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Abstract
Background

Uromodulin is a protein produced in kidney tubule cells and found in the urine. Uromodulin levels detected in serum and urine provide
information about renal tubule functions and reserve.

Methods

In this study, in individuals with normal kidney functions; the short-term changes in uromodulin levels in both urine and serum were
evaluated before and after contrast agent administration 86 patients were included in the study. Serum and urine uromodulin levels
were measured before and 24 hours after contrast agent administration.

Results

Although there was no signi�cant change in glomeruli�ltration rate before and after contrast agent administration (98.7±17.5,
100.8±18.5, p=0.1, respectively), serum uromodulin values decreased signi�cantly (43.4±17.6, 24.8±17.9, p ≤ 0.05, respectively).
Urinary uromodulin levels increased signi�cantly (670±175, 805±340, p ≤ 0.05, respectively).

Conclusions

Serum uromodulin level can be a biomarker that can be followed in ischemic kidney injury or after administration of nephrotoxic
agents. Urinary uromodulin levels can provide information about renal susceptibility to nephrotoxic agents.

Introduction
Uromodulin (Tamm-Horsfall protein), the most abundant protein in urine under physiological conditions, was discovered by Tamm
and Horsfall in the 1950s. It is a mucoprotein produced by epithelial cells in the thick ascending limb of the loop of Henle of the
nephron (1). Its serum and urine levels enable it to be used as a biomarker for tubular mass and kidney functions (2). In addition, in
the studies carried out; It has been shown that it plays an important role in maintaining water and electrolyte balance, regulating
albumin excretion, provides protection against immunomodulation and thus urinary tract infections, prevents kidney stones, and may
be a predictive biomarker for cardiovascular events (3-8).

Contrast agents (CA) are now widely used to improve the Computed Tomography (CT) scan image and in the diagnosis of trauma,
neoplastic disease, and in�ammatory diseases. Complications such as contrast-induced nephropathy (CIN) can be seen as a result of
this widespread use. Studies on the incidence of Acute Kidney Injury (AKI) after CA have reported that it varies in a wide frequency
range, between 2% and 25% in some cases, depending on the clinical situation and type (9-11). The pathophysiology of CIN is not
fully understood. It is thought to occur with the triggering of many mechanisms together. Intrarenal vosoconstriction, direct tubular
damage and oxidative stress were considered to be the main factors (12,13). To date, no de�nitive treatment has been found for AKI
developing following radiocontrast administration. However, prevention still remains the cornerstone of CIN. Therefore, a careful
analysis of risk factors is required and new studies are being conducted on CIN predictability.

Although serum creatinine (SCr) level is used in the diagnosis of AKI, it is not an ideal biomarker because it increases late and
depends on many factors such as age, gender, and muscle mass. Kidney damage that does not impair glomerular �ltration rate (GFR)
does not cause a change in serum creatinine and may not affect urine output. This level of damage was termed 'subclinical' because
it was below the clinical threshold for detection. Molecules such as kidney injury molecule 1 (KIM-1), neutrophil gelatinase-associated
lipocalin (NGAL), metalloproteinase inhibitor 2 (TIMP2), insulin-like growth factor binding protein 7 (GFBP7) have been used to
determine this damage (14).

Our aim in this study is to evaluate the change in blood and urine levels of uromodulin before and after CA administration in
individuals with normal kidney function.

Material And Method
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The study was an observational study (n=86) involving men and women aged 17 years and over. Participants had no known
diagnosis of kidney disease. All participants gave informed consent and the local institutional ethics committee approved the study
methods( Ataturk University Faculty of Medicine Clinical Research Ethical Box. No: B.30.2 AT;0.01.00/12). Before the procedure, both
blood and urine samples were taken from the patients who were admitted to the radiology clinic and whose contrast-enhanced CT
would be taken (a bolus of 80 ml of nonionic contrast material (350 mg iyot/ml) was administered using a dual syringe automatic
injector connected to the cannula placed in the antecubital vein at of low rote of 4ml/s followed by a 20 ml saline �ush at 2.5ml/s)
from various outpatient clinics. After 24 hours of intravenous administration of contrast material, the same patient group was called
to the nephrology outpatient clinic and blood and urine samples were taken again.

Exposure

Blood samples were taken into gel biochemistry tubes with 5 cc and kept at room temperature for 20 minutes to coagulate. After
coagulation, the serum samples obtained after centrifugation at 3500 rpm for 15 minutes were aliquoted. After the urine samples were
taken into the urine tubes, they were centrifuged at 2000rpm for 20 minutes, and the supernatant parts were taken and aliquoted.
Aliquots were stored at -80 °C until the working day. The samples were studied according to the Uromodulin ELISA kit instructions on
the study day (code E-EL-H0941, brand ELABSCIENCE, UROMODULIN HUMAN ELISA KIT).

Statistical analysis

SPSS 20.0 (SPSS Inc., Chicago, IL, USA) program was used for data analysis. In the statistical analysis of the study, mean, standard
deviation, frequency and percentage values were de�ned. The general characteristics and demographic characteristics of the groups
were determined by Frequency (Descriptive analysis: frequency analysis for a single variable) analysis. In pairwise comparisons; The
Independent Sample t-Test was used to compare the mean of two independent groups, and the Paired Sample t-Test was used to
compare a single variable for 2 different conditions. Chi-square test was used to determine the relationship between categorical
variables. Receiver Operating Characteristic (ROC) analysis; It was used to determine the sensitivity and speci�city of age in the
increase of Uromodulin level in the urine and to predict the cut-off value. A p ≤ 0.05 value was considered statistically signi�cant in
the entire study.

Results
52 of the participants were female and 34 were male. Their mean age was 51.02±13.8 years. 27 of the volunteers had hypertension
(HT), diabetes mellitus (DM), or both. Glomero�ltration rates (eGFR) of the volunteers were calculated with the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula before and after intravenous (IV) contrast administration. Their values were 98.7±17.5
ml/min and 100.8±18.5 ml/min, respectively, and no signi�cant difference was detected (p=0.1). Other demographic data of the
participants are given in Table 1. No signi�cant increase in SCr value was detected in any of the participants. The serum uromodulin
levels (SUMOD) measured were signi�cantly decreased compared to the baseline level in 97.7% of the participants after contrast
administration (�g. 1,Table 1).

Urinary uromodulin levels (UUMOD) were found to be signi�cantly higher in urine samples collected simultaneously (Table 1). UUMOD
levels were not homogeneous like SUMOD levels (Figure 2). 52 of the participants (60.4%) had an increased level of UUMOD (Table 2).
Two signi�cant differences were found in our analyzes between the subgroups with decreasing and increasing UUMOD levels (Table
2). First, the group with decreasing UUMOD had signi�cantly higher GFR than the group with increasing UUMOD. Second, the mean
age of the group with decreasing UUMOD was signi�cantly lower (Table 2). According to our ROC analysis; The cut-off value was
found to be 49.5 years using the Youden index. Age can be used as a parameter for the increase or decrease of urinary uromodulin
level (Figure 3) (p= 0.009). When the urinary uromodulin levels of the groups with decreased and increased UUMOD levels were
compared before and after contrast administration, it was shown that the decrease and increase were signi�cant (Table 3).

Discussion
Uromodulin is a mucoprotein produced in the thick ascending limb of the loop of henle and less commonly in the distal convoluted
tubule of the kidney. The produced Uromodulin undergoes proteolytic cleavage by all serine proteases in the apical membrane and is
released in the urine to form high molecular weight polymers. By unknown mechanisms, smaller amounts of uromodulin are also
transported to its basolateral part to be released into the interstitium and circulation. Some of the uromodulin is sent to the basolateral
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thick ascending limb membrane, and blood uromodulin is consistently detected at lower levels than in urine, suggesting basolateral
release of uromodulin with regional vasculature and release into the systemic circulation (15). CA are directly toxic to tubular epithelial
cells, leading to loss of function and both apoptosis and necrosis. In addition, renal vasoconstriction that occurs with impaired
vasodilation is an important mechanism that causes kidney damage (16). In our study, the reason for the decrease in SUMOD levels
after contrast agent administration may be the decrease in blood �ow due to vasoconstriction in the vessels providing renal blood
supply, and therefore the decrease in uromodulin released into the circulation from the basolateral segment of tubule cells. The
increase in UUMOD con�rms that the decrease in SUMOD is not due to tubular uromodulin production. This suggests that SUMOD
levels may be a biomarker in ischemic damage to the kidney. Serum uromodulin level is positively correlated with eGFR in healthy
individuals. It was not detected in stage 5 CKD. It detects potential functional kidney resources and starts to increase in plasma after
renal transplantation. Beside this, it was reported that higher serum uromodulin concentration is correlated with proper metabolic
pro�le and also independently from eGFR and other cardiovascular risk factors it is related with lower mortality risk (7,8,17). Recently,
circulating uromodulin has been shown to be an important regulator of systemic oxidative stress through inhibition of TRPM2
channels. There are studies reporting the relationship between SUMOD and in�ammation (18).

Caroline Liu et al. found that although SUMOD levels before and after coronary angiography were decreased, there was no signi�cant
difference between patients who did not develop CIN and those who did (19). The differences were that the patient groups had a
higher mean age, lower eGFR (48±13 ml/min), SUMOD levels were checked sooner after contrast was applied, and the amount of
contrast was not mentioned compared to the groups in our study. In our study, there was no patient who developed CIN. However, the
use of terminology for subclinical kidney injury, where creatinine does not increase and GFR does not decrease, is currently being
discussed (14). It suggests the idea that kidney health represents a tubular tissue marker independent of glomerular �ltration markers
and could potentially help detect early kidney damage (7). It has been shown that UUMOD level is a biomarker of functional kidney
reserve and is associated with innate immunity (2,20). Puthumana J et al. con�rm the role of UUMOD as an important protective
factor in the maintenance of kidney function and that UUMOD may be an indicator of adaptive tubular repair (20). That is, for repair to
occur, damage must occur. The increase in UUMOD after contrast in our study suggests that it may be a result of this repair process.
The fact that the eGFR of the group with increased UUMOD was lower than the group with decreasing UUMOD supports this. It is
known that the sensitivity to nephrotoxic agents is increased in people with reduced renal functional reserve. However, the high mean
age of the group with increased UUMOD level in our study suggests that it is due to the decrease in renal reserve as a natural process
with age.

As a result, SUMOD decreases rapidly independent of eGFR after exposure to contrast agent. It may be a biomarker followed in
ischemic kidney injury or after exposure to nephrotoxic agents. While UUMOD is variable after contrast agent exposure, age and eGFR
are important parameters in this variability. UUMOD can provide information about renal susceptibility to nephrotoxic agents.

Study limitations

Our study has strengths and limitations. The effect of possible additional factors has been reduced because it was performed in
individuals with normal kidney functions, not in a speci�c patient group, the amount of contrast agent was standardized and the
same group was compared. However, the small size of our patient group and the lack of long-term follow-up are the limitations of our
study. Nevertheless, our study is one of the rare studies that provide information about the sudden change in serum and urine
uromodulin levels.
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Tables
Table 1: Demographic characteristics of patients, values before and after contrast agent
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n=86 Values 

Gender (Female, n) 51

Age (years) 51.02±13.8

BMI (kg/m2) 29±4.6

HT (n) 15

DM (n) 6

HT and DM (n)  6

  Before CA After CA p

SUMOD (ng/ml) 43.4±17.6 24.8±17.9 ≤0.01

UUMOD (ng/ml) 670±175 805±340 ≤0.01

eGFR (ml/min) 98.7±17.5 100.8±18.5 0.1

Creatinine (mg/dl) 0.75±0.19 0.72±0.18 0.034

HT: Hypertension, DM: Diabetes mellitus, BMI: Body mass index, CA: Contrast agent, SUMOD: Serum uromodulin levels, UUMOD:
Urinary uromodulin levels, eGFR: Estimated glomerular �ltration rate

p <.01 value was considered statistically signi�cant 

Table 2: Evaluation of patients according to urinary uromodulin levels

  UUMOD Decreasing Group (n=34) UUMOD Increasing Group (n=52) p

Gender       

Female (n=51) 23 28 0.2

Male (n=35) 11 24

Age (years) 46.5±13.2 53.9±13.6 ≤0.01

BMI (kg/m2) 28.5±4.8 29.6±4.5 0.7

eGFR Before CA (ml/min) 104 94 ≤0.01

eGFR After CA (ml/min) 107 96 ≤0.01

SUMOD Before CA (ng/ml) 41.6 44.6 0.4

SUMOD After CA (ng/ml) 21.3  27.1 0.14

HT and DM  9 18  

BMI: Body mass index, CA: Contrast agent, SUMOD: Serum uromodulin levels, UUMOD: Urinary uromodulin levels, eGFR: Estimated
glomerular �ltration rate, HT: Hypertension, DM: Diabetes mellitus,

p <.01 value was considered statistically signi�cant 

Table 3: Comparison of pre- and post-contrast urinary uromodulin levels of UUMOD decreasing and increasing groups 
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  UUMOD Before Contrast Agent UUMOD After Contrast Agent p

UUMOD Decreasing 

Group (n=34)

698±226 511±162 ≤0.01

UUMOD Increasing 

Group (n=52)

652±130 997±283 ≤0.01

UUMOD: Urinary uromodulin levels,

p <.01 value was considered statistically signi�cant

Figures

Figure 1

Distribution of serum uromodulin levels before and after contrast agent
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Figure 2

Distribution of urinary uromodulin levels before and after contrast agent

Figure 3

According to ROC Analysis; The cut-off value was found to be 49.5 years using the Youden index. Age can be used as a parameter for
the increase or decrease of urinary uromodulin level (p= 0.009).


