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Abstract:
Autosomal dominant polycystic kidney disease (ADPKD) is a commonly inherited disorder in humans with a frequency of 1 in 500 in the general population. PKD2 gene is one of most common cause of ADPKD.   Hence the study aimed to analyze PKD2 (G/C) polymorphism and lipid profile and the levels of trace elements as a biochemical parameters in ADPKD and control subjects.  A total of hundred ADPKD patients and age and sex matched healthy individuals were selected for the study. The polymorphic study was carried out with polymerase chain reaction using thermal cycler, The PCR product (279bp) digested with BSP12861. The lipid profile was analyzed using span kit and Semiautoanalyzer. The Ca, Na, Fe and K, concentrations were estimated by Flame photometry and Atomic absorption spectroscopy (AAS) and significant changes were noted at p < 0.005, p < 0.0001 and the mutant allele frequency  “T” (0.6) in PKD1 subjects and “C” allele (0.58) in PKD2 subjects were significantly (P<0.05) high in ADPKD subjects than the control subjects. The calculated odds ratio in individual with mutant genotype (C/T, T/T and G/G, CC) reveal that 3.2 and 3.7 fold risk for ADPKD. (95% Confidence interval =2.242 – 4.665, 2.586 – 5.422). The ADPKD patients were observed to have lipid abnormalities, hyponatremia, cholesterolemia, renal osteodystrophy, cardiovascular problems and anemia, selenosis, immune deficiency. Therefore, the study proved that an association between the lipid profile and trace elements levels with ADPKD and an association between the PKD2 gene polymorphism and ADPKD. 
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Introduction 
The polycystic kidney diseases (PKD) are the most common hereditary nephropathies and are reported to result in end-stage renal disease (ESRD) by the age of 60 - 70 yrs [1,2]. Polycystic kidney diseases are primarily characterized by the progressive development of renal multiple epithelial cysts in both the kidneys. Polycystic kidney disease is broadly divided into 2 forms, autosomal recessive polycystic kidney disease (ARPKD) and autosomal dominant polycystic kidney disease (ADPKD) [3,4]. The diseases are caused by mutation either in PKD1 (85%) or PKD2 (15%) and PKD3 (rare) genes [5]. 

Autosomal dominant polycystic kidney disease (ADPKD) occurs worldwide in all races. ADPKD disease is one of the most commonly inherited conditions in humans with an incidence of 1:400 to 1:1000 [1,5- 7]. It is genetically heterogeneous with two genes being identified, PKD1 (16p13.3) and PKD2 (4q21) [6,7]. The proteins encoded by PKD1 and PKD2 are called polycystin 1 and polycystin 2 [7], which interact with each other in the primary cilia of renal epithelial cells and participate in complex signal transduction pathways, which might be involved in mechanic/chemosensory functions and have some role in cell proliferation and maturation. Fibrocystin is defective in autosomal recessive PKD [5,7]. 

The common complications includes Hypertension, Urinary tract infection, Renal calculi, Cardiac valve abnormalities, Hernia of the anterior abdominal wall, Diabetes, Cerebral berry aneurysms [8]. Systemic hypertension is also very common occurring in more than 75% of the reninangiotensin system. The End stage renal disease usually occurs within 5 to 10 years after development of renal failure. ADPKD patients were found to be developing ESRD in the mean age of 75.5 years [8-10]. The impact of lipid abnormalities on renal function have been evaluated in various studies [8,9]. Dyslipdemia is a common complication of progressive kidney disease which also contributes to high cardiovascular morbidity and mortality of renal disease patients [10,11]. 
The polycystins have regulatory role in ion transport. The polycystic epithelial cells have been reported to show propensity to secrete solutes and fluid rather than absorbing them, which would be directed to the regulation of ion permeability and possibly the misstep that initiates cytogenesis in patients with autosomal dominant polycystic kidney disease (ADPKD) [12]. However, till now no study is available among south Indian (Madurai) population. Hence, the present study is focused on the lipid profile,  the level of certain elements like Sodium, potassium, iron, calcium, zinc, manganese and selenium and the prevalence of C/T, G/C polymorphism in patients with Autosomal dominant polycystic kidney disease.
Materials and methods:

The study group comprised of 80 clinically proven autosomal dominant polycystic kidney disease (ADPKD) patients of both the sexes in the age group of 10 - 80 years taking treatment in Madurai Government Rajaji hospital and Kidney Transplantation and Research Centre, Madurai, Tamil Nadu, India Ethical clearance was obtained and approval was also obtained from the Institutional Bio-safety committee (IBSC) of Lady Doak College. The age and sex matched healthy subjects were also selected from the general population. 

Biochemical analysis:
Lipid profile was analysed using commercially available kit (Span Diagnostic kit). The levels were measured with Semi Autoanalyzer (Erba, Chem 5X) and the trace element levels were estimated using Flame Photometer (ELICO, CL 22D) and Atomic Absorption Spectroscopy (AAS) (ELICO, SL 173). 
C/T and G/C Single nucleotide polymorphism analysis in polycystic kidney disease:
Genomic DNA was isolated from all the healthy individuals and ADPKD patients from peripheral red blood cells (21, 22). The presence of DNA was confirmed with 0.7% Agarose gel electrophoresis and the amount of DNA was quantified using UV-Spectrophotometer (Systronics). 

 Polymerase chain reaction (PCR) analysis: [13-15]
The DNA sequence (279 bp) of PKD 2 gene was amplified by PCR. The genomic DNA (0.2ng) was incubated in a total reaction volume of 50µl containing 10 pmol of both forward primer 5’-TGA GCT CCG TGG GCG CGC GGA GCC-3’ and reverse 5’- CTG GGC TGG GGC ACG GCG GG -3’ primer (Fermentas Life Sciences) for the PKD 2gene G/C Single nucleotide polymorphism (SNP) (G83C), using 2.5 units of Taq DNA polymerase (Bangalore Genei, India) and dNTPs (200µM). Amplification for the PKD2 gene G83C SNP was performed with an initial denaturation of 940C for 5 min PCR thermsl cycler. The PCR amplification conditions were as follows: 30 cycles consisting of 30s denaturation at 940C, 45s annealing at 610C, 30s extension at 720C. The PKD1 gene segment was amplified using specific primers forward (5’ – AGC TGT ACG CCC TCA CTG G – 3’) (33) and reverse (5’ – GGA ACA ACT CCA CCA TCT CG – 3’) primers (Fermentas life sciences). The PCR amplified product was confirmed by 2% agarose gel electrophoresis under UV-transilluminator (36).  

Restriction fragment length polymorphism (RFLP) analysis: ([14,15]
The PKD1 and PKD 2 (C/T (Ala/Val) G83C) SNP creates a AvaII, Bsp12861 (Fermentas Life Sciences, Germany) restriction enzyme recognition sequence site.  The SNP was detected by digestion of PCR amplified product (10µl) with Bsp12861 (1.0µl) for 3hrs at 370C and inactivated by incubation at 65oC for 15 min (14). PCR and RFLP prodents were confirmed by using 1.2% agarose gel electrophoresis. 
Statistical Analysis:
The mean and standard deviation was calculated for ADPKD patients and the control subjects and significant difference between ADPKD patients and the control was calculated by using student t test. Allelic frequency was calculated by using Hardy-Weinberg equilibrium. The significant level of genotype and allelic frequency was tested by chi square (χ2) test. Heterozygosity and Odds ratio at 95% confidence intervals were calculated.

Results and Discussion:
It was observed that the males (50%) and females (50%) were equally affected by ADPKD. This might be due to the fact that gene inheritance in both the sexes takes place equally and that some of the normal individuals also affected by ADPKD. It might follow simple Mendelian coinheritance [15]. The occurrence of ADPKD among South Indain (Madurai) population also showed that, the most of the patients were in the age group of 30 – 50 years. ADPKD most often initially presents in adults aged 20-40 years [2]. Clinically, it is also characterized by progressive formation and enlargement of cysts, typically leading to end-stage renal disease (ESRD) in late middle age [14,15]. It is found to be typically expresses in adults when they were in prime of life, between 30 and 40 years of age. It is passed from generation to generation by either the male or female parent. Each child of a PKD parent has 50% chance of inheriting the disease [2, 7, 16, 17]. The study also revealed 72% of the patients to have high blood pressure (hypertension). The APDKD patients were also showed complications like hematuria (12%), renal calculi (10%), urinary tract infection (13%), diabetic nephropathy (17%), cardiovascular problems (21%), renal osteodystrophy (13%) and anemia (14%).. From the results it was observed that most of the patients had hypertension, diabetes and cardiovascular problems and anaemia. Hence the present study was focused on lipid levels of profile and minerals like calcium, sodium, potassium, and iron.
Biochemical analysis:
The results also reveal that a significant increase (p<0.0001) in the level of T. Chol., TGL, LDL and significant decrease (p<0.0001) (Table:1) in the level of HDL in ADPKD patients than control subjects. The total cholesterol level showed less significant increase in patients than control subjects. Dumm et al., [8] have also reported sometimes the level of total cholesterol and low density lipoprotein to be the within the normal range in ADPKD condition or renal failure. He has also reported Ischemic heart disease and other associated complications of atherosclerosis to be most common cause of death in patients with renal failure (Chronic renal failure). Diabetes and hypertension have been reported to be the leading cause of end stage renal disease (ESRD) in the United States [10]. The present study also showed diabetes and hypertension being associated with PKD among South Indian population. Trevisian et al. [9] also proved that hyperlipidemia contributes not only to cardiovascular disease but also to renal progression.

Several studies were indicated an association between hyperlipidemia and renal disease development and progression, which also suggest that hyperlipidemia might be a risk factor for renal disease, although no conclusion could be drawn. The risk of loss of renal function associated with dyslipidemia seems to be highest in those with moderate to severe renal disease and other renal risk factors such as hypertension and diabetes. Another aspect that remains unanswered is which lipoprotein or lipoproteins better predict renal disease development and /or progression, because the data are inconsistent regarding the ability of cholesterol or triglycerides to predict the progression of renal disease. Finally some of the studies reviewed that the metabolic syndrome, which associated with high TGL and low HDL levels and it has been recently associated with the development of CKD during follow-up in the Atherosclerosis in community study [11].

According to above said reports, the present study also showed that significant increase in the level of TGL, T. Cho., and LDL in ADPKD patients compared to control group. The HDL cholesterol level found to be significantly decreases in patients. The study also indicated that an association between hyperlipidemia and renal disease development and progression, which also suggest that hyperlipidemia, might be a risk factor for renal disease and also it would found to be with the association and risk factor of cardiovascular diseases and diabetes. Anemia is a complication of chronic kidney disease and may contribute to adverse clinical outcomes. Early identification and treatment of anemia may improve cardiovascular morbidity and mortality [18]. People with chronic renal failure might be develop complications such as high blood pressure, anemia, weak bones and poor nutrition due to increase (p<0.0001) in the level of elements like serum calcium (Ca), potassium (K) and decrease (p<0.0001) in the level of serum sodium (Na), Iron (Fe) (Table: 2). This might also increases the risk of having heart and blood vessel diseases. It might be eventually lead to kidney failure, which also caused by diabetes, high blood pressure or other disorders. Iron is a mineral needed for healthy blood cells and for overall good health and also Iron helps to body functioning in many ways [19]. Red blood cells carry oxygen from lungs to all parts of body, which gives the energy needed for daily activities. The kidneys signal the body to make enough red blood cells, and iron helps in making them healthy red blood cells [20.
There is accumulating evidence that the metabolism of several trace elements is altered in polycystic kidney disease and that these nutrients might have specific roles in the pathogenesis and progress of this disease [32, 33]. Hence, in according to previous reports, the study also evaluated the prevalence pattern of associated complications like diabetic hypertension (72%) renal osteodystrophy (13%) and anemia (14%) by analyzing the lipid profile, level of elements like calcium, sodium, potassium. The study proved that the alterations in the mean values of these trace elements significantly different in ADPKD vs controls, and it would be found that there is an association between the nutrients and complications like osteodystrophy and muscle weakness anemia and hypertension in ADPKD and progress of the disease.

C/T and G/C Single nucleotide polymorphism analysis:
C/T polymorphism at position 4058 in exon 45 of the PKD1 gene among South Indian (Madurai) population with ADPKD revealed that the “TT” “CT” genotype and the frequency of “T” mutant allele was found be significantly (p<0.05) higher in the ADPKD subjects compared to control subjects (Table:3). The study was also demonstrated that ADPKD subjects had higher frequencies of “T” allele and lower frequency of “C” allele than the control subjects. The work was also done by Constantinides et al., (1997) (12) among Caucasian and Japanese population, he found that C/T4058 polymorphism with the association of ADPKD patients. The PKD1 gene is responsible for cause autosomal dominant polycystic kidney disease. 

G/C polymorphism at position 83 in exon 1 of the PKD2 gene among South Indian (Madurai) population with ADPKD revealed that the “CC” “GC” genotype and the frequency of “C” allele was found to be significantly higher in the ADPKD compared to control subjects (Table:4). The study also demonstrated that ADPKD subjects had higher frequency of “C” allele and lower frequency of “G” allele. The work was also coincide with the work of Koptides et al.,(1999) [15],  he identified a polymorphism at position 83 which was occupied by either G or C encoding either arginine or proline (R28P) this polymorphism enabled us to verify the disease was co-inherited with allele “C”.
The study also suggested that the PKD2 gene provides instruction for making a protein called polycystin-2. It would be functioning as a channel spanning the cell membrane of the kidney cells. In conjugation with polycystin-1, the channel transcripts positively charged atoms particularly calcium ions into the cells. The influx of calcium ions triggers a cascade of chemical reactions inside the cell that might instruct the cell to undergo certain changes polycyustin-1 and polycystin-2 work together to help regulate cell growth and division, cell movement and interaction with other cells. The interaction of polycystin-1 and polycystin-2 in the renal tubules promotes a normal development and function of the kidneys [21].
The relationship between the three proteins suggests that PKD2 is involved in the formation of cell-matrix contacts. In this case, cyst formation in PKD patients could be explained because of dysfunctional formation of cell-matrix contacts leading to cystic enlargement in the tubular structures in the kidney. This proposes another mechanism for cyst formation in PKD patients with a mutation in PKD2. However, the specific pathway in this protein complex is not clear. There are a number of possible ways that the three proteins affect cell matrix interactions (4, 6, 7). The correct pathway has yet to be found and may be the target of future studies. In order to suggest reasonable treatments for PKD, we must understand the disease completely. Studies on PKD2 and its protein product, PC2, continue so that we may fill in this gap in knowledge in the hopes of finding a cure for this disease. [3-7 15,21]. The current study observed to be the lower heterozygocity, according to Torra et al., (1999) (39) lower the value of heterozygocity, (0.29 and 0.30) there is a significant difference in th allele between the affected and normal individuals. The calculated odds ratio in individual with mutant genotype (C/T, T/T and G/G, CC) reveal that 3.2 and 3.7 fold risk for ADPKD (95% Confidence interval =2.242 – 4.665, 2.586 – 5.422)
Hence, the genetic study concluded that, there will be an association between PKD1 (Ala/Val4058, C/T) and PKD2 (G/G) polymorphism and the severity of the ADPKD in ADPKD subjects. This finding also is an important implication for our understanding of the pathogenesis of ADPKD. In order to understand the molecular mechanism of ADPKD completely, must screen the duplicated area, the promoter region, and the introns of PKD1 and 2 genes in each population. The future study of the work is to focus on PKD 3 gene polymorphism and sequencing the same population and further research on the DNA based drug design by using bioinformatics databases which might help the physicians in providing the better treatment for polycystic kidney disease patients.
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Table:1 The Level of lipid profile in control subjects and ADPKD subjects

	Lipid Profile
	Control subjects 

N=60
	ADPKD subjects

N =60
	p value

	T. Chol.
	165.234 ± 4.232 
	149.141 ± 6.002
	p<0.0001

	TGL
	141.95 ± 4.315
	174.820 ± 10.404
	p<0.0001

	HDL-C
	70.09 ± 0.91
	34.87 ± 0.56
	p<0.0001

	LDL-C
	81.640 ± 4.415
	92.406 ± 5.033
	p<0.0001

	VLDL-C
	28.389± 0.861
	34.994 ± 2.075
	p<0.0001


Highly significant at p<0.0001   Values are Mean ± standard error in mg/dl
Table: 2 The Level of trace elements in control subjects and ADPKD subjects

	Trace elements
	Control subjects 

N=60
	ADPKD subjects

N = 60
	p value

	Calcium (Ca)
	9.323 ± 0.193
	10.815 ± 0.362
	p<0.0001

	Sodium (Na)
	134.05 ± 1.682
	101.233 ± 2.063
	p<0.0001

	Potassium (K)
	4.525 ± 0.227
	5.921 ±0.168
	p<0.005

	Iron (Fe)
	64.776  ± 1.381
	22.809 ± 0.700
	p<0.0001


Highly significant at p<0.0001, p<0.005   Values are Mean ± standard error in mE/L.
 Table: 3 Comparison of genotype and allelic frequency of PKD1 gene in control subjects and ADPKD subjects
	
	GENOTYPE


	Allele frequency
	χ2 value
	p value

	
	T/T
	C/T
	C/C
	T
	C
	14.16
	P<0.05

9.488

	Control subjects N=60
	10 (16.7%)
	19 (31.7%)
	31(51.6%)
	0.4
	0.7***
	
	

	ADPKD subjects

N=60
	23 (38.3%)
	25 (41.7%)
	12 (20%)
	0.6***
	0.3
	13.93
	


T/T – Homozygous mutant      C/T – Heterozygous mutant
  C/C – Homozygous normal

Number indicates number of individuals having the genotype and number of individuals ( in percentage). *** Highly significant at p<0.05 

Table: 4
Comparison of genotype and allelic frequency of PKD2 gene in control subjects and ADPKD subjects.
	
	GENOTYPE
	Allele frequency

	
	C/C
	G/C
	G/G
	C mutant
	G Normal

	Control subjects N= 30
	4  (13.3%)
	7  (23.3%)
	19 (63.4%)
	0.42
	0.75 ***

	ADPKD subjects N= 30
	13 (43.3%)
	11 (36.7%)
	 6(20%)
	0.58***
	0.18


C/C – Homozygous mutant      G/C– Heterozygous mutant
 G/G – Homozygous normal
Number indicates number of individuals having the genotype and number of individuals ( in percentage). *** Highly significant at p<0.05 
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