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Objectives. To evaluate the association between inflammatory biomarkers, neurotrophic factors, birth conditions, and the presence
of motor development abnormalities in preterm neonates. Methods. Plasma and urinary levels of cytokines (IL-1f, IL-6, IL-10,
TNF, and IL-12p70), chemokines (CXCL8/IL-8, CCL2/MCP-1, CCL5/RANTES, CXCL10/IP-10, and CXCL9/MIG), and
neurotrophic factors (BDNF and GDNF) were evaluated in 40 preterm neonates born between 28 and 32 incomplete weeks of
gestation, at four distinct time points: at birth (umbilical cord blood) (TO0), at 48 (T1), at 72 hours (T2), and at 3 weeks after
birth (T3). Biomarkers levels were compared between different time points and then associated with Test of Infant Motor
Performance (TIMP) percentiles. Results. Maternal age, plasma, and urinary concentrations of inflammatory molecules and
neurotrophic factors were significantly different between groups with normal versus lower than expected motor development.
Higher levels of GDNF were found in the group with lower than expected motor development, while IL-15 and CXCL8/IL-8
values were higher in the group with typical motor development. Conclusion. Measurements of cytokines and neurotrophic

factors in spot urine may be useful in the follow-up of motor development in preterm neonates.

1. Introduction

Preterm labor and related conditions are associated with sys-
temic inflammatory process in the fetus or neonate [1-6],
which, in turn, may contribute to early brain injury [6, 7].
Brain injury is a frequent perinatal complication and an
important risk factor for long-term abnormalities of neuro-
development [8]. Fetal and neonatal nervous systems are
highly sensible to inflammation [2, 8-11]. Increased inflam-
matory response supposedly results in cell death within the
nervous tissue in preterm neonates, as observed in experi-
mental models [4, 5, 12, 13] and in post mortem findings
[14]. These events may translate into the occurrence of clin-
ical conditions including seizures, sensory disturbances, cog-
nitive limitations, and cerebral palsy [2, 15-19]. Premature
neonates often have altered motor skills, ranging from abnor-
malities of posture and movement to restrictions in fine

motor skills [20-22]. Inflammation-related neuronal lesion
may culminate in early brain injury [7, 10, 23]. Most cellular
interactions in this process, including microglial activation
[4, 5, 14], are mediated by cytokines and chemokines released
under the influence of different stimuli [24, 25]. One possible
mechanism would be the induction of endothelial damage in
the white matter, favoring increased neuronal and glial cell
apoptosis [25]. There is also interference with the axons’
growth, the formation of the myelin sheath [4, 10], and dis-
turbances in neuronal migration, division, organization,
and development of synapses [25].

Brain development following an injury is neither static
nor a direct consequence of a single event; it actually associ-
ates to innumerous cellular and molecular cascades [26]. The
resulting balance between injury-associated inflammation
and protective mechanisms, including the production of neu-
rotrophic factors [27], is critical for the final development of
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the central nervous system (CNS) [28]. In this context, we
hypothesize that inflammation is associated with motor
development in preterm infants. In order to evaluate the
association between inflammatory molecules, clinical
characteristics, and motor development abnormalities,
plasma and urinary levels of cytokines, chemokines, and
neurotrophic factors were evaluated in preterm neonates
of 28 to 32 incomplete weeks of gestational age at different
time points. These measurements were associated with
motor development assessed by the Test of Infant Motor
Performance (TIMP).

2. Patients and Methods

2.1. Study Design and Subjects. This was a prospective obser-
vational study of preterm neonates (PTN) from 28 to 32
incomplete weeks of gestational age, who were born from
June to December 2014 in a philanthropic hospital in Minas
Gerais/Brazil. Infants who were admitted to the neonatal
intensive care unit (NICU) and whose parents signed the free
and informed consent were enrolled.

Exclusion criteria were (i) 5-minute Apgar score below 7;
(ii) diagnosis of congenital malformations, syndromes, and/
or associated diseases; (iii) presence of an acute disorder,
including sepsis or necrotizing enterocolitis, at any of the
time points; and (iv) death within the first three weeks of life.

Gestational age and birth weight, gender, Apgar scores,
infant’s diagnosis at admission in the NICU, conditions asso-
ciated with the premature birth, and antenatal exposure to
glucocorticoids were collected from hospital data.

The study was approved by the Ethics Committee of both
the Federal University of Minas Gerais and the Sofia Feldman
Hospital. The study protocol did not interfere with medical
recommendations or the treatment of preterm neonates in
the NICU.

2.2. Study Protocol. All study participants had biological sam-
ples collected at the following time points: at birth (cord
blood), 48 and 72 hours of life, and at 3 weeks after birth.
Motor development of the neonates was evaluated by means
of the Test of Infant Motor Performance (TIMP) that was per-
formed when the babies reached 34 weeks of gestational age.

2.3. Blood Samples. Umbilical cord blood (5mL) was col-
lected in sodium heparin tubes (T0). All other samples were
obtained simultaneously with other routine laboratory tests
in the NICU, without the need for extravenous punctures.
At 48 hours (T1), 72 hours (T2), and 3 weeks after birth
(T3), venous blood (1 mL) was collected in tubes containing
sodium heparin. All samples were immediately centrifuged
(5000 rpm, 10 minutes, room temperature), and plasma ali-
quots were stored at —80°C until assayed.

2.4. Urine Samples. Urine samples were obtained at the
same time points of peripheral blood collection after birth
by using a newborn urinary collector, at 48 and 72 hours
(T1 and T2, respectively) and at 3 weeks after birth (T3).
Urine samples were transferred to 15mL plastic tubes and
immediately centrifuged (3800rpm, 5 minutes, room
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temperature). The supernatant was collected and stored
at —80°C until analysis.

2.5. Measurement of Plasma and Urinary Concentrations of
Chemokines, Cytokines, and Neurotrophic Factors. Measure-
ments of cytokines and chemokines in plasma and urine
were performed by cytometric bead array (CBA), according
to the manufacturer’s instructions (BD Biosciences, San
Diego, CA, USA), using kits for quantitation of inflammatory
proteins [CBA Human Inflammatory Kit: interleukin- (IL-)
18, IL-6, IL-10, tumor necrosis factor (TNF), and IL-12p70]
and chemokines [CBA Human Chemokine Kit: CXCLS8/IL-8,
CCL2/monocyte chemoattractant protein-1 (MCP-1), CCL5/
regulated on activation, normal T expressed and secreted
(RANTES), CXCL10/interferon-y-induced protein-10 (IP-10),
CXCL9/monokine-induced by interferon-y (MIG)]. Briefly,
plasma and urine samples were incubated in capture
microspheres coated with antibodies that were specific
for the respective cytokines and chemokines as well the
standard curve proteins. The color reagent (phycoerythrin
(PE)) was then added, and the samples were incubated at
room temperature for 3 hours. After incubation, samples
were washed (Wash buffer®, BD Biosciences) and centri-
fuged (200g, 5min, room temperature). The supernatant
was discarded, and the pellet containing the beads was
again suspended in the wash buffer (300uL). Acquisition
was performed in a FACSCanto II flow cytometer (BD
Biosciences). The instrument has been checked for sensi-
tivity and overall performance with Cytometer Setup &
Tracking beads (BD Biosciences) prior to data acquisition.
Quantitative results were generated using FCAP Array
v1.0.1 software (Soft Flow Inc., Pecs, Hungary). All results
are expressed as pg/mL.

Neurotrophic factors [brain-derived neurotrophic fac-
tor (BDNF) and glial cell-derived neurotrophic factor
(GDNF)] levels were determined by enzyme immunoassay
(ELISA), following the manufacturer’s recommendations
(R&D Systems, MN, USA). Briefly, monoclonal antibodies,
specific for each neurotrophic factor, were incubated in 96-
well plates for 12-18 hours at 4°C. The plates were then
washed 3 times with 300 uL of wash buffer (phosphate buff-
ered saline (PBS) solution, pH 7.4) containing 0.05% of
Tween 20). Nonspecific binding sites were blocked with
200 uL per well of PBS solution containing 1% bovine serum
albumin (BSA) and incubated for 2 hours at room tempera-
ture. Plates were washed with wash buffer, and samples or
standards were added to the plates. After incubating for 18
hours at 4°C, plates were then washed and the detection anti-
body was added to each well, remaining for 2 hours. Plates
were washed again, and streptavidin-peroxidase solution
was incorporated, with subsequent incubation for 30 minutes
at room temperature. Plates were washed once more, and the
chromogen substrate [o-phenylendiamine (OPD), Sigma-
Aldrich, St. Louis, MO, USA] was added, diluted in citrate
buffer (pH 5.0) containing 0.02% H202 30 volumes
(Sigma-Aldrich). Finally, plates were incubated in the dark
for 30 minutes at room temperature. Reaction was stopped
with 1M sulfuric acid solution. Plates were read at 492 nm
in a spectrophotometer (Emax, Molecular Devices).
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All samples were assayed in duplicate in a single assay to
avoid interassay variation. The CBA kits used for the simul-
taneous quantification of cytokines and chemokines have
intra-assay variations between 4 and 13% for IL-6, IL-1,
IL-8, IL-10, and TNF-«a and between 3.4 and 13.9% for
CXCLS/IL-8, CCL2/MCP-1, CCL5/RANTES, CXCL10/1P-10,
and CXCL9/MIG, respectively. Our intra-assay variation in
CBA experiments ranged from 3 to 6% for all measurements.
Neurotrophic factors were measured by ELISA with an
intra-assay variation of about 5% for all measurements.

2.6. Motor Development Evaluation. The Test of Infant
Motor Performance (TIMP) is a functional motor behavior
test used in infants that analyzes child posture and motion.
TIMP can be used once the newborn reaches 32 weeks of ges-
tational age and up to four months of corrected age [29]. In
addition, TIMP is sensitive to changes in motor coordina-
tion, according to age, and discriminates among infants with
comorbidities, like brain insults, who generally have lower
scores than healthy children [30-32]. TIMP evaluates selec-
tive and postural controls, which are needed for functional
movement in children, including movements used for explo-
ration and interaction with the environment. The scale is
divided into 13 observed items (present or absent response)
and 29 elicited items (rated on a scale ranging from 4 to 7
levels). TIMP items were found to be highly accurate to eval-
uate motor development and, therefore, are considered reli-
able in discriminating children who are at risk for different
kind of motor impairment [30-32].

In the current study, TIMP was applied when participants
reached at least 34 weeks of postmenstrual age. The raw score
consisted of the sum of the points obtained in each scale item.
Raw scores were converted into Z-scores and percentiles, and
the TIMP guidelines for TIMP interpretation were estab-
lished as “developmental delay” Z-score values below —0.5
and below the 5th percentile. Infants’ development was
consequently classified in two groups: “typical motor devel-
opment” (values equal or above the 5th percentile) and “lower
than expected” (values below the 5th percentile).

2.7. Statistical Analysis. Statistical analysis was performed by
the statistical software SPSS version 20.0 (IBM, 2012) and
Medcalc version 12.2.1.0 (MedCalc Software, 2012). Contin-
uous variables were described using measures of central ten-
dency and dispersion, and qualitative variables were
expressed as absolute frequencies and percentages. Normal-
ity was verified using the Shapiro Wilk test. For the time
point analysis, the Friedman test was chosen, and for vari-
ables with values p < 0.05, the Wilcoxon test with Bonferroni
correction was utilized.

Correlation analysis between plasma and urine values,
intra-class correlation coefficient (ICC), Spearman corre-
lation, and Bland Altman plot were used, and receiver
operating characteristic (ROC) curves for the two sam-
ples were adjusted, in order to choose between the
plasma and urine markers to be used in association with
the motor development.

Groups with different motor development were com-
pared with t-test, Mann-Whitney test, chi-square test of

Pearson, and asymptotic chi-square test of Pearson exact,
according to parametric or nonparametric distribution. The
Spearman correlation coefficient was used for correlation
analysis. Model fit in the logistic regression was evaluated
with the Hosmer and Lemeshow test.

To verify possible confounding factors, the analyses were
done with all participants and with the exclusion of three
neonates who were not previously exposed to corticosteroids.

3. Results

3.1. Clinical Characteristics. This study enrolled 40 infants, 18
(45%) females and 22 (55%) males. Participants were born
from 28 to 32 incomplete weeks of gestational age. Prenatal
and birth conditions are shown in Table 1. Mean birth weight
was 1477 grams; 10 infants had very low birth weight, and 4
had extremely low birth weight. Respiratory distress syn-
drome occurred in 60% of the infants, requiring respiratory
support as supplemental oxygen and/or continuous positive
airway pressure (CPAP). All deliveries were by cesarean sec-
tion. The most frequent maternal condition associated with
premature birth was preeclampsia (80%), followed by other
causes including premature placental abruption and rupture
of the amniotic sac (20%). Half of the mothers received mag-
nesium sulfate and corticosteroids 24 hours before delivery,
42.5% received only corticosteroids 24 hours before delivery,
and 7.5% did not receive any medication.

3.2. Plasma and Urinary Concentrations of Inflammatory
Biomarkers and Neurotrophic Factors. Newborns presented
a significantly decrease in plasma levels of IL-6, IL-10,
CXCLS8/IL-8, and CXCL10/IP-10 during the first three weeks
of life. The opposite occurred with TNF, CCL2/MCP-1,
CCL5/RANTES, and BDNF. There was a more pronounced
increase of TNF and BDNF 48 h after birth (T1). Regarding
IL-12p70, IL-1p3, CXCL9/MIG, and GDNF, no differences
were observed between different time points. Significant
results are shown in Figures 1 and 2.

In urine samples, IL-10, IL-13, CXCL9/MIG, BDNF, and
GDNEF values significantly increased 72 hours after birth (T2)
in comparison to 48 hours after birth (T1). CCL5/RANTES
and GDNF levels differed significantly between T3 and T1.
BDNF levels were significantly different in all time points
(Figure 3). There was no difference between time points in
urine samples for IL-12p70, TNF, IL-6, CXCL10/IP-10,
CCL2/MCP-1, and CXCL8/IL-8 values.

3.3. Comparison of the Measurements in Plasma and Urine
Samples for Inflammatory Markers and Neurotrophic
Factors. To determine the relationship between the results
of the measurements in plasma and urine samples, ROC
curve was used. Either for plasma or urine, ROC curve results
showed that no biomarker had an area under the curve
(AUC) of 0.9 (Table 2). Only GDNF in plasma and urinary
IL-1/5 had AUC values of 0.8. For most of the samples, the
estimated AUC was slightly higher for urine compared to
plasma samples; however, confidence intervals did not show
any statistical difference between them. Thus, considering the
less invasive characteristics of urine collections, and the
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TaBLE 1: Mother and infant characteristics.

Variables Subjects (n = 40)
Mothers
Preeclampsia 32 (80.0)
Other causes 8 (20.0)
Predelivery medication

Magnesium sulfate + glucocorticoid 20 (50.0)

Glucocorticoid 17 (42.5)

None 3(7.5)
Infants
Gestational age (weeks)” 30+1
Sex—n (%)

Female 18 (45.0)
Male 22 (55.0)
Birth weight (grams)” 1.477 +428

Apgar scores”
1-minute Apgar score 7%1
5-minute Apgar score 9+1
Respiratory distress 24 (60.0)
Exposed to antenatal glucocorticoids 37 (92.5)

*Values expressed as mean and standard deviation for continuous variables.
Number of individuals and percentages for categorical variables.

potential benefits of finding valid biomarkers for clinical use
in preterm infants, we opted to use urinary concentrations of
inflammatory markers and neurotrophic factors.

3.4. Association Between Clinical Variables And Urinary
Levels of Inflammatory Markers and Neurotrophic Factors
with Motor Development. TIMP was applied when partici-
pants reached at least 34 weeks of postmenstrual age in order
to evaluate the motor development of the preterm. The quan-
tification of the raw score was based on the sum of the
values obtained in each of the items. Raw scores were con-
verted into percentiles according to the standardization of
development curves established by the test. In order to
evaluate possible associations between motor development
and other variables, TIMP results were stratified into two
groups: “lower than expected” (below 5th percentile) and
“typical development” (above 5th percentile). Older mater-
nal age was associated with lower than expected TIMP
scores (Table 3).

At the first time point (T0), neonates with typical motor
development had higher concentrations of TNF and BDNF
in the umbilical cord blood. At the other time points, plasma
and urine values frequently showed similar changes. At 48
hours after birth (T1), IL-1 and BDNF did not show signif-
icant differences between the two groups in both plasma and
urine samples, whereas, 72 hours after birth (T2), BDNF con-
centrations were higher in the group with typical develop-
ment. CCL5/RANTES and GDNF displayed the same
behavior in both methods. However, while CCL5/RANTES
levels were significantly different only in the urine samples,
GDNEF levels were different only in plasma samples. At three
weeks postpartum (T3), GDNF showed significant difference
in urine but not in plasma samples. Urinary levels of GDNF
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were higher in infants with lower than expected motor
development (Table 4).

Regarding molecular biomarkers, the median values at
three time points (T1, T2, and T3) were used. Higher uri-
nary concentrations of BDNF and GDNF were observed in
the group with lower than expected development at the
time points T2 and T3, respectively. In the group with
normal development, urinary IL-1f levels were higher at
T1, while urinary levels of CXCL8/IL-8 were increased at
T1 and T2 (Table 5).

4. Discussion

In this study, maternal age and urinary and plasma concen-
trations of inflammatory molecules and neurotrophic factors
were significantly different in preterm neonates according to
TIMP scores. Higher urinary levels of GDNF were found in
neonates with lower than expected motor development,
while IL-1f3 and CXCL8/IL-8 concentrations in urine were
higher in those with typical motor development. There was
also an association between younger maternal age and typical
motor development. Sociodemographic factors including
maternal age, maternal education, and maternal occupation
can affect motor outcome. However, the precise relationship
between these factors is not well known [33].

Pregnancy disorders that lead to preterm birth may be
also associated with systematic inflammation in the newborn
[34-36]. Indeed, increased concentrations of inflammatory
molecules were less commonly detected in preeclampsia than
other pregnancy disorders related to preterm delivery includ-
ing premature placental abruption or rupture of the amniotic
sac [35]. In our study, the main cause of premature delivery
was preeclampsia, which was not associated with inflamma-
tory molecules and neurotrophic factors.

The hypothesis that an inflammatory state is associated
with higher incidence of brain injury is corroborated by stud-
ies showing that elevated concentrations of cytokines are
associated with neuronal lesions and developmental abnor-
malities [15, 16, 24, 25, 37]. However, this association was
not identified in other studies [38-40]. These conflicting
results might be related to differences in inclusion and exclu-
sion criteria and in the time points for the evaluation of
inflammatory molecules and neurodevelopment. Specifically,
an association between increased IL-6 concentration with
poorer motor development and brain abnormalities has been
previously described [15, 16, 24, 41, 42]. A gene polymor-
phism that increases IL-6 synthesis was associated with dis-
abling brain injury in infants [43]. In the present study, we
did not find significant differences in IL-6 concentrations.
One possible reason for the absence of changes in IL-6 levels
may be related to the fact that we have excluded neonates
with confirmed or suspected sepsis, while, in other studies,
babies with sepsis were included [15, 16, 24, 44, 45]. IL-6 is
a proinflammatory cytokine that increases in case of sepsis
[44, 45]. The release of IL-6 triggers an inflammatory cascade
secondary to infection, with consequent developmental delay
and/or brain injury [44, 46, 47]. Elevated IL-6 is also associ-
ated with spontaneous preterm labor [34]. In this regard, it
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FIGURE 1: Plasma levels of TNF (a), IL-6 (b), IL-10 (c), and BDNF (d), in preterm infants (N = 40) at four different time points (T0: umbilical
cord blood, T1: 48 hours, T2: 72 hours, and T3: 3 weeks after birth). CBA was used in ex vivo analysis for cytokines and ELISA for BDNF.
Mann-Whitney test was used for comparisons between medians of patients with normal motor development versus patients of lower than

expected motor development.
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FIGURE 2: Plasma levels of CXCL8/IL-8, CXCL10/IP-10, CCL5/RANTES, and CCL2/MCP-1 in preterm infants (N = 40) at four different time
points (T0: umbilical cord blood, T1 48 hours, T2: 72 hours, and T3: 3 weeks after birth). CBA was used in ex vivo analysis. Mann-Whitney
test was used for comparisons between medians of patients with normal motor development versus patients of lower than expected motor

development.
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FIGURE 3: Urinary levels of IL-10, IL1-B, CCL5/RANTES, CXCL9/MIG, CCL5/RANTES, BDNF and GDNF in preterm infants (N = 40) at
three different time points (T1: 48 hours, T2: 72 hours, and T3: 3 weeks after birth). CBA was used in cytokines and chemokines ex vivo
analysis, and ELISA for neurotrophic factors. Mann-Whitney test was used for comparisons between medians of patients with normal
motor development versus patients of lower than expected motor development.

should be mentioned that all newborns were delivered by
cesarean section in our study.

In contrast, higher IL-1f levels were associated with bet-
ter TIMP scores. Cytokines are involved in the control of
many cellular interaction and cell life and are released under
several stimuli [18]. IL-1 system is associated with the
recruitment of macrophages and promotes monocyte infil-
tration in the brain, activation of microglia and astrocytes,
and production of free radicals [18, 48, 49]. However, micro-
glial cells also play a physiological role in CNS, participating
in the synaptic chopping and apoptosis that occur during
development, besides actions in neurogenesis and neuronal
differentiation [17, 50, 51]. Indeed, IL-1 system has a role
in cell development, differentiation, and death [18]. The bal-
ance between proinflammatory and immunomodulatory
events modulates the repair/resolution processes and the
occurrence of injury [17, 52]. This inflammatory response,
although related to injury, is also an essential mechanism
for the protection and development of CNS [50, 51]. When
this response occurs and is fully resolved without brain cell

death, typical abilities are maintained. On the other hand, if
this response is prolonged or exacerbated, there is cell death
in CNS and consequent loss of function [53].

The elevation of cytokine levels, as IL-1p3, is associated
with the occurrence of insult, although its concentration
may vary during the first hours or weeks [52]. The inflamma-
tory response is a nonlinear system, and fluctuation in cyto-
kines, chemokines, and neurotrophic factors levels occurred
at different time points in this study. Therefore, the interac-
tion between cytokines and CNS seems to affect motor
performance [40, 54, 55]. High levels of proinflammatory
cytokines correlate with white matter injury and impair-
ment neuropsychomotor development at 2 and 3 years of
age [15, 16, 42, 54, 56]. However, the relationship of these
molecules with neuropsychomotor development at the first
month of life was not previously evaluated.

In our results, a proinflammatory response, characterized
by increased levels of IL-1p in urine, was associated with typ-
ical motor development at first month of life in premature
infants. This was an unexpected finding, as typically this
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TABLE 2: Area under the curve (AUC) values for the measurement of inflammatory markers and neurotrophic factors in plasma and urine

samples.
Variables Plasma Urine
AUC values 95% confidence interval AUC values 95% confidence interval

TNF 0.534 0.327; 0.741 0.620 0.438; 0.802
IL-12p70 0.378 0.195; 0.561 0.351 0.179; 0.523
IL-18 0.561 0.373; 0.749 0.853 0.722; 0.984
CXCL10/IP-10 0.443 0.246; 0.641 0.520 0.322; 0.718
CCL2/MCP-1 0.353 0.168; 0.538 0.603 0.415; 0.791
CXCL9/ MIG 0.458 0.270; 0.645 0.559 0.364; 0.753
CCL5/RANTES 0.278 0.115; 0.442 0.568 0.388; 0.748
CXCLS/IL-8 0.556 0.356; 0.755 0.567 0.384; 0.749
BDNF 0.668 0.498; 0.839 0.418 0.230; 0.607
GDNF 0.853 0.723; 0.983 0.392 0.195; 0.589

TaBLE 3: Association between clinical features and motor development results in TIMP.
Variables Lower than expected (N =22) Typical development (N = 18) p values
Maternal age* 27.50 (24.75; 36.0) 24.00 (18.75; 28.0) 0.008>
Gestacional age” 31+1 30+1 0.387"
Birth Weight# 1548.8 £479.88 1388.61 + 347.61 0.274'
1-minute Apgar* 7.00 (6.00; 8.00) 8.00 (5.00; 8.00) 0.967°
5-minute Apgar* 9.00 (7.00; 9.00) 9.00 (9.00; 10.00) 0.079°
Sex”
Female 7 (38.9) 11 (61.1) 0.0642
Male 15 (68.2) 7 (31.8)

Values expressed as mean and standard deviation for continuous variables. Number of individuals and percentages for categorical variables. *Median values

(quartile 1; quartile 3). "Student’s ¢-test. “Mann-Whitney test.

cytokine is associated with CNS damage [35, 42, 51, 57].
However, the inflammatory response may have a physiological
function in brain development and may exert protective role in
the CNS[17,50,52, 53,58]. This result supports the hypothesis
thatinflammation mayhave a protective effect at early stages of
brain development and, until some time point, may be benefi-
cial to the motor development. Furthermore, mutual interac-
tions among cytokines and neurotrophic factors [7, 51, 57]
may result in dynamic variations in the concentration of these
molecules, in which the increase or reduction of one molecule
in response to others is common [57].

GDNEF is a protective factor identified as essential for the
survival and neuronal differentiation, by its action on the
neuroplasticity, including the modulation of neuronal sur-
vival, axon guidance, synapse formation, and functioning in
the developing nervous system [56, 59-63]. GDNF concen-
trations can be reduced in response to increased levels of
cytokines or chemokines in the brain parenchyma [56].
However, when there is an insult of the CNS, an upregulation
of neurotrophic factors may occur acting as a repair mecha-
nism [28, 64]. GDNF was an important upstream regulator
of CNS, reaching high concentrations three days after an
insult [64]. GDNF plays an important role in neuronal reor-
ganization [64]. Therefore, higher levels of GDNF in the
group with lower than expected motor development may

be a compensatory response to a CNS insult, aiming at
protecting the neurons and at inducing the formation of
new synapses.

There is some evidence for a beneficial role of neuroin-
flammation to the CNS. Some degree of neuroinflammation
is necessary for remyelination, neuroprotection, and brain
development. There are several inflammatory cytokines that
regulate the production of multiple neurotrophic factors by
neurons and glial cells [65, 66]. This beneficial role was sup-
ported by our findings in plasma and urine samples. For
instance, neonates with typical motor development had
higher plasma levels of TNF and BDNF at the first time point
(TO). TNF is involved in inflammation, cellular differentia-
tion, and programmed cell death in the CNS [67]. TNF also
may be beneficial during the repair stage after brain insult
[66]. IL-13 and TNF stimulate the release of neurotrophic
factors, including BDNF and GDNF [18]. BDNF is essential
for neuronal survival and differentiation, by inducing the
plasticity of the CNS [68]. Indeed, complex interactions
between cytokines, chemokines, and neurotrophic factors
may collectively contribute to brain development and motor
skill acquisition.

In order to control the influence of confounding factors,
neonates presenting acute disorders were excluded from the
study. The use of corticosteroids may also interfere with this
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process; however, as it is recommended to prevent respira-
tory distress syndrome [59], it was not possible to ethically
avoid its administration. Also, a single course of antenatal
corticosteroids was associated with reduced risk for cerebral
palsy [62]. It should be mentioned that there was no differ-
ence in the results when the three neonates who were not
exposed to corticosteroids were excluded from the analysis.

TIMP provides a reliable and valid measurement of the
motor development that can be used for preterm neonates
with 34 weeks gestational age [30-32]. This test is highly sen-
sitive and specific. TIMP scores have significant correlation
with the Bayley scale [32]. The difference between the current
study and most of the published works about the association
of inflammatory response and motor development may
occur due to the time point in which motor development
assessment was performed. Motor skill acquisition is influ-
enced by age and cultural and contextual factors [69, 70].
For instance, at 2 years old or higher, children have been
more influenced by environmental stimulus and cultural
influences than at 34 weeks of gestational age. Our study
reinforces the importance of assessing the newborn as early
as possible in order to predict developmental abnormalities
and ensure adequate interventions.

The originality of this study is the evaluation of inflam-
matory proteins and neurotrophic factors in spot-urine sam-
ples as a noninvasive method of collection. In addition,
samples collected in time points before motor development
evaluation might predict alterations in TIMP.

5. Conclusion

Measurements of inflammatory biomarkers in spot-urine
samples seem to be useful in preterm neonates. This may
become a noninvasive way to follow up the inflammatory
profile of preterm newborns. Whether urinary levels of IL-
13 and of GDNF may predict motor development still needs
to be confirmed.
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