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Abstract 

Background: Autosomal dominant polycystic kidney disease (ADPKD) is a delayed-onset renal disorder that 

results from a mutation in the PKD1 or PKD2 genes. Autosomal dominant polycystic kidney disease results in 

end-stage renal disease due to renal cystic dysplasia. The aim of this study was to evaluate, by exon sequencing, 

the disease-causing variants of PKD2 (exons 4, 6, and 8) in Iranian ADPKD patients. 

Methods: Genomic DNA was extracted from 3-5 ml of peripheral blood by the salting-out method. PKD2 

exons 4, 6, and 8 were PCR-amplified and sequenced. 

Results: Three disease-causing PKD2 variants were identified; all three were missense mutations in exon 4. 

The mutations were AGC → ACC (c.893G>C, cDNA.959G>C, S298T), TAC → TTC (c.1043A>T, 

cDNA.1109 A>T, Y348F), and GAA → GAT (c.1059A>T, cDNA.1125 A>T, E353D. These novel 

pathogenic variants may cause loss of the normal protein function. 

Conclusions: Our results suggest that AGC → ACC (c.893G>C, cDNA.959G>C, S298T), TAC → TTC 

(c.1043A>T, cDNA.1109 A>T, Y348F), and GAA → GAT (c.1059A>T, cDNA.1125 A>T, E353D 

variants are common in Iranian ADPKD patients. These mutations modify the transmembrane domain and 

likely influence PC2 function. 
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Introduction 
Autosomal dominant polycystic kidney disease 

(ADPKD, OMIM ID: 173900) is a delayed-onset 

renal disorder with a variety of pathologic features 

including bilateral kidney cysts, cysts in other organs 

including liver, seminal vesicles, pancreas, and 

arachnoid membranes, vascular abnormalities 

including intracranial aneurysms, thoracic aortic 

dissection, mitral valve prolapse, and abdominal 

wall hernia (1-3). The renal manifestations of the 

disease include hypertension in 50% of patients 

aged 20-30 years, renal pain, and renal failure. 

About 50% of patients with ADPKD progress to 

end-stage renal disease (4). ADPKD is seen in 6–

10% of candidate patients for dialysis or kidney 

transplantation (3). The prevalence of ADPKD is  

 

 
not accurate and varies regarding different studies. 

The prevalence of ADPKD is one case/800–1000 

residents in general population of Western countries 

(3). The phenotypes of ADPKD vary and appear in 

various tissues including heart, liver, bone, and the 

endocrine system. Hepatic cysts are the most 

common extra-renal finding in ADPKD (5). 

ADPKD is genetically heterogeneous and is caused 

by mutations in PKD1 (MIM 601313) and PKD2 

(MIM 173910) (6), which encode polycystin-1 

(PC1) and polycystin-2 (PC2), respectively. PKD1 

and PKD2 account for 85 and 15% of cases, 

respectively (6). Positive family histories are found 

in 46.4% of patients (3), while in those with no 

family histories, de novo PKD2 mutations have 
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been detected in 5% of patients (6). The location 

of mutations in PKD2 affect clinical outcomes 

(7). Most PKD2 mutation carriers are unaware of 

their condition (8). PKD2 was first cloned in 

1996, and to date, more than 78 different PKD2 

mutations have been identified (9). The 

association between the PKD2 variants and 

phenotype is unclear. In young patients with 

ADPKD, renal cysts may not be detected by 

ultrasonography; therefore, identifying PKD2 

mutations in young patients is the preferred 

diagnostic method. The aim of this study was to 

evaluate, by exon sequencing, the disease-

causing variants in PKD2 exons 4, 6, and 8 in 

Iranian ADPKD patients. 
 

Materials and methods 

The Urmia University of Medical Sciences 

Ethics Committee approved all stages of this 

study (permit number ir.umsu.rec.1394.382). 

The patients and their families were informed 

about the contents and the study. The patients 

were recruited from the Imam Khomeini 

University Hospital in Urmia, Iran. The cases 

were evaluated by a nephrologist based on strict 

criteria regarding radiologic imaging of the 

kidneys; these included ultrasonography, 

computerized tomography (CT) scan, positron 

emission tomography (PET) scan, and magnetic 

resonance imaging (MRI) (10). These criteria 

included the presence of at least two 

unilateral/bilateral kidney cysts in patients aged 

<30 years, at least two cysts in both kidneys of 

patients aged 30–59 years, and at least four 

cysts in both kidney of patients aged >60 years 

(10). PKD2 mutations in 40 unrelated ADPKD 

patients were analyzed by direct sequencing of 

PCR products. Linkage to other PKD1 or PKD2 

mutations or polymorphisms were not tested 

due to the lack of blood samples from other 

family members. For genomic DNA 

extractions, 3-5 ml of peripheral blood were 

collected into blood collection tubes containing 

EDTA. The tubes were stored at -20 oC until 

DNA isolation. The salting-out method was 

used to extract the DNA (11). DNA samples 

was stored at -80 oC until further analysis. 

Primers and their characteristics, and PCR 

product sizes in base pairs (bp) are shown in 

Table 1. The PCRs were performed in 25 μl 

volumes containing 200 ng of DNA, 1x 

reaction buffer, 0.5 μl of each primer (10 pmol), 

200 μmol of dNTPs, 0.3 unit of Taq DNA 

polymerase, and 1.5 mmol MgCl2 

(Genefanavaran, Tehran, Iran). The PCR 

program included: initial denaturation at 95 °C 

for 10 min, followed by 35 cycles of 95 °C for 

30 sec, 58 °C for 60 sec, and extension at 72 °C 

for 60 sec. The PCR was completed by a 72 °C, 

10-min fill-in step. The PCR products were 

electrophoresed on 2% agarose gels and then 

sequenced on an ABI 3700XL automated DNA 

analyzer (Applied Biosystems) using the PCR 

primers. Chromas Lite version 2.1.1 (2012) was 

used to visualize of the resulting 

chromatograms (Chromas Lite version 2.1 

(2012), Technelysium Pty Ltd, South Brisbane, 

Queensland, Australia). Finally, each sample 

sequence was compared to the reference 

genome sequence.  
 

Table 1. Primer characteristics and PCR product sizes in this study 

Gene Exon Primer Sequence (5'->3') Length Tm GC% 
PCR product size 

(bp) 

PKD2 

4 
aaccttggttcagaggaccc 

gcactgaagagtcactgaact 

20 

21 

59.23 

57.90 

55.00 

47.62 
589 

6 
gggaagactgagcaggaagt 

acctctccacttcatactcagc 

20 

22 

59.02 

59.24 

55.00 

50.00 
675 

8 
tgtccttttgtgtcaggctt 

gcattgtcttctttgcatggg 

20 

21 

57.56 

58.39 

45.00 

47.62 
526 

 

Results 
DNA samples from 40 Iranian ADPKD patients with 

an average age of 43.96±5.6 years were analyzed. 

PKD2 mutations were found in three (7.5%)  

 

 

samples. The sample sequences were 

compared to the reference gene sequence. 

Figures 1, 2, and 3 show the three PKD2 
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disease-causing missense mutations in our 

samples, which were all found in exon 4. No disease-

causing variants were found in exons 6 or 8. The 

three PKD2 missense mutations were AGC → ACC 

(c.893G>C, cDNA.959G>C, S298T), TAC → TTC 

(c.1043A>T, cDNA.1109 A>T, Y348F), and AA 

→ GAT (c.1059A>T, cDNA.1125 A>T, 

E353D (Table 2). These mutations are novel 

pathogenic variants that may cause loss of 

normal protein function (Fig. 4).  

 

 
Fig. 1. The heterozygous missense mutation AGC → ACC (c.893G>C, cDNA.959G>C, g.30633 G>C, S298T) substitution in PKD2 at 

codon 298 in exon 4 in one ADPKD patient. 

 

 

 

Fig. 2. The heterozygous missense mutation TAC → TTC (c.1043A>T, cDNA.1109 A>T, g.30783 A>T, Y348F) substitution in 

PKD2 at codon 348 in exon 4 in one ADPKD patient. 

 

 
 

 
Fig. 3. The heterozygous missense mutation GAA → GAT (c.1059A>T, cDNA.1125 A>T, g.30799 A>T, E353D) substitution in 

PKD2 at codon 353 in exon 4 in one ADPKD patient. 
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Fig. 4. Structures of normal (a) and mutated (b) polycystin-2. The differences between the two protein structures are indicated by the arrows. 

The images were prepared by Phyre2 software. 

 

Table 2. Markers, codon/codon change, amino acid change, genotype, and mutation type of variants in exon 4 in this study. 

Marker Codon 
Amino Acid 

Change 

Codon 

Change 

Genotype 

T/C 
Mutation Type 

rs200912883 298 S/T AGC/ACC GC Disease causing 

rs761547854 348 Y/F TAC/TTC AT Disease causing 

rs375164861 353 E/D GAA/GAT AT Disease causing 

 

Discussion 
The diagnosis of ADPKD is usually based on 

patient medical histories and physical examinations 

(12); however, classic diagnosis may be difficult 

due to other disorders with overlapping 

manifestations. In this regard, diagnostic imaging 

or molecular genetic tests are necessary to confirm 

or rule out the other diseases. Several imaging 

techniques, including ultrasound, CT scan, and 

MRI, have been used to detect cysts in kidneys, 

liver, and pancreas (13). These tests are expensive 

(14) and generally not performed on young patients 

(12). Considering the limitation of these tests, 

genetic tests are important for definitive diagnosis 

of the disease. ADPKD is a heterogeneous disorder 

associated with disease-causing variants in PKD1 

(responsible for ADPKD-type I), PKD2 (responsible 

for ADPKD-type II), and GANAB, which encodes 

the glucosidase II alpha subunit (15). PKD1 (MIM 

601313) and PKD2 (MIM 173910 are located on 

chromosomes 16 (16p13.3, 46 exons) and 4 (4q21, 

15 exons), respectively (16). PKD1 and PKD2 

genetic variants have been studied in different 

ethnic groups by various methods; however, exon 

sequencing is still considered the gold standard 

(10). This study is the first report of PKD2 variants 

in ADPKD patients living in west Azerbaijan, Iran. 

We performed PCR and direct sequencing of 

PKD2 on patient samples and found three genetic 

 

variants in exon 4. These variants were not found 

in ExAC or the 1000G database. Polycystins are 

transmembrane proteins that participate in cell-to-

cell and cell-to-extracellular matrix connections, 

and have roles in cilia action in nephrons and 

calcium channel function (17). The 

transmembrane domain and PC1 function are 

altered in mutated proteins (17). Also, it has been 

demonstrated that cytokines and cytokine gene 

polymorphisms have been associated with human 

diseases (18-23). In this regard, several gene 

polymorphisms predict the pathogenesis of 

kidney disease in Iranian patients. Studies with 

more details are necessary to evaluate the 

correlation between genetic polymorphisms and 

ADPKD risk in Iranian patients.  

In conclusion, the study identified three novel 

PKD2 disease-causing variants in Iranian 

ADPKD patients.  

Acknowledgment 
This study was funded by Urmia Medical 

Science University (Grant NO.: 1867). We 

thank the patients and their families and the 

Urmia Imam Khomeini University Hospital 

staff (Urmia, Iran) for providing the samples. 

The authors have no conflicts of interest to 

declare.  



PKD2 Variants in ADPKD 

     Rep. Biochem. Mol. Biol, Vol.8, No.4, Jan 2020      405 

 

References 

1. Sung PH, Yang YH, Chiang HJ, Chiang JY, 

Chen CJ, Liu CT, Yu CM, Yip HK. Risk of aortic 

aneurysm and dissection in patients with autosomal-

dominant polycystic kidney disease: a nationwide 

population-based cohort study. Oncotarget. 2017; 

8(34): 57594-57604. 

2. Halvorson CR, Bremmer MS, Jacobs SC. 

Polycystic kidney disease: inheritance, 

pathophysiology, prognosis, and treatment. Int J 

Nephrol Renovasc Dis. 2010; 3:69-83.  

3. Morales García AI, Martínez Atienza M, García 

Valverde M, Fontes Jimenez J, Martínez Morcillo 

A, Esteban de la Rosa MA, de Diego Fernández P, 

García González M, Fernández Castillo R, 

Argüelles Toledo I, Bravo Soto JA, Esteban de la 

Rosa R; en representación del Grupo de Estudio de 

la Enfermedad Poliquística Autosómica Dominante 

(GEEPAD) y la Asociación Amigos del Riñón. 

Overview of autosomal dominant polycystic kidney 

disease in the south of Spain. Nefrologia. 2018; 

38(2):190-196.  

4. Hartung EA, Guay-Woodford LM. Autosomal 

recessive polycystic kidney disease: a hepatorenal 

fibrocystic disorder with pleiotropic effects. 

Pediatrics. 2014; 134(3): e833-45.  

5. Tan YC, Blumenfeld J, Rennert H. Autosomal 

dominant polycystic kidney disease: genetics, 

mutations and microRNAs. Biochim Biophys Acta. 

2011; 1812(10): 1202-12.  

6. Chebib FT, Torres VE. Autosomal Dominant 

Polycystic Kidney Disease: Core Curriculum 2016. 

Am J Kidney Dis. 2016; 67(5): 792-810.  

7. Hateboer N, Veldhuisen B, Peters D, Breuning 

MH, San-Millán JL, Bogdanova N, Coto E, van 

Dijk MA, Afzal AR, Jeffery S, Saggar-Malik AK, 

Torra R, Dimitrakov D, Martinez I, de Castro SS, 

Krawczak M, Ravine D. Location of mutations 

within the PKD2 gene influences clinical outcome. 

Kidney Int. 2000; 57(4): 1444-51. 

8. 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 types 1 and 2. 

European PKD1-PKD2 Study Group. Lancet. 1999; 

353(9147):103-7. 

 

9. Chang MY, Fang JT, Huang CC, Wu IW, Wu 

Chou YH. Mutations of the PKD2 gene in 

Taiwanese patients with autosomal dominant 

polycystic kidney disease. Ren Fail. 2005; 27(1): 95-

100. 

10. Bagheri M, Makhdoomi KH, Taghizadeh-

Afshari A, Nikibakhsh AA, Abdi-Rad I. Examining 

the role of polymorphisms in exon 25 of the PKD1 

gene in the pathogenesis of autosomal dominant 

polycystic kidney disease in Iranian patients. Rep 

Biochem Mol Biol. 2019; 8(2): 102-110. 

11. Miller SA, Dykes DD, Polesky HF. A simple 

salting out procedure for extracting DNA from 

human nucleated cells. Nucleic Acids Res. 1988; 

16:1215. 

12. Pei Y. Diagnostic approach in autosomal 

dominant polycystic kidney disease. Clin J Am Soc 

Nephrol. 2006; 1(5): 1108–14.  

13. Mosetti MA, Leonardou P, Motohara T, 

Kanematsu M, Armao D, Semelka RC. Autosomal 

dominant polycystic kidney disease: MR imaging 

evaluation using current techniques. J Magn Reson 

Imaging. 2003; 18(2):210–5.  

14. Irazabal MV, Rangel LJ, Bergstralh EJ, Osborn 

SL, Harmon AJ, Sundsbak JL, et al. Imaging 

classification of autosomal dominant polycystic 

kidney disease: a simple model for selecting patients 

for clinical trials. J Am Soc Nephrol. 2015; 26(1): 

160–72.  

15. Cordido A, Besada-Cerecedo L, García-

González MA. The genetic and cellular basis of 

autosomal dominant polycystic kidney disease-a 

primer for clinicians. Front Pediatr. 2017; 5: 279. 

16. Mochizuki T, Wu G, Hayashi T, Xenophontos 

SL, Veldhuisen B, Saris JJ, et al. PKD2, a gene for 

polycystic kidney disease that encodes an integral 

membrane protein. Science. 1996; 

272(5266):1339–42. 

17. Gallagher AR, Hidaka S, Gretz N, Witzgall R. 

Molecular basis of autosomal-dominant polycystic 

kidney disease. Cell Mol Life Sci. 2002; 59(4): 682–93. 

18. Omrani MD, Bazargani S, Bageri, M. Interlukin-

10, interferon-γ and tumor necrosis factor-α genes 

variation in prostate cancer and benign prostatic 

hyperplasia. Current Urology. 2008; 2(4): 175-180. 



Bagheri M et al 

  

         Rep. Biochem. Mol. Biol, Vol.8, No.4, Jan 2020 406 

19. Omrani MD, Bagheri M, Bushehri B, Azizi F, 

Anoshae MR. The association of TGF-β1 codon 10 

polymorphism with suicide behavior. Am J Med 

Genet B Neuropsychiatr Genet. 2012; 159B (7): 

772-5.  

20. Omrani MD, Mokhtari MR, Bagheri M, 

Ahmadpoor P. Association of interleukin-10, 

interferon-gamma, transforming growth factor-beta, 

and tumor necrosis factor-alpha gene 

polymorphisms with long-term kidney allograft 

survival. Iran J Kidney Dis. 2010; 4(2):141-6. 

21. Omrani MD, Mokhtari MR, Tagizadae A, 

Bagheri M, Ahmad-Poor P. Association of CCR5-

59029 A/G and CCR2-V64I variants with renal 

allograft survival. Iran J Immunol. 2008; 5(4):201-6. 

22. Mohebbi I, Rad IA, Bagheri M. Interleukin-18, 

interleukin-8, and CXCR2 and the risk of silicosis. 

Toxicol Ind Health. 2013; 29(9):830-7.  

23. Hassani E, Bagheri M, Rad IA, Mohebbi I. 

Association between SNPs at IL-17A and IL-17F 

and susceptibility to accelerated silicosis. Toxicol 

Ind Health. 2017; 33(9): 673-680.   

 


