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1. Introduction 

The formation of an organism requires coordination of cell behaviors and thus is highl
communication among cells mediated by cell surface receptor proteins and their ligands on the adjacent cells or 
presented in the extracellular matrix (Clark and Brugge, 1995; Cunningham, 1995; Gumbiner, 1996 and Miller and 

Abstract 
Polycystic kidney disease is a bilateral disorder that affects approximately 200,000-

The most common form of the disease is inherited as an Autosomal dominant trait (ADPKD).  It 
typically causes renal insufficiency by the fifth or sixth decade of life. The disease is characterized by the 
progressive enlargement of a portion of renal tubule segments (proximal, distal, loop of Henle, collecting duct).  
Kidney disease may progress to end stage renal disease, a serious condition in which the kidneys fail to remove 
the wastes from the body and hence must be treated by dialysis or kidney transplant.  According to the National 
Institute of Health, each year more than 50,000 Americans are diagnosed with end stage renal failure [ESRD] 
disease, and diabetes, which affects an estimated 16 million Americans, is the most common cause. This 
first attempt study in Indian scenario initiated to clinically analyse the Histological, Hematological, 
Biochemical, Genetic and Pharmacogenomic study of Human Polycystic Kidney. The present study was 
undertaken to compare the Western data with the Indian data regarding the Biochemical parameters and also 
the location, mutation and genetic alteration of PKD 1 gene and to trace for Novel mutations for PKD 1 gene. 
PCR and DNA sequencing was also carried out in PKD 1 gene to identify established and de no
significant mucleotide positions. Finally Statistical tools were incorporated to investigate the existence of 
significant amount of difference between normal and PKD subjects within the study variables and to identify 
the variables which significantly predicts the index variables such as Blood Urea and Serum Creatinine
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The formation of an organism requires coordination of cell behaviors and thus is highly dependent on 
communication among cells mediated by cell surface receptor proteins and their ligands on the adjacent cells or 
presented in the extracellular matrix (Clark and Brugge, 1995; Cunningham, 1995; Gumbiner, 1996 and Miller and 
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The most common form of the disease is inherited as an Autosomal dominant trait (ADPKD).  It 
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Biochemical, Genetic and Pharmacogenomic study of Human Polycystic Kidney. The present study was 
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Moon, 1996).  Renal development involves reciprocal inductive interactions between an epithelial structure, the 
ureter bud (a caudal outgrowth of the mesonephric duct also called the Wolffian duct), and a surrounding 
mesenchyme, the metanephric blastema.  Signals from the tips of ureteric bud epithelium induce the metanephric 
mesenchyme to undergo a sequence of events leading to its transformation into an epithelial structure that gives rise 
to the glomerular and tubular epithelia of the mature kidney.  On the other hand, the transdifferentiated mesenchyme 
induces branching morphogenesis of the ureter bud, leading to the development of the collecting duct (CD) system 
(Davies, 1996 and Vainio and Muller, 1997).  As development proceeds, the CD epithelium itself turns from an 
embryonic inductor into an excretory epithelium composed of two intermingled functionally and morphologically 
different cell types, the principal (P) cells and the intercalated (IC) cells (Tisher and Madsen, 1996).  
 
 In the last few years, studies on early stages of renal embryogenesis have revealed a complex cascade of inducting 
and signaling events implicating transcription factors, growth factors and their receptors, extracellular matrix 
constituents, and extracellular matrix degrading enzymes (Lechner and Dressler, 1997; Lelongt et al., 1997 and 
Wallner et al., 1997).  By contrast, still very little is known about the molecular and cellular events that control later 
stages of renal development.  These post-inductive stages include segmental organization and functional maturation 
of individual nephron segments, branching and growing of the CD, and generation of its cellular heterogeneity 
(Hanna Debiec, et.al., 1998). The kidney is an organ that functions to reabsorb essential fluid and ions, and this is 
facilitated by the strictly polarized distribution of numerous transporters, enzymes, and antigens distributed along 
the 10 distinct segments of the nephron in an epithelial cell type-specific fashion.  The polarization of membrane 
proteins is a critical component in the differentiation of renal tubule epithelial cells and is largely established in the 
human metanephric kidney before birth (Patricia D. Wilson, et. al., 2000). 
 
Microscopic funnel-shaped tubes called nephrons are responsible for purifying the blood and preventing the build-
up of toxins and other wastes.  Nephrons are susceptible to damage from many causes including infection, trauma, 
cancer, autoimmune disease, poisons, aging and genetic predisposition.  Since the kidneys have a large reserve 
capacity and healthy nephrons that have the ability to increase the filtering function, the kidney can compensate for 
such damage.  If the change occurs gradually, such as damage due to aging, the kidneys can continue to function 
with a little as 25% of the original nephrons.  When the number of the functioning nephrons drops below this level, 
kidney failure occurs; and there are no available treatments to promote the re-growth of kidney tissue.  After the 
kidneys have completed the filtering process, urine passes from them through the ureters and into the bladder where 
it is stored till it’s full and is excreted out through the urethra. (www.nlm.nih.gov/medlineplus/ency/encylopedia_ 
K.html). 
 
For proper function of renal epithelial cells, ion channels, exchangers, and transporters must be localized to 
functionally and structurally distinct plasma membrane domains, termed apical and basolateral that face the nephron 
lumen and interstitial space, respectively (Almers and Stirling, 1984; Fish and Molitoris, 1994).  Studies have shown 
that both cell-cell and cell-substrate contacts are required to initiate formation of these plasma membrane domains.  
Subsequently, targeting to and retention of proteins in these domains establishes and maintains the functional 
polarity of these cells (Drubin and Nelson, 1996).  Cytoskeletal proteins play essential roles in the development and 
maintenance of structural and functional organization of polarized epithelial cells.  Significantly, recent studies of 
several kidney diseases show changes in the polarized distribution of membrane and cytoskeletal proteins (Fish and 
Molitoris, 1994). Polycystic kidney disease is a bilateral disorder that affects approximately 200,000-400,000 
persons in the United States.   
 
The most common form of the disease is inherited as an Autosomal dominant trait (ADPKD).  It typically causes 
renal insufficiency by the fifth or sixth decade of life.  The disease is characterized by the progressive enlargement 
of a portion of renal tubule segments (proximal, distal, loop of Henle, collecting duct).  The tubules enlarge from a 
normal diameter of 40 um to several centimeters in diameter, causing marked gross and microscopic anatomic 
distortion.  The cause of the cystic change in the tubules is unknown, but current possibilities include obstruction of 
tubule fluid flow by hyperplastic tubule cells, increased compliance of the tubule basement membranes, and/or 
increased radial growth of cells in specific portions of the renal tubule.  Several studies show that the epithelia of the 
cysts continue to transport Na+, K+, Cl-, H+, and organic cations and anions in a qualitative fashion similar to that 
of the tubule segment from which they were derived.  ADPKD, then, is a disease in which some gigantic renal 
tubules, over a period of several decades, impair the function of non-affected nephrons and thereby lead to renal 
failure. 
 
There are three different types of PKD, which vary according to the way people can get the different form.  One of 
the inherited forms is dominant, meaning that those who have the gene from either their mother or father will have 
the disease.  The other inherited form, which is recessive, only develops in those individuals who have copies of the 
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gene from both parents; otherwise, they carry the gene and may pass it to their children, but they themselves may 
not have kidney disease. Autosomal dominant PKD is the most common, inherited form.  Symptoms usually 
develop between the ages of 30 and 40, but they can begin earlier, even in childhood.  About 90 percent of all PKD 
cases are Autosomal dominant PKD. Autosomal recessive PKD is a rare, inherited form.  Symptoms of Autosomal 
recessive PKD begin in the earliest months of life, even in the womb.  Table 1 enumerates the characteristics of 
Autosomal dominant polycystic kidney disease (ADPKD) and Autosomal recessive polycystic kidney disease 
(ARPKD). Acquired cystic kidney disease (ACKD) develops in association with long-term kidney problems, 
especially in patients who have kidney failure and who have been on dialysis for a long time.  Therefore it tends to 
occur in later years of life.   A landmark advance in PKD research occurred when scientists discovered the genes, 
known as PKD1 and PKD2, which, when mutated, are responsible for the most prevalent form of PKD.  Since the 
discovery of these causative genes, investigators using three mouse models of the disease have made several 
advances in understanding PKD.  Adult polycystic kidney disease is transmitted as an autosomal dominant trait and 
affects approximately 1 in 1000 people.  Cysts arise from the nephrons and the collecting tubules.  Islands of normal 
parenchymal renal tissue are interspaced between the cysts.  Microdissection reveals that the cysts communicate 
directly with the nephrons and collecting tubules in patients present with hypertension and progressive renal failure 
after their third decade of life.  Uncommonly, autosomal dominant polycystic kidney disease (ADPKD) appears in 
children, and it is rarely seen in neonates.  Of patients with ADPKD, 25-50% have associated hepatic cysts, 9% have 
associated pancreatic cysts, and 5% have associated splenic cysts; pulmonary cysts occur uncommonly.  These 
extrarenal manifestation are not found in neonates and children. (www.emedicine.com/radio/autosomal-dominant-
polycystic-kidney-disease.htm). 
 
Polycystins represent an expanding family of membrane proteins composed of two subfamilies, polycystin I-like and 
polycystin 2-like molecules.  PC1, encoded by PKD1, is predicted to be a 460-kDa integral membrane glycoprotein 
with a very large extracellular amino terminus, 11 transmembrane domains, and a small intracellular carboxyl 
terminus (Anonymous, 1995 and Hughes, J, et.al., 1995).  PC1 is found in the plasma membrane or in the cell-cell 
junction of cultured cells and in tissues (Geng, L, et.al., 1996, Ibraghimov-Beskrovnaya, O, et.al., 1997 and Peters, 
D, et.al., 1999).  PC1 has recently been shown to function as a G protein-coupled receptor (Delmas, P, et.al., 2002), 
although its ligand(s) has not been identified. PC2, the product of PKD2, is predicted to encode an integral 
membrane protein of 110 kDa with an EF-hand domain at its carboxyl terminus (Mochizuki, T, et.al., 1996).  
Sequence homology to other ion channels suggests a pore-forming capacity of PC2.  Since mutations in PC1 and 
PC2 result in similar phenotypes and PC2 is able to interact with PC1 through its coiled-coil domain in vitro (Qian, 
F, et.al., and Tsiokas, L, et.al., 1997), it has been speculated that PC1 and PC2 form a functional complex. 
 
Both polycystins are predicted to be transmembrane proteins with cytoplasmic C-terminal tails (Chen, X, et.al., 
1999).  Polycystin-1 is believed to play a role in cell-cell or cell-matrix interactions, renal tubulogenesis, and 
intracellular signaling pathways (via its C-terminal tail) (Delmas, P, et.al., 2002, Foggensteiner, L, et.al., 2000, 
Geng, L, et.al., 1996, Gonzalez-Perret, S, et.al., 2001 and Gonzalez-Perrett, S, et.al., 2002).  Polycystin-2 has also 
been implicated in intracellular signaling pathways and has been shown to have calcium channel activity (Guo, L, 
et.al., 2000, Hamill, O, et.al., 1981, Hanaoka, K, et.al., 2000 and Hou, X, et.al., 2002).  A recent study in kidney 
epithelial cells suggests that both polycystins may also play a role in cilium mechanosensation (Hughes, J, et.al., 
1995). 
 
Haematuria being an alarming symptom, is a cause of tremendous anxiety to a patient, particularly so in ADPKD 
patients. This disorder typically remains silent until the third or the fourth decade when flank pain, haematuria, 
abdominal masses or hypertension, first calls attention to the process. (www/familydoctor.org/467.xml).  Cyst 
haemorrhage in ADPKD can occur because of rupture of unsupported sclerotic vessels in the cyst wall, either 
randomly as a natural part of the disease process, or as a result of trauma.  As larger kidneys are more prone to 
traumatic injuries than normal kidneys, it is possible that minor trauma, which is often unnoticed by the individual, 
may be an important cause of intracystic haemorrhage (www.umm.edu/urology/polycyst.htm).  The sub capsular 
location of most high density renal cysts in ADPKD supports a traumatic actiology, since the renal surface is most 
susceptible to direct trauma. PDK1 and PKD2 are two recently identified genes that are responsible for the vast 
majority of autosomal polycystic kidney disease, a common inherited disease that causes progressive renal failure. 
Mutations in the PKD-1 gene are responsible for 85% of cases of ADPKD, which affects 500,000 patients in the 
U.S. and leads to ESRD.  Polycystin-1 is highly expressed in focal adhesions at the basal surface of migrating 
ureteric bud epithelial cells of normal developing kidneys. In normal adult kidneys polycystin-1 is down regulated 
and seen in the cell-cell adherens junctions of medullary collecting tubules. The developmental state can be modeled 
in vitro in sub confluent cultures.  Analysis of the function of the normal and mutant polycystin-1 proteins is under 
study (csigal@jdrf.org). 
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The replicated portion of PKD1, which comprises nearly 70% of the length of the gene, is predicted to harbor at 
least 85% of the mutations present in affected autosomal dominant polycystic kidney disease type 1 pedigrees.  The 
relative paucity of reported mutations involving this segment is attributable to the significant technical challenges 
posed by the genomic structure of the gene.  Slow progress has been made in the identification and characterization 
of mutations of PKD1.  The gene has several features that are major impediments to its quick analysis.  It encodes a 
14-kb mRNA, it is very GC-rich, and >70% of its length is replicated in multiple copies with very high sequence 
identity.  Very few positions within the replicated segment are suitable for the design of PKD1-specific primers; 
therefore, all strategies that have been used to analyze the 5’ end have relied on the use of long-range (LR) PCR 
methods (Watnic TJ, et.al., 1997, Peral B, et.al., 1997 and Thongoppakhun W, et.al., 1999). 
 
Various approaches exist in humans to determine whether a gene or genomic region influences a particular disease 
or phenotype.  Recently it has been emphasized that in comparison to the traditional linkage approach, association 
studies might be more powerful to detect genes for polygenic diseases.  To determine possible candidates genes, 
animal models provide valuable insights both in the pathogenic mechanism and genetic basis of diseases.  The 
constantly increasing knowledge of nucleotide sequence and map position of genes, both in animals and humans, 
make it now possible to determine homologous regions in humans.  In particular, the chromosomal localization of 
genes and their order tends to be conserved between mammalian species. By identifying a genetic link, the 
narrowing down of the regions of DNA and Nucleic acids in the body is made easy thus reducing the complication 
to a greater extent.  (www.brc.mcw.edu/projects/esrd.html).  In certain cases, each of these genes may contribute 
little to the phenotypic expression of the trait, thus making the variant genes hard to detect.  In addition, the ultimate 
expression of variant genes may depend on the ever-changing milieu within which genes operate.  One factor that 
might contribute to changes in genetic background within the lifetime of an individual is acquired chromosomal 
aneuploidy (loss or gain of chromosomes) in somatic cells (Jeffrey P. Gardner, et.al., 2000). Karyotype is a 
photomicrograph of chromosomes arranged according to a standard classification (http/karyotyping.tripod.com/).  It 
is a test used to identify and evaluate the size, shape and number of chromosomes in a sample of body cells.  This 
test gives clues to problems associated with a person’s growth, development, and body function 
(www.nlm.nih.gov/medlineplus/ency/article/003935/htm).  However, genetic alterations by way of mutations are not 
identified at this chromosomal level test hence more powerful molecular tools like PCR analysis and DNA 
Sequencing are employed to detect alterations at the genetic level. PCR is used in molecular biology and genetic 
disease research to identify new genes.  Due to the high sensitivity and particularity of PCR, scientists have 
employed it as an essential tool for improving human health and human life.  Medical research and clinical medicine 
are profiting from PCR mainly in two areas: detection of infectious disease organisms, and detection of variations 
and mutations in genes, especially human genes.  Since PCR can amplify unimaginably tiny amounts of DNA, even 
that from just one cell, physicians and researchers can examine a single sperm, or track down the elusive source of a 
puzzling infection.  These PCR-based analyses are proving to be just as reliable as previous methods-sometimes 
more so-and often much faster and cheaper.  (www.gmotesting.com/docs/Sensitivity50cycles.doc). 
 

2. Materials and Methods 
Methodology 
The blood samples were collected using a heparanised vacutainer from 78 subjects of 8 families.  After preliminary 
screening using Biochemical and Ultrasound scan studies they were categorized as PKD (experimental) or control 
subjects.  The Subject Number, Life Status, Nature of Death, Family Number, Generation Number, Offspring Type, 
Clinical Status, Subject Name and Age were attributed to the 78 subjects. Hydragel Protein (E) K20 Serum Protein 
Kit was used for the separation and quantification of serum protein by Agarose gel electrophoresis. Cell Dyne 6000 
Analyzer was used to analyze the hematological parameters. Routine Cytogenetic analysis were made on the blood 
cells following 72 hours of incubation in RPM1 1640 culture medium containing a B-cell mitogen, the 
phytohaemagglutination (PHA). The standard Giemsa and Trypsin G banding technique of Sea bright (1971) was 
used for Cytogenetic analysis. Metaphase plates were photographed using an Applied Imaging Cyto Vision 
Automated Karyotyping System Version 3. PCR by SSCP using standardized method was demonstrated for all 78 
subjects for five Exons, namely Exon 15 (Nucleotide position 29039–29523), Exon 15 (Nucleotide position 29476–
29847), Exon 18–20 (Nucleotide position 32835 – 33314), Exon 25–IVS 26 (Nucleotide position 38978 – 39675) 
and Exon 29 – 30 (Nucleotide position 41579 – 41915) of PKD 1 gene for critically excluding experimental subjects 
which showed a shift in the banding pattern for DNA Sequencing. DNA Sequencing for 12 samples, 10 
experimental subjects [samples which showed a shift in the banding pattern] and two control subjects was done 
commercially from Bangalore Cenei Pvt. Ltd. 
Statistical Method 
Statistical Analysis was implemented as an effective tool to analyze the significant difference between various study 
variables of the observed data between the normal and PKD subjects who were taken for the study. 
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Table 1. Characteristic Features of Autosomal Dominant Polycystic Kidney Disease (ADPKD) And 
Autosomal Recessive Polycystic Kidney Disease (ARPKD) 

Characteristic ADPKD ARPKD 
Inheritance Autosomal dominant Autosomal recessive 
Incidence 1/500 to 1/1000 1/6000 to 1/40000 
Gene (chromosome) PKDI (Chr 16); PKD2 (Chr 4) PKHD1 (Chr 6) 
Age of onset of ESRD 53 yr (PKD1); 69 yr (PKD2) Infancy/Childhood usually 
Location of renal cysts All nephron segments Collecting ductsa 
Extrarenal manifestations Hepatic cysts/pancreatic cysts Biliary dysgenesis 
 Cerebral & aortic aneurysms Hepatic fibrosis 
 Cardiac valvular abnormalities Portal hypertension 
 Systemic hypertension Systemic hypertension 
Protein name Polycystin-1; Polycystin-2 Fibrocystin/Polyductin 

Protein size Polycystin-1; 4302 amino acids 
4074 amino acids and 
alternative shorter forms 

 Polycystin-2; 968 amino acids  

Protein structure 
Polycystin-1; Integral membrane protein, 
multiple Ig-like domains, similar to egg jelly 
receptor 

Transmembrane protein (and 
possible secreted forms), 
multiple TIG/IPT domains, as 
occur in hepatocyte growth 
factor receptor and plexins 

 
Polycystin-2; Integral membrane protein, similar 
to TRP channel 

 

Tissue distribution Polycystin-1 and -2: Widespread Kidney, pancreas, and liver 
Subcellular localization Polycystin-1: Plasma membrane, ciliab Unknown 
 Polycystin-2: Endoplasmic reticulum, cilia  

Function 
Polycystin-1: ? Receptor, forms ion channel when 
co expressed with polycystin-2 

? Receptor 

 Polycystin-2: Calcium-activated cation channel  
a Cysts appear transiently in proximal tubules during fetal development (90), b Based on localization in male-specific 
sensory neurons in C. elegans (66). 
 
 

Table 2. Normal Values of Biochemical Components in Blood 
S.NO Normal Values of Biochemical Components In Blood Key To Abbreviations 

1 BLOOD UREA NITROGEN [BUN] :  - 20 mg/dl IU – International Unit 
2 SERUM CREATININE : 0.8 – 1.4 mg/dl L – Liter 
3 BLOOD GLUCOSE TEST : 64 – 128 mg/dl dl – Decilitre = 0.1 litre 
4 TOTAL CHOLESTEROL : 100 – 240 mg/dl g/dl – gram per deciliter 
5 SERUM TOTAL PROTEIN : 6.3 – 7.9 g/dl mg – milligram 
6 SERUM SODIUM : 136 – 144 mEq/L mmol – millimole 
7 POTASSIUM TEST : 3.7 – 5.2 mEq/L mEq – milliequivalents 
8 SERUM CHLORIDE : 101 – 111 mmol/L  
9 SERUM BICARBONATE : 15 – 20 mmol/L  
10 SERUM URIC ACID : 4.1 – 8.8 mg/dl  
11 SERUM ALBUMIN : 3.9 – 5.0 g/dl  
12 SERUM GLOBULIN : 1.4 – 2.0 g/dl  
13 TOTAL BILIRUBIN : 0.2 – 1.9 mg/dl  
14 SGOT [SERUM GLUTAMIC OXALOACETIC 

TRANSAMINASE] – NORMAL RANGE VARIES, IU/L 
 

15 SGPT [Serum Glutamate Pyruvate Transaminase] – normal 
range varies, iu/l 

 

16 SAP [Serum Acid Phosphatase] – normal range varies, iu/l  
17 SERUM CALCIUM : 8.5 – 10.9 mg/dl  
18 SERUM PHOSPHOROUS : 2.4 – 4.1 mg/dl  
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Table 3A.  Percentage of Live Control and Experimental Subjects 
S.No Control  

Subjects 
Control  
Subjects  

Percentage 

Experimental 
Subjects 

Experimental  
Subjects  

Percentage 
1 52 58.43 37 41.57 

 
 

 
Figure 1 

 
Table 3B.  Percentage of Expired Control and Experimental Parent Subjects 

S.no Control  
Subjects 

Control  
Subjects  

Percentage 

Experimental 
Subjects 

Experimental  
Subjects  

Percentage 
1 4 36.36 7 63.64 

 
 

 
Figure 2 

3. Results and Discussion 
 
Results 
15 families were initially selected for the present study.  After personal counseling to seek their consent, 8 families 
comprising of 78 subjects of F1, F2 and F3 generation consented to co-operate for the study amidst social and 
family constraints  
Biochemical Analysis 
Biochemical Screening was done for all the 78 subjects in the hospital to detect the values for all the 18 biochemical 
components in the blood which served as a tool to differentiate the control subjects from the experimental subjects.  
The experimental subjects showed a significant increase or decrease in value than the normal range with special 
reference to Blood Urea and Serum Creatinine level, the index factors thereby confirming the positivity of the 
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clinical status of the subject.  Based on the results received from hospital by Biochemical screening, the subjects 
were segregated as control subjects (48) and experimental subjects (30) from a total live sample size of 78.  Table 2 
comprises of the normal values of all the 18 Biochemical parameters analyzed in the blood for a confirmatory test.   
Table 3A and Figure 1represents the percentage of live control and experimental subjects in the total sample 
population. Table 3B and Figure 2 represents the percentage of expired control and experimental parent subjects. 
Figure 3comprises of the Blood Urea and Serum Creatinine level of control and experimental subjects analysed for 
the present study.  
 
The experimental subjects showed a significant increase in values above the normal range (Blood Urea value > 20 
mg/dl and Serum Creatine value > 1.4 mg/dl) thus helping to differentiate them from the control subjects in the 
sample population. Blood Sugar, Blood Cholesterol and Serum Total Protein values showed a marked variation 
between the normal subjects and the experimental subjects depicted in Figure 4 thereby confirming the major 
primary role and contribution of these parameters in the expression of PKD gene. Significant increase in Sodium, 
Potassium, Chloride and Bicarbonate values than the normal range is witnessed in experimental subjects (Sodium 
value > 144 mEq/L, Potassium value > 5.2 mEq/L, Chloride value > 111 mmol/dl and Bicarbonate value > 20 
mmol/dl) depicted in Figure 7. An elevation is witnessed in the Serum Uric Acid, Serum Albumin, Serum Globulin 
and Bilirubin values above the normal range (Serum Uric Acid value > 8.8 mg/dl, Serum Albumin value > 5.0 g/dl, 
Serum Globulin value > 2.0 g/dl and Bilirubin value > 0.3 mg/dl) in the experimental subjects depicted in Figure 5. 
The experimental subjects revealed an increase in the SGOT, SGPT and SAP values when compared to the control 
subjects in the sample population as listed in Figure 8. Serum Calcium and Serum Phosphorous values showed a 
marked increase in the experimental subjects (Figure 9). Thus all the biochemical parameters showed a significant 
increase than the normal values in the experimental subjects thereby confirming the first screening test undertaken to 
confirm the positivity of the clinical status of the subjects of PKD. 
Ultrasound Scan Study 
Ultrasound scan study was performed for all the subjects in Madras Scan Centre to confirm the first positivity of the 
clinical status as indicated by the Biochemical screening. The experimental subjects revealed three types of cysts in 
the right and left kidneys. Table 4 categorizes the 30 subjects in F1, F2 and F3 generation under the three cystic 
types and reveals the percentage rate of each cyst type.   
Serum Protein Electrophoresis 
Serum Protein Electrophoresis was done commercially using Hydragel Protein € K20 Serum Protein Kit to counter 
check the data of biochemical analysis obtained from the hospital data with reference to the albumin / Globulin 
ration level. The results indicated a significant increase in the Albumin and globulin level thereby validating the data 
received from the hospital.  Furthermore, a marked increase in Total Protein value by Biuret Test was also noted in 
all the experimental subjects confirming the positivity of the clinical status of the experimental subjects (Figure 5). 
Hematology 
Cell Dyne 6000 analyzer used to analyze the hematological parameters revealed a marked variation in the 
experimental subject values than the normal range (Figure 6).  Subject No 33 revealed a peculiar manifestation of 
Hematuria condition (Blood in the urine).  [Plate 1 depicts the Hematuria condition in Subject No 33]. 
Pedigree Analysis 
A pedigree chart / Biogenetic tree was constructed in accordance with the linkage analysis pattern of Roser Torra, 
et.al., 1996 with slight modifications to update and suite the present study.  Pedigree chart was mainly constructed to 
trace the linkage pattern and the rate of PKD gene expression from F1 to F2 and subsequently to F3 generation.  
Assuming the positivity of PKD condition to one of the parent in the F1 generation, the PKD gene transfer rate was 
calculated for the F2 and F3 generation (Table 5).  Plate 2A and B gives an overall view of the pedigree chart of the 
8 families comprising of 89 subjects taken for the study. 
Karyology / Chromosomology 
Karyotyping analysis was carried out for few chronic experimental subjects. Since PKD is characterized by the 
alteration at the gene level, contrasting variation was not encountered in the metaphase plate of the karyotype.  Plate 
3 depicts the Karyotype of a chronic experimental subject. 
PCR Analysis by SSCP 
Table 6 depicts the percentage rate of control and experimental subjects selected for PCR analysis by SSCP method 
for Exon 15 (Nucleotide position 29039–29523), Exon 15 (Nucleotide position 29476–29847), Exon 18 – 20 
(Nucleotide position 32835 – 33314), Exon 25–IVS 26 (Nucleotide position 38978–39675) and Exon 29 – 30 
(Nucleotide position 41579 – 41915).  Among the 30 experimental subjects, 10 showed a shift in the banding pattern 
which formed the criteria for selection for DNA Sequencing. Plate 4 reveals the Agarose gel showing high 
molecular weight genomic DNA isolates from blood samples.  Plates 5 – 9 are Representative Agarose gels for PCR 
product of Exon 15 (Nucleotide position 29039 – 29523), Exon 15 (Nucleotide position 29476 – 29847), Exon 18 – 
20 (Nucleotide position 32835 – 33314), Exon 25 – IVS 26 (Nucleotide position 38978 – 39675) and Exon 29 – 30 
(Nucleotide position 41579 – 41915).  Plates 10 – 14 are Representative SSCP gel analysis of Exon 15 (Nucleotide 
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position 29039 – 29523), Exon 15 (Nucleotide position 29476 – 29847), Exon 18 – 20 (Nucleotide position 32835 – 
33314), Exon 25 – IVS 26 (Nucleotide position 38978 – 39675) and Exon 29 – 30 (Nucleotide position 41579 – 
41915). 
DNA Sequencing 
DNA Sequencing for 12 samples, 10 experimental subjects [samples which showed a shift in the banding pattern by 
SSCP] and two control subjects (Table 7) was done commercially from Bangalore Genei Pvt. Ltd, for Exon 25 – 
IVS 26 (Nucleotide position 38978 – 39675), Exon 18 – 20 (Nucleotide position 32835 – 33314) and Exon 29 – 30 
(Nucleotide position 41579 – 41915). Comparison of the analyzed PKD 1 regions with standard sequence of PKD 1 
gene and its present protein was performed by using the basic BLAST search and blastn in nr database of Genebank 
and blastz in Swissport. Substitution mutations of Transition and Transversion type and heterozygous condition 
were observed in both the experimental and control subjects at the same nucleotide positions common to all and also 
at different positions in the nucleotide within the selected exons. Plates 15-20 shows the Transitions, Transversiion 
and Heterozygous condition identified by DNA sequencing of control subjects for Exon 25 – IVS 26 (Nucleotide 
position 38978 – 39675), Exon 18–20 (Nucleotide position 32835 – 33314) and Exon 29 – 30 (Nucleotide position 
41579 – 41915).  
Statistical Significance 
Statistical tools incorporated in the present study revealed the existence of significant amount of difference between 
normal and PKD subjects within the study variables and helped to identify the variables which significantly 
influence the dependent variables such as Blood Urea and Serum Crreatinine in the PKD subjects which can pave 
the way and prevent the stress of undergoing laborious clinical tests to confirm the positivity of clinical status of 
PKD (Graphs 1 – 6). 
 
 

Table 4. Cystic Types Encountered In Experimental Subjects of F1, F2 and F3 Generation 

S.No Type Of Cists 
F1  

Generation 
F2  

Generation 
F3 

 Generation 
1 Multiple Cyst+Few Cysts 2 11 4 
2 Multiple Cysts - 3 1 
3 Few Cysts - - 9 
4 Percentage 4.66% 46.67% 46.67% 

 
 
 

Table 5. Pedigree Analysis and Gene Transfer Percentage of Control and  
Experimental Subjects from F1 TO F2 and F3 Generation 

Generations Normal 
Expiry 

PKD 
Expiry 

Control 
Subjects 

Experimental 
Subjects 

F1 5 6 3 2 
F2 - 1 28 14 
F3 - - 16 14 

TOTAL 5 7 47 30 
PERCENTAGE 5.61% 7.86% 52.83% 33.70% 

 
 
 

Table 6. Sample Selection for PCR Analysis by SSCP Method [78 Subjects] 
 Control 

Subjects 
Experimental 

Subjects 
Experimental 

Subjects selected for 
Dna sequencing* 

Control subjects 
Selected for dna 

Sequencing * 
TOTAL 48 30 10 2 

     
PERCENTAGE 61.53% 38.47% 83.33% 16.67% 

 
 
10 Subjects from the 30 experimental subjects were selected for DNA Sequencing based on the shift noticed in the 
banding pattern in SSCP gel along with 2 control subjects 
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Table 7. Sample Selection for DNA Sequencing 
Family 

No. 
Generation 

No. 
Offspring 
Yes = 1 
No = 0 

2 = Parent 

Status 
N = Normal 

P = PKD 

Subject 
No. 

Shift in 
SSCP Gel 
Y = Yes 
N = No 

1 2 0 N 8 N 
1 2 1 P 10 Y 
1 2 1 P 11 Y 
1 3 1 P 23 Y 
2 2 1 P 30 Y 
3 3 1 P 37 Y 
3 2 1 N 34 N 
4 2 1 P 41 Y 
5 2 1 P 55 Y 
6 2 1 P 70 Y 
7 1 2 P 76 Y 
8 1 2 P 87 Y 
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                                PLATE 1 : HEMATURIA                                       PLATE 3 : KARYOTYPE  
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PLATE 2A :  PEDIGREE CHART 

 
 
 

PLATE 2B :  PEDIGREE CHART 

 
  
 
  PLATE 4: AGAROSE GEL SHOWING                        PLATES 5 : REPRESENTATIVE AGAROSE GELS  
HIGH MOLECULAR WEIGHT GENOMIC                   FOR  PCR PRODUCT OF EXON 15  
 DNA ISOLATES FROM BLOOD SAMPLES                     (NUCLEOTIDE POSITION 29039 – 29523) 

    
 

 



V. Judia Harriet Sumathy                                                                                 IJMPR, 2014, Vol.2(2): 526-544 
                                                                                                                 

538| International Journal of Medicine and Pharmaceutical Research 

PLATES 6 : REPRESENTATIVE AGAROSE GELS     PLATES 7 : REPRESENTATIVE AGAROSE GELS  
             FOR PCR PRODUCT OF EXON 15                                FOR PCR PRODUCT OF EXON 18 – 20  
      (NUCLEOTIDE POSITION 29476 – 29847)                        (NUCLEOTIDE POSITION 32835 – 33314) 

           
 

 
PLATES 8 : REPRESENTATIVE AGAROSE GELS     PLATES 9 : REPRESENTATIVE AGAROSE GELS  
     FOR PCR PRODUCT OF EXON 25 – IVS 26                       FOR PCR PRODUCT OF EXON 29 – 30 
       (NUCLEOTIDE POSITION 38978 – 39675)                     (NUCLEOTIDE POSITION 41579 – 41915)   

                   
 

 
PLATES 10 : REPRESENTATIVE SSCP GEL           PLATES 11 : REPRESENTATIVE SSCP GEL 
ANALYSIS FOR PCR PRODUCT OF EXON 15       ANALYSIS FOR PCR PRODUCT OF EXON 15 

(NUCLEOTIDE POSITION 29039 – 29523)                  (NUCLEOTIDE POSITION 29476 – 29847) 
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PLATES 12 : REPRESENTATIVE SSCP GEL                               PLATES 13 : REPRESENTATIVE SSCP GEL 
ANALYSIS FOR PCR PRODUCT OF EXON 18 - 20                ANALYSIS FOR PCR PRODUCT OF EXON 25 IVS 26 
(NUCLEOTIDE POSITION 32835 - 33314)                                    (NUCLEOTIDE POSITION 38978 – 39675) 

               
 
 

PLATE 14: REPRESENTATIVE SSCP GEL ANALYSIS OF   
EXON 29 – 30 (NUCLEOTIDE POSITION 41579 – 41915) 

 
 
 

PLATE 15 : TRANSITIONS AND TRANSVERSIONS OBSERVED I N DNA SEQUENCING FOR 
EXON 18 – 20 (NUCLEOTIDE POSITION 32835 – 33314) 
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PLATE 16 : TRANSVERSIONS OBSERVED IN           PLATE 17 : TRANSVERSIONS OBSERVED IN  
  DNA SEQUENCING FOR EXON 25 – IVS 26                  DNA SEQUENCING FOR EXON 29 – 30  
     (NUCLEOTIDE POSITION 38978 – 39675)                   (NUCLEOTIDE POSITION 41579 – 41915) 
 

       
 

 
PLATES 18 - 20 : HETEROZYGOUS CONDITION OBSERVED IN DNA SEQUENCING  

FOR EXON 18 – 20 (NUCLEOTIDE POSITION 32835 – 33314),  
EXON 25 – IVS 26 (NUCLEOTIDE POSITION 38978 – 39675)  
AND EXON 29 – 30 (NUCLEOTIDE POSITION 41579 – 41915) 
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4. Summary &Conclusion 
The significant advances in understanding the molecular basis of adult dominant Polcystic Kidney Disease have 
generated intense interest and have provided investigators with important research opportunities.  The present 
investigation, largely fundamental and a pioneering study in Indian population is likely to generate, in the 
foreseeable future, a variety of possible strategies for molecular interventions in clinical research. This being a first 
attempt study is initiated to confirm the Western data with the Indian data regarding the location, mutation and 
genetic alteration of PKD1 gene and also to trace for novel mutations through PCR and DNA Sequencing in the 
selected subjects of the Indian population.  Clinical screening by Biochemical, Ultrasonography, Protein Profile and 
Hematological diagnosis were confirmed with Molecular Analysis.  The method of Seabright (1971) adopted for G – 
banding of chromosomes and Karyotyping failed to serve as a promising tool in the determination of the genetic 
alteration of PKD1 gene and hence PCR Analysis by standardized SSCP method and DNA Sequencing aided in 
unraveling the mutations in the control and experimental subjects selected for the present study.  
 
 The designing of target lead molecules to control cyst growth in PKD was facilitated and was made accessible 
through the Brenda Enzyme Database System. The development of statistical models proved to be an important tool 
to predict the index variables, Blood Urea and Serum Creatinine for PKD without undergoing the strenuous 
procedure of clinical testing.  The important area of investigation was the identification of  novel mutations of 
human ADPKD1 which elucidated the interactions between PKD susceptibility loci, genetic determinants and 
cellular and molecular mechanisms which resulted in disrupted normal kidney function. The need for ongoing 
development of new drugs needs no emphasis in light of the current global situation of health and disease.  
Traditionally, the process of drug development has revolved around a screening approach, as nobody knows which 
compound or approach could serve as a drug or therapy.  Such almost blind screening approach is very time-
consuming and laborious.  The shortcoming of traditional drug discovery; as well as the allure of a more 
deterministic approach to combating disease has led to the concept of “Rational drug design”.  Nobody could design 
a drug before knowing more about the disease or infection process than past.   
 
The first necessary step is the identification of a molecular target critical to a disease process or an infectious 
pathogen.  Then the important prerequisite of “drug design” is the determination of the molecular structure of target, 
which makes sense of the word “rational”.  In fact, the validity of “rational” or “structure-based” drug discovery 
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rests largely on a high-resolution target structure of sufficient molecule detail to allow selectivity in the screening of 
compounds. Target molecules designed to combat PKD though may be in its infancy, may prove to be a promising 
tool in the future to control cyst growth and may spare the offsprings or future generations from the ravages of PKD. 
Although certain areas of research in PKD are already receiving careful study, the timely opportunities to discover 
more about the etiology and pathogenesis in particular, and the related cellular and molecular mechanisms that 
determine kidney function in general, need to be addressed in a more elaborative manner.   
 
Future studies can be undertaken to understand the phenotype/genotype correlation and disease phenotypes in 
different genetic backgrounds, i.e., gender, race, and ethnicity.  Specific role of genes in determining severity of 
disease and extra-renal manifestations and predicted impact of mutations on proteins could be the immediate next 
endeavor to be taken up.  Substantial difficulties exist in the translation of fundamental insight into therapeutic 
methods, including the slow rate of progression of the disease in patients and the difficulty of monitoring cyst 
growth.  The present research study aimed at the identification of lead molecules which could pave the way for 
therapeutic opportunities and gene targeted strategies to prevent the progressive rate of cyst growth.  Thus, with the 
help of the identification of lead or target molecules to combat PKD, innovative therapeutic interventions is not 
beyond our reach. 
 

5. References 
1. Almers W. and Stirling C. 1984.  Distribution of transport proteins over animal cell membranes.  J Membr 

Biol, 77: 169-186. 
2. Anonymous. 1995. Polycystic kidney disease: the complete structure of the PKD1 gene and its protein.  

The International Polycystic Kidney Disease Consortium.  Cell, 81:289-298. 
3. Chen XZ, Vassilev, PM., Basora, N., Peng, JB., Nomura, H., Segal, Y., Brown, EM. Reeders. ST., Hediger, 

MA. and Zhou, J. 1999: Polycystin-L is a calcium-regulated  cation channel permeable to calcium ions.  
Nature, 401: 383-386 

4. Clark, E.A. and Brugge, J.S. 1995.  Integrins and signal transduction pathways: the road taken.  Science. 
268: 233-239 

5. Cunningham, B.A. 1995.  Cell adhesion molecules as mrophoregulator.  Curr. Opin. Cell Biol. 7: 628-633 
6. Davies, J.Q., Lambert, S. and Bennett, V. 1996.  Molecular composition of the node of Ranvier:  

identification of ankyrin-binding cell adhesion molecules neurofascin (mucin+/third FN III domain) and 
NrCAM at nodal axon segments. J. Cell Biol. 135: 1355-1367. 

7. Delmas, P., Nomura, H. and Li, x. 2002. Constitutive activation of G-proteins by polycystin-1 is 
antagonized by polycystin-2, J Biol Chem; 277: 11276-11283 

8. Fish, EM. and Molitoris, BA. 1994.  Alterations in epithelial polarity and the pathogenesis of disease states.  
N Engl J Med, 350: 1580-1588. 

9. Foggensteiner, L. Bevan, AP.,Thomas, R., Coleman, N., Boulter, C., Bradley, J., Ibraghimov Beskrovnaya, 
O., Klinger, K.and  Sandford, R. 2000. Cellular and Subcellular distribution of polycystin-2. the protein 
product of the PKD2 gene. J Am Soc Nephrol, 11:814-927. 

10. Geng,L., Segal, Y., Peissel, B., Deng, N., Pei, Y., Carone, F., Rennke, HG., Glucksmann Kuis, AM., 
Schneider, MC., Ericsson, M., Reeders, ST., and Zhou,J., 1996.  Identification and localization of polysstin, 
the PKD1 gene product. J. Clin Invest, 98:2674-2682. 

11. Gonzalez Perret, S., Kim,K., Ibarra, C., Damiano, A.E., Zotta, E., Batelli, M., Harris, P.C., Reisin, I.L., 
Arnaout, M.A., and Cantiello, H.F., 2001. Polycystin -2, the protein mutated in autosomal dominant 
polycystic kidney disease(autosomal dominant polycystic kidney disease), is a Ca2–permeable nonselective 
cation channel. Proc.Natl.Acad. Sci. USA, 98:1182-1187 

12. Gonzalez Perret, S., Kim, K., Essafi, M., Timpanaro, G., Moltabetti, N., Reisin, I.L., Arnaout, M.A., and 
Cantiello, H.F., 2002 Voltage dependence and pH regulation of human polycystin-2 mediated cation 
channel activity. J. Biol.Chem.277: 24959-24966 

13. Gumbiner, B. 1996.  Cell adhesion: the molecular basis of tissue architecture and morphogenesis.  Cell, 84: 
345-357. 

14. Guo, L., Schreiber, T.H., Weremowicz, S., Morton, C.C.,  Lee, C., and Zhou, J., 2000 Identification and 
characterization of a novel polycystin family member , polycystin-L2, in ;mouse and human: sequence, 
expression, alternative splicing, and chromosomal localization. Genomics, 64: 241-251. 

15. Hamill O.P., Marty, A., Neher, E.,  Sakmann, B., and Sigworth, F.J. 1981. Improved patch-clamp 
techniques for high-resolution current recording from cells and cell-free membrane patches. Pflugers 
Arch.391:85-100 

16. Hanaoka, K., and Guggino, W., 2000. cAMP regulates cell proliferation and cyst formation in autosomal 
polycystic kidney disease cells. J Am Soc Nephrol, 11:1179-1187. 



V. Judia Harriet Sumathy                                                                                 IJMPR, 2014, Vol.2(2): 526-544 
                                                                                                                 

543| International Journal of Medicine and Pharmaceutical Research 

17. Hanna Debiec, Erik Ilso Chrisensen and Pierre Marie Ronco. 1998.  The Cell Adhesion Molecule L1 Is 
Developemental Regulated in the Renal Epithelium and Is Involved in Kidney Branching Morphogenesis. 
J. Cell Biol., Vol.143(7): 2067-2079 

18. Hou, X., Mrug, M., Yoder, B.K., Lefkowitz, F.J., Kremmidiotis, G., Eustachio, P.D., Beier, D.R., and Guay 
Woodford, L.M., 2002. Cystin , a novel cilia-associated protein, is disrupted in the cpk mouse model of 
polycystic kidney disease. J.Clin, Investig.109: 533-540. 

19. Hughes J., Ward CJ.. and Peral, B.1995. The polycystic kidney disease 1(PKD1)gene encodes a novel 
protein with multiple cell recognition domains. Nat Genet; 10:151-160. 

20. Ibraghimov Beskrovnaya, O., Dackowski, W.R., Foggensteiner, L., Coleman, N., Thiru,S.Petry, L.R.Burn, 
T.C., Connors, T.D., Van Raay, T., Bradley, J., Qian, F., Onuchic, L.F., Watnick, L.J., PIontek, K., Hakim, 
R.M., Landes, G.M., Germino,G.G., Sandford, R., and Klinger, K.W., 1997. Polycystin: in vitro synthesis, 
in vivo tissue expression, and subcellular localization identifies a large membrane associated protein.  
Proc.Natl,Acad.Sci.94:6397-6402. 

21. Jeffrey Gardner, P., Xiao-Yan Yang, Joan Skurnick, Patricia Wilson D., Hana Aviv, Smita Patel, Amy, L. 
Davidow Michael Gutkin and  Abraham Aviv. 2000. Loss of Chromosome 16 hetererozygosity in PKD1. 
Hum Mol Genet, 23:324-335. 

22. Lechner, M.S., and Dressler, G.R. 1997. The molecular basis of embryonic kidney development.  Mech. 
Dev. 62: 105-120. 

23. Lelongt, B., Trugnan, G., Murphy, G. and Ronco, P.M. 1997.  Matrix metalloproteinases MMP2 and 
MMP9 are produced in early stages of kidney morphogenesis, but only MMP9 is required for renal 
organogenesis in vitro.  J. Cell Biol. 136: 1363-1373. 

24. Miller, J.R. and Moon, R.T. 1996.  Signal transduction through β–catenin and specification of cell fate 
during embryogenesis.  Genes Dev. 10: 2527-2539. 

25. Mochizuki, T., Wu,G., and Hayashi, T., 1996. PKD2 a gene for polycystic kidney disease that encodes an 
integral membrane protein. Science; 272:1339-1342. 

26. Patricia, D.Wilson, Olivier Devuyst, Xiaohong Li. Laura Gatti, Doris Falkenstein, Shawn Robinson, 
Douglas Fambrough and Christopher Burrow, R. 2000. Apical Plasma Membrane Mispolarization of Nak-
ATPase in Polysystic Kidney Disease Epithelia Is Associated with Aberrant Expression of the ß2 Isoform  
American Journal of Pathology, 156: 253-268. 

27. Peral, B., Gamble, V., Strong, C., Ong, ACM., Sloane Stanley, J., Zerres, K., Winearls, CG. and Harris, 
PC. 1997.  Identification of mutations in the duplicated region of the polycystic kidney disease 1 (PKD1) 
gene by a novel approach.  Am J Hum Genet, 60: 1399-1410. 

28. Peters,D.J., A Van de Wal,, Spruit, L., Saris, J.J., Breuning, M.H., Brujin, J.A., and Heer, E.D, 1999. 
Cellular localization and tissue distribution of polycystin-1. J.Pathol.188:439-446. 

29. Qian, F., Germino, J., Cai, Y., Zhang, X.Somlo, S. and Germino, G., 1997.PKD1 interacts with PKD2 
through a probable coiled-coil domain. Nat Genet, 16:179-183. 

30. Thongoppakhun, W., Wilairat, P., Kriengsak, V. and Yenchitsomanus, P. 1999.  Long RT-PCR 
amplification of the entire coding sequence of the polycystic kidney disease 1 (PKD1) gene.  
Biotechniques, 26: 126-132. 

31. Tisher, C.C. and Madsen, K.M. 1996.  Anatomy of the kidney.  In The Kidney. B.M. Brenner, Editor. W.B. 
Saunders Companyh, Philadelphia, pp.3-71. 

32. Tsiokas, L, Kim, E. and Arnould, T. 1997. Homo-and heterodimeric interactions between the gene products 
of PKD1 and PKD2. Proc.Natl Acad Sci;94:6965-6970. 

33. Vainio, S. and Muller, U. 1997.  Inductive tissue interactions, cell signaling, and the control of kidney 
organogenesis.  Cell., 90: 975-978. 

34. Wallner, E.I., F.A. Carone, D.R. Abrahamson, A. Kumar and Kanwar, Y.S. 1997.  Diverse aspects of 
metanephric development.  Microsc. Res. Tech, 39: 261-284. 

35. Watnick, T., Phakdeekitcharoen, B. and Johnson, A. 1999.  Mutation detection of PKD1 identifies a novel 
mutation common to three families with aneurysms and/or very-early-onset disease.  Am J Hum Genet, 65: 
1561-1571. 

36. csigal@jdrf.org 
37. http://www.healthtech.com/2002/sbd/ 
38. http://www.healthtech.com/2012/sbd/  
39. www.anadyspharma.com/science/structure.htm 
40. www.answers.com/topic/quantum-pharmaceuticals 
41. www.brc.mcw.edu/projects/esrd.html 
42. www.DNAsequencing.html 
43. www.dock.compbio.ucsf.edu 
44. www.emedicine.com/radio/autosomal-dominant-polycystic-kidney-disease.htm 



V. Judia Harriet Sumathy                                                                                 IJMPR, 2014, Vol.2(2): 526-544 
                                                                                                                 

544| International Journal of Medicine and Pharmaceutical Research 

45. www.gmotesting.com/docs/Sensitivity50cycles.doc 
46. www.ncbi.nlm.nih.gov/entrez/7709805Abstract 
47. www.nlm.nih.gov/medlineplus/ency/article/003935/htm 
48. www.nlm.nih.gov/medlineplus/ency/encylopedia_K.html 
49. www.umm.edu/urology/polycyst.htm.  

 


