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Abbreviations: CKD, chronic renal disease; RF, renal failu-
re; PHCs, primary health care centers; THP, tamm-horsfall protein; 
MCKD2, medullar cystic kidney disease-2; FJHN, familial juvenile 
hyperuricemia nephropathy; DS, digestion buffer; RT, room tempera-
ture; PCR, polymerase chain reaction; GWAS, genome-wide associa-
tion studies; SNPs, single-nucleotide polymorphisms

Introduction
Chronic renal failure (RF) or chronic renal disease (CKD), is a 

slow progressive loss of kidney function over a period of prolonged 
times. Ultimately the patient has permanent kidney failure.1 Chronic 
renal disease is a substantial public health problem which significantly 
raises the likelihood of adverse outcomes and high health-care costs. 
The 2011 report of the World Health Organization General Assembly 
on non-communicable diseases identified chronic kidney disease as 
a worldwide health issue posing a heavy economic burden.2 There 
is now undoubted evidence that CKD can be detected using simple 
laboratory tests, and that treatment can prevent or delay complications 
of diminished kidney function, slow the progression of kidney disease, 
and decrease the risk of many CKD associated diseases.3 Risk factors 
for progress of CKD, mainly chronic kidney failure, would involve 
susceptibility factors and initiation factors.4 Prevention of adverse 
consequences of CKD could be enabled by assessing individuals with 
risk factors, to allow earlier detection, and by risk factor reduction 
in individuals without CKD, to prevent or slow the progress of the 
disease. The difficulty of identifying the early stages of CKD makes 
it challenging to determine whether the risk factors so far identified 
relate more to susceptibility, initiation, or progression.5 A multi-center 
cross sectional survey included 5000 Saudi selected from 30 primary 
health care centers (PHCs) in Kingdom of Saudi Arabia (KSA) has 

reported a prevalence of 9.4%. CKD prevalence in the general Saudi 
population is noticeably high, as there is close homology within 
Saudi population in different regions.6 Many factor have been studies 
and found to contribute to the burden of CKD in KSA, including; 
hypertension7,8 diabetes,9 obesity10,11 and other factors.12 However, with 
diverse causes of CKD and renal failure, genetic factors are frequently 
missed. The human UMOD gene is located on chromosome 16 and 
encodes the most common protein in human urine, Tamm-Horsfall 
protein (THP). Uromodulin is a glycoprotein that is encoded by the 
UMOD gene.13,14 Uromodulin is the most plentiful protein expelled in 
familiar urine.15 This protein acts as a constitutive inhibitor of calcium 
crystallization in renal fluids. The excretion of uromodulin in urine 
gives defense against urinary tract infections. Defects in UMOD gene 
are linked to the autosomal dominant renal disorders medullary cystic 
kidney disease-2 (MCKD2) and familial juvenile hyperuricemia 
nephropathy (FJHN).16 Rare mutations in UMOD cause mendelian 
forms of kidney disease.14 Therefore, our objective of this study was 
to detect the possible mutation in this UMOD gene among Saudi 
patients with renal failure.

Materials and methods
In this study 103 patients with RF (full coverage) were selected 

during a multi-center cross sectional survey (for chronic Kidney 
disease) included 5000 Saudi selected from 30 primary health care 
centers (PHCs) in Hail Region, Kingdom of Saudi Arabia (KSA). 
All study subjects were receiving dialysis. Whole blood was used to 
obtain DNA.

Blood DNA extraction

DNA was extracted from the whole blood employing the following 
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Abstract

Background: Mutations in the uromodulin (UMOD) gene lead to a dominant 
hereditary renal disease, which mayultimately result in kidney failure. Therefore, the 
aim of this study was to assess the burden of UMOD associated renal among Saudi 
patients with renal failure (RF).

Methodology: PCR amplification of 10 exons (Forward and reverse) enclosed in the 
UMOD gene is done on the patient’s genomic DNA of 103 Saudi patients with RF.

Results: Of the 103 patients, UMOD gene mutation was identified in 10/103 (9.7%). 
Conclusion: UMOD gene mutation is relatively prevalent among Saudi patients with 
RF. Further evaluation of different mutations in this gene is important for overall 
assessment of its role in RF among Saudi population.

Keywords: UMOD gene, renal failure, CKD, MCKD2, PHCs, FJHN, erythrocyte 
lysis, PCR, nitrogenous, metabolites, UMOD, GALNT11, CDH23, eppendorf-master 
cycler, MEOX2, GALNT11, IL1RAP, NPPA, HPCAL1
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steps: 1.5ml of blood was added to a centrifuge tube followed by 
addition of 2 volume of erythrocyte lysis buffer (RS), then the vortex 
mixed upside down or back and forth, centrifuged at 5000rpm for 
3minutes. The obtained supernatant was discarded and white or pale 
red precipitate was collected. Thereafter, 200ul digestion buffer (DS) 
was added, vortex to form completely uniform suspension, then for the 
removal of RNA, 4ul RNAse was added, vortex 5 second and incubated 
at RT 5minutes. Thereafter, 20ul protinase Kand 220ul lysate (MS0 
was added. vortex and incubated in water bath at 65°C for 15minutes, 
then 220ul ethanol was added, upside -down mixed until flocculent 
precipitate occurred. A brief centrifugation to remove the inner wall of 
the tube cap drops, and solution was transferred to purification column. 
Centrifuged at 12.000rpm for 1minute, and discarded the filtrate. Then 
500ul of protein solution PS was added, centrifuged at 12.000rpm for 
1minute, discarded the filtrate. Then 500ul Rinse (PE) was added, 
centrifuged at 12.000rpm for 1minute, discarded the filtrate. Then, 
500ul Rinse PE was added, centrifuged at 12.000rpm for 3minutes, 
to completely remove the residual liquid purification column. 
Purification columns placed on a new 1.5ml centrifuge tube, to the 
center, dropping 30-100ul eluent TE, incubated at Room Temperature 
(RT) for 2minutes. Then centrifuged at 12.000rpm for 2minutes, 
bottom of the tube was containing high- purity genomic DNA. DNA 
was stored at -20C for subsequent amplification. Polymerase Chain 
Reaction (PCR) amplification of 10 exons contained in the UMOD 
gene is implemented on the patient’s genomic DNA extracted from 
whole blood. Direct sequencing of amplification products is done 
in both forward (GAGCGGCTCAGAGAACTTCAGTGG) and 
reverse (CCCGTGTCCTGTGTTACATTCATC) directions (Primer 
Sequence (5´–3´), amplification (529 bp)), using PCR method. PCR 
amplification of the UMOD gene was performed as designated in 
Table 1 & 2. The program used for amplification at the thermal cycler 
(Eppendorf - Master cycler) from (Beijing Aidlab Biotechnology Co., 
Ltd). The genotyping of the single nucleotide polymorphism (SNP) 
at the UMOD locus was performed. Variant rs12917707 of UMOD 
gene was genotyped by using the ABI Real time TaqMan allelic 
discrimination assay.

Table 1 Reaction mixture

DNA template 10µl

Primer I 1µl

Primer 2 1µl

2xTaq PCR Master Mix 12.5µl

ddH2O Up to 25µl

DNA, deoxyribonucleic acid; PCR, polymerase chain reaction; ddH2O, double-
distilled water

Table 2 PCR steps

Steps Temperature Time Cycles

0 94°C Pause

1 94°C 5min 1

2

94°C 30sec

3055°C 30sec

72°C 1min

3 72°C 5min 1

4 4°C Storage

Ethical consent

The study was approved by Ethical Review Board, College of 
Medicine, and University of Hail. This in addition to the fact that, 
the authors followed the tenants of the Declaration of Helsinki. All 
participants were consented before inclusion and collection of their 
demographical data.

Results
This study investigated 103 patients with renal failure, their 

age ranging from 6 to 99 with a mean age of 51years. Of the 103 
patients, 66/103 (64%) were males and 37/103 (36%) were females, 
giving males’ females’ ratio of 1.78:1.00, as indicated in Figure 1. As 
indicated in Figure 2. The distribution of UMOD gene mutations was 
relatively similar among different age groups within the range from 
34 to 66+years with increased percentage of among elder patients (age 
group 65+ constituting 30% of the total mutations). However, when 
comparing the percentages within each age range, age group 45-54, 
representing the highest (18%). Of the 10 patients with UMOD gene 
mutation, 6/10 (60%) were identified among males and the remaining 
4/10(40%) were identified among females. The relative risk (RR) 
associated with female sex and the 95% confidence interval (CI) was 
1.2252 (0.3690 to 4.0685). The association of rs12917707 with renal 
failure was insignificant and showed some heterogeneity across studied 
subjects (p-heterogeneity=0.02). In regard to the relationship between 
UMOD gene mutation and ethnic groups, the majority of cases with 
UMOD gene mutation were identified among Shammari families 
representing 70%, as indicated in Figure 3. Regarding the association 
of Nitrogenous Metabolites with UMOD gene mutations, all patients 
with UMOD gene mutation were found with high creatinine levels. 
High urea levels were identified among 70% of patients with UMOD 
gene mutation. On the other hand 60% of patients with UMOD gene 
mutation were found with low uric acid levels. Moreover, high blood 
glucose levels were identified among 70% of patients with UMOD 
gene mutation, as seen in Table 3.

Figure 1 Description of the study population by age and sex.

For the association between UMOD gene mutation and minerals, 
50% of mutations were found among patients with low Na level 
and the remaining 50% were identified among those with normal 
Na levels. For K, 70% of patients with UMOD gene mutation were 
found with low K levels and the remaining 30% were found with low 
K levels. For Chloride, 50% of patients with UMOD gene mutation 
were found with normal chloride levels and 40% with low levels. For 
Calcium, all of patients with UMOD gene mutation were found with 
low calcium levels, as indicated in Table 4. 
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Figure 2 Description of UMOD (Uromodulin) gene mutations by age.

Figure 3 Of the study population by UMOD gene mutation and ethnic groups 
(Families).

Table 3 Distribution of nitrogenous metabolites and blood glucose 
with UMOD gene mutations

Category

UMOD gene mutation

Total

Variable Negative Positive

Creatinine

Low 1 0 0

Normal 6 0 6

High 86 10 103

Urea

Low 6 1 7

Normal 32 2 34

High 55 7 62

Uric Acid

Low 51 6 57

Normal 25 2 27

High 15 4 19

Blood Glucose

Low 2 0 0

Normal 30 3 33

High 61 7 68

*UMOD, Uromodulin

Table 4 Distribution of minerals with UMOD gene mutations

Category
UMOD gene mutation

Total
Variable Negative Positive

Sodium (Na)

Low 55 5 60

Normal 37 5 42

High 1 0 103

Potassium (K)

Low 19 3 22

Normal 55 7 62

High 15 1 16

Chloride

Low 22 4 26

Normal 62 5 67

High 7 1 8

Calcium

Low 93 10 103

Normal 0 0 0

High 0 0 0

Discussion
CKD is a life-long disorder associated with considerable morbidity 

and mortality due to complications from a progressive loss of kidney 
function and eventual renal failure. Early diagnosis and detection of 
the etiologic factors are important to improve the health outcomes of 
patients with CKD. Uromodulin-associated kidney disease is caused 
by UMOD gene mutations and leads to end-stage renal disease. 
However, the recent studies from KSA have reported high prevalence 
rates of different CKD stages with considerable increase in the CKD 
associated risk factors.6–11 Although, these studies have investigated 
many risk factors that has direct or indirect impact in the etiology of 
CKD that in most instances might develop to renal failure, they didn’t 
investigate the influence of genetic mutation particularly UMOD gene 
mutations. To the best of our knowledge this is the first report from 
KSA in this context. Since, UMOD gene mutations are responsible 
for the autosomal dominant inheritance of chronic interstitial disease, 
prevalence rates variations are expected among different populations. 
Polymorphisms in the UMOD gene have been found responsible for 
increased urinary uromodulin production and an increased risk of 
CKD.17 Families with uromodulin-associated kidney diseases have 
been reported from the United States, France, the United Kingdom, 
Morocco, Turkey, and South Korea.18–23 Furthermore, multiple 
novel rare variants in the UMOD region were identified, but none 
were consistently associated with eGFR. Only V458L had modest 
association with THP levels in the general population and thus 
could not account for the observed genome-wide association studies 
(GWAS) signal.24 GWASs have identified multiple loci associated 
with cross-sectional eGFR, but a systematic genetic analysis of 
kidney function decline over time is missing. In a study performed a 
GWAS meta-analysis among 63,558 participants of European descent, 
initially from 16 cohorts with serial kidney function measurements 
within the CKDGen Consortium, followed by independent replication 
among additional participants from 13 cohorts. In stage 1 GWAS 
meta-analysis, single-nucleotide polymorphisms (SNPs) at MEOX2, 
GALNT11, IL1RAP, NPPA, HPCAL1, and CDH23 showed the 
strongest associations for at least one trait, in addition to the known 
UMOD locus, which showed genome-wide significance with an 
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annual change in eGFR. In stage 2 meta-analysis, the significant 
association at UMOD was replicated. Associations at GALNT11 
with Rapid Decline (annual eGFR decline of 3ml/min per 1.73m2 
or more), and CDH23 with eGFR change among those with CKD 
showed significant suggestive evidence of replication. Combined 
stage 1 and 2 meta-analyses showed significance for UMOD, 
GALNT11, and CDH23. Morpholino knockdowns of galnt11 and 
cdh23 in zebrafish embryos each had signs of severe edema 72h 
after gentamicin treatment compared with controls, but no gross 
morphological renal abnormalities before gentamicin administration. 
Thus, our results suggest a role in the deterioration of kidney function 
for the loci GALNT11 and CDH23, and show that the UMOD locus is 
significantly associated with kidney function decline.25 In the present 
study 70% of patients with UMOD gene mutation were found among 
Shammari families. Notably, this ethic group represents around 55% 
of our studied subjects, see Figure 3.

UMOD gene mutations are linked to three autosomal dominant 
conditions, including familial juvenile hyperuricemic nephropathy; 
medullary cystic kidney disease type 2, and glomerulocystic kidney 
disease.26 Most UMOD gene mutations are found to be clustered in 
exons 4.5 and.8,27 Leading to misfolding of the uromodulin molecule, 
with the abnormal uromodulin becoming entrapped in the end 
oplasmatic reticulum of the cells of the thick ascending limb of the 
loop of henle.28 However, one of the limitations in this study was its 
reliance on the investigation of exon 10. But this in turn may be an 
advantage exposed the magnitude of mutations in this gene. Although, 
the number of males patients was higher than females, (66 vs 37), 
but the entire percentage of females with UMOD gene mutation is 
relatively higher 10.8% compared to 9% among males. However, 
there is a lack of literature regarding this issue, which might be a 
suitable for future search.

Regarding age, most cases with UMOD gene mutation were 
observed at relatively older patients. This might be expressed by 
the fact that, uromodulin is known to regulate transport processes in 
the thick ascending limb, which associated with functional tubular 
alterations leading to prolonged disease progression.29 Furthermore, 
60% of patients with UMOD gene mutation were found with normal 
creatinine values, hence, 70% of them were found with high urea levels. 
Moreover, 60% of those with UMOD gene mutation were having low 
uric acid level. However, changes in the levels of these metabolites 
can be affected with dialysis, since all of patients in this study were 
under hemodialysis, though; some studies have reported that mutation 
of the UMOD gene leads to hyperuricemia.17,30 Nevertheless, 70% of 
patients with UMOD gene mutation were found with high glucose 
levels. However, no study has indicated these findings, but it might be 
due to high prevalence rates of diabetes among the study population.9,11 
On the other hand, there are discrepancies in levels of minerals and 
UMOD gene mutation, as seen in Table 4. All of patients with UMOD 
gene mutation were with low calcium levels. The only studies in this 
context have provided evidence showing that normal uromodulin plays 
an important role in protecting the urinary system against calcification 
and propose that reduced expression and/or decreased function of 
uromodulin could contribute to nephrolithiasis.31 In conclusion: The 
findings of the present study suggest that UMOD gene mutations 
contribute to the burden of the prevalent CKD in KSA, particularly in 
Hail region and among Shammari families. Further studies involving 
more exon clusters is highly recommended.
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