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Abstract

Introduction: Monitoring of renal function in acute kidney injury in the pe-
diatric population is complicated by the lack of age-related reference values
of new biomarkers. Urinary netrin-1 is a new marker to demonstrate early
kidney damage. Netrin-1 has a molecular mass of 72 kDa. It is therefore un-
likely that it is filtered by the glomerulus under normal conditions. However,
netrin-1is highly induced after acute and chronic kidney injury and excreted
in urine in humans. The aim of the study was to determine the normal con-
centrations of urinary netrin-1 in healthy full-term newborns.

Material and methods: The study included 88 healthy full-term neonates
(51 boys and 37 girls) born from normal, uncomplicated pregnancies. The
concentration of netrin-1 was determined in urine obtained on the first or
second day of life with a commercially available ELISA kit.

Results: The urinary concentration of netrin-1 in newborns was indepen-
dent of gender and time of urine collection. We found a negative correlation
between both the urinary netrin-1 concentration and urinary netrin-1 con-
centration after normalization for urinary creatinine and the birth weight.
Conclusions: This is the first study showing the urinary netrin-1 concentra-
tion in healthy full-term newborns. Future investigation is needed to con-
firm its potential role as a marker of kidney function in this age group.
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Introduction

Netrin-1 is a laminin-related secreted protein that was originally iden-
tified as axonal guidance cues [1]. It exerts its effects through two known
receptors, deleted in colon cancer (DCC) and uncoordinated-5 (UNC5).
Netrin-1 is widely expressed in many tissues, including renal tissues. It
was initially described in the central nervous system (CNS) during neuro-
genesis [2]. In recent studies, it was documented that netrin-1 promoted
angiogenesis, cell migration, and tissue morphogenesis, and played a sig-
nificant role in regulation of inflammation [3, 4]. In the kidneys, netrin-1
is expressed in endothelial cells in the normal kidney, and in tubular ep-
ithelial cells [5]. Netrin-1 has a molecular mass of 72 kDa. It is therefore
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unlikely that it is filtered by the glomerulus under
normal conditions [6]. However, netrin-1 is highly
induced after acute and chronic kidney injury and
excreted in urine in both mice and humans [5, 7].

Surprisingly, after injury, netrin-1 protein ex-
pression appears in proximal tubular epithelial
cells but is downregulated in vascular endothelial
cells [5]. What is more, ischemia/reperfusion (I/R)
injury of the kidney leads to downregulation of
netrin-1 mRNA in the peritubular capillaries and
infiltration of leukocytes, normally inhibited by
the presence of netrin-1, resulting in preventing
renal dysfunction and epithelial cell apoptosis in
response to ischemia [5, 7]. In the light of these
data, netrin-1 expression seems to be effective in
preventing acute kidney injury (AKI). The fact that
netrin-1 is a protein secreted in the urine has led
to the discovery of netrin-1 as an early diagnostic
marker of kidney damage [4, 5]. Elevated concen-
trations of urinary netrin-1 have been well doc-
umented in normoalbuminuric diabetic adult pa-
tients when compared to healthy controls and still
further elevated in patients with microalbumin-
uria and overt nephropathy [8]. It was also shown
that increased urinary netrin-1 concentration pre-
cedes the onset of albuminuria in normotensive
and normoalbuminuric obese children. Urinary
netrin-1 excretion was shown to be influenced by
insulin resistance and hyperinsulinemia [9].

Neonatal kidneys are more susceptible to in-
jury due to their immaturity. This phenomenon is
caused by a low glomerular filtration rate, high re-
nal vascular resistance, high plasma renin activity,
decreased intercortical perfusion and decreased
reabsorption of sodium in the proximal tubules
[10]. Clinical manifestations are even more ev-
ident in prematures, mainly because of the lim-
ited response of the kidney to aldosterone. The
transient tubulopathy of prematurity, defined as
“leaky tubules”, results in inadequate handling of
free water, electrolytes, small proteins and bicar-
bonate [11].

What is even more noteworthy is the fact that
the urinary netrin-1 concentrations seem to be
a marker of perinatal asphyxia [12]. Significantly,
higher urinary concentrations of netrin-1 within
48 h after birth were found in neonates with acute
renal injury than in the non-AKI group [13].

To the best of our knowledge, data on refer-
ence values of urinary netrin-1 concentrations in
healthy full-term neonates have not been pub-
lished so far.

Material and methods

Patient recruitment

This prospective study included 88 healthy full-
term neonates born at the Department of Perina-

tology, and then hospitalized at the rooming-in
ward at the Department of Neonatology and In-
tensive Neonatal Care, Medical University of Bialy-
stok, Poland between September 2014 and August
2015. All newborns were the result of normal preg-
nancies without any prenatal and perinatal compli-
cations (Apgar score of more than > 8 in 1t minute
of birth). Subjects enrolled in this study met the
following criteria: appropriate and constitutionally
large weight for gestational age (GA), normal pre-
natal ultrasound examination of the kidney and
normal physical examination. Newborns who had
a history of any congenital anomaly, intrauterine
growth retardation, heart disease, respiratory dis-
orders, intrauterine infections, or elevated inflam-
matory markers were excluded from the analysis
(Figure 1).

The study had approval from the Local Bioeth-
ics Committee at the Medical University of Bial-
ystok. All the procedures were conducted in ac-
cordance with the Declaration of Helsinki. Prior to
the study, written informed consent was obtained
from parents of all the neonates.

Sample collection

In the study group, the urine samples were
collected using single sterile bags (UNIDEM,
London, UK) for newborns on the first or second
day of life. Newborns were assigned randomly
to groups in which urine was collected once on
the first or second day of life. The blood samples
were collected during routine practice in the unit.
We used S-Monovette 1.2 ml, Clotting Activa-
tor/Serum test tubes (Sarstedt AG & Co, North
Rhine-Westphalia, Germany) for venous blood
sampling. We took the sample of venous blood
once, 1.2 ml on the first or second day of life,
depending on whether the newborn’s urine was
collected. The serum and urine samples obtained
after centrifugation were kept in the fridge (4°C)
for a maximum of 2 h, then frozen at -80°C, and
stored for up to 4 months. We did not use re-
peated freeze-thaw cycles. The above analysis
has taken into account the gender and time of
sample collection.

Determination of urinary netrin-1
and urinary creatinine

Urinary concentrations of netrin-1 were de-
termined with a commercially available ELISA kit
from USCNLIFE (Wuhan ElAab Science Co., Ltd.
China) according to the manufacturer’s instruc-
tions. Briefly, a biotin-conjugated polyclonal an-
tibody specific for netrin-1 was used to detect
this marker in the analyzed material. Horseradish
peroxidase-conjugated avidin was added, fol-
lowed by a color-forming peroxidase substrate
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Figure 1. Study flow diagram. Prenatal complications: TORCH infection, coagulation disorders, hypertension, di-
abetes, antibiotic therapy in the third trimester of pregnancy, abnormal prenatal ultrasound examination. Early/
late postnatal complications: among others congenital anomaly, intrauterine growth retardation, Apgar’s score <7,
intrauterine infections, elevated inflammatory markers, cardiovascular disorders, respiratory disorders, serological
conflict, abnormal physical examination, digestive disorders, pathological jaundice

containing tetramethylbenzidine. The intensity of
the color reaction was then measured at 450 nm
with a microtiter plate reader and compared with
a standard curve. Netrin-1 was expressed in nano-
grams per milliliter (ng/ml) and was normalized
for urinary creatinine concentration determined
by the enzymatic method to account for the po-
tential confounding effect of urinary dilution, and
expressed in nanograms per milligram of creati-
nine (netrin-1/crea ng/mg crea). Netrin-1 concen-
trations below the detection limit were recorded
as 0.312 ng/ml.

Determination of serum cystatin C
and creatinine

Serum concentrations of cystatin C were de-
termined using the human Cystatin C ELISA kit
(BioVendor, Brno, Czech Republic) according to the
manufacturer’s instructions. Intra-assay and in-
ter-assay variations of the test were 3.4 and 6.9%,
respectively. Cystatin C concentrations below the
detection limit were recorded, as 0.25 ng/ml. Se-

rum concentration of creatinine was determined
with the enzymatic method.

Statistical analysis

The results were analyzed with the Statistica
12.0 package (StatSoft, Tulsa, OK, USA). Discrete
variables were expressed as counts (percentage),
continuous variables as median and quartiles
(Q1-Q3). The Shapiro-Wilk test was used to deter-
mine the normal distribution. The newborns were
divided into subgroups depending on their gender
(male and female) and the timing of urine sam-
pling (1% or 2" day of life). As the data were not
normally distributed, the Mann-Whitney U-test
was used for intergroup comparisons of contin-
uous variables. The distributions of discrete vari-
ables were compared using the y? test or Fisher’s
exact test. The direction and power of association
between the concentrations of netrin-1 and other
variables were determined using Spearman’s co-
efficients of rank correlation. The results of all the
tests were considered significant at p < 0.05.
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Table I. Median and quartiles (Q1-Q3) for urinary concentrations of netrin-1 and serum concentrations of cystatin
C and creatinine in full-term healthy neonates, stratified according to their gender and timing of urine sampling

Group Whole group Females Males 15t day of life 2" day of life
Median (Q1-Q3)
uNetrin-1 0.574 0.574 0.574 0.645 0.523
[ng/ml] (0.438-0.896) (0.442-0.958) (0.426-0.786) (0.442-1.000) (0.426-0.738)
uNetrin-1/crea 0.771 0.744 0.776 1.486 0.622*
[ng/mg crea] (0.400-1.611) (0.419-1.454) (0.386-1.621) (0.495-3.107) (0.382-1.187)
uCreatinine 82.69 94.12 80.63 49.08 98.53* (62.14—
[mg/ml] (47.43-123.97) (48.74-121.70) (44.35-124.80)  (37.79-105.370) 131.78)
sCystatin C 1729.46 1727.01 1762.60 1753.63 1719.20 (1605.06—
[ng/ml] (1612.40-1954.29) (1613.32-1945.80) (1612.40-1960.53) (1613.32-1945.80) 1954.29)
sCreatinine 0.780 0.740 0.805 0.780 0.760
[mg/ml] (0.590-0.935) (0.580-0.820) (0.620-0.960) (0.620-0.960) (0.590-0.900)

*p — comparison between the measurement at 1 and 2™ day of life (p < 0.05), crea — creatinine, sCystatin C — serum cystatin C, sCreatinine
— serum creatinine, uNetrin-1 — urinary netrin-1, uCreatinine — urinary creatinine.

Results

The study included 88 healthy full-term ne-
onates (51 boys and 37 girls) with median birth
weight of 3450 g (Q1-3185 — Q3-3800 g) and
median gestational age of 40 weeks (Q1-38.5 —
Q3-40 weeks). In 40% of female and 47% of male
neonates urine and serum samples were obtained
on the 1%t day of life, and in the rest on the 2" day
of life.

The analyzed subgroups (male and female
newborns, children in whom urine samples were
obtained on the 1%t and 2" day of life) did not dif-
fer significantly in terms of their gestational age
and birth weights.

Urinary values of netrin-1, netrin-1/crea and
serum concentrations of cystatin C and creatinine
are presented in Table I. We did not find significant
differences in concentrations of any parameters
between male and female newborns. The urinary
concentration of netrin-1 was independent of the
time of urine collection. After normalization for

12 T T

p<0.01

L o 1

Urinary netrin-1/crea [mg/mg crea]

-2 - -
1 2
Day of the urine collection
O Median ~ []25-75% ] Min-max.

Figure 2. Netrin-1 concentration after normaliza-
tion for urinary creatinine concentration depending
on day of urine collection

urinary creatinine, this difference gained statisti-
cal significance and the values of netrin-1/crea on
the first day of life were higher than on the second
day (Figure 2).

We also found statistically significant differences
between urinary netrin-1/crea values depending on
the week of pregnancy. The highest values of uri-
nary netrin-1/crea were found in the 37" and 41+
weeks of pregnancy (ANOVA, p < 0.05) (Figure 3).

We also found a negative correlation between
the netrin and netrin-1/crea and the birth weight
(r =-0.245, p = 0.021 and r = -0.274, p < 0.01,
respectively) (Figure 4).

The correlations between urinary netrin-1/crea
and serum cystatin C and serum creatinine were
positive but not statistically significant.

Discussion

This prospective study was the first one to make
a credible assessment of the normal range of uri-
nary nerin-1 in healthy full-term neonates, which

12 T T T T T

Urinary netrin-1/crea [mg/mg crea]

-2 = = = =
38 39 40 41
Gestational age [weeks]

[J25-75% T Min-max.

37
O Median

Figure 3. Netrin-1 concentration after normaliza-
tion for urinary creatinine concentration depending
on gestational age
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is considered a new early diagnostic biomarker of
kidney injury. Based on previous studies, urinary
netrin-1 most likely comes from proximal tubu-
lar epithelium of the kidney. The contribution of
serum netrin-1 to urinary netrin-1 is unlikely due
to its large size (72 kDa) [14]. Monitoring of re-
nal function in acute kidney injury in the pediatric
population is complicated by the lack of age-relat-
ed reference values of new biomarkers. One of the
main goals of this study was to present normal
urinary netrin-1 concentrations and to ascertain
whether they correlated with well-known param-
eters of renal function (serum creatinine, serum
cystatin C) and birth weight.

The reference ranges for urinary netrin-1 in
healthy adults and children have not been pub-
lished in the literature to date. The only data
concerning the normal values of urine netrin-1
concentrations come from control groups from
studies conducted in patients with renal dysfunc-
tions [12, 13].

In this study, we found that urinary concen-
trations of netrin-1 did not differ in males and
females, contrary for example to leptin concen-
tration, which was found to be higher in female
than male newborns, which suggests that sex hor-
mones do not play a role in netrin secretion [15].

We found significantly higher values of urine
netrin-1/crea in the first 24 h, when compared to
the second day of life, but this probably results
from the increase in urine creatinine on the sec-
ond day of life. Additionally we noted that the
highest values of urinary netrin-1 were found in
children born in the 37t week of pregnancy. Sta-
tistically significant negative correlations between
birth weight and urinary netrin-1, and netrin-1/
crea (r =-0.245, p = 0.021; r = =0.274, p = 0.009
respectively) were observed. In our opinion high-
er netrin-1 concentration in younger newborns
and in newborns with lower birth weight may be
an expression of the immaturity of the kidney
tubules. In the study of Askenazi et al. baseline
values of the tubular damage markers urinary
neutrophil gelatinase associated lipocalin, (NGAL),
kidney injury molecule-1 (KIM-1), B2 microglob-
ulin (B2mG) and cystatin-C (CysC) decrease with
increasing gestational age [16]. Lavery et al. doc-
umented that uNGAL levels correlated negatively
with both birth weight and gestational age [17].
In our future investigation, we plan to determine
urinary netrin-1 concentration in the urine of pre-
mature infants and newborns treated with neph-
rotoxic drugs.

In this study the correlation between netrin-1/
crea and serum cystatin C and serum creatinine
was positive but not statistically significant. We
could not explain the lack of statistical signifi-
cance, but it might be caused by the fact that se-
rum creatinine concentrations and serum cystatin

Urinary netrin-1 concentration in healthy full-term newborns
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concentrations may reflect the mother’s concen-
trations.

To the best of our knowledge there are very
few studies reporting urinary netrin-1 concentra-
tions in newborns [12, 13]. In the study by Oncel
et al. the concentrations of urinary netrin-1 on the
first postnatal day were higher in newborns with
perinatal asphyxia compared to controls. The con-
centration of urinary netrin-1 in a control group of
20 healthy, full term newborns at day 1 of life was
(mean + SD) 592 +181 pg/ml [12].

There are also only a few studies in older chil-
dren [9, 18]. A study by Oviing Hacthamdioglu
et al. found that the value of urinary netrin 1/crea
in healthy controls was (mean + SD) 240.9 (123.5-
450.2) pg/mg crea [9]. Ramesh et al. in a study in
patients after cardiopulmonary bypass gave the
results of urinary netrin-1 in healthy controls in
the range 100-200 pg/mg crea [18].

In the adult population, there are only three
studies reporting the urine concentrations of uri-
nary netrin-1 [8, 14, 19]. Tu et al. presented the
urinary concentrations of netrin-1 in the control
group of 50 healthy subjects aged 56 +11 years at
the level of (mean + SD) 2.50 +1.46 ng/| but the
values were not normalized for urinary creatinine
[19]. In the study by Reeves et al. netrin-1 was un-
detectable by Western blot analysis in the urine of
six normal volunteers [14]. Jayakumar et al. report-
ed that the concentration of urinary netrin-1 in the
control group of 42 healthy volunteers aged 53.3
+13.1 years, presented as the median (min.—max.)
value, was 430 (229-1087) pg/ml. Our study has
some limitations. It is a single-center study with
a relatively small sample size. A larger study with
more subjects needs to be conducted to assess
the variation in urinary netrin-1 levels in full term
and pre-term neonates.

This is the first study showing urinary netrin-1
concentration in healthy full-term newborns. Future
investigation is needed to confirm its potential role
as a marker of kidney function in this age group.
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