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Abstract

Bronchopulmonary dysplasia (BPD) is one of the most common chronic inflammatory lung disease of premature infants, with
serious short- and long-term consequences. Early identification of premature infants at risk of BPD is critical to preventing the
pathogenesis of disease. Thus, in the present study, we recruited 126 premature infants, collected peripheral blood samples at
different time points during early life, and measured the concentration of Th1 (MCP-1, IP-10, and MIG) and Th2 (eotaxin-1,
eotaxin-2, and MCP-4) chemokines in serum. We found serum eotaxin-2 levels were significantly higher in the BPD group than
in the non-BPD group on day 1 [1662 pg/ml vs. 1221 pg/ml, P < 0.05], day 7 [1533 pg/ml vs. 1089 pg/ml, P < 0.05], and day 14
[1246 pg/ml vs. 704 pg/ml, P < 0.05] after birth, and serum MCP-4 levels were also significantly higher in the BPD group than in
the non-BPD group on day 1 [186 pg/ml vs. 128 pg/ml, P <0.05], day 7 [199 pg/ml vs. 101 pg/ml, P < 0.05], and day 14 [238 pg/
ml vs. 106 pg/ml, P <0.05] of life.

Conclusions: Increased levels of Th2 chemokines, eotaxin-2, and MCP-4, are associated with BPD in premature infants.

What is Known:

* The pathogenesis of BPD is multifactorial and it is difficult to predict and prevent.

* Previous studies have demonstrated that inflammation plays a major role in the pathogenesis of BPD.

What is New:

* Increased Th2 chemokines, eotaxin-2 and MCP-4, were associated with BPD in premature infants.

» Abnormal Th1/Th2 response in early life maybe associated with the subsequent development of BPD, which provide a new insight to understand the
pathogenesis of the disease.
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Abbreviations

BPD bronchopulmonary dysplasia

ELBW extremely low birth weight

1P interferon (IFN) gamma-induced protein

MCP monocyte chemotactic protein
MIG monokine induced by interferon-y
Th T helper type

Introduction

Modern perinatal medicine has substantially improved the
survival of extremely premature infants; however, it has con-
comitantly facilitated a steadily rising incidence of chronic
lung diseases, such as asthma and bronchopulmonary dyspla-
sia (BPD) [8, 21]. BPD is the most common contributing
factor for mortality and the long-term morbidity in extremely
low birth weight (ELBW) infants [22]. Early identification of
premature infants at risk of BPD is critical to preventing the
pathogenesis of disease. However, despite extensive research,
there are no effective biomarkers for prediction of preterm
infants at risk during early life. Previous studies have demon-
strated that inflammation plays a major role in the pathogen-
esis of BPD, which is commonly accompanied by a high
degree of inflammatory cell infiltration and inflammatory che-
mokine expression in the lung [2, 11]. However, conventional
antibiotic and anti-inflammatory treatments are ineffective,
suggesting that the inflammatory response involved in BPD
has distinct features.

T helper cells (Th1l and Th2), defined by their respective
functions, are critical for the regulation of inflammatory re-
sponses and maintenance of pulmonary homeostasis [ 14]. Th1l
cells are crucial for cell-mediated immune responses and are
associated with host defense protection. Th2 cells stimulate
humoral immunity, promote B cell differentiation, and con-
tribute to the pathogenesis of allergic diseases, such as allergic
asthma, eosinophilic pneumonia, and atopic dermatitis [5, 9,
15]. Previous studies have demonstrated that an immature
immune system and polarization towards Th2-mediated im-
mune responses are commonly present at birth [6]; Thl-
mediated responses develop soon after birth under extra-
maternal circumstances [25]. Thus, whether abnormal Thl/
Th2 responses in early life are associated with the subsequent
development of BPD remains unclear.

Chemokines, a superfamily of polypeptide mediators, are
critical elements for the selective recruitment and activation of
various leukocyte subsets in inflammatory processes [3]. It
has been suggested that the expression of some chemokines
may be preferentially associated with a Th1 or a Th2 immune
response. For example, MCP-1, MIG, and IP-10 are chemo-
tactic for Th1 lymphocytes and play an important role in Th1-
mediated immune responses [7, 12]. In contrast, eotaxin-1,
eotaxin-2, and MCP-4 are mainly implicated in Th2-

@ Springer

mediated immune responses [13]. The measurement of both
Th1 chemokines (MCP-1, IP-10, and MIG) and Th2
chemokines (eotaxin-1, eotaxin-2, and MCP-4) in serum
might reflect Th1 or Th2 responses in lung. Thus, in the pres-
ent study, we established a clinical cohort of premature infants
and collected peripheral blood samples at different time points
during the neonatal stage. We investigated dynamic changes
in Th1 (MCP-1, IP-10, and MIG) and Th2 (eotaxin-1, eotaxin-
2, and MCP-4) chemokines in the early life of premature in-
fants and evaluated whether variations in Th1l or Th2
chemokines during early life are associated with subsequent
development of BPD.

Materials and methods
Study design and population

This was a prospective cohort study conducted between 2011
and 2014 at the Neonatal Department of West China Second
University Hospital. Approval was obtained from the Ethics
Committee at West China Second University Hospital,
Sichuan University. Informed consent was obtained from the
parents/caregivers of the infants for their participation in the
study. BPD was defined as oxygen dependency for at least
28 days postnatal days and graded at 36 weeks of
postmenstrual age according to the fraction of inspired oxygen
(FIO,) and the requirement of respiratory support at this time
[10]. Infants with birth gestational age (GA) of < 32 weeks or
birth weight of < 1500 g, who survived beyond the first 24 h
after birth, were eligible for enrollment in the study. Infants
who died before 28 days of life were considered not eligible
for a diagnosis of BPD. In addition, infants for whom parental/
caregiver informed consent was not available, and infants with
congenital/chromosomal anomalies, were excluded from the
study. Relevant clinical data were collected by trained re-
search staff; these included birth weight (BW), gestational
age (GA), sex, Apgar score, prenatal/postnatal steroid admin-
istration, respiratory distress syndrome (RDS), requirement
for supplemental oxygen, ventilator days, and presence of
sepsis.

Sample collection and chemokine analysis

Samples of peripheral blood (1 ml) were collected from en-
rolled infants at the following time points: 1 day (within 24 h
of birth), 7 days, and 14 days. Serum was separated from
blood samples and stored at — 80 °C until the time of analysis.
The concentrations of Th1 chemokines (MCP-1, MIG, and IP-
10) and Th2 chemokines (eotaxin-1, eotaxin-2, and MCP-4)
were measured with Luminex Liquichip assay kit (mouse
cytokine/chemokine panel; Merck Millipore, Burlington,
MA, USA), following the manufacturer’s instructions.
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Statistical analysis

All data were analyzed with SPSS/17.0 software (SPSS,
Chicago, IL, USA). Distributions of continuous variables
were assessed by histograms and box plots. Mean + SD was
used to present normally distributed data. Median and inter-
quartile ranges (IQRs) were used to present data that were not
normally distributed. Categorical variables were described by
relative frequency (%). Comparisons between groups of con-
tinuous variables were assessed by Student’s ¢ tests for nor-
mally distributed data, or by Mann-Whitney U tests for abnor-
mally distributed data. Categorical variables were compared
between groups by using chi-squared tests. Covariance anal-
ysis was performed to compare of the concentration of cyto-
kines between BPD group and non-BPD group. Receiver op-
erating characteristic (ROC) curves were used to evaluate the
diagnostic performance of chemokines for predicting the de-
velopment of BPD. P<0.05 was considered statistically
significant.

Results
Clinical characteristics of the study infants

Of 215 eligible infants, informed consent was obtained
from parental/caregivers of 167; these 167 infants were

then enrolled in the study and followed to 36 weeks’
postmenstrual age. Excluding infants who died before di-
agnosis of BPD, 126 premature infants were ultimately
analyzed, including 22 who developed BPD (BPD group)
and 104 who did not (non-BPD group). The characteristics
of the study infants are displayed in Table 1. Gestational
age and birth weight were significantly lower (P <0.001
for both) in infants who developed BPD, compared with
infants who did not. The incidences of premature rupture
of membranes and postnatal steroids usage were both sig-
nificantly higher in infants who developed BPD (P =0.038
and P <0.001, respectively). In addition, infants who de-
veloped BPD had longer duration of oxygen usage
(P <0.001), nasal-continuous positive airway pressure (n-
CPAP; P<0.001), and ventilatory support (P =0.012). Our
results are consistent with prior reports in the literature.

Dynamic changes in chemokines during early life

To explore how Th1/Th2 responses change in premature
infants during early life, the levels of Thl chemokines
(MCP-1, MIG, and IP-10) and Th2 chemokines (eotaxin-
1, eotaxin-2, and MCP-4) of premature infants in the non-
BPD group were analyzed on days 1, 7, and 14, which are
displayed in Table 2. Of the six chemokines detected from
the peripheral blood samples of infants in the non-BPD
group, the median eotaxin-2 levels on days 1, 7, and 14

Table 1  Clinical characteristics of the study populations
Characteristic All BPD Non-BPD BPD vs non-BPD
(n=126) (n=22) (n=104) P value
Gestational age, weeks, mean + SD 3043+1.44 28.84+1.63 30.76 £1.15 P<0.0001
Birth weight, g, mean+ SD 1380.3 +£249.4 1181.4+171.9 1422.1+243.3 P<0.0001
Sex, male/female 70 (55.6%)/56 (44.4%) 17 (77.3%)/5 (22.7%) 53 (51.0%)/51 (49.0%) 0.033
Prenatal steroids use 91 (72.2%) 18 (81.8%) 73 (70.2%) 0.309
PROM 60 (47.6%) 15 (68.2%) 45 (43.3%) 0.038
PROM, median (IQR), hours 0(0,24) 13.5 (0, 150) 0 (0, 23) 0.011
Apgar scores at 1 min, median (IQR) 8(7,9) 7.5(5.75,9.25) 8(7,9) 0.29
Apgar scores at 5 min, median (IQR) 9 (9, 10) 9 (8, 10) 9 (9, 10) 0.098
Apgar scores at 10 min, median (IQR) 10 (9, 10) 9 (9, 10) 10 (9, 10) 0.141
RDS at birth 33 (26.2%) 8 (36.4%) 25 (24.0%) 0.286
Chorioamnionitis 23 (18.3%) 6 (27.3%) 17 (16.3%) 0.234
Early onset sepsis 19 (15.1%) 6 (27.3%) 13 (12.5%) 0.1
Postnatal steroids use 16 (12.7%) 11 (50.0%) 5 (4.8%) P<0.0001
Oxygen, days, median (IQR) 11.5 (5, 18.25) 36 (32.7, 43.25) 9 (3.25, 14) P<0.0001
n-CPAP, days, median (IQR) 2(0,5) 10.5 (3, 15.25) 1(0,4) P<0.0001
MYV, days, median (IQR) 00,4 4.5(0,9.25) 0(0,3) 0.012

SD standard deviation, /OR interquartile range, PROM premature rupture of membrane, RDS respiratory distress syndrome, n-CPAP nasal-continuous
positive airway pressure, MV mechanical ventilate. Comparisons between the two groups were assessed by Mann-Whitney U test for continuous
variables or by chi-square test for categorical data
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Table 2 Comparisons of Th1/Th2 chemokines levels at different time
between non-BPD and BPD groups

Chemokine BPD (n=22) Non-BPD (rn=104) P
MCP-1

1st day 976 (882, 1380) 1026 (738, 1543) 0.6680

7th day 981 (737, 1366) 931 (667, 1663) 0.4789

14th day 1261 (804, 1558) 1252 (764, 1658) 0.5318
MIG

Ist day 844 (710, 1081) 887 (734, 1299) 0.7964

7th day 1065 (770, 1278) 1053 (838, 1411) 0.7559

14th day 1081 (879, 1347) 1095 (794, 1443) 0.2481
IP-10

1st day 235 (157, 333) 260 (173, 363) 0.4360

7th day 228 (131, 312) 249 (162, 355) 0.6813

14th day 255 (152, 393) 264 (165, 382) 0.7758
Eotaxin-1

1st day 143 (107, 195) 159 (126, 254 0.7471

7th day 136 (92, 178) 154 (122, 215) 0.0704

14th day 171 (119, 254) 145 (119, 203) 0.7174
Eotaxin-2

1st day 1662 (1440, 1971) 1221 (870, 1435) 0.0125

7th day 1533 (1265, 1707) 1089 (693, 1323) 0.0430

14th day 1246 (977, 1623) 704 (574, 1032) 0.0002
MCP-4

1st day 186 (156, 255) 128 (84, 159) 0.0390

7th day 199 (151, 252) 101 (75, 136) 0.0366

14th day 238 (170, 331) 106 (78, 156) 0.0197

MCP monocyte chemotactic protein, MIG monokine induced by interfer-
on-y, IP interferon (IFN) gamma-induced protein. Comparisons between
the two groups were assessed by covariance analysis

were 1221, 1089, and 704 pg/ml, respectively; this repre-
sented a statistically significant decreasing trend (Fig. le).
The median MCP-1, MIG, IP-10, eotaxin-1, and MCP-4
levels on days 1, 7, and 14 are shown in Fig. la—d, f,
respectively. However, there were no dynamic changes
(similar to those observed in eotaxin-2) among MCP-1,
MIG, IP-10, eotaxin-1, or MCP-4 during early life.

Increased serum eotaxin-2 and MCP-4 are associated
with the development of BPD in premature infants

We investigated whether variations of Th1/Th2
chemokines during the early life of premature infants are
associated with subsequent development of BPD. As
shown in Fig. 2, serum eotaxin-2 levels were significantly
higher in the BPD group than in the non-BPD group on day
1 [1662 pg/ml vs. 1221 pg/ml, P<0.05], day 7 [1533 pg/
ml vs. 1089 pg/ml, P<0.05], and day 14 [1246 pg/ml vs.
704 pg/ml, P <0.05] after birth (Fig. 2a). Another finding,
shown in Fig. 2a, was that the eotaxin-2 levels of both BPD
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and non-BPD groups exhibited a statistically significant
decreasing trend on days 1, 7, and 14. In addition, serum
MCP-4 levels were also significantly higher in the BPD
group than in the non-BPD group on day 1 [186 pg/ml
vs. 128 pg/ml, P<0.05], day 7 [199 pg/ml vs. 101 pg/ml,
P <0.05], and day 14 [238 pg/ml vs. 106 pg/ml, P <0.05]
of life (Fig. 2b). Thus, levels of both eotaxin-2 and MCP-4
on days 1, 7, and 14 were higher in the BPD group than in
the non-BPD group.

Prediction of BPD with eotaxin-2 and MCP-4
in premature infants

By using cutoff values selected by using receiver operating
characteristic (ROC) curves, we compared the diagnostic per-
formance of eotaxin-2 and MCP-4 for predicting the develop-
ment of BPD. Serum eotaxin-2 levels > 1458 pg/ml on the
first day had an AUC of 0.855, a sensitivity of 76.2%, and a
specificity of 83.7% for predicting BPD in these preterm in-
fants (Fig. 3a). MCP-4 levels on day 14 (cutoff, 200 pg/ml)
showed a 71.4% sensitivity, 88.7% specificity, and an AUC of
0.848(Fig. 3b).

Discussion

Identifying effective biomarkers for prediction of preterm
infants at risk during early life will be of great benefit for
better prevention and treatment of BPD. In the present
study, we found that Th2-related chemokines, such as
eotaxin-2 and MCP-4, dynamically changed during early
life, increased serum eotaxin-2, and MCP-4 were associat-
ed with the subsequent development of BPD in premature
infants.

A variety of studies have shown that pulmonary inflam-
mation, caused by various insults, is the common final
pathway and primary etiological factor in the pathogenesis
of BPD [19, 20]. A variety of inflammatory mediators,
including chemokines, adhesion molecules, and proinflam-
matory cytokines, have been associated with BPD and/or
an increased risk for an adverse clinical course [17, 18].
For example, Ambalavanan et al. [1] studied the serum
concentrations of 25 cytokines and reported that higher
concentrations of certain cytokines (IL-1f3, IL-6, IL-8,
IL-10, and IFN-y) and lower concentrations of other cyto-
kines (IL-17, RANTES, and TNF-f3) were associated with
the development of BPD and/or death in ELBW infants. In
the present study, we found that serum levels of eotaxin-2
and MCP-4 (Th2-related chemokines) were significantly
higher on days 1, 7, and 14 in infants who developed
BPD, compared with infants who did not. In addition, by
using cutoff values selected with ROC curves, we found
that the eotaxin-2 level on day 1 and the MCP-4 level on
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day 14 both show good predictive effects for BPD risk.
These results suggest that increased levels of Th2-related
chemokines, eotaxin-2, and MCP-4, are associated with the

Fig. 2 Comparisons of eotaxin-2
and MCP-4 concentrations in
non-BPD and BPD groups at
postpartum days 1, 7, and 14.
Serum values of eotaxin-2 (a) and
MCP-4 (b) from non-BPD and
BPD groups at postpartum days 1,
7, and 14 were measured. The
data were not normally distribut-
ed. So, the box plots show the
median chemokines concentra-
tions (line) and 25th and 75th
percentiles (shading). Error bars
represent 10th and 90th percen-
tiles (P < 0.05)
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subsequent development of BPD in premature infants;
moreover, these chemokines might help us to understand
the pathophysiology of BPD in a different way.
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Fig. 3 Serum eotaxin-2 and MCP-4 on days 1, 7, and 14 of life to predict BPD. Cutoff value of serum eotaxin-2 (a) and MCP-4 (b) concentrations on
days of 1, 7, and 14 after birth for predicting BPD by receiver operating characteristic curve

Chemokines play a central role in regulating inflamma-
tion in pulmonary diseases by recruiting inflammatory
cells to the lung [3]. Eotaxin-2 and MCP-4 are both Th2-
related chemokines [13] that can recruit eosinophils [16,
23]. Brostrom et al. [4] investigated the role of eosinophils
in the pathogenesis of BPD in premature infants and found
that eosinophil activation was linked to BPD. Another
study by Yang et al. [24] included 261 infants born at <
34 weeks gestation; the investigators found that eosino-
phils reached peak levels in the fourth postnatal week and
were significantly higher in BPD patients beginning in the
first postnatal week. In our study, we found that higher
concentrations of eotaxin-2 and MCP-4, which can recruit
greater numbers of eosinophils, were associated with the
development of BPD. Indeed, eosinophils are known for
their roles in asthma and are widely studied in its patho-
genesis [23]. Previous studies have reported that BPD in
the neonatal period may serve as a risk factor for asthma in
childhood and adolescence [4, 24]. Therefore, eosinophils
should be further studied to explore the relationship be-
tween asthma and BPD.

A major limitation of our study is that serum concentrations
of chemokines could be influenced by a variety of conditions,
such that they may not accurately reflect concentrations in the

@ Springer

lung. BPD is primarily an alveolar-interstitial disease; thus,
measurement of tracheal aspirate or bronchoalveolar lavage
fluid, in addition to serum chemokine levels, might be more
suitable to study the impact of chemokine-associated inflam-
mation on BPD. Our study also was limited by a small sample
size and short follow-up period. Additionally, the infants in-
cluded in our study often had gestational ages of 28-32 weeks
on account of the birth rate of gestational age less than 28 week
is relatively low in our country and it is usually hard for them
to survive. These differences may have an impact on the re-
sults. Therefore, more scientific, standardized analyses, with
adequate sample sizes and long follow-up periods, are needed
to facilitate identification of biomarkers for early diagnosis of
BPD risk in premature infants. But, it is important to clarify
that these marker studies can only show an association with
BPD. To establish a causal relationship, studies in develop-
mentally appropriate animal models and human lungs with
BPD need to be conducted.

In conclusion, increased serum concentrations of Th2-
related chemokines, eotaxin-2, and MCP-4 were associated
with subsequent development of BPD in premature infants
in this study, which enable us to better understand the
pathophysiology of BPD development and to study it in a
different way.
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