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Abstract 

Chronic kidney disease of uncertain aetiology (CKDu) is an increasing health problem in certain 

agricultural regions of the tropical world including certain parts of Sri Lanka, Latin America, and 

India. This form of chronic kidney disease (CKD) does not have common causative factors such as 

diabetes or hypertension. The purpose of this study was to test the hypothesis that patients suffering 

with CKDu have differential expression patterns of genes in blood that will help differentiate them 

from healthy individuals, and to identify such differentially expressed genes as possible biomarkers 

of CKDu. Briefly, total RNA was isolated from peripheral whole blood of Stage 2, 3 and 4 CKDu 

patients in three different pools and compared to the expression pattern of a pooled sample of RNA 

extracted from healthy individuals. The RNA was amplified, reverse transcribed and hybridized to 

Illumina HumanHT-12 v4 Expression BeadChip arrays and scanned with an Illumina BeadArray 

Reader confocal scanner. Seven genes were identified that were commonly differentially expressed 

(fold change ≥ 2 or ≤ 0.5) in the three stages of CKDu population compared to healthy group. The 

genes identified included those involved in hypertensive response (ADM), gap junction channel 

activity (GJB4) and infectious/immune response (IFIT1, PI3, DEFA1, HBZ, RN7SK). These genes 

have the potential to be used as diagnostic markers of CKDu as they are differentially regulated in 

the studied stages of CKDu and can diagnose disease patients from the healthy individuals.  
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INTRODUCTION 

Over a million people worldwide die every year due 

to end stage renal disease.  The disease is an equal 

threat to both the developed and developing 

countries.  Increased age contributes to the disease in 

developed countries whereas the lack of proper 

treatment and renal replacement and dialysis facilities 

are the major factor in developing countries [1]. 

Diagnosis of the disease is also complicated as 

symptoms become apparent only with worsening 

stages and it is usually too late for preventive 

measures. 

The major concern in Sri Lanka is the rise of chronic 

kidney disease which is of unknown etiology 

(CKDu), and is currently threatening to reach 

epidemic proportions.  This disease is mainly 

clustered in the North Central region of the country 

among the dry zones of the country. High incidence 

has been noted in the divisions of Medawachchiya, 

Girandurukotte, Mahiyanganaya, Padaviya, 

Medirigiriya, Dehiattakandiya, Nikawewa and 

Kebithigollewa [2].  

CKDu is not only limited to Sri Lanka, but has been 

observed in other agricultural regions in the world.  It 

has especially been noted in the cotton and sugarcane 

plantation workers in Central America and has been 

linked to the geographical location, where excessive 

heat and volume depletion are hypothesized to be the 

cause [3]. 
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The disease is chronic tubulointerstitial in nature with 

the proximal tubules being mostly affected. There are 

multiple sources that have been implicated in other 

tubulointerstitial diseases including, but not limited 

to, toxins, drugs, cystic diseases, vascular conditions, 

infection, immunological conditions and mechanical 

damage.  These conditions could also be playing a 

role in the tubulointerstitial pathology seen in chronic 

kidney disease of unknown etiology in Sri Lanka [2, 

4]. 

Although the search for the possible cause of CKDu 

has been done from various different angles, few 

studies have looked at it from a molecular/genetic 

standpoint. Genome wide association studies and 

exome sequencing have been recently carried out and 

point to genetic susceptibility of patients [5, 6]. Gene 

expression studies have also been carried out using 

selected panel of genes and have pointed towards 

environmentally induced oxidative stress and genetic 

susceptibility of individuals [7].  

Gene expression analysis is a quantitative way of 

studying the expression of genes from the mRNA 

levels.  Although all the genes are present in the 

genome, only some are expressed; the expression of 

which is regulated by complex mechanisms, both 

genetically and environmentally stimulated.  The 

human gene expression varies significantly from 

individual to individual and the expression levels 

directly match with the underlying phenotype of the 

cells (Cheung & Spielman, 2009). Expression 

patterns of genes can be both inherited and also 

modified by external environmental factors. It is 

found that factors such as diet or medication of 

individuals can have a significant influence on gene 

expression and therefore can even override the 

genetic influence on gene expression [8].   

The research aimed to determine the gene expression 

patterns in blood of CKDu patients, to identify 

possible causative factor/s and biomarkers for the 

disease. By identifying commonly differentially 

expressed genes in the different stages of disease, a 

common biomarker for the disease can be identified.  

 

 

METHODOLOGY 

Ethical clearance and informed consent 

Ethical clearance for the study was obtained from the 

relevant hospital authorities and the Postgraduate 

Institute of Science, University of Peradeniya, Sri 

Lanka. Written informed consent was obtained from 

each subject. 

Study Population 

Samples were collected in three batches for the three 

different stages of CKDu; stage 2, stage 3 and stage 

4, from August 2014 to June 2015.  Six patients were 

recruited for the study from each of stage 2, stage 3 

and stage 4 of CKDu as diagnosed by the attending 

nephrologist from the Renal Clinic, District Hospital, 

Girandurukotte, a region of Sri Lanka endemic to 

CKDu. Six healthy volunteers were also recruited for 

the study from the Kandy District, an area not 

endemic to CKDu. Blood samples of 1 mL each was 

collected from the patients during routine blood 

collection. 

RNA Preparation 

Total RNA was extracted from whole blood using 

Qiazol (Qiagen, USA), purified using RNeasy 

columns (Qiagen, USA) according to the 

manufacturers’ protocol. After processing with 

DNase digestion and clean-up procedures, RNA 

samples were checked for integrity on Agarose gel 

electrophoresis and quantified, aliquot and stored at -

80°C until it was shipped to an external facility, 

Macrogen Inc., South Korea for microarray analysis.  

Microarray Procedures 

Quality control 

For quality control of samples after shipment, RNA 

purity and integrity were evaluated by Macrogen Inc. 

(South Korea) using denaturing gel electrophoresis, 

OD 260/280 ratio, and analyzed on Agilent 2100 

Bioanalyzer (Agilent Technologies, USA).  

Labeling and purification 

Total RNA was amplified and purified using the 

Ambion Illumina RNA amplification kit (Ambion, 

USA) to yield biotinylated cRNA according to the 

manufacturer’s instructions. Briefly, 550 ng of total 
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RNA was reverse-transcribed to cDNA using a T7 

oligo(dT) primer. Second-strand cDNA was 

synthesized, in vitro transcribed, and labeled with 

biotin-NTP. After purification, the cRNA was 

quantified using the ND-1000 Spectrophotometer 

(NanoDrop, USA).  

Hybridization and data export 

750 ng of labeled cRNA samples were hybridized to 

each human HT-12 expression v.4 bead array for 16-

18 h at 58°C, according to the manufacturer's 

instructions (Illumina, Inc., USA). Detection of array 

signal was carried out using Amersham fluorolink 

streptavidin-Cy3 (GE Healthcare Bio-Sciences, UK) 

following the bead array manual. Arrays were 

scanned with an Illumina bead array Reader confocal 

scanner according to the manufacturer's instructions 

Analysis of Microarray Data 

The results obtained from the primary microarray 

analysis were further analyzed. The genes that were 

differentially expressed (fold change ≥ 2 or ≤ 0.5) 

were selected from each of the three stages; stage 2, 

stage 3 and stage 4 CKDu, and the genes common to 

all three stages were identified. 

RESULTS 

Differentially expressed genes were obtained for each 

of the three stages relative to healthy individuals 

(Figure 1). The results obtained from the primary 

microarray analysis were further analyzed. Genes 

were identified that are differentially expressed (fold 

change ≥ 2 or ≤ 0.5) specifically in each of Stage 2 

(403 genes), Stage 3 (612 genes) and Stage 4 (31 

genes) CKDu.  Genes that are commonly 

differentially expressed in stage 2 and 3 (303 genes), 

stage 3 and 4 (18 genes), and all the three stages (7 

genes) were also identified.   The seven genes 

commonly differentially expressed in all of the three 

stages have functions related to hypertensive response 

(ADM), gap junction channel activity (GJB4) and 

infectious/immune response (IFIT1, PI3, DEFA1, 

HBZ, RN7SK).  
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Figure 1. Differentially expressed genes with fold change (FC) ≥ 1.5 & 2 for A) Stage 2 B) Stage 3  and 

C) Stage 4 CKDu 
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DISCUSSION  

From the transcriptome analysis of the three stages of 

CKDu, seven genes from different functional groups 

were identified, that were commonly expressed in the 

diseased patients when compared to healthy 

individuals of a CKDu non-endemic area. 

Adrenomedullin (ADM) is a potent hypotensive 

peptide having main functions of vasodilation, 

hypotension, angiogenesis, and regulation of fluid 

and electrolyte homeostasis [9, 10]. The protein has 

been linked to considerable numbers of diseases, such 

as hypertension, congestive heart failure, ischemic 

heart injury, pulmonary hypertension, sepsis, cancers, 

renal impairment, and diabetes. Elevated plasma 

levels of ADM have been useful in assessing the 

progression of these diseases and circulating ADM 

was also seen to be increased after tissue 

transplantation, suggesting its protective role against 

oxidative damage. ADM holds high potential and is 

currently undergoing clinical studies to be used in 

diagnosis and treatment [10]. 

Gap junction protein beta 4 (GJB4) is coding for the 

protein Connexin 30.3 (Cx30.3) which is crucial for 

epidermal differentiation. Connexins are membrane-

spanning proteins that allow for the formation of cell-

to-cell channels and cell-to–extracellular space hemi 

channels. Many connexin subtypes are expressed in 

kidney cells. Some mutations in connexin genes have 

been linked to various human pathologies, including 

cardiovascular, neurodegenerative, lung, and skin 

diseases, but the exact role of connexins in kidney 

disease remains unclear [11, 12]. Mutations of the 

GJB4 gene have been implicated in 

erythrokeratoderma variabilis with erythema gyratem 

repens [12, 13]. Interestingly keratosis is a common 

symptom in CKDu patients and has been linked to 

arsenic poisoning [5]. 

Phosphatidylinositol 3-kinases (PI3K’s), a family of 

enzymes which catalyze the phosphorylation of the 

30–OH of the inositol ring, play a central role in 

regulating a wide range of cellular processes 

including metabolism, survival, motility and cell 

activation. There is currently an intense focus by 

pharmaceutical companies to develop PI3K inhibitors 

as therapy for cancer, cardiovascular, respiratory, 

autoimmune and inflammatory diseases [14].  

A few genes that were differentially expressed in the 

three stages of CKDu have previously been 

associated with viral and bacterial infections. The 

human Interferon-induced protein with 

Tetratricopeptide Repeats 1 (IFIT1) blocks West Nile 

virus (WNV), Japanese encephalitis virus (JEV), and 

coronavirus mutants [15, 16]. The 7SK small nuclear 

RNA (RN7SK) functions as a negative regulator of 

HIV-1 transcription by interacting with the positive 

elongation factor b (p-TEFb) [17] . The upregulation 

of the Human T-cell leukemia virus type 1 (HTLV-1) 

basic leucine zipper factor gene (HBZ) has been 

associated with HTLV-1, the cause of Adult T-cell 

leukemia/lymphoma (ATL) [18, 19]. The HBZ gene 

was also suggested to possibly have a functional role 

in cellular transformation and leukemogenesis [19]. 

Human alpha-defensins like the alpha defensin 1 

(DEFA1) have been reported as natural antimicrobial 

peptides of neutrophils which have evolved in host 

defense reactions.  The circulating non stressed alpha-

defensins have also been associated with serum lipid 

levels [20]. 

From the results it can be seen that CKDu shares 

certain molecular level similarities to CKD of known 

origin and other metabolic disorders as is seen with 

the differential regulation of the ADM, GJB4, PI3K 

and DEFA1 genes. There also is a possibility of 

infections in this population as seen by the 

differential expression of the IFIT1, RN7SK, and 

HBZ genes. Real time quantitative PCRs are 

currently being carried out to verify findings of 

the microarrays. The regulation patterns of these 

genes need to be further looked into in detail in each 

of the stages to understand progression of the disease 

and for further biomarker development. 

CONCLUSION 

The seven identified genes; ADM, GJB4, PI3K, 

DEFA1, IFIT1, RN7SK and HBZ, together as a panel 

have potential as biomarkers of CKDu, however need 

to undergo further validation studies prior.  
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