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Abbreviations: CKD, chronic kidney disease; ESKD, end 
stage kidney disease; ESRD, end-stage renal disease; CRF, chronic 
renal failure; CKF, chronic kidney failure; KSA, kingdom of Saudi 
Arabia; GFR, glomerular filtration rate; UMOD, uromodulin; PCR, 
polymerase chain reaction; mg, milligrams; dL, deciliter; UAKDs, 
uromodulin associated kidney diseases; SCr, serum creatinine 
concentration; TAL, thick ascending limb; ADTKD, a dominant form 
of tubulointerstitial kidney disease; AVF, arteriovenous fistula

Introduction
Chronic kidney disease (CKD), is progressive loss in kidney 

function over a period of time may be month or years. The symptoms 
of kidney function deterioration are not specific, until advanced 
stages are reached. In most instances, CKD is diagnosed as a result of 
screening of people known to be at risk of kidney disorders, such as 
those with high blood pressure or diabetes and those with relative with 
CKD.1,2 Stage 5 CKD is known as end-stage kidney disease (ESKD), 
end-stage renal disease (ESRD), or end-stage kidney failure (ESKF), 
and is largely synonymous with the now outdated terms chronic 
renal failure (CRF) or chronic kidney failure (CKF). All these terms 
mean that the patient requires Kidney replacement therapy, which 
may consist of a form of hemodialysis, but preferably constitutes a 
renal transplant. Up-to-date international guidelines reclassified CKD 
based on cause, glomerular filtration rate (GFR) category (G1, G2, 
G3a, G3b, G4 and G5), and albuminuria category (A1, A2, A3).3

The prevalence and incidence of ESRD is increasing in Saudi 
Arabia in recent years. This increase exceeds those reported from 
diverse countries.4 The huge and rapid changes in lifestyle, vast 

population growth, and fast rise in life expectancy, and substantial 
urbanization that has happened recent years shared to make the current 
CKD status different to what was expected.5 The common major risk 
factors that influence the CKD status are the increasing prevalence of 
mellitus (DM),6 hypertension,7 obesity8 and shift in age demographics.5 
Uromodulin (UMOD) -associated kidney disease is one of a group 
of autosomal dominant interstitial kidney diseases which is caused 
by mutations in the UMOD gene. Patients with UMOD-associated 
kidney disease present with hyperuricemia, gout, and progressive 
kidney failure. The disease is believed to be uncommon but is perhaps 
under diagnosed.9 Uromodulin gene encoding uromodulin, the most 
abundant urinary protein.10 Most individuals diagnosed with UMOD-
related kidney disease have an affected parent. Each child of an 
affected individual has a 50% chance of inheriting the pathogenic 
variant.11 However, it was proposed that disturbances of minerals 
and nitrogenous waste may predict Uromodulin gene mutation. 
Therefore, the aim of the present study was to assess the influence 
of Uromodulin gene mutation on Minerals and Nitrogenous wastes 
levels in Hemodialysis Patients.

Materials and methods
This study was conducted in Renal Failure Unit at King Khalid 

Hospital, Hail, Kingdom of Saudi Arabia (KSA), during the period 
from 1st of January to 30 of December 2015. One hundred patients 
with renal failure (under hemodialysis) were selected by systemic 
random method. All patients were previously diagnosed as having 
renal failure and currently were under hemodialysis. All data in the 
present study were taken from patients’ records. All records regarding 
patients with renal failure were retrieved from renal failure unit. Data 
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Abstract

Background: Mutations in the Uromodulin gene lead to end-stage renal disease and 
subsequent complications; therefore, the aim of this study was to assess the influence 
of Uromodulin gene mutation on possible minerals and nitrogenous wastes levels after 
hemodialysis. 

Design and methods: One hundred patients with renal failure and under hemodialysis 
were investigated. Genetic analysis of Uromodulin gene mutation, as well as, minerals and 
nitrogenous waste were analyzed.

Results: Of the 100 patients, 9 were detected with Uromodulin gene mutation. Exons 4 and 
5, in which 95% of all UMOD mutations were found in 5 patients of whom, 3(60%) were 
males and 2 (40%) were females (all mutations were previously described). 

Conclusion: Patients with renal failure have more potentiality for deteriorated Minerals and 
nitrogenous wastes than others.

Keywords: CKD, Saudi Arabia; renal failure, uromodulin gene, minerals, hemodialysis, 
nitrogenous wastes
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regarding the demographical characteristics, as well as, nitrogenous 
wastes and minerals were obtained from patients’ files. Peripheral 
Blood samples were taken as a part of the specimen required for 
routine examination. Blood samples were further tested for possible 
Uromodulin Gene Mutation by Polymerase Chain Reaction (PCR). 
Normal levels of serum creatinine in the blood are 0.6 to 1.3 milligrams 
(mg) per deciliter (dL) in adult males and 0.5 to 1.2 milligrams per 
deciliter in adult females. More than these levels were considered as 
high, and lower than these levels were considered as low. Urea levels 
of 7 to 30 mg/dL (2.5 to 7.1 mmol/L) is considered normal. More than 
these levels were considered as high, and lower than these levels were 
considered as low.

UMOD gene’s mutation analysis

Genomic DNA was isolated from blood samples following the 
manufacturer’s kits’ instructions (Beijing Aidlab Biotechnology Co., 
Ltd.). We analyzed UMOD gene’s exons 4 and 5 by exon PCR and 
direct sequencing of the UMOD gene. The Primer sequences were 
performed adopting the method defined elsewhere,12 employing 
primers described in Table 1. The products of PCR were purified, 
sequenced and analyzed using the CEL I assay. The CEL I assay 

was shown to be extremely sensitive for mutational analysis, 
simple, effective and inexpensive, as described by Wolf et al.13 For 
endonuclease preparation by CEL I assay; Exons 3 and 6–12 were 
tested by exon PCR, CEL I endonuclease digest and heteroduplex 
analysis with sequential sequencing of products producing atypical 
bands. Preparation of crude extract comprising 30 kDa single strand 
specific endonuclease CEL I was purified from celery as defined 
elsewhere.14

Since exons 1 and 2 do not encode translated parts of UMOD gene, 
they have only 5′ untranslated regions and were thus not contained 
within in the analysis. The CEL I endonuclease enzyme identifies 
single base discrepancies existing in heteroduplex DNA and cleaves 
both strands. Heteroduplex DNA was gained by heat-denaturing 2μl 
of an exon-PCR amplified patient’s DNA sample. DNA fragments 
were denatured at 95°C for 10 minutes followed by slow cooling. The 
reaction component was incubated at 45°C for 5 minutes, placed on 
ice, and stopped by mixing with glycerol-containing (30%) loading 
buffer accompanied with EDTA (final concentration 250 mM) 
followed by a 1.5% agarose gel electrophoretic separation of the 
digested fragments for 1 hour at 150V. Samples displaying atypical 
bands were purified and directly sequenced.

Table 1 Primer sets for exon 4-5 amplification of the UMOD gene (Primer (5′→3′)). 

Exon Forward Reverse Size (bp)

5-Apr GGTGGAGGCTTGACATCATCAGAG GGAATAGGGCTCAGATGGTCTTTG 1493

GCCCTGGCCTCATGTGTCAATGTG GGGTCACAGGGACAGACAGACAAT

CGGCGGCTACTACGTCTACAACCT GTAGCTGCCCACCACATTGACACA

 Statistical analysis

For all statistical analyses, the SPSS statistical software version 16 
was used. Pearson chi square test was used and P. values of 0.05 or 
less were regarded as statistically significant.

Results
In the present study the genomic DNA of 100 patients with renal 

failure from different families living in North Saudi were analyzed. 
The mean age at analysis was 52 years (range 10 to 99 years), of 
the 100 patients 65 were males and 35 were females, giving males’ 
females’ ration of 1.86:1.00. The estimated mean GFR at investigation 
was 40.3 ml/min/1.73 m2 (range 12 to 76.4 ml/min/1.73 m2). Exons 4 
and 5, in which 95% of all UMOD mutations were found in 5 patients 
of whom, 3(60%) were males and 2 (40%) were females (all mutations 
were previously described). In regard to the age, most positive cases 
were among elderly population (over 50 years old), as indicated 
in Table 2. This gradual increased with age was found when we 
calculated the positivity proportions with the positive cases, as shown 
in Figure 1. In regard to the nitrogenous wastes, high creatinine levels 
were demonstrated among all cases with Uromodulin gene mutation 
(100%), since high urea levels were found in 66.7% of positive cases. 
Only 11% of the positive cases were found with high uric acid, as 
indicated in Table 3, (Figure 2). Table 4 Summarizes the distribution 
of Uromodulin gene mutation status by Minerals estimates. Low 
Potassium was identified in 22.2% of the positive cases, since, low 
Sodium, low Calcium and Low Chloride levels were identified in 
55.6%, 100%, and 44.4%, respectively as indicated in Figure 3.

Figure 1 Description of Positive Uromodulin gene mutation by sex and age. 

Figure 2 Description of Positive Uromodulin gene mutation by nitrogenous 
wastes.
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 Figure 3 Positive Uromodulin gene mutation by Minerals. 

Table 2 Distribution of Uromodulin gene mutation by sex and age

Variable Category Uromodulin Gene mutation OR (95% CI) P Value

Positive Negative Total

Sex Males 3 62 65 0.65(.16 - 2.58) 0.54

Females 2 33 35

Age < 20 years 0 8 8 0.51(0.027- 9.56) 

21-35 0 18 18 1.32(0.25- 6.96) 0.74

36-50 1 10 11 1.01(0.11- 8.95) 0.99

51-65 2 29 31 1.10(0.25- 4.75) 0.89

66+ 2 30 32 1.05(0.25 - 4.50) 0.94

Table 3 Distribution of Uromodulin gene mutation by nitrogenous wastes

Variable Category Uromodulin Gene mutation OR (95% CI) P Value

Positive Negative Total

Creatinine Low 0 1 1

Normal 0 6 6

High 5 88 93 1.68(0.08 - 31.9) 0.72

Urea

Low 1 7 7

Normal 0 32 34

High 4 54 59 1.39(0.32 - 5.94) 0.65

Uric Acid

Low 4 52 56

Normal 0 23 24

High 1 12 12 0.90(0.10 to 7.98) 0.93
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Table 4 Distribution of Uromodulin gene mutation by Minerals

Variable Category Uromodulin Gene mutation OR (95% CI) P Value

Positive Negative Total

Potassium Low 2 21 21 1.06(0.20 - 5.56) 0.93

Normal 2 54 58

High 1 15 16

Sodium

Low 4 53 57 0.91(0.23 - 3.63) 

Normal 1 36 37

High 0 1 1

Calcium

Low 5 95 100

Normal 0 0 0

High 0 0 0

Chloride

Low 3 23 26 2.83(0.70 - 11.47) 0.14

Normal 1 65 66

High 1 7 8

 Discussion
CKD is a global health problem that is rising for the most part of the 

world in general and in KSA in particular, as the result of increasing 
incidences of diabetes, hypertension and other cardiovascular 
diseases.15 However, there are many other risk factors contribute to 
CKD disease and its progression to renal failure. Susceptibility for 
genetic mutations is a forgotten factor that contributes to development 
of ESRD and eventual renal failure. Uromodulin is essential protein 
encoded by UMOD gene and produced in the kidney and contribute 
to colloid osmotic pressure, retards passage of positively charged 
electrolytes, prevents urinary tract infection and modulates formation 
of supersaturated salts and their crystals.16,17 In the present study we 
identified 9 patients (5 were relatives) with AMOD gene mutation and 
our prior hypothesis, patients with UMOD gene mutation have more 
deterioration effects than others. These worsening effects may lead to 
hemodialysis impaired control of nitrogenous wastes and minerals. 
UMOD has been generated by the identification of UMOD mutations 
as basis of hereditary dominant renal diseases, now changed to 
uromodulin-associated kidney diseases (UAKDs), presenting 
with tubulointerstitial fibrosis, defective urinary concentration, 
hyperuricaemia, and kidney failure. The association between UMOD 
gene risk variants and susceptibility to CKD and hypertension was 
found to be due the link between UMOD gene and hypertension was 
found to be caused by over activation of the TAL sodium-potassium-
chloride co-transporter NKCC2, pointing to UMOD as a therapeutic 
target for lowering blood pressure and maintaining renal function.16

In the current study high levels of creatinine were observed in all 
patients with Uromodulin gene mutation, hence about 60% of the 
patients with mutation were also detected with high urea. Surprisingly, 
Serum uric acid was found normal in most patients with UMOD gene 
mutation, though we expected to find it high in all cases. This might be 
due to effect of dialysis. However, there is a lack of studies investigated 

the issue of the relationship between UMOD gene mutation and 
disturbances of nitrogenous wastes of patients under dialysis. A recent 
study has reported similar findings regarding our results of serum 
creatinine and urea, but not serum uric acid. UMOD gene mutation 
associated significantly with serum creatinine concentration (SCr) in 
Icelandic subjects. The results validate the link between the UMOD 
variant and both CKD and SCr increases significantly with both 
age (P=3.0x10(-17)) and number of comorbid diseases (P=0.008). 
The findings suggest that the UMOD gene mutation may influence 
the adaptation of the kidney to age-related risk factors of kidney 
disease such as hypertension and diabetes. UMOD gene mutation also 
associates with serum urea (P=1.0x10(-6)), uric acid (P=0.0064).17,18 

Although, several studies have suggested that the level of 
uromodulin in the urine could represent a valuable biomarker for 
the development of CKD,19 but we suggest the use of the levels of 
nitrogenous products during dialysis as indicators of UMOD gene 
mutation. Such patients with constant biomarkers elevation can be 
further submitted to gene analysis. UMOD gene mutation causes 
hyperuricemia with decreased renal excretion of UMOD and uric 
acid, suggesting a role for UMOD in the regulation of plasma uric 
acid.20 Since, Uromodulin protein is the most abundant protein 
excreted in the normal urine that expressed by epithelial cells of the 
thick ascending limb (TAL) of Henle, mutations in the UMOD gene 
coding for uromodulin cause a dominant form of tubulointerstitial 
kidney disease (ADTKD), characterized by defective urinary 
concentrating ability, hyperuricemia, high creatinine, high urea level, 
and progression to ESRD.21

Regarding Minerals, only serum Sodium and Calcium were found 
to be significantly low among cases with UMOD gene mutation in the 
present study. It was expected serum Sodium to be high since, UMOD 
genes coding for proteins preventing calcium salt precipitation. 
Some studies suggest that tubular fluid super saturation with respect 
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to calcium and phosphate predisposes to calcium-oxalate stones by 
triggering cellular mechanisms that lead to the Randall’s plaque 
formation.22 With the lack of literature in this context, but was found that 
an increase in dietary salt and the loop diuretic, furosemide, increased 
expression of THP in the rat. The data support the involvement of 
this unique protein in the function of the uromodulin protein during 
changes in dietary salt. These facts suggest that restriction of dietary 
salt may be beneficial in cast nephropathy in multiple myeloma and 
recurrent nephrolithiasis, two diseases in which uromodulin can play 
an essential pathogenetic part.23

Nevertheless, this study has some limitations, since many 
confounders were not controlled, as well as the small number of 
cases with UMOD gene mutation. Comorbid diseases such as, 
hypertension, and diabetes, as well as other factors including age, 
creatinine excretion, diabetes, and urinary volume are independent 
clinical correlates of urinary uromodulin excretion.24 Moreover, there 
are important cofounders associated with levels of serum creatinine 
and urea, and especially so with patients on hemodialysis. Cofounders 
such as: muscle mass, body weight, dialysis frequency and modality 
and Kt/V, preserved renal function and dieresis.25 Since the data of the 
present study was collected from the patients’ files, several confounders 
were regarded as limitations. However, patients on haemodialysis 
have removal of nitrogenous waste products by hemodialysis. If a 
patient is anuric, and some hemodialysis patients are, so there is no 
tubular function at all. If catheter of arteriovenous fistula (AVF) is 
not working properly, or Kt/V is low, clearance of waste products is 
poorer so we think there are many cofounders, which should be taken 
into account when dialysis population is studied.

Conclusion
Patients with renal failure have more potentiality for deteriorated 

Minerals and nitrogenous wastes than others. The associations of 
uromodulin excretion with biomarkers of tubular functions and kidney 
extents propose that it may reflect tubule activity of uromodulin even 
in renal failure, which necessitate the need for further research in this 
context.
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