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XRONIK BOYROK XOSTOLIYININ 1-3-CU MORHOLOSINDO OLAN XOSTOLORDO
UROMODULIN PROFILINiN BOYROK FUNKSIYASI iLO OLAQOSI

L.D.Denova, S.V.Kusnirenko
P.L.Supik ad:na Ukrayna Milli Sahiyya Universiteti, Kiyev, Ukrayna

Maqalada XBX-nin 1-3-ct marhalasinda olan xastalarda uromodulin (Umod) profilinin boyrak funksiyas:
ilo alagasini giymatlondirmak maqsadilo aparilmis todgiqat isi hagqinda malumat verilmisdir.

Tadgigat, XBX-nin 1-3-cti marhalasinda olan 91 xasta (38,46% kisi, 61,54% qadin) Uzarinda aparilmisdir.
XBX diagnozu KDIGO 2012 meyarlarina asaslanimaqla qoyulmusdur. Uromodulin profilini genis ahatali
sakilda giymatlandirmoak Ugln sidik uromodulini (uUmod), 24 saatlig uUmod (uWUmod24), serum uromodulini
(sUmaod), sidik albumin/uromodulin nisbati (UAIb/uUmod), sidik uromodulinin sidik kreatinini ilo normallas-
dirilmig nisbati (uUmod/uCrea), uUmod/sUmod, uUmod/glomerulyar filtrasiya strati (eGFS), uromodulinin
fraksion ifrazi (FeUmod), uromodulinin fraksion sekresiyasi (FsUmod), serum uromodulinin qatiliginin
serum sidik tursusu (sUrAc) qatiligina nisbati, serum sidik cévhari (sUrea), ganda sidik cévhari azotu (BUN)
Vo onlarin serum kreatinini (sCrea) ilo normallasdirilmis nisbatlori. eGFR CKD-EPI, MDRD va Cockcroft—
Gault (CG) formulalar: ilo hesablanmisdir. Statistik analiz EZR v.4.3.1 programi ilo aparilmis, Pearson
korrelyasiya testi (p<0,05) tothig edilmisdir.

Todqigat gOstormisdir ki, XBX-nin 1-3-cli marhalasinds olan xastalords uUmod saviyyasi subnormal
gostaricilora barabar olur. FeUmod-un artmasi, kanalikulyar funksiyamn struktur zadalonmo soraitinda
saxlanmasina yonalmis kompensator aktiviasmaya sabab ola bilar. Uromodulin profili, xtsusilo onun frak-
sional Vo normallasdirilmis formalari, xasto stratifikasiyasi va bOyrak disfunksiyasimin erkon askarlanmasi
ucun alava funksional biomarker kimi xidmat eda bilar.

Acar sozlar: xronik bdyrak xastaliyi, uromodulin, glomerulyar filtrasiya sirati, uromodulinin fraksional
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THE RELATIONSHIP BETWEEN UROMODULIN METABOLISM PARAMETERS AND
KIDNEY FUNCTION IN PATIENTS WITH CHRONIC KIDNEY DISEASE STAGE 1-3

L.D.Denova, S.V.Kushnirenko
Shupyk National Healthcare University of Ukraine, Kyiv, Ukraine

This article provides information about a study conducted to assess the association between uromodulin
(Umod) metabolism parameters and kidney function in patients with chronic kidney disease (CKD) stages 1-3.

This cross-sectional study included 91 patients (38.5% men, 61.5% women) diagnosed with CKD according to
the KDIGO 2012 criteria. Parameters of uromodulin metabolism were evaluated (urinary uromodulin (uUmod),
uUmod24, serum Umod, and their derivatives: uUmod/uCrea, uUmod/sUmod, fractional excretion of Umod),
fractional secretion of Umod, etc.), and eGFR was calculated using the CKD-EPI, MDRD, and CG formulas.
Statistical analysis was performed using EZR v.4.3.1; correlation analysis was used (p < 0.05).

Positive correlations were identified between uUmod and its derivatives, as well as between eGFR and
uUmod/eGFRCKD. Inverse correlations were found between sCrea and eGFR, and between sUrea and
sUmod/BUN. FeUmod showed a positive correlation with sCrea and BUN, while FsUmod correlated
positively with sUmod. These findings reflect compensatory activation of uromodulin excretion in response
to declining kidney function. The most sensitive markers of early tubular alterations were uUmod/uCrea and
FeUmod. Parameters of uromodulin metabolism may serve as functional biomarkers for stratifying CKD
patients and detecting early tubulopathies.
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Introduction

Chronic kidney disease (CKD) is a global
health problem, both worldwide and in Ukraine.
Despite the implementation of more advanced
technologies, CKD is diagnosed in 10%-16% of
the global adult population and in approximately
12% of the Ukrainian population. The challenge
of timely identification of patient groups at high
risk of rapid CKD progression remains
unresolved [1-5].

Urinary uromodulin (uUmod) may serve as
an additional biomarker for assessing kidney
function. Umod, also known as Tamm-Horsfall
protein, is the most abundant protein in the
urine of healthy individuals. It is a 90-kDa
protein exclusively produced by epithelial cells
lining the thick ascending limb of the loop of
Henle and the distal tubule. In the tubular
lumen, Umod forms high-molecular-weight
filaments that contribute to the matrix of hyaline
casts. Umod is highly glycosylated, accounting
for 30—40% of its total molecular weight, and
has a low isoelectric point (pl 5.00). It is an
acidic monomeric glycoprotein anchored via
glycosylphosphatidylinositol, poorly stained
with Coomassie blue, and nearly invisible in
sodium dodecyl sulfate polyacrylamide gel
electrophoresis [3-9].

A recent study conducted in Azerbaijan
revealed a significant shortage in the availabi-
lity of renal replacement therapy for patients
with CKD, highlighting the importance of early
diagnosis and patient stratification [10]. Pe-
diatric experience from Azerbaijani specialists
also supports the relevance of comprehensive
biomarker monitoring, including Umod, in the
management of CKD patients [11].

Objective: To evaluate the relationship
between the Umod profile and kidney function
in patients with stage 1-3 CKD.

Study design: In February 2023, a single-
center cross-sectional study was conducted at
VETA-PLUS LLC and the Clinical and
Diagnostic Center of Brovary Multidisciplinary
Clinical Hospital, both of which serve as
clinical bases of the Department of Nephrology
and Renal Replacement Therapy at the Shupyk
National Healthcare University of Ukraine.

Materials and methods of the study: The
average age of the patients was 53-54 years; 35
(38.46%) were men and 56 (61.54%) were women.
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The nosological structure of CKD included:
tubulointerstitial nephritis of unknown etiology — 27
patients (29.67%), hypertensive nephropathy — 22
patients (24.17%), diabetic nephropathy — 16 patients
(17.58%), urolithiasis — 12 patients (13.19%), chronic
urinary tract infection — 10 patients (10.99%), gouty
nephropathy — 2 patients (2.2%), polycystic kidney
disease — 1 patient (1.1%), and chronic
glomerulonephritis — 1 patient (1.1%).

Inclusion criteria: availability of laboratory and
instrumental test results; age 18-64 years; CKD
stage 1-3; informed consent; and ability to
cooperate adequately during the study.

Exclusion criteria: patient refusal, psychiatric
disorders, decompensated chronic diseases, acute

critical conditions, severe liver disease, and
malignancies.
All participants provided written informed

consent. Data were anonymized.

CKD diagnosis was established in accordance
with the recommendations of the National Kidney
Foundation (NKF-K/DOQI), KDIGO 2012
guidelines, and the Order of the Ministry of Health
of Ukraine No. 593 of 02.12.2004 (as amended by
Order No. 384 of 24.05.2012) [1].

All patients underwent laboratory testing.
General clinical and biochemical tests were
performed at the VETA-PLUS LLC laboratory
using the XL 180 automatic biochemical analyzer
(Erba Diagnostics Mannheim) according to standard
procedures, under license No. 637 issued by the
Ministry of Health of Ukraine on 01.10.2015.

Blood samples were collected in the fasting state
at 9:00 AM. Urine was self-collected and delivered
by patients according to standard requirements.

The parameters of Umod metabolism included
uUmod, uUmod24, and serum uromodulin (sUmod)
levels, along with the calculation of derivative

indices: urinary albumin/uUmod (uAlb/uUmod),
uUmod/urinary creatinine (uUmod/uCrea),
uUmod/sUmod, uUmod/eGFR CKD, fractional

excretion of Umod (FeUmaod), fractional secretion of
Umod (FsUmod), sUmod/ serum uric acid
(sUmod/sUrAc), sUmod/serum urea (sUmod/sUrea),
sUmod/blood urea  nitrogen  (sUmod/BUN),
sUmod/sCrea.

Kidney function was assessed using the following
indicators: uAlb, uCrea, uAlb/uCrea, sCrea, sUrea,
BUN, sUrAc, sUrAc/sCrea, BUN/sCrea,
sUrea/sCrea, uCrea/sCrea, estimated glomerular
filtration rate (eGFRckp), EGFRwmpro, and eGFRce.

eGFR was calculated using the CKD-EPI
equation developed by the CKD Epidemiology
Collaboration.
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Figure 1. Standard curve uUmaod [1]

uUmod levels were measured spectrophoto-
metrically at 450 nm (reference 620 nm) using
an ELISA reader (RT-6100, Rayto Life and
Analytical Sciences Co., Ltd., PRC) [1, 3].

Calibration curves corresponded to the range
specified by the manufacturer of the ELISA Kit:
Human  UromodulinfuMod  ELISA  Kit
(EA102492), and matched the provided
standard curve example [1, 3]. An example of a
standard curve is given in Figure. 1.

To assess data distribution (n > 50), the
Kolmogorov-Smirnov test was used. Data with
a normal distribution were presented as mean +
standard deviation (MzSD), while non-
normally distributed data were reported as the
median with lower and upper quartiles (Me
[Q2] (Q1, Q3)).

Pearson correlation coefficient (r) was used
for correlation analysis. A p-value of < 0.05 was
considered statistically significant.

Mathematical analysis and statistical process-
sing were performed using EZR Statistics v.4.3.1.

The study was approved by the Ethics
Committee of the Shupyk National Healthcare
University of Ukraine (Protocol No. 12, dated
November 29, 2021).

During the study, all safety measures were
observed to preserve life, health, and patient
rights, as well as moral and ethical norms in
accordance with the Declaration of Helsinki of
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the World Medical Association (ethical
principles for medical research involving

human subjects, 1964-2008), the Council of
Europe Convention on Human Rights and
Biomedicine (dated April 4, 1997), the Code of
Ethics for Scientists of Ukraine (2009), and
Order of the Ministry of Health of Ukraine No.
690 of September 23, 2009 (as amended by
Order No. 523 of July 12, 2012) [1].

Results of the study:

To analyze the relationship between
parameters of Umod metabolism and kidney
function in patients with stage 1-3 CKD
(n=91), all studied parameters were
conventionally divided into two groups:

e Group 1 Indicators of Umod

metabolism parameters;

* Group 2 — kidney function parameters.

Depending on the distribution, each variable
was reported as either mean + standard
deviation (M £ SD) or median with interquartile
range (Me [Q1; Q3]); see Table 1. Pearson
correlation analysis was used to assess
diagnostic and prognostic value across both
groups.

1. Kidney Function Parameters

The most pronounced positive correlations
were observed between: sUrea and BUN (r=1,
p<0.0001), sCrea and BUN (r=0.75, p<0.0001),
sUrea and sCrea (r=0.75, p<0.0001).
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Strong inverse correlations were noted bet-
ween: sCrea and eGFRCKD (r=-0.72), sUrea
and eGFRCKD (r=-0.85), sCrea and
sUmod/sCrea (r=—0.75), sUrea and sUmod/BUN
(r=—0.84), sUrea and sUmod/sUrea (r =—0.85).

2. Indicators of Umod metabolism parameters

Strong positive correlations were identified
between: uUmod and uUmod/sUmod (r=0.92,
p<0.001), uUmod24 and uUmod/eGFR (r=0.94,
p<0.0001), uCrea and eGFRMDRD (r=0.74,
p<0.0001).

Fractional excretion of Umod (FeUmod)
showed positive correlations with:  sCrea
(r=0.69), sUrea (r = 0.57), eGFRCG (r = 0.68).

Fractional secretion of Umod (FsUmod)
demonstrated a moderate positive correlation
with sUmod (r = 0.39, p <0.001).

3. Inverse Associations with Umod

uUmod was negatively correlated with: sCrea
(r =0.33), uAlb/uUmod (r = -0.38), FsUmod
(r=—0.32). sUmaod had inverse correlations with:
uUmod/sUmod (r=-0.26), sUmod/sUrea
(r=—0.56), sUmod/BUN (r =-0.55).

4. Additional Associations

Further inverse relationships were observed
between: uCrea and uUmod/uCrea (r = —-0.66),
uCrea and BUN/sCrea (r=—0.43), uCrea and
sUrea/sCrea (r=—0.43), uCrea and FeUmod

(r=-0.40).

Parameters of Umod  metabolism
demonstrate distinct and specific correlations
with key biochemical indicators of renal
function. These findings confirm their potential
as clinically significant biomarkers for early
diagnosis, prognosis, and risk stratification in
CKOD patients.

Additionally, to assess the prognostic
significance of Umod-related indicators, ROC
curves and a Kaplan-Meier survival curve were
constructed.

Figure 2 presents the ROC curves for
FeUmod and sUmod/sCrea, reflecting their
sensitivity and specificity in predicting kidney
function decline.

The area under the curve (AUC) for
FeUmod was 0.72, indicating good diagnostic
accuracy. For sUmod/sCrea, the AUC was 0.67,
suggesting moderate prognostic value.

The Kaplan-Meier curve (Figure 3) de-
monstrates a declining probability of main-
taining stable kidney function over the ob-
servation period. In approximately 40% of
patients, clinical and laboratory dynamics
consistent with worsening kidney function
according to biomarker criteria were recorded
within 10 weeks.

ROC curves for biomarkers predicting kidney function declin
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Figure 2. ROC curves for FeUmod and sUmod/sCrea



Kaplan-Meier survival curve
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Figure 3. Kaplan-Meier curve for the event “deterioration of kidney function”

Discussion. The obtained results confirm
well-established relationships among classical
indicators of kidney function. Very strong
positive correlations between sCrea, sUrea,
and BUN emphasize their reliability as
biochemical markers of renal function. At the
same time, strong inverse correlations
between sCrea and eGFR, as well as between
sUrea and eGFR, reaffirm the diagnostic
value of estimated glomerular filtration rate as
an integral indicator of renal function.

Clinically meaningful are the correlations
between Umod and kidney function. Asso-
ciations between Umod levels and eGFR
suggest its potential role as an early marker of
tubulointerstitial injury. A decrease in uUmod
and sUmod levels in parallel with eGFR
deterioration may reflect impaired secretion
and excretion of Umod during CKD
progression.

FeUmod showed positive correlations with
classical markers of renal impairment (sCrea,
sUrea), potentially indicating compensatory
enhancement of Umod excretion in the
presence of tubular injury. This may reflect an
attempt by the Kkidneys to maintain
homeostasis under conditions of tubular
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dysfunction. Moderate inverse correlations
between sCrea and FeUmod likely indicate
the limits of these compensatory mechanisms.
Further studies are necessary to establish the
diagnostic reliability of FeUmod as an inde-
pendent marker of tubulointerstitial insuf-

ficiency.
The FsUmod indicator, reflecting the
fractional secretion of Umod into the

bloodstream, demonstrated moderate asso-
ciations with sUmod. These findings suggest
that in CKD, not only Umod excretion but
also systemic secretion may be impaired.
Correlations between sUmod and FsUmod, as
well as between uUmod and FsUmod,
highlight the complexity of Umod regulation
in the kidneys and the potential diagnostic
relevance of its biodistribution. This is
especially relevant in light of hypotheses
regarding Umod's role as a protective
endogenous factor regulating inflammation
and ion transport.

Noteworthy are the correlations between
albuminuria and sUrAc and uUmod indi-
cators. A direct relationship between sUrAc
and uAlb may point to the involvement of
hyperuricemia in the progression of glo-



merular damage. The inverse relationship
between uUmod and the uAlb/uUmod index
suggests that elevated Umod levels may play
a protective role by reducing glomerular
permeability.

Thus, the findings demonstrate complex
interrelationships between the parameters of
uromodulin metabolism and renal function
indicators. Considering both absolute values
and derived indices (ratios) enables a more
precise assessment of the tubular apparatus
and detection of early signs of dysfunction.

Practical Recommendations

e For a more accurate assessment of renal
function, it is advisable to combine
classical parameters (Crea, Urea, eGFR)
with Umod indicators (uUmod, sUmod,
FeUmod, FsUmod).

e Calculating  derived ratios  (e.g.,
uUmod/sUmod, sUmod/sCrea) enhances
diagnostic sensitivity.

kers for patient stratification in CKD.

Conclusions. The obtained results confirm
that patients with CKD stages 1-3 exhibit
subnormal uUmod levels (uUmod,
uUmod?24), which may reflect early tubuloin-
terstitial injury.

Elevated values of FeUmod may indicate
compensatory activation of renal tubules
aimed at maintaining their function under
conditions of structural damage.

Identified correlations between sUmod and
its FsUmod, as well as between uUmod and
FsUmod, suggest the presence of complex
regulatory  mechanisms of uromodulin
biodistribution within the kidneys. These
processes appear to change in the context of
CKD progression and may have diagnostic
and prognostic significance.

Further large-scale, multicenter studies are
needed to evaluate the clinical value of
individual ~ parameters  of  uromodulin

10.

metabolism and their ratios as tools for early
diagnosis, monitoring, and prognosis of CKD.

Umod, especially its fractional forms,
should be considered promising biomar-
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CBs3b TAPAMETPOB YPOMOAYJIMHOBOI'O OBMEHA C ®YHKIUEN NOYEK
Y HAHUEHTOB C XPOHUYECKOMU BOJIE3HBIO ITOYEK 1-3 CTAIUU

JI.A.JAenoBa, C.B.Kymnupenko
'Hayuonanvnwiii ynusepcumem 30pasooxpanenus umenu I1JLHIynuxa, 2. Kues, Ykpauna.

Pe3ztome. bbl10 MIPOBENEHO HCCIENOBAHUE C LENBIO OLIEHUTh B3aUMOCBA3b I1apaMETPOB YPOMOJYJIHHO-
BOTo oOMeHa ¢ ¢yHKImen nouek y naruerToB ¢ XbI1 1-3 cragum.

B uccnenosanue BrimoueHsl 91 mammeHt (38,5% myxunH, 61,5% KEHITUH) C AMArHO30M XPOHUYECKOU
0ose3nu nodek (XBII), ycranosnenubiM o kputepusim KDIGO 2012. BrimonHsiack oleHKa HapaMeTpoB
ypoMmoaynuHoBoro oomena (UUmod, uUmod24, sumod u ux npousBoansix: uUmod/uCrea, uUmod/sUmaod,
FeUmod, FsUmod u np.), a takxke pacuér eGFR no ¢popmynam CKD-EPI, MDRD u CG. Craructuueckuii
ananu3 nposenéH B EZR v.4.3.1, ucnonbs3oBacs koppessinuoHHbiii ananu3 (P < 0,05).

YcraHOBIICHBI TIOJIOKUTEIbHBIE CBsI3M Mexay UUmod u ero npou3BoaHbIMH, a Takke Mexay eGFR u
uUmod/eGFRCKD. OGuapyxeHbl obparHbie Koppemsiinu mexay SCrea u eGFR, sUrea u sUmod/BUN.
FeUmod monoxwurensho xoppeiuposan ¢ sCrea u BUN, FsUmod — ¢ sUmod. DTo orpaxkaer koMIeHca-
TOPHYIO aKTHBAIIUIO 3KCKPEIWH YPOMOJAYJIMHA NPU CHIKCHWU (QYHKIHMU nodek. Hambonee uyBcTBHUTEND-
HBIMU MapKepaMu paHHHX TyOyIspHbIX n3MeHeHu# okasamucs UUmod/uCrea u FeUmod.

[lo MHEHMIO aBTOPOB, MapaMeTpPhl YPOMOAYJIMHOBOIO OOMEHa MOTYT CIYKHUTb ()YHKIMOHAJIBHBIMHU
ouomapkepamu Juis cTpatudukaiuy naueHToB ¢ XBbI1 u paHHero BBIABICHUS TyOYJIOTATHMA.
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