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Abstract

Background. Autosomal dominant polycystic kidney disease (ADPKD) is among the most frequent inherited kid-
ney disorders and appears, according to different statistics, with a frequency of 0.25-0.1% in the general population.
Objectives. The aim of the present study was to evaluate the impact of phenotypic differences among ADPKD
patients on the progressive course of the disorder. In addition, an evaluation of mutations and polymorphisms in
a fragment of the PKDI gene was performed and the potential relationship between the kind of mutation and
the clinical picture of the disorder was investigated.

Material and Methods. Genetic analyses were performed in 134 patients, among whom were members of 23 fam-
ilies. Mutation and polymorphism screening was performed on fragments of the 3* and 5° PKDI gene regions
which included exons 43 to 46 and exon 15. The detailed clinical examination encompassed 81 ADPKD patients
(46 female and 35 male, mean age: 42.3 *+ 13.1 years). For the determination of the severity of the clinical course
of ADPKD, the index of clinical severity (ICS) (age at the clinical examination divided by eGRF and multiplied
by 10) was used.

Results. The normotensive patients exhibited the lowest ICS values, very significantly lower compared with
severely hypertensive patients (p < 0.001) and significantly lower versus moderately hypertensive patients (p < 0.05).
There was also a statistically significant difference in ICS values between the moderately and severely hyperten-
sive (p < 0.02). The drop in GFR was significantly faster in hypertensive patients than in normotensive individu-
als (p < 0.01), the difference between moderately and severely hypertensive patients also being statistically signif-
icant (p < 0.02). Additionally, patients in whom sonography detected cardiac abnormalities (left ventricular hyper-
trophy, disorders of contractility, aortic and mitral valve insufficiency) had significantly higher ICS values than
those with normal heart examinations (p < 0.01). Patients with moderate and excessive kidney enlargement
(14.6%) had significantly higher ICS values than the others (p < 0.05). Overall, 42 of the 134 analyzed patients
(11.9%) showed genetic disorders. No correlation between genetic changes and clinical features of the disease was
found.

Conclusions. The presence of hypertension and its severity as well as moderate and excessive kidney enlargement
are associated with worse renal prognosis in ADPKD patients, whereas no connections between genetic abnor-
malities and clinical course of the disease were detected (Adv Clin Exp Med 2008, 17, 2, 155-159).

Key words: adult polycystic kidney disease, clinical course, hypertension, kidney size, mutation of polycystin
1 gene.
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Streszczenie

Wprowadzenie. Autosomalna dominujgca posta¢ zwyrodnienia torbielowatego nerek jest jedng z najczestszych
choréb genetycznych dotyczgca prawie 0,1% populacji.

Cel pracy. Okreslenie réznic fenotypowych wsréd chorych na zwyrodnienie torbielowate nerek, ocena wystepo-
wania zmian mutacyjnych i polimorficznych w genie policystyny 1 oraz préba ustalenia ewentualnej korelacji mig-
dzy zmianami genetycznymi a rozwojem i ci¢zkoscig zaawansowania choroby.

Material i metody. Badania genetyczne przeprowadzono u 134 chorych, wsrdd ktérych mozna wyodrgbni¢ 23 ro-
dziny. Badania dotyczyly fragmentéw genu PKDI obejmujace egzony 43—46 oraz egzon 15. Szczegélowym bada-
niom klinicznym poddano 81 chorych z ADPKD (46 kobiet i 35 me¢zczyzn w wieku 42.3 + 13,1 roku).W celu okres-
lenia ciezkosci przebiegu wady postuzono si¢ wspdtczynnikiem cigzkosci choroby (wyliczanym wedlug wzoru:
wiek podczas badania/eGFR x 10).

Wiyniki. Osoby normotensyjne charakteryzowaly sie istotnie mniejszym wspoétczynikiem cigzkosci wady w po-
réwnaniu z osobami z nadcisnieniem ci¢zkim (p < 0.001) i umiarkowanym (p < 0,05). Migdzy obiema grupami
z nadcisnieniem wykazano réwniez istotne réznice w wielkosci wspétczynnika cigzkosci wady (p < 0.02). Chorzy
z nadci$nieniem mieli istotnie szybszy ubytek filtracji kiebuszkowej (wyzszy wspétczynnik cigzkosci wady) niz
osoby normotensyjne (p < 0.01). Osoby, u ktérych za pomocg badania USG serca stwierdzono nieprawidlowosci
mialy istotnie wyzszy wspotczynnik ciezkosci przebiegu wady w poréwnaniu z osobami z prawidlowym echokar-
diogramem (p < 0,01). Pacjenci majacy nerki o prawidtowej wielkosci (ocena ultrasonograficzna) mieli istotnie
nizszy wsp6iczynnik cigzkosci wady w poréwnaniu z pacjentami majacymi nerki umiarkowanie powiekszone lub
olbrzymie (p < 0,05). W grupie 134 badanych wykryto 42 nieprawidlowosci genetyczne. Nie stwierdzono korelac-
ji migdzy zmianami genetycznymi a przebiegiem klinicznym choroby.

Whioski. Obecnosé i cigzkos$¢ nadcisnienia tgtniczego oraz stopienn powigkszenia nerek wigzg si¢ z szybszg pro-
gresja wady; nie wykazano natomiast zwigzku obrazu klinicznego z wykrytymi nieprawidlowosciami genetyczny-
mi (Adv Clin Exp Med 2008, 17, 2, 155-159).

Stowa kluczowe: zwyrodnienie wielotorbielowate nerek, przebieg kliniczny, nadcisnienie tgtnicze, wielkos¢

nerek, mutacje w genie policystyny 1.

Autosomal dominant polycystic kidney dis-
ease (ADPKD) is the most frequent inherited kid-
ney disorder, appearing with a frequency of
0.25-0.1% in the general population according to
different statistics. ADPKD is one of major causes
of end-stage renal disease (ESRD) and is recog-
nized in 10-14% of patients treated by renal
replacement therapy. The cause of the disease is
very heterogeneous, which is reflected by the fact
that patients acquire ESRD in a wide range of
ages, between forty and seventy-five years [1-3].
Mutations of the polycystin 1 gene (PKDI) are
responsible for 85% of ADPKD cases [4, 5]. The
aim of the present study was to evaluate the impact
of phenotypic differences between ADPKD
patients on the progressive course of the disorder.
In particular, the analysis considered the effect of
such clinical factors as the degree of kidney
enlargement and the severity of hypertension on
the rate of decline in glomerular filtration rate
(GFR). In addition, mutations and polymorphisms
in a fragment of the PKDI gene were evaluated
and the potential relationship between the kind of
mutation and the clinical picture of the disorder
was investigated.

Material and Methods

Genetic analyses were performed in 134 pa-
tients, among whom were members of 23 families.
Two milliliters of peripheral blood was taken from

the patients into vacuteiners filled with EDTA.
The study obtained acceptance by the Bioethics
Committee of Silesian Piasts University of Medi-
cine in Wroctaw and the individual consent of
each patient. Mutation and polymorphism screen-
ing was performed on fragments of the 3’ and 5’
PKDI gene regions including exons 43 to 46 and
exon 15. Genomic DNA was isolated by salt
extraction with application of proteinase K. The
gene fragments of interest were amplified by PCR
and analyzed with heteroduplex, SSCP (single-
stranded conformational polymorphism), and
MSSCP (multitemperature single-stranded confor-
mational polymorphism) methods. The ultimate
determination was based on DNA sequences. The
genetic analyses were performed at the Institute of
Molecular Biology and Biotechnology, University
of Poznan.

The detailed clinical examination encompas-
sed 81 ADPKD patients (46 female and 35 male,
mean age: 42.3 + 13.1 years) in whom the eGFR
value was calculated according to the abbreviated
MDRD formula and the severity of hypertension
was scored by the number of antihypertensive
drugs taken. Kidney size was established during
ultrasonographic examination and ultrasonogra-
phy was also carried out to evaluate cardiac sta-
tus. To determine the severity of the clinical
course of ADPKD, the index of clinical severity
(ICS), which is the age at the clinical examina-
tion divided by eGRF and multiplied by 10, was
calculated.
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Statistical analysis was performed using the
STATISTICA v. 8.00 software package. The
ANOVA test, Wilcoxon test, X-squared test,
Pearson’s correlation, and Spearman’s rank corre-
lation were applied where appropriate.

Results

Hypertension was determined in 65 patients
(80.25%), i.e. 88% of the men and 74% of the
women, the difference being statistically signifi-
cant (p < 0.01). The degree of hypertension was
divided into two categories: moderate, i.e. patients
who took one or two antihypertensive drugs, and
severe, i.e. patients receiving at least three antihy-
pertensive drugs. The data on the relationship
between the degree of hypertension and ICS are
presented in Table 1.

Table 1. Relationship between the degree of hypertension
and ICS

Tabela 1. Zaleznos¢ cigzkosci nadcisnienia i wartosci
wspotczynnika cigzkosci wody (ICS)

Degree of Number of patients | Mean ICS
hypertension (Liczba pacjentéw) | (Srednia
(Cigzko$¢ nad- wartos¢
cis$nienia) 1CS)
Moderate 39 9.9
(Umiarkowana)

Severe 26 12.3
(Ciezka)

The normotensive patients exhibited the low-
est ICS values, very significantly lower compared
with the severely hypertensive patients (p < 0.001)
and significantly lower versus the moderately
hypertensive patients (p < 0.05). There was also
a statistically significant difference in the ICS val-
ues between the moderately and severely hyper-
tensive patients (p < 0.02). A strong negative
effect of hypertension on the clinical course of
ADPKD was shown in the analysis of its associa-
tion with the rate of GFR decline (Table 2).

The drop in GFR was significantly faster in
hypertensive patients compared with normoten-
sive individuals (p < 0.01). The speed of GFR
decrease was also significantly affected by the cat-
egory of hypertension, the difference between
moderately and severely hypertensive patients
being statistically significant (p < 0.02). The neg-
ative effect of hypertension on the clinical course
of ADPKD was also visible in the analysis of the
results of cardiac sonography. The patients in
whom sonography detected abnormalities (left

Table 2. Effect of hypertension on the rate of GFR
decline represented by ICS values

Tabela 2. Wplyw nadcisnienia tgtniczego na szybkos¢é
ubytku filtracji klebuszkowej reprezentowanej przez war-
tosci czynnika cigzkosci wody (ICS)

Blood pressure Number of patients | Mean ICS

(Cisnienie krwi) | (Liczba pacjentéw) (Srednia
wartos¢ ICS)

Normal 16 5.6

(Prawidlowe)

Moderate 39 9.9

hypertensive

(Umiarkowane) 65

Severe 26 12.3

hypertensive

(Ciezkie)

ventricular hypertrophy, disorders of contractility,
aortic and mitral valve insufficiency) had signifi-
cantly higher ICS values than persons with a nor-
mal heart examination (p < 0.01)

According to the evaluation of kidney size
(Table 3), the patients were divided into three cat-
egories: 1) normal size, 2) moderate enlargement,
not crossing over the minor pelvis line, and 3)
excessive enlargement, descending to the minor
pelvis. Excessive enlargement was found in 12
patients (14.8%). The ICS values in the group of
patients with moderate and excessive kidney
enlargement were significantly higher than in the
group with normal kidney size (p < 0.05).

Table 3. Relationship of kidney size and ICS

Tabela 3. Zaleznos¢ wielkosci nerek i wartosci wspot-
czynnika cigzkosci wody

Kidney size Number of patients | Mean ICS

(Wielkos¢ nerek) | (Liczba pacjentéw) | (Srednia war-
tosé ICS)

Normal 10 4.9

(Prawidlowa)

Moderate 59 10.3

enlargement

(Umiarkowane

powiekszenie)

Excessive 12 11.3

enlargement

(Nerki

olbrzymie)

The results of the genetic investigations are
presented in Table 4. In a total of 134 patients,
42 genetic changes were found, 11 of which were
mutations, namely 4 in the 3> PKDI gene region
and 7 in the 5° region. Seven mutations caused
changes in the restriction site, one of which
induced a substitution in the amino-acid sequence



158

H. AUGUSTYNIAK-BARTOSIK et al.

of polycystin 1. One mutation caused truncated
polycystin 1 due to the appearance of a premature
STOP codon. The other 31 changes were poly-
morphisms detected in the 5° PKDI gene region.
Fourteen polymorphisms led to differences in the
amino-acid sequence. The other polymorphisms
did not show such a character. Particular patients
displayed few genetic changes. In the total of 16
patients in whom genetic changes were found,
multiple changes were detected in 14. Overall, in

Table 4. Results of genetic investigations

Tabela 4. Wyniki badan genetycznych

Gene region| No. of mutations No. of poly-
(Rejon (Liczba mutacji) morphisms
genu) (Liczba poli-
morfizmow)
3 4 restriction | —
site change
(3’ koniec) 3
5 7 restriction | 31 amino-
1 trun- site change acid
cated change
(5’ koniec) | Mutation | 4 14

the 134 analyzed patients, 11.9% showed genetic
disorders. Genetic changes occurred in 5 of the 23
examined families (21.7%). No correlation
between genetic changes and clinical features of
the disease was found.

Discussion

The results of the present study unequivocally
demonstrate that the presence and severity of
hypertension exerted a powerful impact on the rate
of GFR deterioration in the ADPKD patients. This
was reflected by the fact that the normotensive
patients exhibited the lowest values of ICS, very
significantly lower compared with the severely
hypertensive patients (p < 0.001) and significantly
lower versus the moderately hypertensive patients
(p <0.05). There was also a statistically significant
difference in the ICS values between the cate-
gories of moderate and severe hypertension (p <
0.02). It is known that hypertension is a prevalent
complication in patients with ADPKD. However,

References

studies devoted to a detailed analysis of the effect
of hypertension on the clinical course of ADPKD
are surprisingly scant [6-8]. The data of the pre-
sent study confirm that the appearance and severi-
ty of hypertension are associated with a more rapid
deterioration of renal function. The negative effect
of hypertension on the clinical course of ADPKD
was also shown in the distinct type of analyses
respecting the data from cardiac sonography. The
patients in whom sonography detected abnormali-
ties (left ventricular hypertrophy, disorders of con-
tractility, aortic and mitral valve insufficiency) had
significantly higher ICS values compared with
those with normal heart examinations (p < 0.01).
The results of this evaluation are in agreement
with published data indicating left ventricular
hypertrophy as a risk factor for worse renal prog-
nosis in ADPKD.

The degree of kidney enlargement is the sec-
ond clinical factor significantly augmenting GFR
deterioration [9, 10]. This view was confirmed in
the present study by the significantly higher ICS
values in the patients with moderate and excessive
kidney enlargement versus those with normal kid-
ney sizes (p < 0.05).

Overall, 42 (11.9%) of the 134 analyzed
patients showed genetic disorders. This frequency
of genetic abnormalities, smaller than that previ-
ously published [11-14], may be connected with
the limitations of the present investigation. The
search for mutations was performed in a fragment
of the PKD1 gene and some mutations could have
been missed. The other limitation is the limited
number of screened patients. No correlation
between genetic changes and clinical features of
the disease was found. This shows that the genetic
background of ADPKD is very complex, of
a broader character than mutations of the PKD/
gene and, consequently, the clinical phenotype is
probably dependent on a modifying effect of mul-
tiple unknown genes.

The authors conclude that the appearance and
severity of hypertension are very significantly
associated with worse renal prognosis in ADPKD
patients, moderate and excessive kidney enlarge-
ment is the second most significant clinical factor
negatively affecting the speed of GFR deteriora-
tion in ADPKD patients, no correlation between
genetic changes and clinical features of the disease
was found.

[1] Harris PC: Identification of a gene for autosomal dominant polycystic kidney disease: implications for under-
standing the pathogenesis and treatment of the disease. Nephrol Dial Transplant 1996, 11, 258-262.

[2] Rossetti S, Burton S, Strmecki L, Pond GR, San Millan JL, Zerres K, Barratt TM, Ozen S, Torres VE,
Bergstralh EJ, Winnearls CG, Harris PC: The position of polycystic kidney disease 1 (PKDI) gene mutation
correlates with the Severity of Renal Disease. ] Am Soc Nephrol 2002, 13, 1230-1237.



Phenotypic Differences in ADPKD and Progressive Course of the Disorder 159

[3] Devuyst O., Persu A., Vo-Cong M-T: Autosomal dominant polycystic kidney disease: modifier genes and
endothelial dysfunction. Nephrol Dial Transplant 2003, 18, 2211-2215.
[4] Zerres K, Eggermann T, Rudnik-Schénborn S: DNA diagnosis in hereditary nephropathies. Clin Nephrol 2001
56, 181-192.
[5] Calvet JP: Molecular genetics of polycystic kidney disease. J Nephrol 1998, 11, 24-34.
[6] Hateboer N, v Dijk MA, Bogdanova N, Coto E, Saggar-Malik AK, San Millan JL, Torra R, Breuning M,
Ravine D: Comparison of phenotypes of polycystic kidney disease type 1 and 2. Kidney Int 1999, 353, 103-107.
[7]1 Gabow PA, Johnson AM, Kaehny WD, Kimberling W], Lezotte DC, Duley IT, Jones RH: Factors affecting
the progression of renal disease in autosomal-dominant polycystic kidney disease. Kidney Int 1992, 41,
1311-1319.
[8] Zeltner R, Poliak R, Stiasny B, Schmieder RE, Schulze BD: Renal and cardiac effects of antihypertensive treat-
ment with ramipril vs metoprolol in autosomal dominant polycystic kidney disease. Nephrol Dial Transplant 2008,
23, 573-579.
[9] Grantham JJ, Chapman AR, Torres VE: Volume progression in autosomal dominant polycystic kidney disease:
the major factor determining clinical outcomes. Clin J Am Soc Nephrol 2006, 1, 148—157.
[10] Fick-Brosnahan GM, Belz MM, McFann KK, Johnson AM, Schrier RW: Relationship between renal volume
growth and renal function in autosomal dominant polycystic kidney disease: a longitudinal study. Am J Kidney
Dis 2002, 39, 1127-1134.
[11] Torra R, Badenas C, Peral B, Darnell A, Gamble V, Turco A, Harris PC, Estivill X: Recurrence of the PKD1
nonsense mutation Q4041 X in Spanish, Italian and British families. Hum Mutat 1998, Suppl 1, S117-S120.
[12] Ding L, Zhang S, Qiu W, Xiao C, Wu S, Zhang G, Cheng L, Zhang S: Novel mutations of PKD1 gene in
Chinese patients with autosomal dominant polycystic kidney disease. Nephrol Dial Transplant 2002, 17, 75-80.
[13] Peral B, Gamble V, Strong C, Ong ACM, Sloane-Stanley J, Zerres K, Winearls CG, Harris PC:
Identification of mutations in the duplicated region of the polycystic kidney disease 1 gene (PKDI) by a novel
approach. Am J Hum Genet 1997, 60, 1399-1410.
[14] Rossetti S, Strmecki L, Gamble V, Burton S, Sneddon V, Peral B, Roy S, Bakkaloglu A, Komel R, Winearls CG,
Harris PC: Mutation analysis of the entire PKD1 gene: genetic and diagnostic implications. Am J Hum Genet
2001, 68, 46-63.

Address for correspondence:

Hanna Augustyniak-Bartosik
Dialysis Unit

Grzybowa 1

56-300 Milicz

Poland

Conflict of interest: None declared
Received: 3.01.2008

Revised: 1.02.2008
Accepted: 20.03.2008



