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1. Introducere

Refluxul vezico-ureteral (RVU) este cosiderat cea mai frecventa anomalie dintre
malformatiile congenitale ale rinichilor si tractului urinar (CAKUT), acestea fiind
principala cauza a bolii cronice renale (BCR) in stadiu final la copii si adulti tineri.

Lucrarea de fata abordeaza RVU prin perspectiva mecanismelor fiziopatologice
implicate in dezvoltarea complicatiilor, cum ar fi infectiile urinare (ITU) recurente,
cicatricile renale, nefropatia de reflux (NR) si BCR cu afectarea functiei. Cercetarea s-a
concentrat pe implicarea sistemului imunitar Innascut in fiziopatologia RVU si a NR.
Obiectivele principale au fost identificarea unor markeri de diagnostic, severitate si
prognostic in randul efectorilor imunitari, precum si identificarea unor potentiale
metode de augmentare a raspunsului imun nnascut, cu scop protector al sistemului
reno-urinar.

Primul studiu a vizat caracterizarea epidemiologica a pacientilor cu CAKUT,
inclusiv RVU, din evidenta Sectiei de Nefrologie Pediatrica a Spitalului Clinic de
Urgenta pentru Copii Cluj-Napoca. Obiectivele au fost descrierea evolutiei naturale a
diferitelor tipuri de CAKUT, evaluarea creatininei nadir ca posibil marker prognostic
al evolutiei spre BCR in stadiu final si evaluarea corelatiei dintre varsta gestationala la
detectia CAKUT si tipul malformatiei, pentru a explora diagnosticul antenatal precoce.

Scopul celui de-al doilea studiu a fost evaluarea utilitatii [L-6, NGAL si LL-37 ca
biomarkeri urinari noninvazivi pentru diagnosticul, stadializarea si prognosticul RVU,
a cicatricilor renale si a NR. Obiectivele secundare au inclus evaluarea impactului
recurentei ITU asupra cicatricilor renale, NR, HTA si BCR, precum si corelarea
severitatii RVU cu frecventa ITU si prezenta cicatricilor renale.

Studiul trei a vizat identificarea unor strategii de augmentare a raspunsului
imun, cu scopul identificarii unor alternative terapeutice la copiii cu RVU, In contextul
cresterii rezistentei bacteriene la antibiotice. Pornind de la rolul vitaminei D ca
modulator imun, am evaluat corelatiile dintre concentratiile serice de vitamina D si
recurentele ITU, cicatricile renale, NR si concentratiile urinare de LL-37, NGAL si IL-6.

Rezultatele ofera o perspectiva aprofundata asupra rolului sistemului imun
innascut in RVU, cu implicatii clinice relevante. Am stabilit o valoare cut-off a
creatininei nadir pentru identificarea pacientilor cu risc de progresie citre BCR in
stadiu final. Markerii urinari NGAL si LL-37 pot identifica formele severe de RVU, fiind
astfel utili in ghidarea managementului terapeutic. Corectarea concentratiilor
vitaminei D poate reduce recurentele ITU si preveni deteriorarea functiei renale. Desi
studiile au limitari precum designul transversal si loturile mici, acestea ofera o baza
pentru cercetari viitoare mai ample, necesare pentru confirmarea acestor constatari.
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2. Studiu 1. Refluxul vezico-ureteral in cadrul anomaliilor
congenitale ale rinichilor si tractului urinar - studiul epidemiologic
si evaluarea creatininei nadir ca marker de prognostic

2.1. Introducere si obiective

CAKUT este principala cauza a BCR care necesita terapie de substitutie renala
(dializa, transplant renal) la copii, fiind principala cauza (50-70%) a BCR in stadiu
terminal la copii si adulti tineri. Detectarea precoce si diagnosticul de certitudine sunt
esentiale pentru gestionarea corecta a CAKUT si pentru prevenirea deteriorarii renale
pe termen lung.

Obiectivele studiului au inclus caracterizarea epidemiologica a pacientilor cu
CAKUT si identificarea evolutiei naturale a diferitelor tipuri de malformatii renale,
pentru stabilirea prognosticului si identificarea pacientilor aflati la risc de a dezvolta
BCR 1n stadiu final. Un alt obiectiv a fost evaluarea eficientei predictive a creatininei
nadir in ceea ce priveste evolutia ciatre BCR 1n stadiu final, pentru care am urmarit
stabilirea unei valori cut-off. Mai mult, in cadrul studiului am evaluat corelatia dintre
varsta gestationala la detectia CAKUT si tipul de malformatie, in incercarea de stabilire
precoce a diagnosticul antenatal.

2.2. Pacienti si metode

Am derulat un studiu retrospectiv pe un grup de 205 copii cu CAKUT, pe o
perioada de patru ani (august 2019 - iulie 2023). Toti pacientii inclusi in studiu au fost
detectati antenatal cu CAKUT, confirmate ulterior prin imagisticd postnatala. Am
utilizat dosarele medicale pentru a obtine date referitoare la varsta gestationala la
detectia CAKUT, valorile in dinamica ale creatininei serice, interventiile terapeutice si
evolutia pacientilor. Pentru fiecare pacient, am stabilit valoarea nadir a creatininei
serice, care a fost definitd ca fiind cea mai mica valoare a creatininei in primul an de
viata. Datele obtinute au fost compilate intr-o baza de date creata utilizand Microsoft
Office Excel Versiunea 16.78.3 si ulterior analizate cu IBM SPSS Statistics Versiunea 20.

2.3. Rezultate si concluzii

Cel mai frecvent tip de CAKUT a fost sindromul de jonctiune pielo-ureterala
(SJPU), reprezentand 46% din cazuri, urmat de RVU bilateral si unilateral, care cumulat
au reprezentat 21%. Varsta gestationala medie la momentul detectarii CAKUT a fost de
29,85 saptamani (+6,71). Testul ANOVA a indicat diferente semnificative statistic intre
varstele gestationale la momentul detectarii, In functie de tipurile de CAKUT (p < 0,05).
36 de pacienti (17,6%) au fost diagnosticati cu BCR stadiile 2-5, iar 8 (3,9%) au fost
incadrati in stadiul final, dintre care 25% au avut RVU bilateral. Testul ANOVA a
relevat diferente semnificative statistic intre nivelurile de creatinind nadir la diferite
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tipuri de CAKUT (p < 0,05). Analiza comparativa post hoc a indicat diferente
semnificative intre valorile creatininei nadir pentru displazia renald multichistica si
valvele de uretra posterioare, si intre SJPU si RVU bilateral. Analiza ROC pentru
evaluarea valorii creatininei nadir ca marker predictiv al evolutiei spre BCR 1n stadiu
final, a relevat sensibilitate si specificitate foarte ridicate la utilizarea unui cut-off de
0,98 mg/dL. AUC a fost 0,95, cu semnificatie statisticd extrem de importanta (p <
0,001).

In concluzie, varsta gestationald la detectia CAKUT poate fi un indicator al
tipului de malformatie. Aceasta corelatie ar putea permite ajustarea strategiilor clinice
si o abordare terapeutica individualizata. Rezultatele studiului sustin utilitatea unui
cut-off al creatininei nadir de 0,98 mg/dL ca marker predictiv fiabil al progresiei catre
stadiul final al BCR la pacientii cu CAKUT.

3. Studiu 2. Utilitatea markerilor urinari ai imunitatii
innascute in evaluarea refluxului vezico-ureteral si a nefropatiei de
reflux - IL-6, LL-37, NGAL

3.1. Introducere si obiective

Secundar ITU recurente si a efectului presional steril asupra structurilor renale,
RVU poate evolua cu multiple complicatii, cum ar fi cicatricile renale, proteinuria, HTA
sau BCR. Prima reactie a organismului in ITU este activarea sistemului imun innascut,
prin care se declanseaza procese inflamatorii la nivelul aparatului reno-urinar, cu
implicare in mecanismele fiziopatologice descrise in aparitia cicatricilor renale si a NR.

Scopul acestui studiu a fost de a identifica biomarkeri urinari noninvazivi si usor
de determinat care ar putea fi utilizati in diagnosticul si stadializarea RVU, a cicatricilor
renale si a NR. Avand in vedere implicarea lor in fiziopatologia ITU si a NR, am decis
studierea IL-6, LL-37 si NGAL. Un alt obiectiv al studiului a fost evaluarea impactului
frecventei ITU asupra aparitiei cicatricilor renale, dezvoltarii NR, HTA si BCR, precum
si corelatiile dintre severitatea RVU si numarul de ITU si cicatricile renale, pentru
identificarea pacientilor aflati la risc de evolutie nefavorabila si de dezvoltare a
complicatiilor.

3.2. Pacienti si metode

Am derulat un studiu transversal, pe parcursul a 3 ani (august 2020 -
septembrie 2023), in care am inrolat 39 de copii diagnosticati cu RVU si 39 martori
sanatosi. Au fost inclusi in studiu copii fara ITU timp de cel putin o luna si fara alte
patologii infectioase sau inflamatorii.

Diagnosticul de RVU a fost stabilit la toti pacientii exclusiv prin uretrocistografie
mictionala retrograda, iar gradul de severitate al RVU a fost stabilit conform clasificarii
internationale. Am utilizat un scor cumulativ al gradului de severitate de la 1 la 10.
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Prezenta cicatricilor renale a fost evaluati prin scintigrafie cu DMSA. incadrarea in
stadiul BCR a fost realizatd in conformitate cu recomandarile KDIGO 2012/2021.
Analiza markerilor urinari a presupus determinarea concentratiilor urinare de IL-6,
NGAL si LL-37, folosind kit-uri ELISA. Toate datele obtinute au fost incluse intr-o baza
de date creata in Microsoft Office Excel Versiunea 16.78.3 si au fost interpretate
statistic folosind software-ul Statistica, Versiunea 13, TIBCO Software Inc., Palo Alto,
CA, SUA.

3.3. Rezultate si concluzii

in lotul studiat, 11 (28,2%) pacienti au avut RVU usor, 18 (46,2%) au avut RVU
moderat si 10 (25,6%) au avut RVU sever, 9 pacienti (23%) au prezentat cicatrici
renale, iar 7 pacienti (17,9%) au avut functie renald afectata.

Concentratiile urinare de NGAL, NGAL/creatinind si NGAL/LL-37 au fost
semnificativ mai mari la pacientii cu RVU (p = 0,02, p = 0,03, respectiv p = 0,03),
relevand potentialul de markeri diagnostici a acestora. In ceea ce priveste severitatea
RVU, am obtinut valori mai mari ale NGAL/creatinina si LL-37/creatinina la pacientii
cu RVU sever comparativ cu pacientii cu RVU usor (p = 0,04, respectiv p = 0,02). in
plus, am decelat o relatie de directa proportionalitate, cu semnificatie statistica (p =
0,03, R = 0,3), intre LL-37/creatinina si gradul cumulativ de severitate al RVU. La
pacientii cu RVU si cicatrici renale am obtinut valori semnificativ mai mari ale
creatininei urinare (p = 0,004) si valori semnificativ mai mici ale LL-37/creatinina (p =
0,01), comparativ cu pacientii cu RVU fara cicatrici.

Analiza de tip curba ROC a relevat valori de teste slabe ale NGAL,
NGAL/creatinina si NGAL/LL-37 pentru diagnosticul RVU (AUC = 0,65, AUC = 0,64,
respectiv AUC = 0,64). Pentru identificarea pacientilor cu RVU sever, LL-37/creatinina
(AUC = 0,71) si NGAL/creatinind (AUC = 0,72) au fost teste cu eficientd acceptabilg, in
timp ce NGAL/LL-37 (AUC = 0,67) a avut eficienta unui test slab.

In concluzie, NGAL si LL-37 ar putea fi utilizati ca markeri urinari de diagnostic
a RVU si a cicatricilor renale, inlocuind examinirile actuale. in plus, pot influenta
conduita terapeutica avand potentialul de discriminare a formelor severe de RVU.

4. Studiu 3. Rolul vitaminei D in modularea raspunsului imun
innascut

4.1. Introducere si obiective

Vitamina D moduleaza sistemului imun inndscut prin intermediul receptorilor
sai prezenti pe aproape toate celulele imune (limfocite B si T, neutrofile, celule
dendritice, macrofage), promovand un echilibru intre mecanismele proinflamatorii si
cele antiinflamatorii. Efectele antibacteriene, antivirale si antifungice ale vitaminei D se
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datoreaza rolului sau imunomodulator, in special datorita modularii expresiei
peptidelor antimicrobiene, printre cele mai importante fiind LL-37 si defensinele.

Scopul studiului a fost analiza integratda a LL-37, NGAL, IL-6 si vitaminei D la
pacientii cu RVU, pentru a identifica modalitdti de augmentare a imunitatii innascute in
contextul rezistentei crescute la antibiotice. Un prim obiectiv a fost analiza corelatiilor
nivelului de vitamina D cu frecventa ITU, prezenta cicatricilor renale si NR. Alt obiectiv
a fost evaluarea corelatiilor dintre nivelul vitaminei D si concentratiile urinare de LL-
37, NGAL si IL-6. Rezultate obtinute pot fundamenta studii viitoare asupra eficientei
suplimentarii cu vitamina D la pacientii cu RVU pentru stimularea raspunsului imun
prin cresterea expresiei peptidelor antimicrobiene.

4.2. Pacienti si metode

Am efectuat un studiu transversal pe 25 copii cu RVU, perioada de selectie a
pacientilor si de colectare a datelor medicale fiind august 2020 - septembrie 2023. Am
inclus 1n studiu pacientii recrutati in studiul 2, la care s-a determinat si nivelul seric al
vitaminei D in momentul recoltarii probelor de urind pentru determinarea LL-37,
NGAL si IL-6. Numarul de ITU al fiecarui pacient a fost inregistrat in baza de date
conform informatiilor din dosarele medicale. Pentru analiza statistica a fost realizata o
grupare a pacientilor in 4 categorii: 0 PNA, 1-2 PNA, 3-5 PNA si >5 PNA. Analiza
markerilor urinari a presupus determinarea concentratiilor urinare de IL-6, NGAL si
LL-37, folosind kit-uri ELISA. Determinarea vitaminei D s-a efectuat prin testare
imunologica cantitativa prin chemiluminiscenta. Datele obtinute au fost incluse intr-o
baza de date creata folosind Microsoft® Excel for Mac, Version 16.88. Pentru analiza
statistica am utilizat software-ul IBM SPSS Statistics Versiunea 29.0.2.0.

4.3. Rezultate si concluzii

Din totalul de 25 de pacienti, 5 (20%) au avut cicatrici renale la examinarea
scintigrafica, iar 20 (80%) au prezentat modificari ecografice si scintigrafice
interpretate ca NR. In urma stadializarii BCR, 22 pacienti (88%) au fost incadrati in
stadiul 1, iar 3 pacienti (12%) in stadiul 2. Din total, 3 pacienti (12%) au avut deficit de
vitamina D, 5 (20%) nivel insuficient, 16 (64%) nivel suficient, iar 1 (4%) nivel toxic.
Referitor la recurenta ITU, 3 pacienti (12%) nu au prezentat ITU, 6 pacienti (24%) au
prezentat intre 1 si 2 episoade, 7 pacienti (28%) au prezentat intre 3 si 5 episoade, iar
9 pacienti (36%) au prezentat mai mult de 5 episoade.

Analiza corelatiei Intre nivelul seric al vitaminei D si numarul de PNA a aratat
cele mai mici valori medii ale vitaminei D la pacientii cu peste 5 episoade de PNA, cu o
medie de 27,3 ng/ml, incadratd ca nivel insuficient. Testul ANOVA a indicat ca
diferentele intre cele 4 grupuri nu sunt semnificative statistic (p = 0,07). Pacientii cu
cicatrici renale au avut o valoare medie a vitaminei D de 30,51 ng/ml, comparativ cu
41,23 ng/ml la cei fara cicatrici. Diferenta nu a fost semnificativa statistic (p = 0,39). Nu



Mecanisme modulatorii imunitare in refluxul vezico-ureteral 9

s-au observat diferente in nivelurile vitaminei D intre pacientii cu si fara NR, nici intre
cei cu BCR stadiul 1 si stadiul 2.

Analiza influentei vitaminei D asupra concentratiilor urinare de IL-6, LL-37 si
NGAL a aratat corelatii slabe intre vitamina D si IL-6 urinar (r = 0,2), raportul IL-
6/creatinina (r = 0,06), NGAL urinar (r = 0,27), raportul NGAL/creatinina (r = 0,06) si
LL-37 urinar (r = 0,11). In schimb, s-a observat o corelatie puternici intre vitamina D si
raportul LL-37 /creatinina (r = 0,78, r?2 = 0,61).

in concluzie, nivelul vitaminei D influenteazi expresia LL-37 la nivel urinar.
Avand in vedere efectele asupra recurentelor ITU si asupra dezvoltarii cicatricilor
renale, asigurarea unui nivel optim al vitaminei D reprezinta un mecanism modulator
imunitar care poate Imbunatatii rezultatele clinice la pacientii cu RVU.

5. Concluzii generale

Studiile din aceasta teza ofera informatii utile pentru intelegerea fiziopatologiei
RVU si a rolului imunitatii inndscute in complicatiile asociate, precum ITU recurente,
cicatricile renale sau NR. Aceste date pot fi utile pentru imbunatatirea strategiilor de
management la pacientii cu RVU.

Creatinina nadir s-a dovedit a fi un marker prognostic eficient pentru
identificarea pacientilor cu CAKUT cu risc crescut de evolutie spre stadiul final al BCR.

NGAL, NGAL/creatinina si NGAL/LL-37 pot fi utilizati ca markeri urinari de
diagnostic a RVU. Raportul LL-37/creatinina este un potential marker de diagnostic al
cicatricilor renale si de prognostic al RVU. Implementarea in practica clinica a acestor
markeri urinari ar putea facilita diagnosticul si monitorizarea evolutiei pacientilor cu
RVU, inlocuind examinarile invazive si laborioase, precum uretrocistografia mictionala
retrograda sau scintigrafia DMSA.

NGAL/creatinina si LL-37/creatinina sunt teste acceptabile pentru
discriminarea RVU sever de RVU usor. Astfel, acesti markeri pot influenta conduita
terapeutica, facilitind identificarea pacientilor care necesita interventie chirurgicald
sau terapie conservatoare.

Rezultatele noastre aratd ca vitamina D influenteaza expresia urinara de LL-37,
cu posibile repercursiuni asupra recurentei ITU si aparitiei cicatricilor renale.
Suplimentarea cu vitamina D poate eficientiza raspunsul imun prin stimularea
productiei urinare de LL-37, oferind beneficii semnificative pacientilor cu deficit de
vitamina D. Mentinerea unui nivel optim de vitamina D poate contribui la
imbunatatirea considerabila a rezultatelor clinice in cazul pacientilor cu RVU.

Aceste aspecte subliniaza importanta utilizarii markerilor urinari noninvazivi si
optimizarii nivelului de vitamina D in managementul pacientilor cu RVU si CAKUT,
pentru o diagnosticare precoce, monitorizare eficienta si tratamente personalizate,
reducand riscul de complicatii si imbunatatind rezultatele pe termen lung.
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1. Introduction

Vesicoureteral reflux (VUR) is considered the most common anomaly among
congenital malformations of the kidneys and urinary tract (CAKUT), which are the
leading cause of end-stage chronic kidney disease (CKD) in children and young adults.
This thesis addresses VUR from the perspective of the pathophysiological mechanisms
involved in developing complications, such as recurrent urinary tract infections
(UTlIs), renal scarring, reflux nephropathy (RN), and CKD with impaired function. This
research focused on the involvement of the innate immune system in the
pathophysiology of VUR and RN. The main objectives were to identify diagnostic,
staging, and prognostic markers among immune effectors and to identify potential
methods for augmenting the innate immune response to protect the renal-urinary
system.

The first study aimed at the epidemiological characterization of patients with
CAKUT, including VUR, from the records of the Pediatric Nephrology Department of
the Emergency Clinical Hospital for Children Cluj-Napoca. The objectives were to
describe the natural progression of different types of CAKUT, evaluate nadir
creatinine as a potential prognostic marker for progression to end-stage CKD, and
assess the correlation between gestational age at the detection of CAKUT and the type
of malformation to explore early prenatal diagnosis.

The second study aimed to evaluate the utility of IL-6, NGAL, and LL-37 as non-
invasive urinary biomarkers for the diagnosis, staging, and prognosis of VUR, renal
scarring, and RN. Secondary objectives included assessing the impact of recurrent
UTIs on renal scarring, RN, hypertension, and CKD, as well as correlating the severity
of VUR with the frequency of UTIs and the presence of renal scarring.

The third study aimed to identify strategies for enhancing the immune
response to find therapeutic alternatives for children with VUR in the context of
increasing antimicrobial resistance. Based on the role of vitamin D as an immune
modulator, we evaluated the correlations between serum vitamin D levels and UTI
recurrences, renal scarring, RN, and urinary levels of LL-37, NGAL, and IL-6.

The results provide insight into the role of the innate immune system in VUR,
with relevant clinical implications. We established a nadir creatinine cut-off value to
identify patients at risk of progression to end-stage CKD. Urinary markers NGAL and
LL-37 can identify severe forms of VUR, thus being useful in guiding therapeutic
management. Correcting vitamin D levels can reduce UTI recurrences and prevent
deterioration of kidney function. Although the studies have limitations, such as the
cross-sectional design and small patient groups, they provide a foundation for larger
future research needed to confirm these findings.
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2. Study 1 - Vesicoureteral reflux in congenital anomalies of
the kidney and wurinary tract - epidemiological study and
evaluation of nadir creatinine as a prognostic marker

2.1. Introduction and aims

CAKUT is the leading cause of CKD requiring renal replacement therapy
(dialysis, kidney transplant) in children, accounting for 50-70% of end-stage CKD in
children and young adults. Early detection and a definitive diagnosis are essential for
the proper management of CAKUT and for preventing long-term kidney damage.

The objectives of the study included the epidemiological characterization of
patients with CAKUT and the identification of the natural progression of different types
of renal malformations to establish the prognosis and identify patients at risk of
developing end-stage CKD. Another objective was to evaluate the predictive
effectiveness of nadir creatinine concerning progression to end-stage CKD, for which
we aimed to establish a cutoff value. Furthermore, the study assessed the correlation
between gestational age at the time of CAKUT detection and the type of malformation
in an attempt to establish early antenatal diagnosis.

2.2. Patients and methods

We conducted a retrospective study on 205 children with CAKUT over four
years (August 2019 - July 2023). All patients included in the study were antenatally
detected with CAKUT, later confirmed by postnatal imaging. We used medical records
to obtain data regarding gestational age at CAKUT detection, dynamic serum creatinine
values, therapeutic interventions, and patient outcomes. For each patient, we
determined the nadir value of serum creatinine, defined as the lowest creatinine value
in the first year of life. The data collected were compiled into a database created using
Microsoft Office Excel Version 16.78.3 and subsequently analyzed with IBM SPSS
Statistics Version 20.

2.3. Results and conclusions

The most common type of CAKUT was the pyelo-ureteral junction syndrome
(PUJS), accounting for 46% of cases, followed by bilateral and unilateral VUR, which
together represented 21%. The mean gestational age at the time of CAKUT detection
was 29.85 weeks (£6.71). The ANOVA test showed statistically significant differences
in gestational ages at detection based on the types of CAKUT (p < 0.05). Thirty-six
patients (17.6%) were diagnosed with CKD stages 2-5, and eight (3.9%) were classified
as end-stage CKD, with 25% of them having bilateral VUR. The ANOVA test revealed
statistically significant differences in nadir creatinine levels across different types of
CAKUT (p < 0.05). Post hoc comparative analysis showed significant differences
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between the nadir creatinine values for multicystic dysplastic kidney and posterior
urethral valves and between PU]JS and bilateral VUR. The ROC analysis for evaluating
the nadir creatinine value as a predictive marker for progression to end-stage CKD
revealed very high sensitivity and specificity when using a cutoff of 0.98 mg/dL. The
AUC was 0.95, with highly significant statistical relevance (p < 0.001).

In conclusion, gestational age at the time of CAKUT detection may be an
indicator of the type of malformation. This correlation could allow for the adjustment
of clinical strategies and an individualized therapeutic approach. The study's results
support the utility of a nadir creatinine cutoff of 0.98 mg/dL as a reliable predictive
marker for progression to end-stage CKD in patients with CAKUT.

3. Study 2 - The utility of urinary markers of innate immunity
in the evaluation of vesicoureteral reflux and reflux nephropathy -
IL-6, LL-37, NGAL

3.1. Introduction and aims

Secondary to recurrent UTIs and the sterile pressure effect on renal structures,
VUR can progress with multiple complications, such as renal scarring, proteinuria,
hypertension, or CKD. The body's initial response to UTIs is the activation of the innate
immune system, which triggers inflammatory processes in the renal-urinary system,
involving the pathophysiological mechanisms described in the development of renal
scarring and RN.

This study aimed to identify non-invasive and easily measurable urinary
biomarkers that could be used in the diagnosis and staging of VUR, renal scarring, and
RN. Given their involvement in the pathophysiology of UTIs and RN, we decided to
study IL-6, LL-37, and NGAL. Another objective of the study was to evaluate the impact
of UTI frequency on the development of renal scarring, RN, hypertension, and CKD, as
well as the correlations between the severity of VUR, the number of UTIs, and renal
scarring, to identify patients at risk of unfavorable progression and the development of
complications.

3.2. Patients and methods

We conducted a cross-sectional study over 3 years (August 2020 - September
2023), in which we enrolled 39 children diagnosed with VUR and 39 healthy controls.
The study included children who had not experienced a UTI for at least one month and
who had no other infectious or inflammatory conditions.

The diagnosis of VUR was established for all patients exclusively by retrograde
voiding urethrocystography, and the degree of severity of VUR was established
according to the international grading system. We used a cumulative severity score
ranging from 1 to 10. The presence of renal scarring was assessed by DMSA
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scintigraphy. Staging of CKD was performed following the KDIGO 2012/2021
guidelines. The analysis of urinary biomarkers involved measuring urinary
concentrations of IL-6, NGAL, and LL-37 using human ELISA kits. All data obtained
were included in a database created in Microsoft Office Excel Version 16.78.3 and were
statistically analyzed using Statistica software, Version 13, TIBCO Software Inc., Palo
Alto, CA, USA.

3.3. Results and conclusions

In the study group, 11 (28.2%) patients had mild VUR, 18 (46.2%) had
moderate VUR, and 10 (25.6%) had severe VUR. Nine patients (23%) had renal
scarring, and seven patients (17.9%) had impaired renal function.

Urinary concentrations of NGAL, NGAL/creatinine, and NGAL/LL-37 were
significantly higher in patients with VUR (p = 0.02, p = 0.03, and p = 0.03, respectively),
highlighting their potential as diagnostic markers. Regarding the severity of VUR, we
observed higher values of NGAL/creatinine and LL-37/creatinine in patients with
severe VUR compared to those with mild VUR (p = 0.04 and p = 0.02, respectively).
Additionally, we found a statistically significant positive correlation (p = 0.03, R = 0.3)
between LL-37/creatinine and the cumulative severity grade of VUR. In patients with
VUR and renal scarring, we obtained significantly higher urinary creatinine values (p =
0.004) and significantly lower LL-37/creatinine values (p = 0.01) compared to patients
with VUR without scarring.

The ROC curve analysis revealed poor test values for NGAL, NGAL/creatinine,
and NGAL/LL-37 in diagnosing VUR (AUC = 0.65, AUC = 0.64, and AUC = 0.64,
respectively). For identifying patients with severe VUR, LL-37/creatinine (AUC = 0.71)
and NGAL/creatinine (AUC = 0.72) were tests with acceptable efficiency, while
NGAL/LL-37 (AUC = 0.67) had the efficiency of a poor test.

In conclusion, NGAL and LL-37 could be used as urinary biomarkers for
diagnosing VUR and renal scarring, potentially replacing current examinations.
Furthermore, they may influence therapeutic decisions, with the potential to
discriminate between severe and mild forms of VUR.

4. Study 3 - The role of vitamin D in modulating the innate
immune response

4.1. Introduction and aims

Vitamin D modulates the innate immune system through its receptors present
on almost all immune cells (B and T lymphocytes, neutrophils, dendritic cells,
macrophages), promoting a balance between pro-inflammatory and anti-inflammatory
mechanisms. The antibacterial, antiviral, and antifungal effects of vitamin D are
attributed to its immunomodulatory role, particularly through the modulation of
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antimicrobial peptide expression, with LL-37 and defensins being among the most
important.

The aim of the study was the integrated analysis of LL-37, NGAL, IL-6, and
vitamin D in patients with VUR, to identify ways to enhance innate immunity in the
context of increased antimicrobial resistance. One primary objective was to analyze the
correlations between vitamin D levels and the frequency of UTIs, the presence of renal
scars, and CKD. Another objective was to evaluate the correlations between vitamin D
levels and urinary concentrations of LL-37, NGAL, and IL-6. The obtained results may
provide a basis for future studies on the effectiveness of vitamin D supplementation in
patients with VUR for stimulating the immune response by increasing the expression
of antimicrobial peptides.

4.2. Patients and methods

We conducted a cross-sectional study on 25 children with VUR, with the patient
selection and data collection period being from August 2020 to September 2023. The
study included patients recruited in Study 2, for whom serum vitamin D levels were
also determined at the time of urine sample collection for LL-37, NGAL, and IL-6
measurement. The number of UTIs for each patient was recorded in the database
based on information from medical records. For statistical analysis, patients were
grouped into four categories: 0 UTIs, 1-2 UTlIs, 3-5 UTIs, and >5 UTIs. The analysis of
urinary biomarkers involved measuring the urinary concentrations of IL-6, NGAL, and
LL-37 using human ELISA kits. Vitamin D measurement was performed through
quantitative immunological testing via chemiluminescence. The obtained data were
included in a database created using Microsoft® Excel for Mac, Version 16.88. For
statistical analysis, IBM SPSS Statistics Version 29.0.2.0 software was used.

4.3. Results and conclusions

Of the 25 patients, 5 (20%) had renal scars on scintigraphic examination, while
20 (80%) showed ultrasound and scintigraphic changes interpreted as CKD. Following
CKD staging, 22 patients (88%) were classified in stage 1, and 3 patients (12%) in
stage 2. Of the total, 3 patients (12%) had vitamin D deficiency, 5 (20%) had
insufficient levels, 16 (64%) had sufficient levels, and 1 (4%) had toxic levels.
Regarding UTI recurrence, 3 patients (12%) had no UTIs, 6 patients (24%) had
between 1 and 2 episodes, 7 patients (28%) had between 3 and 5 episodes, and 9
patients (36%) had more than 5 episodes.

The correlation analysis between serum vitamin D levels and the number of
UTIs showed the lowest mean vitamin D levels in patients with more than 5 UTI
episodes, with an average of 27.3 ng/ml, classified as insufficient. The ANOVA test
indicated that the differences between the four groups were not statistically significant
(p = 0.07). Patients with renal scarring had an average vitamin D level of 30.51 ng/ml,
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compared to 41.23 ng/ml in those without scarring. The difference was not statistically
significant (p = 0.39). No differences in vitamin D levels were observed between
patients with and without CKD, nor between those with stage 1 and stage 2 CKD.

The analysis of the influence of vitamin D on urinary concentrations of IL-6, LL-
37, and NGAL showed weak correlations between vitamin D and urinary IL-6 (r = 0.2),
IL-6/creatinine ratio (r = 0.06), urinary NGAL (r = 0.27), NGAL/creatinine ratio (r =
0.06), and urinary LL-37 (r = 0.11). However, a strong correlation was observed
between vitamin D and the LL-37/creatinine ratio (r = 0.78, r? = 0.61).

In conclusion, vitamin D levels influence the expression of LL-37 in urine.
Considering its effects on UTI recurrences and the development of renal scarring,
ensuring an optimal vitamin D level represents an immune-modulatory mechanism
that can improve clinical outcomes in patients with VUR.

5. General conclusions

The studies in this thesis provide valuable insights into the pathophysiology of
VUR and the role of innate immunity in associated complications, such as recurrent
UTIs, renal scarring, or CKD. These data may be useful for improving management
strategies in patients with VUR.

Nadir creatinine has proven to be an effective prognostic marker for identifying
CAKUT patients at high risk of progressing to end-stage CKD.

NGAL, NGAL/creatinine and NGAL/LL-37 can be used as urinary biomarkers for
diagnosing VUR. The LL-37/creatinine ratio is a potential diagnostic marker for renal
scarring and a prognostic marker for VUR. The implementation of these urinary
biomarkers in clinical practice could facilitate the diagnosis and monitoring of the
progression of patients with VUR, replacing invasive and labor-intensive examinations
such as retrograde voiding urethrocystography or DMSA scintigraphy.

NGAL/creatinine and LL-37/creatinine are acceptable tests for discriminating
between severe and mild VUR. Thus, these biomarkers can influence therapeutic
decisions, facilitating the identification of patients who require surgical intervention or
conservative therapy.

Our results show that vitamin D influences the urinary expression of LL-37, with
potential implications for UTI recurrence and the development of renal scarring.
Vitamin D supplementation may enhance the immune response by stimulating urinary
LL-37 production, providing significant benefits for patients with vitamin D deficiency.
Maintaining an optimal level of vitamin D may lead to a significant improvement in
clinical outcomes for patients with VUR.

These aspects highlight the importance of using non-invasive urinary
biomarkers and optimizing vitamin D levels in the management of patients with VUR
and CAKUT for early diagnosis, effective monitoring, and personalized treatments,
reducing the risk of complications and improving long-term outcomes.



