). Moreover, histone deacetylases (HDACs) are known to be acti-
vated in ADPKD kidneys, which result in dysregulated  PKD1  gene expression, dis-
rupted fl uid-fl ow regulated calcium signal regulation in renal epithelia, and 
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subsequent cyst formation and progression (Li  2011 ). Recently, there is increasing 
evidence that microRNA dysregulation is associated with the pathogenesis of cystic 
kidney disease (Woo and Park  2013 ; Lakhia et al.  2015 ; Sun et al.  2015 ) and urinary 
microRNAs can be a potential biomarker for ADPKD progression (Ben-Dov et al. 
 2014 ). Therefore, epigenetic modifi cation is discussed as a possible therapeutic tar-
get of ADPKD.   

8.2.2     Demographic and Clinical Factors 

 Apart from the culprit gene affecting ADPKD, non-modifi able and modifi able fac-
tors affect ADPKD renal disease progression. Since genetic analysis is not the rou-
tine diagnostic work up at the clinic, collecting demographic and clinical factors 
and family history would be most helpful to determine prognosis and to counsel 
each patient. 

8.2.2.1     Age at Diagnosis 

 Children with early severe disease showed faster renal volume growth and faster 
decline of renal function on follow up (Fick-Brosnahan et al.  2001 ). Another study 
showed that children who were diagnosed with PKD < 18 months demonstrated 
larger kidneys and severe hypertension compared to those who were diagnosed after 
18 months of age (Shamshirsaz et al.  2005 ). In a similar vein, patients with  PKD1  
genotype showed more cysts than  PKD2  genotype, but growth rates were not differ-
ent between two genotypes (Harris et al.  2006 ). Altogether, these results suggest 
that diagnosis of ADPKD at the early age is likely to mean severe genotype.  

8.2.2.2     Male Gender 

 Men is known to have faster renal function decline, larger kidneys, and hyperten-
sion in ADPKD resulting in earlier onset of ESRD. Gabow et al. described that men 
had a faster decline of renal function compared to female counterpart (Gabow et al. 
 1992b ). Another retrospective study of 1215 ADPKD patients, male gender showed 
earlier onset of ESRD compared to female gender (52 vs. 56 years) (Johnson and 
Gabow  1997 ).  

8.2.2.3     Family History of ESRD 

 As we described above, genetic factor is the strongest determinant of renal progno-
sis. The problem is that we cannot perform genetic analysis in every case due to 
practical and economic issue. One study group performed the interesting study to 
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show that family history of ESRD onset can predict mutated gene (Barua et al. 
 2009 ). In this study, they examined 484 affected members from 90 pedigrees whose 
pathogenic mutations are already known. The researcher found that we can predict 
gene locus by collecting the information of ESRD onset from family members. If 
any affected member shows ESRD onset < 55 years, this family is highly likely to 
have  PKD1  gene mutation (positive predictive value 100 %, sensitivity 72 %). On 
the other hand, if none of family members experience ESRD until 70 years old, this 
family is highly likely to have PKD2 gene mutation (positive predictive value 
100 %, sensitivity 74 %). This study emphasizes the importance of history taking 
and collecting family history to predict prognosis.  

8.2.2.4     Early Onset and Severity of Hypertension 

 Elevated blood pressure is the most common comorbidity in ADPKD patients. It is 
the most common early manifestation and also the major contributor to renal dis-
ease progression.  Hypertension   is also associated with other risk factors such as 
 hematuria  ,  proteinuria  , and cardiovascular outcomes. Intrarenal  renin-angiotensin 
system (RAS)   has been suggested as the major contributor to blood pressure eleva-
tion in ADPKD (Schrier  2011 ). Of interest, primary hypertension or essential 
hypertension in unaffected parent is also related to renal progression and early onset 
of hypertension in ADPKD offsprings (Geberth et al.  1995 ; Schrier et al.  2003 ). 
Therefore, there is a debate whether hypertension and related biomarkers are spe-
cifi c to ADPKD or they are general risk factors for chronic kidney disease 
progression. 

 Nonetheless, ADPKD patients with early onset hypertension demonstrate poorer 
renal outcome. One survival analysis demonstrated that patients with early hyper-
tension < 35 years showed faster ESRD progression compared to those with late 
onset hypertension (ESRD onset 51 vs. 65 years) (Johnson and Gabow  1997 ). In 
addition, severity of hypertension is also related to renal progression rate. Recent 
large scale, randomized prospective study showed that low blood pressure target 
(95/60 to 110/75 mmHg) group demonstrated attenuated renal cyst growth, reduced 
 albuminuria  , reduced left ventricular mass index compared to standard blood pres-
sure target (120/70 to 130/80 mmHg) group (Schrier et al.  2014 ). Therefore, early 
onset hypertension and severity of hypertension both contribute as predictors of 
rapid disease progression.  

8.2.2.5     Gross Hematuria 

  Gross hematuria   may occur in as much as 40 % of ADPKD patients at some time 
during the course of the disease. Many of them can experience recurrent episode of 
gross hematuria or  cyst rupture  . A retrospective study demonstrated that patients 
with gross hematuria had larger kidneys and those with recurrent gross hematuria 
tended to have faster renal function decline (Gabow et al.  1992a ). Another survival 
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analysis showed that patients with gross hematuria before age 30 had a worse renal 
outcome compared to those with later onset (Idrizi et al.  2009 ). It was postulated 
that cyst rupture and subsequent gross hematuria may be the sign of faster growth 
of cyst and related to poor outcome (Kistler et al.  2009b ). Others also claim that 
gross hematuria may release and deposit iron and heme promoting infl ammation 
around kidney tissue (Tracz et al.  2007 ).  

8.2.2.6     Proteinuria 

 Overt proteinuria (>300 mg/day) was associated with faster decline of renal func-
tion and early onset of ESRD in several studies. In prospective cohort study of 323 
ADPKD patients with mean follow up duration of 8 ~ 9years, baseline proteinuria 
was signifi cantly correlated with the declining rate of renal function (Ozkok et al. 
 2013 ). Secondary subgroup analysis from  Modifi cation of Diet in Renal Disease 
(MDRD)   study revealed that higher degree of proteinuria was associated with faster 
decline of renal function (Klahr et al.  1995 ).  Microalbuminuria   (30 ~ 300 mg/day) 
also was strongly associated with larger kidneys faster growth of renal volume, and 
higher blood pressure (Kistler et al.  2009b ). Whether proteinuria is the result of cyst 
growth and subsequent renal tissue injury of the cause of renal progression is not 
clearly defi ned at this moment.  

8.2.2.7     Recurrent Urinary Tract Infection or Pyuria 

 Retrospective studies showed that urinary tract infection (UTI)    is very common 
among ADPKD patients and female was more prone to overt UTI (Idrizi et al. 
 2011 ). Recent study also showed that asymptomatic  pyuria   is prevalent in ADPKD 
patients and chronic recurrent pyuria itself is associated with faster decline of renal 
function (Hwang et al.  2013 ). However, this single-center retrospective study has a 
major limitation in which culture study was not performed in most cases of pyuria. 
Pyuria as a potential biomarker should be elucidated further in prospective studies.    

8.3     Biomarker as a Tracer of Disease Progression 

 ADPKD has a typically long period of preserved renal function at the early stage 
and renal function only begins to decline after kidneys are fi lled with enormous 
cysts. Moreover, at the early stage of disease, glomerular hyperfi ltration compen-
sates for the progressive loss of healthy glomeruli. Therefore, traditional markers 
such as  serum creatinine   or glomerular fi ltration rate (GFR)    do not always refl ect 
the disease progression. Hence, the following surrogate biomarkers to identify and 
trace the disease progression have been introduced (Table  8.2 ).
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8.3.1       Decline Rate of GFR 

 GFR describes the fl ow rate of fi ltered fl uid through the kidney and presents renal 
function. It is used instead of blood urea nitrogen or serum creatinine because 
plasma concentration of these waste substances will not be raised above the normal 
range until kidney function falls below 60 % of total kidney function. GFR can be 
measured by calculating the clearance of exogenous materials such as inulin or 
iothalamate which are neither reabsorbed nor secreted by the kidney after glomeru-
lar fi ltration. Since it is not practical to measure GFR at each clinic visit, estimated 
GFR (eGFR) is calculated by equation. There is still debates whether eGFR can be 
used instead of measured GFR (mGFR) as a tracer of renal progression in clinical 
trials. Early studies showed that mGFR may be superior to eGFR early in chronic 
kidney disease (CKD) (Rule et al.  2006 ; Ruggenenti et al.  2012 ). The eGFR mea-
sured by MDRD or Cockcroft-Gault equation may underestimate GFR in cohort 
with normal renal function > 60 mL/min/1.73 m 2 . However, recent studies suggested 
that eGFR may perform relatively well compared to mGFR and reliably refl ect GFR 
change in the patients with ADPKD (Spithoven et al.  2013 ; Chapman et al.  2015 ). 
Among eGFR equation, CKD-EPI equation should be considered then the trial is 
designed to include patients with normal renal function (Orskov et al.  2010 ). 

 Since eGFR measurement is not as accurate as mGFR, small changes in eGFR 
may not refl ect a true decline in renal function. Therefore, data of repeated measure-
ment of eGFR over a long period should be available to calculate the decline rate of 
eGFR. Recent review paper suggested to defi ne rapid progressor as a confi rmed 
annual eGFR decline ≥ 5 mL/min/1.73 m 2 /year or by an average annual eGFR 
decline ≥ 2.5 mL/min/1.73 m 2 /year over 5 years (Gansevoort et al.  2016 ). However, 
absolute slopes (mL/min/year or mL/min/1.73 m 2 /year) may not accurately refl ect 
the true decline rate of eGFR. For example, a rise in serum creatinine from 0.9 to 1.0 
mg/dL or from 3.3 to 6.0 mg/dL represents a decline in eGFR of 10 mL/min/1.73 m 2  

   Table 8.2    Biomarkers as a tracer of disease progression   

 Annual decline rate of mGFR or eGFR 

 Annual increase in TKV 

 Novel 
biomarkers 

 Biomarkers of acute 
tubular injury 

 NGAL, NAG, KIM-1, β2-microglobulin, 
H-FABP 

 Biomarkers of 
infl ammation 

 Urinary MCP-1, plasma ADMA, Urinary 
complement 3 and 9, Urinary plakin 

 Biomarkers of fi brosis  Urinary apelin, Urinary TGF-β1 
 Biomarkers of 
hypertension 

 Urinary angiotensinogen, Serum uric acid 

 Biomarkers of cAMP 
pathway 

 Plasma and urinary copeptin 

 Biomarkers of Wnt 
pathway 

 Serum sFRP4 
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for a 60-year old man by MDRD equation. In another words, small increase in 
serum creatinine may be interpreted as a large decrement of eGFR in early 
CKD. Therefore, logarithmic slopes (% per year) rather than absolute slopes (mL/
min/1/73 m 2 /year) should be considered in the early CKD stages.  

8.3.2     Total Kidney Volume 

 Cysts develop as early as in utero but renal function declines very slowly thereafter 
until kidney fails in fi fth or sixth decades. Therefore, GFR measurement often do 
not refl ect disease progression in the early stage of the disease. Measurement of 
total kidney volume or cyst volume is considered excellent surrogate marker to 
refl ect cyst growth and to predict further disease progression. 

 Renal volume can be measured either by  ultrasonography  ,  computed tomogra-
phy (CT)  , or  magnetic resonance imaging (MRI)  . Ultrasonography is an easy and 
safe screening method to diagnose and evaluate kidney volume in ADPKD. One can 
calculate renal volume by ellipsoid formula: height × transverse width × thick-
ness × π/6. However, it is an operator-dependent, less reproducible, and underesti-
mates the true value. Therefore, it is not suitable for short-term follow up of renal 
progression. On the other hands, CT and MRI can detect as small cyst as 2 mm, 
reliably measure volume progression in a short interval, and are highly reproducible 
(Bae and Grantham  2010 ). Therefore, they are more suitable as surrogate markers 
for clinical trials. Similar to eGFR, kidney volume can be estimated by formula 
instead of measured TKV (mTKV). Recently, some researchers suggested that esti-
mated TKV (eTKV) by ellipsoid formula or midslice method can be conveniently 
and reliably used instead of mTKV (Spithoven et al.  2015 ). Therefore, both mTKV 
and eTKV can be used as a tracer for disease progression in ADPKD. 

 However, there can still be intra-observer and intra-individual variability in renal 
volume measurement. Therefore, it is recommended to at least measure renal vol-
ume more than three times with 6–12 month apart to assess volume change 
(Gansevoort et al.  2016 ). It is well documented in the previous study that mTKV by 
MRI imaging can detect cyst growth within 6 months (Kistler et al.  2009b ). When 
previous data or repeated measurements of renal volume are not available, however, 
we can still make prediction by single TKV value. Chapman et al. showed that 
height-adjusted TKV (HtTKV) ≥ 600 mL/m predict the risk of developing CKD 
stage 3 within 8 years (Chapman et al.  2012 ). Irazabal et al. developed risk predic-
tion tool from a cohort of 590 ADPKD patients and classifi ed them into fi ve groups 
according to HtTKV ranges for age (1A-1E, in the order of increasing risk of ESRD 
development) (Irazabal et al.  2015 ). The risk of ESRD development within 10 years 
was increased from 2.4 to 66.9 % according to subclasses (1A vs. 1E). In summary, 
single and repeated mTKV or eTKV can be used as a useful surrogate biomarker for 
renal disease progression in ADPKD.  
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8.3.3     Serum and Urinary Biomarkers 

8.3.3.1     General Biomarkers of Kidney Disease 

 ADPKD is initiated from cystic transformation of a few percent of nephrons leading 
to increased cell proliferation and apoptosis, interstitial infl ammation, fi brosis, and 
fi nally ESRD. Therefore, ADPKD kidney may show the whole spectrum of acute 
kidney injury and chronic kidney disease (CKD) along the disease course. Hence, 
various serum and urinary biomarkers of kidney disease have been studies as a sur-
rogate marker of disease progression. Since serum creatinine based GFR is consid-
ered of limited use and measurement of TKV may be time-consuming and expensive, 
serum and urinary biomarkers can be easy and inexpensive method to trace disease 
progression in the future. 

   Biomarkers of Acute Tubular Damage 

 Since cysts initiate from tubules, the potential markers of tubular damage were stud-
ied widely to seek the relationship with renal function change. In one cross- sectional 
study with 107 ADPKD patients from CRISP cohort, urinary  neutrophil gelatinase- 
associated lipocalin (NGAL)   and Interleukin-18 (Il-18) were stably increased but 
was not associated with either TKV or eGFR (Parikh et al.  2012 ). Another cross- 
sectional study revealed that markers of proximal tubular damage (NGAL, 
β2-microglobulin) and the marker of distal tubular damage (heart-type fatty acid 
binding protein, H-FABP) were negatively associated with mGFR. NGAL was also 
positively associated with TKV together with kidney injury molecule 1 (KIM-1) 
(Meijer et al.  2010 ). However, whether these potential tubular damage markers can 
predict disease progression needs to be further elucidated. One prospective study 
showed that  N-acetyl-β-D glucosaminidase (NAG)   is better associated with eGFR 
compared to KIM-1, β2-microglobulin, and NGAL. However, urinary NAG was 
failed to predict renal function decline in 1 year (Park et al.  2012 ).  

   Biomarkers of Infl ammation 

 Infl ammation and oxidative stress is evident from early stage of disease. Urinary 
biomarkers to measure intrarenal infl ammation and oxidative stress have been stud-
ied. Previous cross-sectional studies showed that monocyte chemoattractant pro-
tein- 1 (MCP-1) was elevated in the urine of ADPKD patients and it was associated 
with decreased renal function (Zheng et al.  2003 ; Parikh et al.  2012 ). Another study 
demonstrated that the level of  asymmetric dimethylarginine (ADMA)  , an inhibitor 
of nitric oxide synthase, is increased in patients with early ADPKD (Wang et al. 
 2008 ). Most recently, proteomic analysis of urinary vesicle revealed that the level of 
complements 3 and 9 (C3 and C9) were elevated in the early stage of ADPKD and 
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urinary plakins were elevated in the later stage of the disease (Salih et al.  2016 ). 
Both complements and plakin levels were associated with TKV. This study suggests 
that infl ammation process takes an important role in disease progression in the early 
stage of ADPKD.  

   Biomarkers of Fibrosis 

 ADPKD kidneys eventually change to fi brotic kidneys similar to other types of 
CKD. However, unlike the CKD of other causes, fi brosis starts from the epithelial 
change from cyst formation, which drives changes in the peri-cystic interstitium and 
fi broblasts (Norman  2011 ). Previous studies tried to discover urinary biomarker 
refl ecting the early fi brotic process in the polycystic kidneys. One researcher group 
performed proteomic analyses showing that collagen fragments take most part of 
excreted peptide in the urine (Kistler et al.  2009a ,  2013 ). The results suggested that 
fi brotic process takes the important role in ADPKD progression. 

  Apelin  , an endogenous ligand of the G-protein-coupled receptor APJ, has been 
recently identifi ed as a main regulator of organ fi brosis. In kidneys,  Apelin-APJ axis   
has been known to protect kidneys from fi brosis (Huang et al.  2016 ). One recent 
study compared the excretion levels of fi brotic markers, apelin and transforming 
growth factor-β1 (TGF-β1), in the urine samples from 45 ADPKD patients and 28 
healthy controls (Kocer et al.  2016 ). The results showed that urinary apelin level 
was lower and TGF-β1 level was higher in ADPKD cohort compared to the healthy 
control. In one prospective cohort study of 52 ADPKD patients, apelin has been 
investigated for its predictive value (Lacquaniti et al.  2013 ). Of 52 patients, 33 
patients reached primary outcome (combined measurement of decreased GFR and 
increased TKV by 5 % per year). Apelin independently predicted the renal progres-
sion in ADPKD patients. Apelin and its role as a biomarker should be evaluated in 
a larger cohort with longer period.  

   Biomarkers of Hypertension 

 High blood pressure is one of the early complications of ADPKD. It is well known 
that intrarenal RAS contributes to the rise of blood pressure in ADPKD (Schrier 
 2011 ). Because blood pressure begins to rise as early as the stage with a few cyst, 
biomarkers that refl ect intrarenal RAS activity and hypertension have been 
studied. 

  Urinary angiotensinogen   (AGT) has been suggested as an effective biomarker to 
refl ect intrarenal RAS activity and hypertension (Kobori et al.  2009 ). Since AGT 
cannot be fi ltered through glomeruli, urinary AGT solely refl ect intrarenal RAS 
activity. In addition, urinary AGT is well known to be strongly associated with the 
activity of angiotensin-II, a main player in intrarenal RAS. In our previous study, 
urinary AGT was associated with eGFR and TKV. Hypertensive patients showed 
higher level of urinary AGT compared to normotensive patients (Park et al.  2015 ). 
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In addition, polycystic kidneys showed strong expression of AGT along the cyst- 
lining epithelium as early as CKD stage II (Fig.  8.1 ). However, the study failed to 
show the association of urinary AGT with decline rate of GFR or ESRD 
progression. 

 On the other hands, serum uric acid has recently been recognized as a marker of 
endothelial dysfunction, hypertension, and predictor of renal disease progression in 
ADPKD. One cross-sectional study evaluated the association of serum uric acid and 
endothelial dysfunction in early normotensive ADPKD patients (Kocyigit et al. 
 2013 ). Endothelial dysfunction was measured by fl ow-mediated vasodilation (FMD) 
in the forearm. The group of higher serum uric acid (>7.0 for males and >6.0 for 
females) showed higher ADMA levels (1.19 ± 0.2 vs. 1.47 ± 0.3, p < 0.001) and 
lower FMD rates (8.1 ± 1.3 vs. 6.8 ± 0.7, p < 0.001). Another retrospective analysis 
of a prospective cohort showed that higher serum uric acid level was associated with 
hypertension development, larger TKV, and risk of developing ESRD (Helal et al. 
 2013 ). This study demonstrated that the risk of ESRD increases in the 4th and 3rd 
quartiles of uric acid compared with the 1st [4.8 (2.6–8.9; p < 0.001)] and 2.9 [(1.6–
5.3; p < 0.001)].

8.3.3.2         Biomarkers Refl ecting Specifi c Pathway Activity 

   Biomarker of cAMP Pathway: Copeptin 

  Copeptin   is the carboxy-terminal portion of  AVP   and serves as a marker for endog-
enous AVP levels. Because AVP activates cAMP pathway to stimulate cyst growth, 
plasma and urinary copeptin may be a valuable marker for renal disease 

  Fig. 8.1    Components of intrarenal RAS in polycystic kidneys (Reproduced from Park et al.  2015 )       
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progression. In a cross-sectional study, plasma copeptin level was associated with 
mGFR, albuminuria, and TKV (Meijer et al.  2011 ). In the following prospective 
cohort study, plasma level of copeptin was not only associated with baseline eGFR 
but also with decline rate of eGFR during follow up duration of mean 11.2 years 
(standard B −0.345, p < 0.01) (Boertien et al.  2012 ). In addition, 8 out of 9 patients 
who developed ESRD during follow up showed higher than median value of plasma 
copeptin at the baseline. In a longitudinal observational study of CRISP cohort, 
plasma copeptin concentration was independently associated with change in TKV 
(p > 0.001) and mGFR (p = 0.09) (Boertien et al.  2013 ). Urinary copeptin was also 
investigated recently and researchers found that urinary copeptin was positively 
associated with TKV and negatively associated with eGFR (Nakajima et al.  2015 ). 
The predictive role of urinary copeptin should be further elucidated in the future 
study.  

   Biomarker of Wnt Pathway: sFRP4 

 The abnormal Wnt signaling has been suggested to have a role in the pathogenesis 
of ADPKD.  Secreted Frizzled-related protein 4 (sFRP4)   is a secreted molecule that 
antagonizes Wnt signaling pathway. The sFRP4 was well documented to be upregu-
lated in human ADPKD and in 4 different PKD animal models (Romaker et al. 
 2009 ). Cyst fl uid from ADPKD kidneys activated the sFRP4 production in renal 
tubular epithelial cell lines. Recent study showed that higher serum level of sFRP4 
at the baseline may predict renal function decline in 24 months (Zschiedrich et al. 
 2016 ). The patients with sFRP4 level below 5 ng/mL at baseline experienced an 
average eGFR decline of 3.2/mL/min/1.73 m 2 /year while those with sFRP4 level 
above 30 ng/mL at baseline experienced an average eGFR decline of 4.5 mL/
min/1.73 m 2 /year (p = 0.0063). Whether urinary sFRP4 can predict disease progres-
sion in ADPKD needs to be further elucidated.     

8.4     Identifying High-Risk Patients for Treatment 

 Not all the patients diagnosed with ADPKD reach end-stage. The variable disease 
courses make clinicians diffi cult to select the treatment boundary or guideline. 
Before several therapeutic agents became available, the goal of ADPKD manage-
ment was similar to that of CKD – lowering blood pressure and treating complica-
tions. However, recent advances in molecular diagnosis and treatment strategy made 
us available to slow down the rate of disease progression. Therefore, selecting 
patients who are most likely to benefi t from novel treatment should be considered 
before launching clinical trials. 

 Recent review paper well summarized the algorithm to select high-risk patients 
or rapid progressors for clinical trials (Gansevoort et al.  2016 ) (Fig.  8.2 ). First of all, 
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clinicians should consider baseline age and renal function before prescribing novel 
treatment. For example, a middle aged ADPKD patient in CKD stage 1 is less likely 
to progress rapidly in his life time. In the same manner,  PKD2  family member with 
preserved renal function is less likely to progress in a few years. Therefore, we 
should evaluate baseline age and renal function before patient selection. Next, we 
should defi ne rapid progressors according to previous mentioned risk factors – 
decline rate of eGFR, TKV change in recent years, baseline TKV, PKD genotype, 
and family history of ESRD. By following this algorithm, we can expect the optimal 
outcome with minimal harm to the ADPKD subjects.

8.5        Conclusions 

 On the basis of improved knowledge in molecular pathophysiology, a large number 
of novel therapies have been proposed for ADPKD patients. As a clinician, selecting 
the patients who will benefi t the most and monitoring disease progression are as 
important as initiating treatment. Various biomarkers described in this chapter will 
help us to defi ne rapid progressor and to trace disease progression to get the best 
result from novel treatment.     

  Fig. 8.2    Algorithm to assess indications for initiation of treatment in ADPKD (Reproduced from 
Gansevoort et al.  2016 )       
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