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Background: Periventricular leukomalacia (PVL) is a frequent consequence of hypoxic-
ischemic injury. Functional cytokine gene variants that result in altered production of inflamma-
tory (tumor necrosis factor-alpha [TNF-o/] and interleukin-1beta [IL-1f]) or anti-inflammatory
(interleukin-10 [IL-10]) cytokines may modify disease processes, including PVL.
Objective: The aim of this study was to evaluate if there is a relationship between the two proin-
flammatory polymorphisms (TNF-0-1031T/C and IL-13-511C/T) and the anti-inflammatory
polymorphism IL-10-1082G/A and PVL risk in Brazilian newborns with and without this
injury.

Materials and methods: A cross-sectional case-control study performed at the Neonatal
Intensive Care Unit of the Children’s Hospital and Maternity of the Sdo José do Rio Preto Medi-
cal School (FAMERP). Fifty preterm and term newborns were examined as index cases and
50 term newborns as controls, of both sexes for both groups. DNA was extracted from peripheral
blood leukocytes, and the sites that encompassed the three polymorphisms were amplified by
polymerase chain reaction-restriction fragment length polymorphism.

Results: Gestational age ranged from 25 to 39 weeks, in the case group, and in the control group
it ranged from 38 to 42.5 weeks (P<<0.0001). Statistically significant association was found
between TNF-0.-1031T/C high expression genotype TC (odds ratio [OR], 2.495; 95% confidence
interval [CI], 1.10-5.63; P=0.043) as well as between genotypes (TC + CC) (OR, 2.471; 95%
CI, 1.10-5.55; P=0.044) and risk of PVL. Statistically significant association was found between
IL-1B-511C/T high expression genotypes (CT +TT) (OR, 23.120; 95% CI, 1.31-409.4; P=0.003)
and risk of PVL. Statistically significant association between IL-10-1082G/A high expression
genotype GG (OR, 0.07407; 95% CI, 0.02-0.34; P<<0.0001) as well as between IL-10-1082G
high expression allele (OR, 0.5098; 95% CI, 0.29-0.91; P=0,030) and PVL reduced risk was
observed. There was a statistically significant association between TC/CT/GA genotype com-
bination and the risk of PVL (OR, 6.469; 95% CI, 2.00-20.92; P=0.001).

Conclusion: There is evidence of an association between the polymorphisms TNF-a-1031T/C,
IL-1B-511C/T, and IL-10-1082G/A and PVL risk in this Brazilian newborn population
studied.

Keywords: leukomalacia periventricular, tumor necrosis factor-alpha, interleukin-10, interleu-
kin-1beta, polymorphism single nucleotide

Introduction
Periventricular leukomalacia (PVL) is a frequent consequence of hypoxic-ischemic
lesion and its occurrence is 0.2 cases per 1,000 births. This injury occurs mostly in
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premature newborns, which is the main clinicopathologic
correlation of hypoxic-ischemic encephalopathy in these
cases. Patients with PVL have a higher risk of motor and
cognitive delays, seizures, and visual abnormalities, and
spastic diplegia as the main sequelae.'™

PVL has also been recognized in infants born at term
(term-born PVL: gestational age >39 weeks), with a distinct
clinical condition from that of the preterm population with
this lesion. Among children who had neonatal anoxia, PVL
was diagnosed in 14%-85% of cases and 30% to 60% of
them have spastic diplegia as a consequence.'>!2

The greatest period of risk for PVL corresponds to the
time when oligodendrocyte precursors dominate within cere-
bral white matter, proliferate and differentiate, prior to active
synthesis of myelin sheaths (approximating to 23-32 weeks
post-conception in humans). The principal mechanisms
responsible for damage to the oligodendrocytes (induced
by hypoxia/ischemia) include glutamate excitotoxicity,
inflammatory processes mediated by both free radical and
cytokines, and by the difficulty of regulation of the oxidative
stress caused by lack of production of antioxidant enzymes
in oligodendrocytes.>*!3

The first line of defense to protect against encephalic
injuries is the quick response from activated microglia,
because of their rapid transformation from a ramified to an
amoeboid shape, a process that rapidly happens within min-
utes to a few hours after the initial injury. Because of this, it
has been recognized that activated microglia are related to
many encephalon diseases, including PVL.%1418

The involvement of cytokines in the pathophysiology
of perinatal encephalic injury and pathogenesis of PVL is
sustained by epidemiological and clinical data. For normal
encephalic development during gestation, and in the physio-
logy of pregnancy, the cytokine network has an extremely
important role. In adverse conditions, both astroglia and
microglia produce nitric oxide and excitatory amino acids,
due to the stimulation of cytokines, in particular tumor necro-
sis factor (TNF) and interleukin interleukin-1beta (IL-1pB),
resulting in a neurotoxic effect.?!3:1519-21

TNF-a is encoded by a highly polymorphic gene, which
is located on chromosome 6q. Inherited polymorphisms in
its promoter region may contribute to changes in its immune
response as well as genetic predisposition to complicated
illnesses, such as PVL. The T to C substitution at position
-1031 in the TNF-¢ gene promoter region has been associated
with high levels of TNF-a., and ~60% of the difference in the
production of TNF-q is genetically determined.?'%

The IL-1[ gene is located in the IL-1 cluster on chromo-
some 2q. IL-1P levels are regulated at transcriptional level

and the polymorphism -511C/T in the IL-1 gene promoter
region has been found not only to influence levels of IL-1§
but also to change the predisposition to several diseases,
including PVL. The IL-1p has been considered a key media-
tor in hypoxic-ischemic encephalic injury. IL-1f and TNF-o
stimulate production of other cytokines, endothelial adhesion
molecules, and nitric oxide in the central nervous system
(CNS) 2122242627

In contrast, anti-inflammatory cytokines, such as inter-
leukin-10 (IL-10), may have a neuroprotective role in the
CNS. IL-10 inhibits IL-1f and endotoxin-induced cytokine
production by glial cells.?® The magnitude of IL-10 secretion
is partially genetically determined by several polymorphisms
in the /L-10 gene promoter region, which is located on chro-
mosome 1q. The polymorphism at -1082 (G to A) is thought
to be a major determinant of the magnitude of IL-10 secretion
and may influence outcome in several disease states.?>>3

Therefore, the aim of this study was to evaluate if there
is a relationship between the two proinflammatory poly-
mor (TNF-0-1031T/C and IL-13-511C/T) and the anti-
inflammatory polymorphism (IL-10-1082G/A) with PVL risk
in Brazilian newborns with and without this injury.

Materials and methods

A cross-sectional case-control study at the Neonatal Intensive

Care Unit (NICU) of the Children’s Hospital and Maternity

of the Sao José do Rio Preto Medical School (FAMERP,

Sdo Paulo, Brazil), between April and July 2015, was

performed.

Among the total of 85 newborns consecutively admit-
ted in the Neonatal Intensive Care Unit, during the study
period, 50 newborns were selected (59%), of both sexes,
with transfontanellar ultrasonography diagnosis of PVL,
which was called the case group. The remaining 35 (41%)
newborns were not selected because they had presented one
of the exclusion criterion or died during the study period. If
applicable, according to the protocol, the infants received
therapeutic hypothermia.

For the case selection, the following criteria were
considered:

Inclusion criteria (with mandatory presence of the criteria
4 and 5):

1. Signs of fetal distress revealed by intrapartum monitor-
ing, such as persistent decelerations and/or sustained
fetal bradycardia or the presence of meconium-stained
amniotic fluid.

2. Apgar score =4 or 5 during the first minute of life.

3. Need for positive pressure ventilation for at least 2 min-
utes in order to start breathing.
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4. Diagnosis of hypoxic-ischemic encephalopathy estab-
lished by the presence of perinatal asphyxia associated
with neurological manifestations due to hypoxia and
ischemia (one or more abnormal neurological signs, such
as irritability, tremors, altered consciousness, muscle tone
changes, and seizures in the first 24 hours of life).!

5. Diagnosis of PVL obtained by neuroimaging transfonta-
nellar ultrasonography.

The control group consisted of 50 newborns of both sexes,
born in the same period, without hypoxic-ischemic encepha-
lopathy, Apgar score =7 during the first minute of life and no
alteration to the transfontanellar ultrasonography.

Newborns from both groups with clinical or laboratory
suspicion of congenital infection, presence of sepsis and/or
meningitis, congenital malformations, presence of seizures
unrelated to hypoxic events and of unknown etiology, maternal
history of drug abuse, mothers with any infection of STORCH
(syphilis, toxoplasmosis, rubella virus, cytomegalovirus,
herpes virus) group during pregnancy or seropositivity to HIV,
and maternal use of opioid or respiratory depressive drugs
administered in the peripartum period were excluded.

Newborn ethnicity was based on skin color (white, non-
white, black, or mulatto), and all of them were from the same
geographic area — Sao Paulo State, Brazil.

Medical histories were collected with regard to demo-
graphic data, clinical presentation, and imaging data. All
newborn in the case group were classified per De Vries rating
scale,* in relation to PVL ultrasonographic aspects.

Neuroimaging assessment

Transfontanellar ultrasonographic examination with a
7.5 MHz transducer (SONOS-5500; Philips Medical
Systems, Andover, MA, USA) was used to diagnose PVL.
Either the presence of a cyst in the periventricular white
matter within 7 days of delivery or an increased echodensity
in the periventricular white matter within 6 hours of delivery
confirmed the diagnosis of PVL.** The diagnosis of PVL
was reconfirmed using magnetic resonance imaging. All the
neuroimaging tests were performed in a uniform fashion, and
the clinical interpretations were provided by a radiologist
specialized in neuroradiology.

Molecular analysis
Genomic DNA was isolated from peripheral blood leuko-
cytes using the Illustra Blood Genomic Prep Mini Spin Kit
(GE Healthcare UK Limited™, Little Chalfont Bucks, UK)
per the manufacturer’s protocol.

To detect the three polymorphisms —1031T/C, =511C/T,
and -1082G/A, nuclear DNA fragments that encompassed

the polymorphics sites, respectively, in the TNF-« gene
(Gene Bank NCBI RefSeqGene: NG_007462.1), IL-1[3 gene
(Gene Bank NCBI RefSeqGene: AY137079), and IL-10
gene (Gene Bank NCBI RefSeqGene: X78437.2) were ampli-
fied by polymerase chain reaction (PCR) and digested, by
RFLP, with 5U of their respective restriction enzymes (New
England Biolab™; Hertfordshire, UK.) — Bbs/ for 2.5 hours
at 37°C, Aval for 2.5 hours at 37°C, and BsmFT for 2.5 hours
at 65°C.

PCR conditions

Standard PCR was performed in 25 pl, containing 200 ng
genomic DNA, 10 pmol of each primer, and FideliTag™
PCR Master Mix (2x) (GE Healthcare UK Limited™), per
the manufacturer’s protocol. Published primers sequences
were used to analyze the three polymorphisms —1031T/C,
—511C/T, and —1082G/A,?'333* and PCR was performed as
follows: initial denaturation at 95°C for 2 minutes, followed
by 35 cycles of denaturation at 95°C for 15 seconds, anneal-
ing at their respective degrees 53°C, 51°C, and 61°C for
30 seconds, and extension at 72°C for 50 seconds, followed
by a final extension for 10 minutes at 72°C.

The products from both PCR/RFLP reactions were added
to FlashGel™ Loading Dye 5x, analyzed by electrophoresis
on a 2.2% agarose FlashGel™ DNA Cassette, and all gels
were photodocumented by FlashGel™ Camera (Lonza Group
Ltd, Basel, Switzerland).

The —1031T wild-type allele from 7NF-a gene was rep-
resented by an uncut 150 bp PCR product, and the —1031C
polymorphic allele consisted of two fragments at 62 and 88
bp. The —1511C wild-type allele from /L-1 3 gene consisted of
two fragments at 115 and 190 bp, and the —1511T polymor-
phic allele was represented by an uncut 305 bp PCR product.
The -1082G wild-type allele from /L-10 gene consisted of two
fragments at 80 and 320 bp, and the —1082A polymorphic
allele was represented by an uncut 400 bp PCR product.

To avoid bias in the molecular analysis and final results,
all DNA samples were analyzed without the knowledge of the
patients’ clinical and ultrasonographic characteristics.

Ethical aspects

The ethics and research protocol were approved by the
Research Ethics Committee (FAMERP, Sao Paulo, Brazil)
(#216.753/2013). Before initiation of any procedure, signed
informed consent was obtained from all parents.

Statistical analysis
Statistical analyses were performed using Graph Pad
Instat, version 3.00 (GraphPad Software Inc, San Diego,
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CA, USA). The results were previously submitted to
descriptive statistics to determine the normal range. The
Mann—Whitney test was used for independent samples
with nonnormal distribution. Qualitative variables were
expressed as a percentage (%) and continuous variables
were expressed as a mean and standard deviation. Where
applicable, chi-square or Fisher’s exact test was used to
compare the variables. The odds ratio (OR) with 95% con-
fidence interval (CI) was used to determine the risk factor
for PVL by the polymorphisms analyzed. Results were

considered statistically significant when the probability of
findings occurring by chance was <5%.

Results

This cross-sectional case-control study included 100 new-
borns of both sexes. TNF-c, IL-1B, and IL-10 polymorphisms
were genotyped in all of them. The case group was composed
of 50 newborns with PVL (31 males and 19 females) while 50
newborns (23 males and 27 females) constituted the control
group. Gestational age ranged from 25 to 39 weeks, with a

Table | Distribution of the characteristics of case and control groups

Variables Case Control P-value
N=50 (%) N=50 (%)
Sex
Male 31 (62) 23 (46) 0.1598°
Female 19 (38) 27 (54)
Delivery classification (weeks)
Postterm (>42) 0 (0) 2 (4)
Term (37 to <42) 4 (8) 48 (96) NA
Moderate preterm (32 to <37) 2(4) 0 (0)
Very preterm (28 to <32) 20 (40) 0 (0)
Extremely preterm (<28) 24 (48) 0 (0)
Delivery type
Vaginal 13 (26) 22 (44) 0.0928°
Cesarean section 37 (74) 28 (56)
Birth N=44 (%) N=49 (%)
Single 38 (86) 48 (98) 0.0496°
Multiple (Twins) 6 (14) I (2)
Gestational age (weeks)
Mean (£ SD) 31.0 (£3.7) 394 (£1.2)
Minimum 25 38 <0.0001°
Maximum 39 42.5
Median 31 39.1
Birth body weight (g)
Mean (+ SD) 1561.1 (£927.98) 3509.9 (£320.09)
Minimum 630 2,870 <0.0001°
Maximum 4,130 4,020
Median 1,265 3,552
1° minute Apgar score
Mean (£ SD) 4.30 (£1.38) 8.44 (£1.11)
Minimum 0 7 <0.0001°
Maximum 5 10
Median 5 8
5° minute Apgar score
Mean (+ SD) 7.44 (£1.96) 9.42 (+0.57)
Minimum 0 8 <0.0001°
Maximum 9 10
Median 8 9
Hospital stay (days)
Mean (£ SD) 56.32 (£30.64) 1.6 (£0.57)
Minimum 15 I <0.0001°
Maximum 170 3
Median 57 2

Notes: *Fisher’s exact test. "Mann—Whitney U Test. Bold values indicate significant results, P<<0.05.

Abbreviations: g, gram; NA, not analyzed; SD, standard deviation.
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median of 31 weeks in case group, and at control group the
gestational age ranged from 38 to 42.5 weeks, with a median
of 39.1 weeks (P<<0.0001). All newborns from both groups
had white skin color (100%). Clinical and demographics data
are summarized in Table 1.

Transfontanellar ultrasonographic

assessment
Transfontanellar ultrasonographic data of case group are
presented in Table 2.

Cytokine gene polymorphisms assessment
Table 3 shows the genotype and allele distributions for all
analyzed polymorphisms in all examined newborns of both
case and control groups (N=100). Statistically significant
association was found between TNF-0-1031T/C high expres-
sion genotype TC (OR, 2.495; 95% CI, 1.10-5.63; P=0.043)
as well as between genotypes (TC+CC) (OR, 2.471; 95% CI,
1.10-5.55; P=0.044) and risk of PVL. Statistically signifi-
cant association between TNF-0-1031T/C high expression
genotype TT (OR, 0.408; 95% CI, 0.18-0.91; P=0.044) and
PVL reduced risk was also observed. Statistically significant
association was found between IL-1B-511C/T high expres-
sion genotypes (CT+TT) (OR, 23.120; 95% CI, 1.31-409.4;
P=0.003) and risk of PVL. Statistically significant asso-
ciation was found between IL-1p3-511C/T high expression
genotype CC (OR, 0.04325; 95% CI: 0.002—0.76; P=0.003)
and PVL reduced risk. Statistically significant association
between IL-10-1082G/A high expression genotype GG (OR,
0.07407; 95% CI, 0.02—0.34; P<<0.0001) as well as between
IL-10-1082G high expression allele (OR, 0.5098; 95% CI,
0.29-0.91; P=0,030) and PVL reduced risk was observed.
Statistically significant association was found between IL-

Table 2 Distribution of transfontanellar ultrasonographic data in
the case group

Transfontanellar ultrasonographic data

PVL grade Cases n=50 (%)
Grade | 23 (46)
Grade Il 11(22)
Grade llI 16 (32)
Grade IV 0 (0)

Additional ultrasound abnormalities

Periventricular hemorrhage
Grade | 15 (30)
Grade Il 5(10)
Grade llI 9 (18)
Grade IV 9 (18)
Total 38 (76)

Hydrocephalus 20 (40)

Abbreviation: PVL, periventricular leukomalacia.

10-1082G/A high expression genotype GA (OR, 13.500;
95% CI,2.93-62.2; P<<0.0001) as well as IL-10-1082A high
expression allele (OR, 1.962; 95% CI, 1.10-3.49; P=0.030)
and risk of PVL.

Table 4 shows the distributions among TNF-o-1031T/C,
IL-1B-511C/T, and IL-10-1082G/A genotype combinations,
in this respective sequence, in all analyzed newborns of both
case and control groups (N=100). There was a statistically
significant association between TC/CT/GA genotypes combi-
nation and the risk of PVL (OR, 6.469; 95% CI, 2.00-20.92;
P=0.001). Statistically significant association was found
between TT/CC/GA genotypes combination and PVL reduced
risk (OR, 0.06778; 95% CI, 0.004—1.24; P=0.027).

There were no correlation between PVL Grade* and
TNF-a-1031T/C (P=0.7815), IL-1B-511C/T (P=0.7278),
and IL-10-1082G/A (P=0.5420) genotypes.

Discussion

The PVL is the major cause of long-term neurological impair-
ments and is preferably associated with the later development
of cerebral palsy in children.®

The pathogenesis of ischemic cerebral lesions is due to the
participation of inflammatory cascade, resultant from influx of
polymorphonuclear leukocytes, followed by monocytes, and
by the activation of the microglia, for which the expression of
specific adhesion molecules, chemotactic factors, and proin-
flammatory cytokines is necessary. Cytokines are proteins
with a low molecular weight, produced and secreted in the
CNS by astrocytes and microglia and also by macrophages,
monocytes, fibroblasts, and endothelial cells.>!82!

Proinflammatory cytokines, particularly TNF-o and
IL-1(, may cause encephalic lesion through several different
mechanisms, because they have direct neurocytotoxicity, by
inhibition of the differentiation of oligodendrocyte precursors
and stimulation of oligodendrocyte apoptosis, with conse-
quent vacuolar myelin degeneration. Cytokines may also
have effective vasomotor and vaso-occlusive results, and their
toxicity may be mediated through alterations in glutamate
transport, increasing glutamate-mediated oxidative stress.
Conversely, the anti-inflammatory cytokine IL-10 inhibits
these effects through an indirect restriction in proinflamma-
tory cytokine synthesis.>!!?

Functional cytokine gene variants that result in altered
production of inflammatory cytokines (TNF-o and IL-1B)
or anti-inflammatory (IL-10) may modify disease processes,
including PVL. Since the expression of TNF-o and IL-1§
is critically linked to the pathogenesis of encephalic injury,
genetic variants of these and other cytokines are candidates
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Table 3 Distribution of genotypes and alleles in case and control groups for the TNF-a-1031T/C, IL-I 3-51 | C/T, and IL-10-1082G/A

polymorphisms

Gene/polymorphism Genotypes/ Case Control Odds ratio P-value
alleles N=50 (%) N=50 (%) (95% confidence
Alleles Alleles interval)
N=100 (%) N=100 (%)
TNF-0-1031T/C T 22 (44) 33 (66) 0.4048 0.044
0.18-0.91
TC 27 (54) 16 (32) 2.495 0.043
1.10-5.63
cc 0l (02) 0l (02) 1.000 1.505
0.06-16.4
TC+CC 28 (56) 17 (34) 2471 0.044
I.10-5.55
T 71 (71) 82 (82) 0.5374 0.095
0.27-1.05
C 29 (29) 18 (18) 1.861 0.095
0.95-3.63
IL-18-511CIT ccC 0(0) 09 (18) 0.04325 0.003
0.002-0.76
CcT 38 (76) 30 (60) 2.111 0.133
0.89-4.99
TT 12 (24) 11(22) 1.120 1.000
0.44-2.84
CT+TT 50 (100) 41 (82) 23.120 0.003
1.31-409.4
C 38 (38) 48 (48) 0.6640 0.198
0.38-1.17
T 62 (62) 52 (52) 1.506 0.198
0.86-2.64
IL-10-1082G/A GG 02 (4) 18 (36) 0.07407 <0.0001
0.02-0.34
GA 48 (96) 32 (64) 13.500 <0.0001
2.93-62.2
AA 0(0) 0(0) - -
GA +AA 48 (96) 32 (64) 13.500 <0.0001
2.93-62.2
G 52 (52) 68 (68) 0.5098 0.030
0.29-0.91
A 48 (48) 32 (32) 1.962 0.030
1.10-3.49

Notes: Polymorphic alleles are in bold type. Bold values indicate significant results, P<<0.05.

to modify risk of encephalic lesion in both preterm and term
infants.>?

Therefore, the PVL neuropathological hallmark is a great
deal of activated microglia and macrophages that produce
proinflammatory cytokines, such as TNF-o. and interleukin- 1
beta (IL-1f3), which directly cause oligodendroglial cell death
or worsens white matter lesions.**

Based on the known role of both TNF-o and IL-1f cytok-
ines in inflammation, the goal of this study was to determine
if the two proinflammatory polymorphisms (TNF-o-1031T/C
and IL-1B-511C/T) and the anti-inflammatory polymorphism
(IL-10-1082G/A) are associates with PVL risk in Brazilian
newborns with and without this injury.

To assess the results of genetic association studies, the
case and control groups should have the same ethnic and
geographical origins because of the genetic basis of dis-
eases, such as polymorphic configurations, which can differ
between regions and populations. The influence of ethnic
and geographic diversity can be extensive and should be
considered in genetic studies.’**” In this study, despite the
significant miscegenation in Brazil, all newborns consecu-
tively included were from the same geographic area and with
white skin color.

The PVL prevalence among the 85 newborns hospitalized
during the study period was 59% (1:1.7), a result consistent
with the literature (1:1.1 to 1:2.1).13383
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Table 4 Distribution among TNF--1031T/C, IL-1 8-51 1C/T, and IL-10-1082G/A genotype combinations in all analyzed newborns of

both case and control groups

Genotypes combinations Case Control Odds ratio P-value

TNF-a-1031T/C IL-1B-511CIT IL-10-1082G/A N=50 (%) N=50 (%) (95% ClI)

TT CcT GG 2(4) 6(12) 0.3056 0.269
0.056-1.59

TT TT GG 0 3(6) 0.1344 0.242*
0.007-2.7

TT CcC GA 0 6(12) 0.06778 0.027~
0.004-1.24

TT CcT GA 17 (34) 15 (30) 1.202 0.830
0.52-2.79

TT TT GA 3(6) 3(6) 1.000 1.322
0.192-5.21

TC CcC GG 0(0) 2(4) 0.1921 0.495°
0.009-4.11

TC CcT GG 0(0) 5(10) 0.08191 0.056*
0.004-1.52

TC TT GG 0(0) 2(4) 0.1921 0.495*
0.0094.11

TC CcC GA 0(0) 1 (2) 0.3267 1.000°
0.013-8.22

TC cT GA 18 (36) 4(8) 6.469 0.001
2.00-20.92

TC TT GA 9 (18) 2(4) 5.268 0.051
1.08-25.79

CcC CcT GA I (2) 0(0) 3.061 1.000°
0.12-77.01

cC TT GA 0(0) I (2) 0.3267 1.000°
0.013-8.22

Notes: *With Haldane correction. Polymorphic alleles are in bold type. Bold values indicate significant results, P<<0.05.

Abbreviations: Cl, confidence interval; IL-IB, interleukin- I beta; IL-10, interleukin-10.

Since the 1980s, the PVL has also been identified in
term newborns (term-born PVL) in studies showing that
more than half of all children with cerebral palsy are born
at term and that a significant proportion (12%-53%) of
infants with neuroimaging data exhibited a pattern of
periventricular white matter injury, which is more typi-
cally seen in preterm infants'*~'2 Among the 50 cases this
study, four male term newborns, because they also had both
hypoxic-ischemic encephalopathy and PVL diagnosis, were
included (8%). This prevalence was lower than reported
at the literature,"5'? probably due to the small number of
cases.

After molecular analysis, the allelic and genotypic fre-
quencies of polymorphisms between case and control groups
newborns were compared. As described, TNF-a cytokine is
a central mediator of encephalic injury, and genetic variants
of the TNF-o gene may modify risk of similar injuries in
the perinatal period, by increased expression of cytokine in
the ischemic period. Therefore, TNF-o. cytokine has been
clearly involved in the pathogenesis of these injuries, includ-
ing PVL.3,20,2],23,25,4042

The TNF-0-1031T/C polymorphism analysis in
60 prematurely born children (28 to 32 gestational age weeks)
with cerebral palsy, 35 of them with PVL, and 84 controls
of the same gestational age, found a significant association
between TC and CC genotypes, as well as the polymorphic
allele C, and the cerebral palsy risk, including the PVL chil-
dren.?! In the present study, with a highest PVL case number
and with gestational age that ranged from 25 to 39 weeks,
similar results were found in which both the TC genotype
(intermediate productor inflammatory cytokine) and the
same genotype when combined with the CC genotype (high
productor inflammatory cytokine) were associated with a
significant risk of PVL.

Experimental and clinical evidences implicating IL-1[ as
another key mediator in hypoxic-ischemic encephalic injury
show that IL-1B expression has a genetically determined
component. The IL-1B-511T allele has been associated with
increased risk for or disease progression in several inflam-
matory conditions,>20:43:44

The genotypes CT/TT of polymorphism IL-13-511C/T
carried a significative 4.1-fold PVL risk in studies in PVL

Journal of Inflammation Research 2016:9

submit your manuscript 65

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Gabriel et al

Dove

preterm newborns.?'*! However, in the present study, these
same genotypes carried a higher 23-fold PVL risk.

IL-10 has been considered a neuroprotective anti-
inflammatory cytokine, and the -1082G/A polymorphism
is associated (A allele) with low IL-10 production.** Three
studies were conducted in preterm newborns with and without
PVL, whose gestational age ranged from 26 to 32 weeks, and
the sample ranged 18 to 36 newborns, with only one of these
studies with term newborns as control group, such as this
present study.?>#%4’ Results of these two studies showed that
the prevalence of PVL was not affected by IL-10-1082G/A
genotypes.?>4¢ However, the third study showed that the GG
genotype (anti-inflammatory cytokine high productor) was
significantly associated with PVL reduced risk,*” whose
data are in agreement with the present study. Interestingly,
both studies showed the same number of cases with GG
genotype, and PVL in these newborns did not persist for
more than 7 days.

The three analyzed polymorphisms in this study were
combined, and a statistically significant association was
found between TC/CT/GA genotypes and PVL risk, and the
TT/CC/GA genotypes combination was significantly associ-
ated with PVL reduced risk.

There was no correlation between PVL Grade®? and
TNF-0-1031T/C (P=0.7815), IL-1B3-511C/T (P=0.7278),
and IL-10-1082 G/A (P=0.5420) genotypes. These results
are in agreement with studies that performed such a
comparison“#¢47

Additional genetic studies should be performed to deter-
mine the complexities of PVL and develop new approaches
for treating this cerebral injury, which can result from the
interaction between polymorphic genes associated with
inflammatory response and genetic—environmental factors
for predicting neonatal encephalic damage and PVL. Such
knowledge may enhance the understanding of the pathophysi-
ology of this disorder and facilitate the discovery of the
molecular causes of PVL, providing new perspectives on its
early diagnosis and stimulating new research. The genetic
association with PVL strengthens the proinflammatory
polymorphisms TNF-o-1031T/C and IL-1B-511C/T and the
anti-inflammatory polymorphism IL-10-1082 G/A hypoth-
esis with regard to PVL pathogenesis.

The potential limitations of these data merit consider-
ation; despite our positive findings, they should be interpreted
with caution and must be corroborated by independent and
multicenter studies to determine the actual prevalence of the
polymorphisms TNF-a-1031T/C, IL-13-511C/T, and IL-10-
1082 G/A and their association with PVL in the Brazilian

population. Thus, it is necessary to validate our data in
prospective studies with larger PVL cohorts. Further, because
our study was conducted in a small sample of Brazilian
patients, the extrapolation of the data to other populations
should be done with caution.

Conclusion

In conclusion, the present findings indicate that there is
evidence of an association between the polymorphisms
TNF-0-1031T/C, IL-1B-511C/T, and IL-10-1082G/A and
PVL risk in this studied Brazilian newborn population.
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