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The use of biomarkers in the diagnosis and treatment of obstruction of the
upper urinary tract in children

Zuzana Seifriedova?, Hana Flogelova®, Jan Sarapatka®, Oldrich Smakal?, Vladimir Student Jr.?

Antenatal hydronephrosis, dilatation of the upper urinary tract (UUTD), is a common finding on prenatal ultrasound.
One of the most common causes is ureteropelvic junction (UPJ) obstruction. Although such prenatally diagnosed UUTD
resolves spontaneously in most newborns, further examination of these children is advocated to prevent possible ir-
reversible kidney damage, and ultrasound is mainly used for this. If the dilatation persists or becomes symptomatic, it
is necessary to proceed to other relatively demanding and invasive diagnostic examinations for these small patients,
where the question of the right timing of indications for possible surgical solutions is still unclear. For this reason,
various biomarkers have been investigated in a number of clinical trials as potential mini-invasive diagnostic tools for
determining when upper urinary tract dilatation in such children poses a threat to the developing kidneys and they
should be operated on, and vice versa, when to proceed conservatively. The aim of this article is to review the findings
on and current issues with the use of biomarkers in the diagnosis and treatment of UPJ obstruction in children.
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INTRODUCTION Common diagnostic procedures for examining children
with UPJ obstruction include ultrasonography of the uri-

Antenatal hydronephrosis with UPJ obstruction is a  nary tract, dynamic diuretic scintigraphy of the kidneys
congenital malformation associated with a restriction  (99mTc-MAG 3), voiding cystourethrography (VCUG),
in the outflow of urine, which is defined according to  and biochemical parameters of renal function, especially
the European Association of Urology Guidelines as an  serum creatinine. Significant UPJ obstruction, which is an
impaired outflow of urine from the renal pelvis to the indication for surgery, is determined based on ultrasound
proximal ureter with subsequent dilatation of the renal findings, dynamic diuretic MAG 3 scintigraphy, and/or
drainage system and risk of renal impairment’. symptomatology (persistent hip pain, urinary tract infec-
Unilateral obstruction can lead to progressive deterio-  tions). Criteria include (I) decrease in relative renal func-
ration of renal function in 20-40% of cases, according to  tion < 40%, (II) decrease in relative renal function by more
available studies. In these patients, treatment should be  than 10% in subsequent MAG 3 follow-up, (III) impaired
initiated early, with the main caveat being a lack of valid  drainage after furosemide administration, (IV) ultrasound
markers with the ability to predict in whom renal impair-  evidence of anteroposterior diameter enlargement of the

ment will occur?. pelvis, (V) dilatation of renal pelvis III.-IV. degrees and
The UPJ obstruction with incidence 1:1500 newborns,  symptomatic hydronephrosis*.
and a male-to-female ratio of 2:1 (ref.?). UUTD is diag- In many cases, a borderline finding may be encoun-

nosed prenatally in ultrasonographic (US) screening, tered according to the above diagnostic examinations. It is
most often in the 28th week, and confirmed postnatally.  not easy to determine whether patients will benefit from
Cases that are not detected through prenatal screening  surgery, or whether it is possible to continue monitoring
are most often postnatally manifested by urinary tract them and proceed conservatively. In the event of a deterio-
infections, failure to thrive, or pain. Although in most  ration of the findings, it is very important to make a timely
neonates, such prenatally diagnosed upper urinary tract  decision when the risk of renal damage is such that surgi-
dilatation (UUTD) resolves spontaneously, there is a sig-  cal treatment is indicated. A crucial aspect of conservative
nificant number of cases in which the ultrasound deterio- monitoring is repeated diuretic MAG 3 scintigraphy. The
rates, and there is a high risk of progression to permanent  total time of the radionuclide examination of the kidneys
loss of renal function is about 45 min. The radiopharmaceutical is adminis-

The main task of pediatric urologists is to distinguish  tered intravenously and it is therefore very burdensome
patients who require surgery to maintain kidney function  for children, especially in infancy and toddler ages. Due to
from those who will probably spontaneously correct. the invasiveness of these examinations and the described
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limitations of general criteria for indicating surgical treat-
ment of UPJ obstruction, a suitable diagnostic marker
predicting future kidney disease is sought, to accurately
and timely evaluate the need for surgery in the case of
obstruction. The value of urinary biomarkers, which ap-
pear to be a possible minimally invasive diagnostic tool
to distinguish between obstructive and non-obstructive
UUTD, is currently being investigated.

The aim of this article is to review the facts and cur-
rent issues in the use of biomarkers in the diagnosis and
treatment of upper urinary tract (UUT) obstruction in
children.

BIOMARKERS OF RENAL DAMAGE

A biomarker is defined as a parameter that can be
measured objectively and is evaluated as an indicator of
both normal physiological and pathogenic processes and/
or pharmacological responses to a therapeutic interven-
tion’. Animal models have provided us with new insights
into the cellular response to developing kidney obstruc-
tion, helping us to identify individual molecules that elicit
a pathogenic response to renal damage, mediators of in-
terstitial inflammation, tubular apoptosis, and fibrosis.

Recently, proteomics - a science that studies pro-
teins, their properties, and functions, has become a key
diagnostic and prognostic tool for many clinical special-
ists. Today, we can understand and explain the cellular
and molecular nature of individual diseases, while the
proteins analyzed can be used to determine the disease
in its early stages. The etiopathogenesis of renal damage
and the progression of renal insufficiency in obstructive
nephropathy consists of several processes at the cellular
and molecular level. These include the hemodynamic re-
sponse of the kidneys, ie. decrease in blood flow mainly
through the renal cortex, decrease in capillary wall per-

meability, infiltration of the interstitium by macrophages,
reflux of filtrate through the damaged tubule wall into
the interstitium, dilatation of renal tubules and apoptosis
and accumulation of peeled tubular cells in the lumen of
the renal tubules. This process proceeds under the influ-
ence of various enzymes, cytokines, chemokines, growth
factors, signaling molecules, and genes. In recent years,
these findings have identified several molecules that could
potentially be used as biomarkers with promising results
in both diagnosis and treatment, as well as a prognostic
factor in children with UPJ obstruction.

CLINICAL STUDIES EVALUATING BIOMARKERS
IN UPJ OBSTRUCTION

Dozens of clinical studies on biomarkers of UPJ ob-
struction in children have been published since 2000.
Most biomarkers are analyzed in urine in these studies
but some investigate serum concentrations. Proteins are
quantified using commercially available ELISA kits (hu-
man sandwich enzyme-linked immunosorbent assay).
Included in this review article are studies that examined
biomarkers in urine samples in children under 18 years of
age with unilateral or bilateral evidence of UPJ obstruc-
tion compared to healthy children (control group) and/
or children with dilatation of the renal collecting system
without obstruction (conservatively treated group). An
overview of biomarkers is summarized in Table 1.

Most studies have addressed only unilateral UPJ ob-
struction, although some publications discuss bilateral
obstruction. In most cases, the authors compared the lev-
els of biomarkers in patients who underwent pyeloplasty
(operated group) with patients with upper tract dilatation
without proven UPJ obstruction (group monitored or con-
servatively treated) and healthy people without dilation
(control group). Other studies compared biomarker levels

Table 1. Biomarkers clinically studied in UPJ obstruction.

Urinary biomarker

Clinical studies (ref.)

neutrophil gelatinase-associated lipocalin (NGAL)
monocyte chemotactic peptide-1 (MCP1)
transforming growth factor B1 (TGFB1)

interleukin 6 (IL-6)

carbohydrate antigen 19-9 (CA19-9)

epidermal growth factor (EGF)

kidney injury molecule 1 (KIM1)

antimicrobial peptides (AMPs) - B defense 1 (BD1)
cathelicidin (LL37)

hepatocarcinoma-intestine-pancreas/pancreatitis-associated protein (HIP/PAP)
Chemokine (C-C motif) ligand 5 (CCL5) also known as RANTES

(6-14)
(6,9, 28-32)
(6,2327)

(6)

(14-22)
(25,29, 31, 33, 35)
(7,9, 10, 12, 33, 34)
(40)

(40)

(40)

(29,30,36)

(regulated upon activation, normal T cell expressed and presumably secreted)

N-acetyl-B-D-glucosaminidase (NAG)
prostaglandin reductase 1 (PTGR1)

ficolin 2 (FCN2)

quinolinate phosphoribosyl transferase (QPRT)

immunoglobulin superfamily containing leucine-rich repeat protein (ISLR)

a vascular cell adhesion molecule 1 (VCAMI1)

(38-39)
(41)
(41)
(41)
(41)
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only in the operated children vs. healthy children without
dilatation or surgery vs. conservative treatment. Other
studies also compared patients with dilatation without
distinction between operated and non-operated patients
with a group of healthy children.

Most investigations focused on the evaluation of the
outcome of the surgical solution, ie. pyeloplasty using
urinary biomarker levels that compared pre-and postop-
erative values. Others looked at the correlation between
the preoperative concentration of biomarkers and the an-
teroposterior dimension of the renal pelvis according to
ultrasound, or the correlation between the preoperative
level of biomarkers and relative renal function according
to the scintigraphic examination of the kidneys. Table 2
summarizes the data of 29 studies published between
2000-2021 and included in this review.

THE MOST FREQUENTLY INVESTIGATED
BIOMARKERS, ANALYSIS, AND COMPARISON
OF STUDY RESULTS

NGAL

NGAL is an organ-specific protein that belongs to
the lipocalin family of proteins. It is secreted by vari-
ous tissues and subsequently reabsorbed by endocytosis
through the epithelium in the proximal renal tubules. It is
expressed in urine and detectable after toxic and ischemic
tissue damage. It is also considered an early marker of
renal damage in the event of an obstruction.

Prospective clinical studies in children with severe
hydronephrosis due to UPJ obstruction have shown sig-
nificantly higher levels of NGAL (normalized to urinary
creatinine) in the urine collected from the bladder of sick
compared to healthy children®'?. In a study by Madsen
et al.’® no difference in urine collected from the bladder
was found. However, a difference in NGAL levels was
found in urine collected perioperatively from the renal
pelvis in patients with UPJ obstruction compared to
"bladder” NGAL in patients as well as NGAL levels in
healthy children when determined from urinated urine.
This was subsequently confirmed in a study by Cost et
al.!l. According to some other studies®'*'?, NGAL levels
have a decreasing tendency 3-6 months after surgery. In
eight studies®", preoperative NGAL values differed sig-
nificantly in patients with evidence of UPJ obstruction
from healthy children, and in two studies'®!? in the group
of upper tract dilation without obstruction. Fendereski
et al.' reported a significant correlation between renal
impairment, urinary NGAL, and CA 19-9.

CA 199

CA 19-9 is a tumor-associated marker belonging to the
family of carbohydrate antigens. It is not tumor or organ-
specific. Elevated serum levels are found in malignancies
such as pancreatic cancer, gastric cancer, colorectal can-
cer, and bile duct cancer. This protein is expressed in
various tissues with glandular epithelium. Elevated levels
of CA 19-9 have also been observed in both urothelial
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tumors and non-tumor conditions in secondary hydrone-
phrosis due to ureterolithiasis obstruction'>".

Three studies?*?? reported significantly higher preoper-
ative levels of CA 19-9 in a group of patients with evidence
of UPJ obstruction compared to a healthy control group.
According to Atara et al.?!, the values of this biomarker
were significantly increased in patients with UPJ obstruc-
tion before surgery compared to patients with upper tract
dilation without evidence of obstruction. These authors
as well as Kajbafzadeha et al.?? found these values in the
group operated on, decreased significantly three months
after the operation. According to the most recent study by
Fendereski et al."¥, who studied a cohort of 161 patients
and had a total follow-up of 2 years, CA 19-9 appears to be
a promising predictor of the need for surgery compared to
other biomarkers studied (NGAL and KIM 1). This was a
well-designed clinical trial, in which the participants were
equally divided into two groups (surgery vs. conservative
management) and there were no differences in age and
sex between the groups. A significant correlation between
impaired renal function and urinary CA 19-9 and NGAL
was also reported. The results of this research could pave
the way for wider clinical use of these markers.

TGF g1

TGFp1 is a polypeptide belonging to the superfamily
of cytokines. This protein provides several cellular func-
tions, including control of cell growth, cell proliferation,
differentiation, and apoptosis. It plays a major role in the
process of renal fibrosis. Increased TGFf1 synthesis in
the kidney is associated with collagen accumulation and
scarring, which by degrees leads to the development of
advanced chronic renal disease. There is an assumption
that the level of this marker in urine could be used as a
non-invasive tool to evaluate the progression of kidney
disease and monitor the success of the surgery.

In three studies?*?, TGFp1 levels measured in urine
were significantly elevated before surgery in operated chil-
dren with UPJ obstruction compared to a healthy control
group. In contrast, one of the first published studies to
investigate biomarkers in the diagnosis and treatment of
UP]J obstruction in children in 1997 Palmer et al.?® and
more recently Yu et al.® found no difference between these
groups. According to El-Sherbiny et al.”’, preoperative lev-
els of this biomarker were significantly higher in operated
children with confirmed UPJ obstruction compared to
patients observed for KPS dilation without obstruction.
Three months after the operation, a declining trend of the
biomarker was recorded, which was statistically insignifi-
cant. In contrast, Sager et al.>* and Taha et al.>’ reported
a significant decrease in postoperative biomarker values
compared to preoperative concentrations.

MCP1

MCPI is a chemokine protein that mediates monocyte
chemotaxis. In the case of obstruction, its expression at the
level of the renal tubules appears to be directly associated
with the accumulation of these inflammatory cells within
the interstitial space. Thus, urinary excretion of MCP1
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Table 2. Pediatric clinical studies on urinary biomarkers in UPJ obstruction.

Author Year Biomarker No. of Age of partici-  Source Follow up Ref.
participants  pants (range)
Yu et al. 2019 NGAL, TGFB1, 17 SG 11-192 months Bladder ND 6
MCPI, IL-6 17 CG
Bienias et al. 2018 NGAL, KIM1 45 SG 2-17 years Bladder ND 7
21 CG
Gupta et al. 2018 NGAL, HIP / 30 SG 0.3-18.4 years  Bladder ND 8
PAP, BD-1, LL-37 15 CG
Karakus et al. 2016 NGAL, MCP1, 13 SG 6-77 months Bladder  Postoperative 3%, 6 9
KIM1 14 NSG month and 3 year
9CG
Noyan et al. 2015 NGAL, KIM1 26 SG 1-48 months Bladder ND 10
36 NSG
20 CG
Cost et al. 2013 NGAL 25 SG 0.12-18.7 years  Bladder, ND 11
11 CG pelvis
Wasilewska et al. 2011 NGAL, KIM1 20 SG 0.16-17 years Bladder, Postoperative 3 month 12
20 NSG pelvis
25 CG
Madsen et al. 2012 NGAL 24 SG 3-5 years Bladder, Postoperative day 1, 13
13 CG pelvis 3" week, 3 month, 1
year
Fendereski et al. 2021 NGAL, CA199, 79SG Median for SG  Bladder ND 14
KIM1 82 CG 6.0 and for CG
7.5 months, old-
est 5 years
Nabavizadeh et al. 2019 CA199 34 SG Mean (SD) Bladder ND 20
24 delayed SG 18.6 (£3.3)
54 CG months
Atar et al. 2015 CAI19-9 17 SG Mean (SD) Bladder  Postoperatively 3 21
17 NSG 15.3 (+14.6) month
21 CG months
Kajbafzadeh et al. 2010 CA199 27 SG 0.5-98 months  Bladder, Postoperatively 3 and 22
27 CG pelvis 9" month
Merikhi et al. 2014 TGFp1 25 SG SG: Mean (SD) Bladder ND 23
25 CG 7.4 (£4.5) years
CG: Mean (SD)
6.8 (£5.6) years
Sager et al. 2009 TGFp1 19 SG 5 months - 17.6 Bladder  Postoperatively 3™ and 24
19 CG years 5% month
Taha et al. 2007 TGFp1, EGF 35SG 0.5-13 years Bladder  Postoperatively 1%, 25
30 CG 2nd) 316t 9t and 12t
month
Palmer et al. 1997 TGFB1 13 SG 1-11 years Bladder, ND 26
19 CG pelvis
El-Sherbiny et al. 2002 TGFp1 15 SG Mean (SD) Bladder, Postoperatively 3 27
11 CG 5.2 (#4.7) years pelvis month
Sadeghi-Bojd et al. 2018 MCP1 20 SG Mean (SD) Bladder ND 28
20 NSG 23.5 (£21.8)
30 CG months
Madsen et al. 2013 MCPI, EGF, 28 SG 3.5-15 years Bladder, Postoperatively 1% day, 29
CCL5/RANTES 13 CG pelvis 34 week, 3" month, 1
year
Taranta-Janusz et al. 2012 MCP1, CCL5/ 15 SG 0.08-8 years Bladder, Postoperatively 3 30
RANTES 21 NSG pelvis month
19 CG
Grandaliano et al. 2000 MCPI, EGF 24 SG 2-156 months  Bladder, Postoperatively in 2-4 31
15 CG pelvis months
Mohammadjafari et al. 2014 MCP1 24 SG Mean 4.2 Bladder ND 32
18 NSG months
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Table 2. (Continued)

Author Year Biomarker No. of Age of partici-  Source Follow up Ref.
participants  pants (range)
Mohammadjafari et al. 2014 KIM1, EGF 24 SG NA Bladder ND 33
18 NSG
______ __17cG
Gerber et al. 2016 KIMI1, NGAL 12 SG 4-240 months  Bladder ND 34
______ 12 CG
Liet al. 2012 EGF 12 SG 4.3-18.9 months Bladder Postoperatively 3 times: 35
33 NSG in first 6 months, in
6-12 months and in
______ 1-2 years
Shokeir et al. 2009 NAG 15 SG 9 months - Bladder  Postoperatively 3,9, 38
______ 15 NSG 12 years and 15" month
Taha et al. 2007 NAG 35SG 6 months - Bladder  Postoperatively 1%, 39
15 NSG 12 years 2nd 3rd 6t 9th and 12t
______ B month
Gupta et al. 2020 BDI, HIP/PAP, 13 SG 0.4-18.4 years  Bladder Postoperatively once 40
LL37 15 CG (done in 7.8-45.3
______ B months)
Devarakonda et al. 2020 PTGRI, FCN2, 21SG SG: Average Bladder ND 41
QPRT, VCAM1 22CG (SD)
8.3 (£3.0)
months
CG: Average
(SD)
6.0 (£3.8)
months

(SG) surgical group with UPJ obstruction, (NSG) nonsurgical group, treated conservatively, (CG) healthy control group, (ND) not done, (NA)

not available

may be associated with the rate of monocyte infiltration
and subsequent progression of interstitial renal fibrosis.
All studies have shown a high correlation between
MCPI levels in urine with the extent of tubular atrophy
and interstitial fibrosis, and have revealed that urinary
concentrations of this protein can successfully differen-
tiate not only children with UPJ obstruction who need
intervention, from healthy control children but also from
control children with upper tract dilation without obstruc-
tion, which can be treated conservatively. Significantly
higher levels of MCP1 in preoperative samples compared
to controls were reported by some studies®> 3!, Some
authors®?%3%32 pointed to higher concentrations of MCP1
in the group operated with UPJ obstruction compared to
the group of patients with upper tract dilation without
obstruction. According to Grandaliano et al.!, there was
a significant decrease in biomarker levels between two and
four months after the procedure compared to preoperative
values, and this marker could thus be useful for long-term
follow-up of patients in the postoperative period.

KIM 1

KIM 1 is a type I transmembrane glycoprotein. As
it cannot be detected in healthy children but is highly
expressed and released by damaged epithelial cells of the
proximal tubules until they are completely restored, it
could be used as an early and sensitive urinary biomarker
of renal impairment in obstructive nephropathy.

According to Bienias et al.”, Karakus et al.’ and
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Wasilewska et al.’?, KIM1 urinary concentrations in
patients with UPJ obstruction before surgery were sig-
nificantly increased compared to healthy individuals and
according to Mohammadjafari et al.>* and Wasilewska et
al.'? even compared to a group monitored with upper tract
dilation without obstruction. However, Noyan et al.’ and
Gerber et al.* found no difference in urinary KIM1 levels
in children with UPJ obstruction compared with healthy
children. Similarly, no significant difference was found be-
tween patients with UPJ obstruction and dilation without
obstruction in Karakus et al.” and Noyan et al.'°.

EGF

EGF is a growth factor polypeptide that plays a key
role in normal tubulogenesis. It has been shown to af-
fect the modulation of tubular cell growth and the tis-
sue response in the kidney during the interstitial process.
Howeyver, the evaluation of urinary EGF levels in children
with UPJ obstruction is still not fully understood and stud-
ies investigating the expression of this protein in urine
have described different results. This may be due to differ-
ent screening methods that have been used - some studies
have examined this protein in the urine for bilateral UPJ
obstruction, some reported biomarker concentrations in
the renal pelvis, and some compared urinary levels of this
protein in children with UPJ and children with upper tract
dilation without obstruction.

In a study by Madsen et al.”’, urinary EGF levels were
significantly higher in the preoperative UPJ obstruction
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Table 3. Biomarkers and results of clinical studies.

Urinary biomarker

Difference in level
for operated and

Difference in
level for operated /

Drop in postopera-
tive levels

healthy without dilatation without
dilatation obstruction

neutrophil gelatinase-associated lipocalin (NGAL) +(6-13) +(10,12) +(9,12,13)
monocyte chemotactic peptide-1 (MCP1) +(6,9, 28-31) +(9,28,30,32) +(31)
transforming growth factor f1 (TGFf1) +(23-25)/-(6,26) +(27) +(24,25) /- (27)
interleukin 6 (IL-6) + (6, 40) ND ND
carbohydrate antigen 19-9 (CA19-9) +(20-22) +(21) +(21,22)
epidermal growth factor (EGF) +(29,31) /- (25) +(33,35) +(25,29,31)
kidney injury molecule 1 (KIM1) +(7,9,12) /-(10)  +(12,33)/-(34) ND
antimicrobial peptides (AMPs) x B defense 1 (BD1) +(40) ND +(40)
cathelicidin (LL37) ND ND - (40)
hepatocarcinoma-intestine-pancreas/pancreatitis-associated  + (40) ND +(40)

protein (HIP/PAP)
Chemokine (C-C motif) ligand 5 (CCL5) also known as +(29,30) ND +(29)/-(30)

RANTES (regulated upon activation, normal T cell

expressed and presumably secreted)
N-acetyl-p-D-glucosaminidase (NAG) ND +(38,39) ND
prostaglandin reductase 1 (PTGR1) +(41) ND ND
ficolin 2 (FCN2) +(41) ND ND
quinolinate phosphoribosyl transferase (QPRT) +(41) ND ND
immunoglobulin superfamily containing leucine-rich repeat  + (41) ND ND

protein (ISLR) a vascular cell adhesion molecule 1
(VCAM1)

(+) significant difference between groups, (-) difference not found, (ND) evaluation not done

group compared to the healthy control group. According
to Mohammadjafari et al.’®, the urinary level of this bio-
marker was demonstrably increased in operated children
before the operation compared to patients with upper
tract dilation without obstruction treated conservatively.
In contrast, Grandaliano et al.*! pointed to demonstra-
bly lower urinary concentrations in operated patients
compared to healthy children and according to Li et al.*
also significantly lower levels compared to the observed
patients with upper tract dilation without obstruction.
Taha et al.” found no difference between operated pa-
tients and healthy controls. Madsen et al.”’, Taha et al.?,
and Grandaliano et al.’! assessed the development of EGF
urinary concentrations after pyeloplasty; their findings
showed, postoperative values decreased significantly be-
tween two and four months after the operation.

CCL5/RANTES

Chemokine ligand 5 is a protein, also known as
RANTES (regulated on activation, normal T cell ex-
pressed and secreted), which is classified as a chemotac-
tic cytokine or chemokine. It plays an active role in the
aggregation of leukocytes into sites of inflammation, is a
key regulator of immune cell movement in various types
of kidney disease, such as nephropathy and glomerulone-
phritis of various etiologies, chronic renal insufficiency,
kidney transplant rejection, renal carcinoma, and lastly
kidney damage and renal obstruction (Krensky et al.*®).

Three studies evaluated CCL5 / RANTES as a prom-
ising biomarker in the diagnosis of UPJ obstruction.
Madsen et al.”* and Taranta-Janusz et al.*® noted a signifi-
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cant difference in the concentration of this protein in the
urine obtained from the renal pelvis of operated children
compared with healthy children. This difference was also
observed postoperatively in the work of Madsen et al.”’
but was not reported in Taranta-Janusz et al®.

NAG

N-acetyl-beta-D-glucosaminidase is an enzyme pro-
duced by the lysosomes of proximal renal tubule cells. In
healthy people, there is very little in the urine. Due to its
high molecular weight, it cannot be filtered by glomeruli,
and therefore its concentration in urine increases when
the renal tubules are damaged?’.

Two studies®®*® reported demonstrably elevated con-
centrations of this protein in a preoperative UPJ obstruc-
tion group compared to a group of conservatively treated
patients with upper tract dilation without obstruction.
Taha et al.’* pointed to significantly higher urinary NAG
levels in younger children compared to older ones.

Other potential biomarkers according to recent studies
Yu et al.® investigated the correlation of interleu-
kin-6 (IL6), neutrophil gelatinase-associated lipocalin
(NGAL), monocyte chemoattractant protein-1 (MCP1),
and transforming growth factor-1 (TGFB1) levels with
renal impairment in patients with unilateral and bilateral
UPJ obstruction. Urinary NGAL, MCP1, and IL6 con-
centrations were significantly elevated in patients with
UP]J obstruction compared to control healthy children, pa-
tients with bilateral UPJ obstruction having demonstrably
higher urinary IL6, NGAL, and MCP1 levels compared
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to controls and patients with unilateral UPJ obstruction.
The combination of NGAL and MCP1 slightly increased
the predictive value of these biomarkers. According to
this study, NGAL and MCP1 were found to be promising
biomarkers for monitoring pediatric patients with bilateral
UPJ obstruction.

Gupta et al.** compared the concentrations of AMP
biomarkers - HIP / PAP, BD-1, LL-37, and NGAL in pa-
tients with UPJ obstruction with healthy controls. They
demonstrated significantly increased levels of HIP / PAP
and BD-1 in patients with UPJ obstruction and subse-
quently a significant decrease in these markers after pyelo-
plasty, with urine samples being collected for an average
of 27.4 months after surgery. The BD-1 value then did not
differ in any way from the value measured in the group of
healthy controls. These biomarkers could serve as markers
of the success of surgical intervention.

Devarakonda et al.! compared protein levels in pa-
tients with UPJ obstruction and in healthy controls who
were first examined by mass spectrometry and then by
quantitative ELISA. The final order of prevalence of 5
proteins from a panel of previously unknown biomarkers
in patients with UPJ obstruction was PTGR1> FCN2>
QPRT> ISLR> VCAMI. If these proteins were tested to-
gether, they could reliably distinguish pediatric patients
with UPJ obstruction from those without obstruction.

Results of the clinical studies are summarised in
Table 3.

CONCLUSIONS

To date, several potential biomarkers have been iden-
tified and investigated that could be useful in both the
diagnosis and treatment of upper urinary tract obstruc-
tion in children in clinical practice. Clinical studies have
yielded potentially promising results. However, a number
of investigations have reached ambiguous or conflicting
conclusions. This may be due to, for example, the hetero-
geneity of the selected population, different evaluation
criteria, extremely broad design of individual studies,
the large age range of patients in the cohort, especially
in elderly patients. last but not least, short follow-up is
a common problem in studies. It is necessary to carry
out prospective, ideally multicenter studies with a large
sample of patients using a strictly designed study and a
sufficiently long follow-up time to be able to come to valid
conclusions apropos the clinical role of biomarkers in
the non-invasive diagnosis of UPJ obstruction. These re-
quirements were fulfilled by just one study presented by
Fendereski et. al.™.

Valid and reliable biomarkers would be helpful not
only in the diagnosis of congenital obstructive uropathies
but also in distinguishing between hydronephrosis with
and without obstruction. The possibility of using biomark-
ers to evaluate the success of surgical treatment is also
interesting, however, the available data are insufficient
for transfer to clinical practice.

In the future, urinary biomarkers could become an
important clinical tool in the algorithm of care for chil-

dren with UPJ obstruction. Unfortunately, so far, urinary
biomarkers cannot be used in the current urological care
of children.

Search strategy and selection criteria

Our research strategy was aimed at evaluating clinical
studies on the role of biomarkers in children with UPJ
obstruction. Scientific articles from 2000 to 2021 were
searched using the PubMed and Web of Science data-
bases. All searches were up to date as of March 2021.
The search terms used included “hydronephrosis”, “ob-
struction”, “pelviureteral junction” and “biomarkers*.
Only English language papers were reviewed. Accepted
were articles referring to the pediatric population only.
We manually added articles published before 2000 by
Koprowski et al.>, Vestergaard et al.'’, Aoki et al."”, and

Palmer et al.?® based on their clinical importance.

ABBREVIATIONS

UPJ, ureteropelvic junction; US, ultrasound; UUTD,
upper urinary tract dilation; 99mTc-MAG 3, technetium
mercaptoacetyltriglycine; VCUG, voiding cystourethrogra-
phy; UUT, upper urinary tract; ELISA, human sandwich
enzyme-linked immunosorbent assay; NGAL, neutrophil
gelatinase-associated lipocalin; MCP1, monocyte chemo-
tactic peptide-1; TGFf1, transforming growth factor f1;
IL-6, interleukin 6; CA19-9, carbohydrate antigen 19-9;
EGF, epidermal growth factor; KIM1, kidney injury mo-
lecule 1; AMPs, antimicrobial peptides; BD1, B defense
1; LL37, cathelicidin; HIP/PAP, hepatocarcinoma-intes-
tine-pancreas/pancreatitis-associated protein; CCLS5,
Chemokine (C-C motif) ligand 5; RANTES, regulated
upon activation, normal T cell expressed and presumably
secreted; NAG, N-acetyl-p-D-glucosaminidase; PTGRI,
prostaglandin reductase 1; FCN2, ficolin 2; QPRT, qui-
nolinate phosphoribosyltransferase; VCAM 1, vascular cell
adhesion molecule 1; ISLR, immunoglobulin superfamily
containing leucine-rich repeat protein.
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