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Highlights

What are the main findings?

e  Human and animal studies consistently demonstrate an association between elevated
IL-1 and IL-8 (CXCLS) levels and the development of bronchopulmonary dysplasia
in preterm infants.

e Activation of innate immune pathways, particularly IL-13- and IL-8-mediated inflam-
matory responses, contributes to persistent lung inflammation and impaired alveolar
development characteristic of bronchopulmonary dysplasia.

What are the implications of the main findings?

e The available evidence supports the involvement of IL-13 and IL-8 (CXCLS8) in
the inflammatory mechanisms associated with bronchopulmonary dysplasia in
preterm infants.

e  Further studies are needed to clarify the clinical utility of these cytokines as biomark-
ers and to determine whether modulation of these pathways may have therapeutic
relevance in bronchopulmonary dysplasia.

Abstract

Background: Bronchopulmonary dysplasia (BPD) is a leading chronic lung complication
in extremely premature newborns. The etiological factors contributing to of BPD include
both prenatal and postnatal risk factors, as well as activation of innate immunity. Innate
immunity and its bioactive mediators play a central role in orchestrating the inflammatory
response. Among these, interleukin-1f (IL-1 3) and IL-8 (CXCLS) are particularly promi-
nent. Methods: A structured literature search was conducted across major biomedical
databases (PubMed, Scopus, Web of Science, and Ovid MEDLINE) to identify relevant
studies published between 1993 and November 2025. Article selection was guided by
predefined inclusion criteria focusing on studies that examined IL-13 and IL-8 (CXCLS)
in relation to bronchopulmonary dysplasia. Evidence from both human and animal stud-
ies was narratively synthesized. Results: This review provides a detailed description of
the role of the innate immune system in BPD, including mechanisms of inflammatory
initiation, evidence from human and animal studies on IL-1f and IL-8 (CXCLS8), and
the interaction between these two cytokines in the development of chronic lung disease.
Conclusions: Both human and animal studies generally suggest that elevated levels of
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IL-1p and IL-8 (CXCLS) are closely associated with the development of bronchopulmonary
dysplasia in premature infants.

Keywords: premature infant; chronic lung disease; inflammation; cytokines; chemokines

1. Introduction
1.1. Epidemiology, Risk Factors, Pathogenesis and Genetics of Bronchopulmonary Disease

Bronchopulmonary dysplasia (BPD) is a chronic inflammatory lung disease affecting
preterm newborns [1]. The most important risk factor for its development is low gestational
age. Globally, an estimated 13.4 million neonates are born preterm each year [2]. In a
systematic literature review, Siffel et al. (2021) reported wide variability in BPD incidence
(10% to 89%) across Europe, North America, Asia, and Oceania, largely attributable to
differences in diagnostic criteria, oxygen therapy practices, and preventive or therapeutic
interventions [3]. In European studies, more than 80% of infants born at <24 weeks’
gestation developed BPD, compared with 8-38% of those born at >27 weeks [3]. Similar
findings were reported in the USA, where 75% of infants born at 22-24 weeks and 49.8% of
infants born at 22-28 weeks developed BPD [4].

In addition to low gestational age, several prenatal risk factors contribute to the
development of BPD, including male sex, low birth weight, intrauterine growth restriction
(IUGR), chorioamnionitis, maternal hypertension, and maternal smoking [5-9].

The pathogenesis of BPD involves both prenatal and postnatal activation of the in-
nate and adaptive immune systems within the developing lungs in response to various
injurious stimuli. Prenatally, immune activation may occur following fetal exposure to
chorioamnionitis (CHA) [10].

The association between chorioamnionitis and BPD was first described by Watterberg
et al. in 1996 [11]. Although subsequent studies produced inconsistent results [12], a large
meta-analysis by Villamor-Martinez et al. confirmed chorioamnionitis as a significant risk
factor for BPD, regardless of the diagnostic criteria used [13]. Supporting this observa-
tion, histological chorioamnionitis is present in nearly 40% of pregnancies ending before
28 weeks [10].

Colonization or infection with Ureaplasma species has also been identified as an
important prenatal risk factor. In a study by Gobec et al., preterm infants colonized with
Ureaplasma spp. had 4.32-fold increased odds of developing moderate-to-severe BPD [14].

Postnatally, lung injury is further exacerbated by invasive respiratory support, includ-
ing endotracheal intubation, mechanical ventilation, and exposure to high concentrations of
inspired oxygen. These factors, alone or in combination with late-onset sepsis, necrotizing
enterocolitis (NEC), hemodynamically significant patent ductus arteriosus (hsPDA), and
multiple blood transfusions promote persistent lung inflammation and fibrosis [7-9,15,16].

Genetic susceptibility to BPD has also been investigated. Early twin studies suggested
a heritable component in the development of BPD [17]. However, a genome-wide associ-
ation study (GWAS), conducted by Wang et al. failed to identify specific genetic loci or
pathways accounting for BPD risk [18], highlighting the complex and multifactorial nature
of the disease.

1.2. The Role of the Innate Immune System in the Development of BPD

Activation of the innate immune system plays a central pathogenetic role in the
development of BPD in extremely premature newborns. Infectious and noninfectious
stimuli activate alveolar macrophages, alveolar epithelial cells, pulmonary endothelial cells,
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dendritic cells, and resident innate lymphoid cells (ILCs), and attract other innate immune
cells, triggering a cascade of inflammatory events that disrupt normal development of the
alveoli and pulmonary vasculature.

1.3. Initiation of Inflammation (Figure 1)

The inflammatory process begins with lung tissue injury and subsequent activation
of pulmonary endothelial and epithelial cells. Damaged epithelial and endothelial cells
release damage-associated molecular patterns (DAMPs) and, in the presence of infec-
tion, pathogen-associated molecular patterns (PAMPs). These signals are recognized by
pattern-recognition receptors (PRRs) expressed on immune cells and structural lung cells,
including alveolar epithelial cells, such as Toll-like receptors (TLRs) and NOD-like recep-
tors (NLRs) [19,20]. Engagement of PRRs by DAMPs and PAMPs activates downstream
signaling pathways, most notably NF-«B activation and inflammasome formation, par-
ticularly the NLRP3 inflammasome, which drives the transcription of proinflammatory
cytokines [21-23]. Activation of the NLRP3 inflammasome ultimately activates NF-«B,
which is transcribed in the nucleus to express various proinflammatory cytokines and
chemokines, including IL-13 and CXCLS (IL-8) which play key roles in the development of
chronic lung inflammation, such as that observed in BPD.
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Figure 1. The role of innate immune system in development of BPD (TR-AMs, Tissue-Resident
Alveolar Macrophages; MO-AMs, Monocyte-Derived Alveolar Macrophages; ECM, Extracellular Ma-
trix; DAMP, Damage-Associated Molecular Pattern; PAMP, Pathogen-Associated Molecular Pattern;
NF-«B; Nuclear Factor-Kappa B).
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1.4. Cytokine and Chemokine Release

Upon inflammasome activation, epithelial, endothelial, and immune cells release
potent pro-inflammatory mediators, including IL-1p3, TNF-«, IL-6, and the chemokine IL-8
(CXCLS8) [24,25]. These cytokines act synergistically to recruit and activate macrophages
and neutrophils, amplifying the inflammatory response through the generation of reactive
oxygen species (ROS), proteases, and additional pro-inflammatory cytokines. Persistent
activation of the innate immune system results in sustained tissue injury, characterized
by epithelial cell damage, fibroblast proliferation, and extracellular matrix remodeling,
ultimately leading to impaired alveolarization and fibrosis—key pathological hallmarks of
BPD [26].

1.5. Resolution of Inflammation

In tissues, inflammation is normally resolved through the action of anti-inflammatory
cytokines, such as interleukin-10 (IL-10) and transforming growth factor- 3 (TGF-f3), as well
as specialized pro-resolving lipid mediators, including lipoxins and resolvins [27,28]. In
premature infants, however, these regulatory pathways are immature, resulted in sustained
activation of proinflammatory signaling and a diminished capacity for effective tissue
repair. This imbalance promotes persistent lung inflammation and contributes to ongoing
structural injury, thereby perpetuating lung injury [29].

In this article we present the results of a structured database search examining the role
of IL-13 and CXCLS (IL-8) in the pathogenesis of BPD.

2. Materials and Methods
2.1. Search Strategy

A structured electronic literature search was conducted across four major biomedical
databases: PubMed, Scopus, Web of Science, and Ovid MEDLINE. The search aimed to
identify relevant peer-reviewed articles published over a 32-year period, from 1 January
1993 to 30 November 2025. To ensure broad coverage of the available literature, search terms
included combinations of Medical Subject Headings (MeSH), where applicable and free-text
keywords, using Boolean operators (AND, OR). The core search strategy included terms
related to “bronchopulmonary dysplasia”, “BPD”, “interleukin-1$"”, “IL-13”, “interleukin-
8”,and “CXCL8". To capture older literature, historical terminology for bronchopulmonary
dysplasia, including “chronic lung disease”, “chronic lung disease of prematurity”, and
“CLD”, was also incorporated into the search strategy.

Representative search strings were structured as follows: PubMed /Ovid MEDLINE:
(“bronchopulmonary dysplasia”[Mesh] OR “bronchopulmonary dysplasia” OR “BPD”
OR “Chronic Lung Disease of Prematurity”[Mesh] OR “chronic lung disease” OR “CLD”)
AND (“interleukin-1beta”[Mesh] OR “IL-1beta” OR “IL-13"” OR “interleukin-8”[Mesh]
OR “IL-8” OR “CXCL8"), Scopus/Web of Science: (TITLE-ABS-KEY (“bronchopulmonary
dysplasia”) OR TITLE-ABS-KEY(“BPD”) OR TITLE-ABS-KEY(“chronic lung disease”) OR
TITLE-ABS-KEY(“CLD”)) AND (TITLE-ABS-KEY(“IL-1beta”) OR TITLE-ABS-KEY(“IL-
13”) OR TITLE-ABS-KEY(“IL-8”) OR TITLE-ABS-KEY(“CXCL8")). The search strategy
was intended to capture relevant studies for narrative synthesis rather than to provide an
exhaustive systematic retrieval.

2.2. Study Selection Criteria

Studies were selected for their relevance to the topic, with a focus on research inves-
tigating the role of IL-1p and IL-8 (CXCLS8) in bronchopulmonary dysplasia. Particular
emphasis was placed on studies involving neonatal populations, including preterm infants
and animal models of neonatal lung injury, as well as studies reporting cytokine levels
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in biological samples such as bronchoalveolar lavage fluid, blood, serum, plasma, or tra-
cheal aspirates. Priority was given to original research articles published in peer-reviewed
journals. Review articles, meta-analyses, and relevant background literature were used to
provide context but were not included in the primary evidence synthesis. Studies were
excluded if they did not directly address the relationship between IL-13 and/or IL-8 and
bronchopulmonary dysplasia, or if cytokine measurements were not reported.

2.3. Literature Selection Process

After the initial database search, duplicate records were removed and titles and
abstracts were screened for relevance (Figure 2). Full-text articles were assessed as neces-
sary to confirm their suitability for inclusion. Two reviewers (DBA and SG) indepen-
dently conducted the selection process, resolving any disagreements through discus-
sion and consensus. The final set of included studies was chosen based on relevance,
methodological quality, and contribution to understanding the role of IL-13 and IL-8 in
bronchopulmonary dysplasia.

[ Identification of studies via databases and registers }
Records removed before
g screening:
"E: Records identified from*: ?%F())I;C?te L L
= R - L
% [R)ataits)te; s;:s(rsn_ 0;354) Records marked as ineligible
s €9 - by automation tools (n = 0)
0 Records removed for other
reasons (n = 4)
\ 4
Records screened Records excluded**
R
(n = 346) (n=182)
\ 4
Reports sought for retrieval Reports not retrieved
-] (n=0) ’ (n=0)
=
L
: I
o
(7]
Reports assessed for eligibility Reports excluded (n= 45)
(n = 164) E— Rewiev articles (n=9)
Studies on cell lines (n = 28)
IL and infection (n = 4)
Records without available
article (n= 3)
Studies on genetics (n= 1)
—
b Studies included in review
3 (n=119)
e Reports of included studies
= (n=0)

Figure 2. Overview of literature selection process. * Databases were searched to identify relevant
records. ** Records were screened and excluded manually by the authors based on inclusion and
exclusion criteria [30].
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Key characteristics of the included studies are summarized in Supplementary Table S1
(human studies) and Supplementary Table S2 (animal studies).

3. Cytokines

Cytokines are a broad group of low-molecular-weight peptides or glycoproteins
produced by immune cells, primarily neutrophils, macrophages and T lymphocytes as
well as structural lung cells, including epithelial and endothelial cells. They are broadly
classified as interleukins, chemokines, interferons, and tumor necrosis factors and regulate
immune responses through pro- and anti-inflammatory effects [31,32]. Cytokines act within
a complex network and can exert antagonistic, additive, or synergistic effects [33].

3.1. IL-1B

Interleukin-1§ (IL-1f3), a member of the IL-1 cytokine family, plays a central role in
immune-mediated and inflammatory diseases in both children and adults. It regulates
cell proliferation, differentiation, and apoptosis and is critically involved in the initiation,
maintenance, control and resolution of the inflammatory response [34].

3.2. Human Studies on IL-18

Early studies demonstrated a link between chorioamnionitis, elevated IL-1f3 levels,
and the development of BPD. Watterberg et al. first reported an association between histo-
logically confirmed chorioamnionitis, or the presence of polymorphonuclear leukocytes
in the amniotic fluid and the development of BPD in fifty-one mechanically ventilated
premature infants. Lung inflammation was assessed in tracheal lavage fluid by measuring
IL-13, thromboxane B2, leukotriene B4, and prostaglandin E2. Chorioamnionitis was as-
sociated with early IL-1f3 elevation, reduced incidence of respiratory distress syndrome
(RDS), and increased risk of BPD [11]. Similarly, Yoon et al. reported that elevated amniotic
fluid concentrations of IL-6, TNF-c, IL-1f3 and IL-8 were significantly associated with BPD
independent of gestational age [35]. Although some studies confirmed increased early
postnatal cytokine levels following chorioamnionitis exposure [36], not all demonstrated a
direct association with BPD incidence.

Elevated IL-1p levels in the early postnatal period have also been identified as a
predictive marker of BPD. Increased concentrations of IL-13, TNF-« and IL-6 in serum
and tracheal aspirates within the first 24 h of life were associated with subsequent BPD
development, although not with disease severity [37]. Similar associations between early
elevation of inflammatory cytokines and BPD have been reported by other authors [38,39].

Longitudinal studies further highlighted the importance of sustained IL-1f activity.
Rindfleisch et al. demonstrated a marked increase in IL-13 concentration and bioactivity
during the first week of life in infants who developed BPD, accompanied by a relative
imbalance between IL-1f3 and its endogenous antagonist IL-1Ra [40]. Although Kakkera
et al. also observed increased levels of both IL-1f and IL-1Ra in ventilated preterm in-
fants during the first week of life, they found no differences in the IL-1f/IL-1Ra ratio
between BPD and non-BPD groups. This indicates that the rise in IL-1Ra is insufficient to
counterbalance elevated IL-1§3 levels and prevent BPD development [41].

Broader cytokine profiling studies support these findings. Elevated levels of pro-
inflammatory cytokines, including IL-1§3, IL-6, IL-8, IL-10 and IFN-y, along with lower
concentrations of IL-17, RANTES, and TNF-3, were associated with BPD or death in
extremely low birth weight infants [42]. Sahni et al. conducted an investigation across
three neonatal intensive care units using scavenged blood from discarded samples. The
infants were classified into five groups based on underlying pathology, and cytokine levels
were measured at 36 weeks postmenstrual age (PMA). They found that, in infants with BPD-
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associated pulmonary hypertension (BPD-PH), higher levels of IL-13 may be associated
with fibroblast stimulation and the development of pulmonary hypertension [43].

However, some studies reported that the associations between IL-1(3 and BPD were
attenuated after adjustment for gestational age, highlighting its role as a major confounding
factor [44].

Interventional and mechanistic studies have provided further insights. Less aggressive
ventilation strategies, such as permissive hypercapnia, did not significantly reduce IL-13
levels or improve outcomes [45].

Tao et al. also reported noteworthy findings in a study conducted in two complemen-
tary directions; in vivo and in vitro. In the in vivo arm, the authors measured inflammatory
cytokines levels in the sputum of premature infants born before 32 weeks of gestation. They
found that during the first week of life, levels of all investigated pro-inflammatory cytokines
were elevated in mechanically ventilated infants. However, by the fourth week of life, only
IL-1 levels remained elevated, whereas the concentrations of the other interleukins had
declined. The in vitro arm focused on the expression of miRNNA-34a in airway epithelial
cells and its relationship with IL-13 secretion. Using lentiviral vector, the researchers
generated A549 cell lines with either overexpression or knockdown of microRNA-34a
(miR-34a) and exposed them to hyperoxic conditions to mimic oxygen-induced lung injury.
The results demonstrated that hyperoxia significantly increased the expression of miR-34a,
which in turn positively regulated the pro-inflammatory cytokine IL-1f in a time- and
concentration-dependent manner in A549 cells. Moreover, overexpression or knockdown
of miR-34 would worsen or inhibit IL-1f3 production and its upstream signaling pathway
of the NOD-, LRR-, and pyrin domain-containing protein 3 (NLRP3) inflammasome. There-
fore, they are considered promising candidates for new targeted therapeutic approaches to
lung diseases [46].

3.3. Animal Studies on IL-1beta

Animal studies have been instrumental in clarifying the role of IL-1f in the patho-
genesis of BPD and in identifying both protective and injurious mechanisms affecting
lung development. Most studies have been conducted in rodents due to their accessibility
and short life cycles, although large-animal models have provided important translational
insights. Transgenic and experimental models have demonstrated that IL-1f3 is sufficient
to induce BPD-like lung injury. Conditional overexpression of IL-1 in lung epithelial
cells results in pulmonary inflammation, impaired alveolarization, altered extracellular
matrix deposition, and reduced vascular development, even in the absence of additional
injury [47]. These models have also identified modulators of IL-1p3-driven injury, including
a protective role for matrix metalloproteinase-9 (MMP-9) [48] and a pathogenic role for 3-6
integrin. In addition, they have shown that when maternal inflammation precedes fetal
exposure, it may exert a protective effect on the neonatal lungs. In contrast, simultane-
ous inflammation in both the mother and fetus, abolishes this protective effect resulting
in IL-1B -induced lung injury [49]. Furthermore, IL-13-driven models have been used
to investigate pulmonary retinoic acid signaling, developmental susceptibility and CXC
chemokine receptor-2 (CXCR2)-mediated pathways in neonatal lung injury [50].

Pharmacological studies have confirmed the central role of IL-1 signaling. In a two-hit
murine model combining antenatal inflammation and postnatal hyperoxia, treatment with
an IL-1 receptor antagonist (IL-1RA) significantly reduced pulmonary inflammation and
cytokine production, with protection dependent on the level of oxygen exposure [51]. Ad-
ditional studies further highlighted the role of inflammasome-related pathways, showing
that inhibition of caspase-8 or caspase-1 reduces IL-13 production, inflammatory cell re-
cruitment, and lung injury [52-54]. Consistent findings across multiple models confirmed
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the importance of the NLRP3/IL-1f axis in hyperoxia- and infection-induced neonatal
lung injury [55-58].

The study by Liao et al. clearly demonstrated the critical role of the NLRP3 inflamma-
some in the development of BPD. They exposed neonatal mice to hyperoxia which led to
activation of the NLRP3 inflammasome, increased IL-1f levels, and reduced alveolariza-
tion. In contrast, Nlrp3—/ — mice, which lack the NLRP3 gene, were protected from these
effects, indicating the inflammasome’s essential role in BPD pathogenesis. Furthermore,
pharmacological blockade of IL-1(3 using an IL-1 receptor antagonist (IL-1RA) or inhibition
of NLRP3 inflammasome assembly with glyburide significantly reduced pulmonary in-
flammation and improved alveolarization in hyperoxia-exposed mice, suggesting potential
therapeutic strategies for BPD. In addition to these experimental findings, the investigators
demonstrated increased activation of the NLRP3 inflammasome, elevated IL-1p levels,
and a higher IL-1(3:IL-1RA ratio in both a ventilated preterm baboon model and samples
from preterm infants. Importantly, these alterations correlated with increased pulmonary
inflammation and impaired alveolar development and showed predictive value for the
subsequent development of BPD [59]. Additional studies further highlighted the role of
inflammasome-related pathways, showing that inhibition of caspase-8 or caspase-1 reduces
IL-1p3 production, inflammatory cell recruitment, and lung injury [52-54].

Consistent findings across multiple models have confirmed the importance of the
NLRP3/IL-1p axis in hyperoxia- and infection-induced neonatal lung injury [55-58].

Mechanical ventilation and oxygen toxicity are major postnatal drivers of IL-1f3-
mediated inflammation. While some studies in preterm lambs reported no significant
differences in cytokine expression between ventilation strategies [60], others demonstrated
that mechanical ventilation induces structural lung injury and increases IL-1f3 and pro-
inflammatory gene expression [61]. Experimental studies further showed that ventilation
strategies influence inflammatory responses, with optimized parameters, such as moderate
positive end-expiratory pressure (PEEP), reducing cytokine expression and neutrophil
activation [62]. Studies in utero and in early postnatal models of extremely preterm
fetal sheep confirmed that even low tidal volume ventilation induces cytokine expression
and structural changes in immature lungs [63]. These findings are further supported by
additional studies linking mechanical ventilation to BPD-like lung injury [64].

Most experimental studies have focused on identifying substances that improve
antioxidant status and reduce the synthesis of pro-inflammatory cytokines, particu-
larly IL-13 and TNF-o. Protective effects against the development of BPD have been
demonstrated for several categories of interventions, including endogenous proteins
such as nesfatin-1, adiponectin and elafin [65-67], polyphenols [68-73], antioxidants and
vitamins [74-78], prostaglandins [79], antibiotics [80,81], amino acids [82] and stem cell-
based therapies [83-88].

Among these, vitamin D has shown particular promise, by attenuating hyperoxia-
induced lung injury, reducing IL-1p3 levels, and improving vascular and alveolar
development [89]. Additional studies have identified CCR5 as a key regulator of IL-
1B-mediated inflammation, with CCR5 or IL-1p blockade improving lung structure in
experimental BPD [90].

Zhang et al. established a neonatal model of BPD by administering intraperitoneal
lipopolysaccharide (LPS) to pregnant rats. Using this model, they investigated the effects
of rapamycin, an inhibitor of TOR phosphorylation involved in regulating cell pyroptosis.
Their results demonstrated that rapamycin reduced activation of the NLRP3 inflammasome
and significantly attenuated the degree of pyroptosis in BPD. These findings indicate that
rapamycin promotes alveolar development in experimental BPD and suggest its potential
therapeutic value [91].
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3.4. IL-8/CXCL8

Interleukin-8 (IL-8), also known as CXCLS, is a potent CXC chemokine that plays
a key role in inflammation by promoting leukocyte, particularly neutrophil, recruitment
and activation at sites of tissue injury. Interleukin-8 was the first purified and molecularly
cloned neutrophil chemoattractant identified from lipopolysaccharide-stimulated human
mononuclear cells [92]. Its expression is tightly regulated at the transcriptional level, with
NF-kB, AP-1, and C/EBP acting synergistically to induce IL-8 gene transcription in response
to pro-inflammatory stimuli such as IL-1 and TNF-« [93]. IL-8 is synthesized as a precursor
protein that undergoes proteolytic processing to generate multiple active isoforms, with
shorter forms exhibiting greater neutrophil chemoattractant potency [93-97].

IL-8 exerts its biological effects through the G-protein-coupled receptors CXCR1 and
CXCR2 [93]. It is an inducible cytokine produced by both immune and non-immune
cells in response to inflammatory mediators such as IL-1 or TNFE, microbial products, and
environmental stressors such as hypoxia [98-104]. The biological effects of IL-8 are primarily
reflected in its role in the coordinated recruitment of leukocytes to sites of inflammation. It is
presented on the endothelial surface, where it promotes neutrophil adhesion by modulating
integrin avidity, followed by transendothelial and transepithelial migration into inflamed
tissues [105-108]. In addition to chemotaxis, IL-8 enhances neutrophil effector functions,
including degranulation, oxidative burst, and the production of inflammatory mediators
such as, leukotriene B4 and platelet-activating factor [109-111].

The role of IL-8 in neutrophil recruitment has been demonstrated in multiple experi-
mental models. In rabbit models of acute inflammation, including glomerulonephritis and
acute respiratory distress syndrome, neutralization of IL-8 significantly reduced neutrophil
infiltration [112,113]. Similarly, in a mouse model of lipopolysaccharide-induced uveitis,
blockade of the IL-8 receptor homologue reduced neutrophil infiltration without affecting
rolling or adhesion, highlighting its specific role in leukocyte recruitment [114].

3.5. Human Studies

Human studies investigating IL-8 [CXCLS8] in preterm infants have assessed cytokine
levels in various biological compartments, including amniotic fluid, cord blood, tracheal
aspirates, peripheral blood and lung tissue. These studies have also examined the influ-
ence of postnatal factors such as ventilation strategies, anti-inflammatory pharmacologic
therapies, surfactant administration and nutritional support [115-141].

Early evidence indicates that elevated IL-8 levels are associated with an increased risk
of BPD. Ghezzi et al. found that higher IL-8 concentrations in amniotic fluid predict BPD
independently of gestational age and birth weight [115]. In this context, intra-amniotic
infection—particularly with Ureaplasma species—has been strongly linked to elevated IL-8
concentrations [142-147].

Cord blood studies further support the role of IL-8 as a biomarker of disease severity.
Rocha et al. analyzed venous cord blood concentrations of interleukins IL-1f3, IL-6, IL-8,
TNF-« and IL-10 in preterm infants born before 30 weeks of gestation and demonstrated
that elevated IL-8 concentrations are associated with adverse outcomes, including death or
moderate to severe BPD [148].

However, some studies suggest that this association may be attenuated after adjust-
ment for gestational age, highlighting its role as a key confounder [149]. Nevertheless,
IL-8, together with other inflammatory mediators, has been identified as an independent
predictor of BPD in multivariate models [150]. Supporting these findings, De Dooy et al.
demonstrated that elevated CXCL8 (IL-8) concentrations in tracheal aspirates obtained
within the first two hours after birth were associated with prolonged respiratory support
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and adverse respiratory outcomes, particularly in extremely preterm infants born before
28 weeks of gestation [151].

IL-8 is a potent chemoattractant and one of the earliest chemokines to appear in the
tracheobronchial tree in response to mechanical or oxidative stress, preceding leukocyte
influx. In a study of 65 ventilated preterm infants (<32 weeks gestation) with RDS and no
early infection, Munshi et al. found that IL-8 levels in tracheal aspirates were significantly
elevated on postnatal days 1 and 3 in infants who later developed BPD, while neutrophil
counts increased later (days 5 and 7). These findings indicate that early IL-8 elevation
precedes neutrophil recruitment and supports its role as an initiating mediator of neutrophil-
driven inflammation [152]. Furthermore, IL-13 has been shown to directly induce IL-
8 expression in airway epithelial cells via NF-kB-dependent pathways, highlighting a
functional link between these cytokines in ventilated preterm infants [153].

Different ventilation strategies and variations in tidal volumes used to ventilate prema-
ture infants have been extensively investigated in relation to BPD-like lung injury. Overall,
these studies indicate that lung-protective, low-volume ventilation strategies are associated
with lower airway concentrations of IL-8 and other pro-inflammatory cytokines, as well as
a reduced risk of developing BPD [154-157].

In addition, anti-inflammatory therapies, including azithromycin and inhaled budes-
onide, significantly reduce IL-8 concentrations and improve respiratory outcomes, support-
ing the role of IL-8 as both a biomarker and a potential therapeutic target in BPD [158-160].
By contrast, immunohistochemical studies of autopsy lung tissue have yielded less consis-
tent results. Although certain cytokines, such as IL-17, differ between BPD phenotypes, IL-8
expression has not consistently shown significant variation, and the lack of quantitative
data limits interpretation [161].

Overall, human studies support a central role for IL-8 in lung inflammation, as it
mediates neutrophil chemotaxis, regulates cytotoxic responses, and coordinates interactions
among immune cells in preterm infants at risk of BPD.

3.6. Animal Studies

Investigating the influence of various factors on the regulation of inflammation
through neutrophil activity has long been challenging, largely due to evolutionary differ-
ences between species. Rodents, the most commonly used experimental animals because
of their small size, short life cycle and low maintenance cost, do not produce IL-8; instead,
they express multiple functional homologues.

In mice, two IL-8 homologues interact with the CXCR2 receptor, whereas human IL-8
can activate both CXCR1 and CXCR2. These murine homologues share approximately
40-90% sequence homology with each other and with human IL-8 [93]. Studies by Coalson
et al. in baboons, the phylogenetically closest animal, have enabled the incorporation of
most prenatal (corticosteroids) and postnatal (surfactant, ventilation, nutrition, inflamma-
tion) factors involved in the development of BPD. This animal model has demonstrated
clinical symptoms, histopathological changes, and inflammatory cell and interleukin pro-
files comparable to those in infants with BPD. Regarding interleukins, IL-8, unlike IL-1f3,
showed significantly increased levels in baboons, but only in association with lung in-
flammation, bronchopneumonia, atelectasis or patent ductus. In cases of sepsis without
lung inflammation, IL-8 values were not elevated, while impaired alveolar and vascular
development persists despite lung-protective ventilation strategies and minimal oxygen
exposure [162].

In fetal sheep, Kramer and Jobe showed that intra-amniotic endotoxin exposure
(chorioamnionitis model) increases IL-8 levels and induces lung inflammation, with endo-
toxin dose determining the timing and magnitude of the response [163]. Similar associations
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between amniotic fluid cytokines and BPD development were reported by McAdams and
Cheah [164,165]. Antenatal endotoxin exposure further amplifies ventilation-induced
inflammation in the preterm lung [166,167].

Wallace et al. showed that mechanical ventilation in immature lambs significantly
increases pulmonary IL-6 and IL-8 mRNA expression compared with non-ventilated con-
trols (p < 0.05) [168]. Similarly, Thompson demonstrated in a baboon BPD model that
delayed extubation leads to elevated IL-6, IL-8, MCP-1, MIP-1«, and GRO-« levels, which
are associated with increased neutrophil infiltration, likely driven by volutrauma and
low-grade airway colonization [169].

Deng et al. showed that hyperoxia in neonatal rats increases CINC-1 and MIP-2
expression, promoting neutrophil accumulation and lung inflammation, while neutralizing
antibodies reduce neutrophil influx, MPO activity, and preserve lung architecture [170].
Similar findings were reported by Vozeli and colleagues who demonstrated that anti-MCP-1
therapy attenuates neutrophil infiltration and protein oxidation, supporting a key role for
chemokine-driven inflammation in hyperoxia-induced lung injury [171].

Animal models have also been used to evaluate the effectiveness of various therapeutic
strategies in reducing IL-8 levels and attenuating inflammation in experimental settings.
Corticosteroid—-surfactant combinations improved oxidative lung injury in rabbits [172]
and lambs [173], while mesenchymal stem cell-derived factors such as decorin showed
protective effects [174]. In contrast, Kramer et al. reported in a sheep model that antenatal
administration of retinoic acid, despite its well-known positive role in lung development,
did not prevent structural lung changes induced by antenatal inflammation [175].

4. Discussion

This review provides a narrative synthesis of current evidence on the role of IL-13 and
IL-8 (CXCLS) in the pathogenesis of bronchopulmonary dysplasia (BPD), highlighting a
coordinated inflammatory axis that links early immune activation to sustained lung injury
in preterm infants.

4.1. IL-1B as an Upstream Driver of Inflammation

IL-13 appears to play a central role in the inflammatory cascade in BPD. Clinical
studies suggest that early elevation of IL-13—often associated with chorioamnionitis and
early postnatal inflammation—is predictive of subsequent BPD development [11,36,37,41].
Mechanistically, IL-13 production is thought to be driven by activation of the NLRP3 in-
flammasome, leading to downstream induction of additional pro-inflammatory mediators,
including IL-6 and IL-8 [49,51,60,61]. Sustained IL-1f3 activity, particularly in the context of
an imbalance with its endogenous antagonist IL-1Ra, may promote persistent inflamma-
tion and impaired lung development [40,41]. Experimental models further support this
concept, showing that IL-1f3 overexpression induces BPD-like lung injury, whereas phar-
macological blockade of IL-1 signaling attenuates inflammation and improves structural
outcomes [49,51].

4.2. IL-8-Mediated Neutrophil Recruitment and Amplification of Injury

Downstream of IL-1§3, IL-8 appears to function as a key effector of neutrophil-driven
inflammation. Elevated IL-8 levels in amniotic fluid, cord blood, and tracheal aspirates
have been associated with increased risk and severity of BPD [115,116,148,149,152,153].
Temporal studies suggest that IL-8 elevation precedes neutrophil influx, supporting its role
as an initiating chemoattractant [153]. Once recruited, neutrophils may amplify lung injury
through the release of reactive oxygen species, proteases, and additional cytokines, thereby
perpetuating inflammation [105-107,109]. Importantly, broad-spectrum anti-inflammatory
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clinical interventions, such as azithromycin and inhaled budesonide, have been associated
with improved respiratory outcomes alongside a secondary reduction in IL-8 levels. This
suggests that while IL-8 may serve as a useful potential biomarker for monitoring treat-
ment response, these drugs do not represent specific IL-8-targeted molecular therapeutics,
highlighting a need for further targeted research [158,160].

4.3. Integration of Prenatal and Postnatal Inflammatory Signals

BPD is believed result from the convergence of prenatal and postnatal inflammatory
exposures. Antenatal factors such as chorioamnionitis initiate cytokine activation [11,13],
while postnatal insults—including mechanical ventilation, hyperoxia, and infection—amplify
this response [60-64]. Animal models indicate that combined exposures cause in more
severe lung injury than individual insults alone, underscoring the cumulative nature of
inflammation in the developing lung [89,91,163]. Within this context, the IL-13-IL-8 axis
may represent a central mechanistic link between early immune activation and subsequent
neutrophil-mediated injury. Mechanistically, early prenatal IL-1{3 elevation—often initiated
by chorioamnionitis— has been shown to induce the transcription and expression of IL-8
via NF-kB in airway epithelial cells. This upstream activation may contribute to sustained
inflammatory cascade that persists into the postnatal period, where it is further amplified
by hyperoxia and mechanical ventilation, ultimately leading to extensive IL-8-driven
neutrophil recruitment and structural lung damage. Understanding this temporal sequence
may be important, as it suggests that therapeutic interventions targeting the IL-13 /NF-«xB
pathway could be most effective during the immediate perinatal window.

4.4. Cellular and Molecular Integration

The interaction between innate immune cells and structural lung cells plays a cen-
tral role in orchestrating the inflammatory cascade in the developing lung. Alveolar
macrophages function as primary sensors of tissue injury and release pro-inflammatory
cytokines, including IL-13 and TNF-«, which subsequently activate epithelial and endothe-
lial cells. In response, these cells produce IL-8 and other chemokines that drive neutrophil
recruitment. Sustained neutrophilic inflammation results in excessive protease activity,
including matrix metalloproteinase-9 (MMP-9) and neutrophil elastase, contributing to
oxidative stress, and impaired alveolar and vascular development. In addition, emerging
evidence points to regulatory mechanisms such as miR-34a-dependent activation of IL-13
via the NLRP3 inflammasome [46], suggesting complex, multifaceted control of innate
immune activation in the developing lung.

4.5. Methodological Heterogeneity: BPD Definitions and Gestational Age as Confounders

While the association between the IL-13-IL-8 axis and BPD is consistently reported in
the literature, interpretation of these findings requires caution due to substantial method-
ological heterogeneity. A primary challenge lies in the evolving definition of BPD across
historical cohorts. The included studies span more than three decades and apply varying
diagnostic criteria, ranging from the classic Northway definition [1] to the more recent
Jensen classification [176]. This shift in diagnostic criteria—from oxygen dependence
at 28 days of life to graded severity based on respiratory support at 36 weeks postmen-
strual age—affects patient classification and complicates direct comparisons of cytokine
thresholds across studies. As highlighted in previous reports, the lack of diagnostic stan-
dardization contributes to wide variability in the reported incidence of BPD [3]. In addition,
gestational age represents a major confounding factor [5,6], as extremely preterm infants
exhibit both heightened inflammatory dysregulation and the highest incidence of BPD [4,9].
Consequently, it remains difficult to determine whether elevated IL-1p and IL-8 levels play
a causal role or primarily reflect the immunological immaturity of the most premature
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infants [9,29]. Additional sources of variability include potential differences in baseline
cytokine expression across different ethnic and geographical populations could not be
fully assessed due to the predominance of heterogeneous, multicenter cohorts. Several
methodological limitations of this review should also be acknowledged. As study selection
and interpretation were not based on a fully systematic approach, the possibility of selection
bias cannot be excluded. Furthermore, a formal risk-of-bias or quality assessment (e.g.,
Newcastle-Ottawa Scale or SYRCLE tool) was not applied, and the methodological quality
of the included evidence could therefore not be quantitatively evaluated. In addition, this
review was not prospectively registered. A critical clinical confounder across the included
human cohorts is the variable rate of antenatal corticosteroid (ANS) exposure. As the
standard of care for accelerating fetal lung maturity, prenatal corticosteroid administration
is known to suppress inflammatory mediators and may therefore have influenced the
baseline IL-13 and IL-8 expression profiles reported in some studies, further complicating
comparisons of absolute cytokine concentrations across cohorts.

4.6. Translational Limitations of Animal Models Regarding IL-8 Biology

A key translational limitation arises when extrapolating mechanistic data from exper-
imental models to human neonates, particularly regarding IL-8 biology. Rodent mod-
els (mice and rats), which constitute the vast majority of in vivo BPD research, lack
a direct genetic ortholog for human IL-8 (CXCLS8). Instead, rodent studies rely on
functional equivalents, such as CXCL1 (KC) or CXCL2 (MIP-2), to model neutrophil
chemoattraction [93]. While these murine chemokines signal through homologous CXCR1
and CXCR2 receptors [93], their regulation, temporal expression, and cellular sources
differ from those of human IL-8. Larger animal models, such as preterm lambs or non-
human primates, provide closer anatomical and physiological similarity and express IL-8
orthologs [162,163]. However, their use is limited by ethical, financial, and logistical con-
straints. Consequently, while rodent models have been indispensable for mapping the
upstream role of IL-1 and general neutrophil influx, their applicability for validating tar-
geted anti-IL-8 therapies remains restricted, highlighting the need for humanized models
and clinical confirmation.

4.7. Clinical Implications

Overall, the available literature suggests that BPD is associated with a dysregulated
balance between pro- and anti-inflammatory signaling within the innate immune system.
Early perinatal inflammation and mechanical injury appear to initiate a self-sustaining
cytokine network involving IL-13, IL-6, and IL-8, which promotes neutrophil recruitment
and contributes to alveolar injury and impaired repair. Modulation of innate immune
pathways—including IL-1 blockade, NF-«kB inhibition, macrolides, or corticosteroid-based
approaches—has been explored as a potential strategy to reduce inflammation and improve
outcomes in extremely preterm infants [51,158,160]. However, given the developmental
context, therapeutic approaches must carefully balance suppression of harmful inflamma-
tion with preservation of essential immune and repair processes.

5. Conclusions

In conclusion, evidence from human and animal studies suggests an important in-
volvement of IL-13 and IL-8 (CXCLS) in the pathogenesis of bronchopulmonary dysplasia.
Acting within a coordinated inflammatory axis, IL-1{3 functions as an upstream regulator
that initiates and sustains inflammatory signaling, while IL-8 is associated with neutrophil
recruitment and amplification of tissue injury. The convergence of prenatal and postnatal
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inflammatory insults likely contributes to persistent activation of this pathway, ultimately
impairing alveolar and vascular development in the immature lung.

These insights highlight the potential relevance of innate immune pathways in im-
proving early risk stratification. However, given the developmental vulnerability of
preterm infants, any therapeutic modulation of these pathways must carefully balance
anti-inflammatory effects with the preservation of essential immune and repair mecha-
nisms. Further well-designed studies are needed to clarify the precise role, clinical safety,
and optimal timing of such interventions, as well as to identify reliable biomarkers for
personalized approaches to BPD risk management.

Importantly, while the IL-13-IL-8 axis has been consistently associated with the de-
velopment and severity of bronchopulmonary dysplasia (BPD), a clear distinction must
be maintained between causality and confounding. Elevated perinatal cytokine levels
may partly reflect underlying immunological immaturity and overall illness severity of
the lowest gestational age cohorts rather than acting solely as independent causal me-
diators. Future clinical studies and translational models should therefore account for
key confounders, particularly gestational age in order to better define the independent
pathogenic role of this inflammatory axis and to support the safe development of targeted
therapeutic strategies.
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Abbreviations

The following abbreviations are used in this manuscript:

BPD Bronchopulmonary dysplasia

CHA Chorioamnionitis

FIRS Fetal inflammatory response

HA Arterial hypertension

TUGR Intrauterine growth restriction

CD Cord blood

NEC Necrotizing enterocolitis

HsPDA  Hemodynamically significant patent ductus arteriosus
TA Tracheal aspirate

PRR Pattern-recognition receptor

PAMP  Pathogen-associated molecular patter
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DAMP  Damage-associated molecular pattern

NOD Nucleotide-binding oligomerization domain
NLR NOD like receptors
LRR Leucin-rich repeat

NLRP3  NLR family pyrin domain containing 3
BALF Bronchoalveolar lavage fluid

ELBW Extremely low birth weight

IL Interleukin

TLR Toll-like receptors

CXCL Chemokine

CXCR Chemokine receptor

IFN Interferon

References

1.

10.

11.

12.

13.

14.

15.

16.

Northway, W.H., Jr.; Rosan, R.C.; Porter, D.Y. Pulmonary disease following respirator therapy of hyaline-membrane disease:
Bronchopulmonary dysplasia. N. Engl. . Med. 1967, 276, 357-368. [CrossRef]

Ohuma, E.O.; Moller, A.-B.; Bradley, E.; Chakwera, S.; Hussain-Alkhateeb, L.; Lewin, A.; Okwaraji, Y.B.; Mahanani, WR;
Johansson, E.W.; Lavin, T.; et al. National, regional, and global estimates of preterm birth in 2020, with trends from 2010: A
systematic analysis. Lancet 2023, 402, 1261-1271. [CrossRef] [PubMed]

Siffel, C.; Kistler, K.D.; Lewis, ] EM.; Sarda, S.P. Global incidence of bronchopulmonary dysplasia among extremely preterm
infants: A systematic literature review. J. Matern.-Fetal Neonatal Med. 2021, 34, 1721-1731. [CrossRef] [PubMed]

Bell, E.F; Hintz, S.R.; Hansen, N.I.; Bann, C.M.; Wyckoff, M.H.; DeMauro, S.B.; Walsh, M.C.; Vohr, B.R; Stoll, B.J.; Carlo, W.A;
et al. Mortality, In-Hospital Morbidity, Care Practices, and 2-Year Outcomes for Extremely Preterm Infants in the US, 2013-2018.
JAMA 2022, 327, 248-263. [CrossRef] [PubMed]

Morrow, L.A.; Wagner, B.D.; Ingram, D.A.; Poindexter, B.B.; Schibler, K.; Cotton, C.M.; Dagle, J.; Sontag, M.K.; Mourani, PM.;
Abman, S.H. Antenatal Determinants of Bronchopulmonary Dysplasia and Late Respiratory Disease in Preterm Infants. Am. J.
Respir. Crit. Care Med. 2017, 196, 364-374. [CrossRef] [PubMed]

Alonsoa, A.S.; Diazb, S.P; Sotoc, R.S.; Avila-Alvarez, A. Epidemiology and risk factors for bronchopulmonary dysplasia in
preterm infants born at or less than 32 weeks of gestation. An. Pediatr. (Engl. Ed.) 2022, 96, 242-251.

Cokyaman, T.; Kavuncuoglu, S. Bronchopulmonary dysplasia frequency and risk factors in very low birth weight infants: A
3-year retrospective study. North Clin. Istanb. 2020, 7, 124-130. [PubMed]

Ito, M,; Kato, S.; Saito, M.; Miyahara, N.; Arai, H.; Namba, F,; Ota, E.; Nakanishi, H. Bronchopulmonary Dysplasia in Extremely
Premature Infants: A Scoping Review for Identifying Risk Factors. Biomedicines 2023, 11, 553. [CrossRef] [PubMed]

Xu, Y.P; Chen, Z.; Dorazio, RM.; Bai, G.N.; Du, L.Z.; Shi, L.P. Risk factors for bronchopulmonary dysplasia infants with
respiratory score greater than four: A multi-center, prospective, longitudinal cohort study in China. Sci. Rep. 2023, 13, 17868.
[CrossRef] [PubMed]

Kim, C.J.; Romero, R.; Chaemsaithong, P.; Chaiyasit, N.; Yoon, B.H.; Kim, Y.M. Acute chorioamnionitis and funisitis: Definition,
pathologic features, and clinical significance. Am. J. Obstet. Gynecol. 2015, 213, S29-552. [CrossRef] [PubMed]

Watterberg, K.L.; Demers, L.M.; Scott, S.M.; Murphy, S. Chorioamnionitis and early lung inflammation in infants in whom
bronchopulmonary dysplasia develops. Pediatrics 1996, 97, 210-215. [CrossRef] [PubMed]

Hartling, L.; Liang, Y.; Lacaze-Masmonteil, T. Chorioamnionitis as a risk factor for bronchopulmonary dysplasia: A systematic
review and meta-analysis. Arch. Dis. Child.-Fetal Neonatal Ed. 2012, 97, F8-F17. [CrossRef] [PubMed]

Villamor-Martinez, E.; Alvarez-Fuente, M.; Ghazi, AM.T;; Degraeuwe, P.; Zimmermann, L.J.I.; Kramer, B.W.; Villamor, E.
Association of Chorioamnionitis with Bronchopulmonary Dysplasia Among Preterm Infants. JAMA Netw. Open 2019, 2, e1914611.
[CrossRef] [PubMed]

Gobec, K.; Mukenauer, R.; Kese, D.; Erculj, V.; Grosek, S.; Perme, T. Association between colonization of the respiratory tract with
Ureaplasma species and bronchopulmonary dysplasia in newborns with extremely low gestational age: A retrospective study.
Croat. Med. ]. 2023, 64, 75-83. [CrossRef] [PubMed]

Bose, C.L.; Laughon, M.M.; Allred, E.N.; O’Shea, T.M.; Van Marter, L.J.; Ehrenkranz, R.A ; Fichorova, R.N.; Leviton, A.; ELGAN
Study Investigators. Systemic inflammation associated with mechanical ventilation among extremely preterm infants. Cytokine
2013, 61, 315-322. [CrossRef] [PubMed]

Huang, J.; Shen, W.; Wu, F; Mao, J.; Liu, L.; Chang, Y.; Zhang, R.; Ye, X,; Qiu, Y,; Ma, L, et al. Risk factors for severe
bronchopulmonary dysplasia in a Chinese cohort of very preterm infants. Saudi Med. J. 2024, 45, 369-378. [CrossRef] [PubMed]

https://doi.org/10.3390/children13070888


https://doi.org/10.1056/NEJM196702162760701
https://doi.org/10.1016/s0140-6736(23)00878-4
https://www.ncbi.nlm.nih.gov/pubmed/37805217
https://doi.org/10.1080/14767058.2019.1646240
https://www.ncbi.nlm.nih.gov/pubmed/31397199
https://doi.org/10.1001/jama.2021.23580
https://www.ncbi.nlm.nih.gov/pubmed/35040888
https://doi.org/10.1164/rccm.201612-2414oc
https://www.ncbi.nlm.nih.gov/pubmed/28249118
https://www.ncbi.nlm.nih.gov/pubmed/32259033
https://doi.org/10.3390/biomedicines11020553
https://www.ncbi.nlm.nih.gov/pubmed/36831089
https://doi.org/10.1038/s41598-023-45216-x
https://www.ncbi.nlm.nih.gov/pubmed/37857836
https://doi.org/10.1016/j.ajog.2015.08.040
https://www.ncbi.nlm.nih.gov/pubmed/26428501
https://doi.org/10.1542/peds.97.2.210
https://www.ncbi.nlm.nih.gov/pubmed/8584379
https://doi.org/10.1136/adc.2010.210187
https://www.ncbi.nlm.nih.gov/pubmed/21697236
https://doi.org/10.1001/jamanetworkopen.2019.14611
https://www.ncbi.nlm.nih.gov/pubmed/31693123
https://doi.org/10.3325/cmj.2023.64.75
https://www.ncbi.nlm.nih.gov/pubmed/37131309
https://doi.org/10.1016/j.cyto.2012.10.014
https://www.ncbi.nlm.nih.gov/pubmed/23148992
https://doi.org/10.15537/smj.2024.45.4.20230741
https://www.ncbi.nlm.nih.gov/pubmed/38657990
https://doi.org/10.3390/children13070888

Children 2026, 13, 888 16 of 23

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Lavoie, PM.; Pham, C.; Jang, K.L. Heritability of bronchopulmonary dysplasia, defined according to the consensus statement of
the National Institutes of Health. Pediatrics 2008, 122, 479-485. [CrossRef] [PubMed]

Wang, H.; St Julien, K.R.; Stevenson, D.K.; Hoffmann, T.]J.; Witte, ].S.; Lazzeroni, L.C.; Krasnow, M.A.; Quaintance, C.C.; Oehlert,
J.W.,; Jelliffe-Pawlowski, L.L.; et al. A genome-wide association study (GWAS) for bronchopulmonary dysplasia. Pediatrics 2013,
132,290-297. [CrossRef]

Zhang, Y.; Liang, C. Innate recognition of microbial-derived signals in immunity and inflammation. Sci. China Life Sci. 2016, 59,
1210-1217. [CrossRef] [PubMed]

Prince, L.S.; Dieperink, H.I.; Okoh, V.O.; Fierro-Perez, G.A.; Lallone, R.L. Toll-like receptor signaling inhibits structural develop-
ment of the distal fetal mouse lung. Dev. Dyn. 2005, 233, 553-561. [CrossRef] [PubMed]

Kelley, N.; Jeltema, D.; Duan, Y.; He, Y. The NLRP3 Inflammasome: An Overview of Mechanisms of Activation and Regulation.
Int. ]. Mol. Sci. 2019, 20, 3328. [CrossRef] [PubMed]

Lamkanfi, M.; Dixit, V.M. Mechanisms and Functions of Inflammasomes. Cell 2014, 157, 1013-1022. [CrossRef] [PubMed]

Xu, J.; Nunez, G. The NLRP3 Inflammasome: Activation and Regulation. Trends Biochem. Sci. 2022, 48, 331-344. [CrossRef]
[PubMed]

Pereira, M.; Gazzinelli, R.T. Regulation of innate immune signaling by IRAK proteins. Front. Immunol. 2023, 14, 1133354.
[CrossRef] [PubMed]

Zhang, ].; Wang, X.; Vikash, V.; Ye, Q.; Wu, D,; Liu, Y.; Dong, W. ROS and ROS-Mediated Cellular Signaling. Oxidative Med. Cell.
Longev. 2016, 2016, 4350965. [CrossRef] [PubMed]

Khan, I.S.; Molina, C.; Ren, X.; Auyeung, V.C.; Cohen, M.; Tsukui, T.; Atakilit, A.; Sheppard, D. Impaired myofibroblast
proliferation is a central feature of pathologic post-natal alveolar simplification. eLife 2024, 13, RP94425. [CrossRef]

Goswami, KK.; Bose, A.; Baral, R. Macrophages in tumor: An inflammatory perspective. Clin. Immunol. 2021, 232, 108875.
[CrossRef] [PubMed]

Basil, M.C.; Levy, B.D. Specialized pro-resolving mediators: Endogenous regulators of infection and inflammation. Nat. Rev.
Immunol. 2016, 16, 51-67. [CrossRef] [PubMed]

Humberg, A.; Fortmann, L; Siller, B. Preterm birth and sustained inflammation: Consequences for the neonate. Semin. Im-
munopathol. 2020, 42, 451-468. [CrossRef] [PubMed]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef] [PubMed]

Turner, M.D.; Nedjai, B.; Hurst, T.; Pennington, D.J. Cytokines and chemokines: At the crossroads of cell signalling and
inflammatory disease. Biochim. Biophys. Acta 2014, 1843, 2563-2582. [CrossRef] [PubMed]

Dinarello, C.A. Historical Insights into Cytokines. Eur. |. Immunol. 2007, 37, S34-545. [CrossRef] [PubMed]

Liu, C,; Chu, D.; Kalantar-Zadeh, K.; George, J.; Young, H.A; Liu, G. Cytokines: From Clinical Significance to Quantification. Adv.
Sci. 2021, 8,2004433. [CrossRef] [PubMed] [PubMed Central]

Dinarello, C.A. Proinflammatory cytokines. Chest 2000, 118, 503-508. [CrossRef] [PubMed]

Yoon, B.H.; Romero, R,; Jun, ].K,; Park, KH.; Park, ].D.; Ghezzi, F,; Kim, B.I. Amniotic fluid cytokines (interleukin-6, tumor
necrosis factor-«, interleukin-1§, and interleukin-8) and the risk for the development of bronchopulmonary dysplasia. Am. J.
Obstet. Gynecol. 1997, 177, 825-830. [PubMed]

Aghai, Z.H.; Camacho, J.; Saslow, ].G.; Mody, K.; Eydelman, R.; Bhat, V.; Stahl, G.; Pyon, K.; Bhandari, V. Impact of histological
chorioamnionitis on tracheal aspirate cytokines in premature infants. Am. J. Perinatol. 2012, 29, 567-572. [CrossRef] [PubMed]
Koksal, N.; Kayik, B.; Cetinkaya, M.; Ozkan, H.; Budak, F; Kilig, S.; Canitez, Y.; Oral, B. Value of serum and bronchoalveolar
fluid lavage pro- and anti-inflammatory cytokine levels for predicting bronchopulmonary dysplasia in premature infants.
Eur. Cytokine Netw. 2012, 23, 29-35. [CrossRef] [PubMed]

Tullus, K.; Noack, G.W.; Burman, L.G.; Nilsson, R.; Wretlind, B.; Brauner, A. Elevated cytokine levels in tracheobronchial aspirate
fluids from ventilator treated neonates with bronchopulmonary dysplasia. Eur. J. Pediatr. 1996, 155, 112-116. [CrossRef] [PubMed]
Kotecha, S.; Wilson, L.; Wangoo, A ; Silverman, M.; Shaw, R.J. Increase in interleukin (IL)-13 and IL-6 in bronchoalveolar lavage
fluid obtained from infants with chronic lung disease of prematurity. Pediatr. Res. 1996, 40, 250-256. [CrossRef] [PubMed]
Rindfleisch, M.S.; Hasday, J.D.; Taciak, V.; Broderick, K.; Viscardi, R.M. Potential role of interleukin-1 in the development of
bronchopulmonary dysplasia. |. Interferon Cytokine Res. 1996, 16, 365-373. [CrossRef] [PubMed]

Kakkera, D.K.; Siddiq, M.M; Parton, L.A. Interleukin-1 balance in the lungs of preterm infants who develop bronchopulmonary
dysplasia. Neonatology 2005, 87, 82-90. [CrossRef] [PubMed]

Ambalavanan, N.; Carlo, W.A.; D’Angio, C.T.; McDonald, S.A.; Das, A.; Schendel, D.; Thorsen, P.; Higgins, R.D.; Eunice Kennedy
Shriver National Institute of Child Health and Human Development Neonatal Research Network. Cytokines Associated with
Bronchopulmonary Dysplasia or Death in Extremely Low Birth Weight Infants. Pediatrics 2009, 123, 1132-1141. [CrossRef]
[PubMed]

https://doi.org/10.3390/children13070888


https://doi.org/10.1542/peds.2007-2313
https://www.ncbi.nlm.nih.gov/pubmed/18762515
https://doi.org/10.1542/peds.2013-0533
https://doi.org/10.1007/s11427-016-0325-6
https://www.ncbi.nlm.nih.gov/pubmed/27888386
https://doi.org/10.1002/dvdy.20362
https://www.ncbi.nlm.nih.gov/pubmed/15830384
https://doi.org/10.3390/ijms20133328
https://www.ncbi.nlm.nih.gov/pubmed/31284572
https://doi.org/10.1016/j.cell.2014.04.007
https://www.ncbi.nlm.nih.gov/pubmed/24855941
https://doi.org/10.1016/j.tibs.2022.10.002
https://www.ncbi.nlm.nih.gov/pubmed/36336552
https://doi.org/10.3389/fimmu.2023.1133354
https://www.ncbi.nlm.nih.gov/pubmed/36865541
https://doi.org/10.1155/2016/4350965
https://www.ncbi.nlm.nih.gov/pubmed/26998193
https://doi.org/10.7554/eLife.94425.3
https://doi.org/10.1016/j.clim.2021.108875
https://www.ncbi.nlm.nih.gov/pubmed/34740843
https://doi.org/10.1038/nri.2015.4
https://www.ncbi.nlm.nih.gov/pubmed/26688348
https://doi.org/10.1007/s00281-020-00803-2
https://www.ncbi.nlm.nih.gov/pubmed/32661735
https://doi.org/10.1136/bmj.n71
https://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1016/j.bbamcr.2014.05.014
https://www.ncbi.nlm.nih.gov/pubmed/24892271
https://doi.org/10.1002/eji.200737772
https://www.ncbi.nlm.nih.gov/pubmed/17972343
https://doi.org/10.1002/advs.202004433
https://www.ncbi.nlm.nih.gov/pubmed/34114369
https://pmc.ncbi.nlm.nih.gov/articles/PMC8336501
https://doi.org/10.1378/chest.118.2.503
https://www.ncbi.nlm.nih.gov/pubmed/10936147
https://www.ncbi.nlm.nih.gov/pubmed/9369827
https://doi.org/10.1055/s-0032-1311980
https://www.ncbi.nlm.nih.gov/pubmed/22566116
https://doi.org/10.1684/ecn.2012.0304
https://www.ncbi.nlm.nih.gov/pubmed/22591771
https://doi.org/10.1007/BF02075762
https://www.ncbi.nlm.nih.gov/pubmed/8775225
https://doi.org/10.1203/00006450-199608000-00010
https://www.ncbi.nlm.nih.gov/pubmed/8827773
https://doi.org/10.1089/jir.1996.16.365
https://www.ncbi.nlm.nih.gov/pubmed/8727076
https://doi.org/10.1159/000081504
https://www.ncbi.nlm.nih.gov/pubmed/15539764
https://doi.org/10.1542/peds.2008-0526
https://www.ncbi.nlm.nih.gov/pubmed/19336372
https://doi.org/10.3390/children13070888

Children 2026, 13, 888 17 of 23

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Sahni, M.; Yeboah, B.; Das, P.; Shah, D.; Ponnalagu, D.; Singh, H.; Nelin, L.D.; Bhandari, V. Novel biomarkers of bronchopulmonary
dysplasia and bronchopulmonary dysplasia-associated pulmonary hypertension. J. Perinatol. 2020, 40, 1634-1643. [CrossRef]
[PubMed] [PubMed Central]

Stichel, H.; Backstrom, E.; Hafstrom, O.; Nilsson, S.; Lappalainen, U.; Bry, K. Inflammatory cytokines in gastric fluid at birth and
the development of bronchopulmonary dysplasia. Acta Paediatr. 2011, 100, 1206-1212. [CrossRef] [PubMed]

Gentner, S.; Laube, M.; Uhlig, U.; Yang, Y.; Fuchs, H-W.; Dreyhaupt, J.; Hummler, H.D.; Uhlig, S.; Thome, U.H. Inflammatory
Mediators in Tracheal Aspirates of Preterm Infants Participating in a Randomized Trial of Permissive Hypercapnia. Front. Pediatr.
2017, 5, 246. [CrossRef] [PubMed]

Tao, X.; Mo, L.; Zeng, L. Hyperoxia Induced Bronchopulmonary Dysplasia-Like Inflammation via miR34a-TNIP2-IL-13 Pathway.
Front. Pediatr. 2022, 10, 805860. [CrossRef] [PubMed]

Bry, K.; Hogmalm, A.; Backstrém, E. Mechanisms of inflammatory lung injury in the neonate: Lessons from a transgenic mouse
model of bronchopulmonary dysplasia. Semin. Perinatol. 2010, 34, 211-221. [CrossRef] [PubMed]

Lukkarinen, H.; Hogmalm, A.; Lappalainen, U.; Bry, K. Matrix metalloproteinase-9 deficiency worsens lung injury in a model of
bronchopulmonary dysplasia. Am. J. Respir. Cell Mol. Biol. 2009, 41, 59-68. [CrossRef] [PubMed]

Bry, K.; Whitsett, J.A.; Lappalainen, U. IL-1p disrupts postnatal lung morphogenesis in the mouse. Am. J. Respir. Cell Mol. Biol.
2007, 36, 32—42. [CrossRef] [PubMed] [PubMed Central]

Bry, K.; Lappalainen, U. Pathogenesis of bronchopulmonary dysplasia: The role of interleuken 1B in the regulation of
inflammation-mediated pulmonary retinoic acid pathways in transgenic mice. Semin. Perinatol. 2006, 30, 121-128. [CrossRef]
[PubMed]

Nold, M.E; Mangan, N.E; Rudloff, I.; Cho, S.X.; Shariatian, N.; Samarasinghe, T.D.; Skuza, E.M.; Pedersen, J.; Veldman, A.; Berger,
PJ.; et al. Interleukin-1 receptor antagonist prevents murine bronchopulmonary dysplasia induced by perinatal inflammation
and hyperoxia. Proc. Natl. Acad. Sci. USA 2013, 110, 14384-14389. [CrossRef] [PubMed]

Huang, D.; Xu, D.; You, C.; Li, B,; Li, L.; Yang, Q.; Zhou, W.; Meng, Q.; Liang, Z. Caspase-8-driven NLRP3 inflammasome
activation exacerbates bronchopulmonary dysplasia by increasing the apoptosis and pyroptosis crosstalk of alveolar epithelial
cells. Int. Immunopharmacol. 2025, 161, 115025. [CrossRef] [PubMed]

Le6n Silva, A.H.; Tian, R.; Ballengee, S.; Jamal, A.; Menon, S.; Chalikonda, S.V.; Lassance-Soares, R.M.; Tan, A.; Duara, ].; Schmidt,
A_; et al. Caspase-1 inhibition mitigates neonatal hyperoxia-induced vascular and cardiopulmonary inflammation in neonatal
rats. Clin. Sci. 2025, 139, 1611-1627. [CrossRef] [PubMed] [PubMed Central]

Dapaah-Siakwan, F.; Zambrano, R.; Luo, S.; Duncan, M.R.; Kerr, N.; Donda, K.; de Rivero Vaccari, ].P.; Keane, R.W.; Dietrich,
W.D.; Benny, M.; et al. Caspase-1 Inhibition Attenuates Hyperoxia-induced Lung and Brain Injury in Neonatal Mice. Am. J. Respir.
Cell Mol. Biol. 2019, 61, 341-354. [CrossRef] [PubMed]

Tu, Z.; Guo, H.; Gao, Y.; Xiao, W.; Xie, X,; Yu, H,; Liang, Q.; Zhou, Y. Macrophage pyroptosis mediates hyperoxia-induced
inflammatory lung injury in neonates. Front. Immunol. 2025, 16, 1546986. [CrossRef] [PubMed] [PubMed Central]

Stouch, A.N.; McCoy, A.M.; Greer, RM.; Lakhdari, O.; Yull, EE.; Blackwell, T.S.; Hoffman, H.M.; Prince, L.S. IL-13 and
Inflammasome Activity Link Inflammation to Abnormal Fetal Airway Development. J. Immunol. 2016, 196, 3411-3420. [CrossRef]
[PubMed] [PubMed Central]

Hummler, ] K.; Dapaah-Siakwan, E; Vaidya, R.; Zambrano, R.; Luo, S.; Chen, S.; Kerr, N.; de Rivero Vaccari, J.P.; Keane, RW.,;
Dietrich, W.D.; et al. Inhibition of Racl Signaling Downregulates Inflammasome Activation and Attenuates Lung Injury in
Neonatal Rats Exposed to Hyperoxia. Neonatology 2017, 111, 280-288. [CrossRef] [PubMed]

Pan, J.; Zhan, C.; Yuan, T.; Wang, W.; Shen, Y.; Sun, Y.; Wu, T.; Gu, W,; Chen, L.; Yu, H. Effects and molecular mechanisms of
intrauterine infection/inflammation on lung development. Respir. Res. 2018, 19, 93. [CrossRef] [PubMed] [PubMed Central]
Liao, J.; Kapadia, V.S.; Brown, L.S.; Cheong, N.; Longoria, C.; Mija, D.; Ramgopal, M.; Mirpuri, J.; McCurnin, D.C.; Savani, R.C.
The NLRP3 inflammasome is critically involved in the development of bronchopulmonary dysplasia. Nat. Commun. 2015, 6, 8977.
[CrossRef] [PubMed] [PubMed Central]

Jobe, A.H.; Kramer, B.W.; Moss, T.].; Newnham, J.P.; Ikegami, M. Decreased indicators of lung injury with continuous positive
expiratory pressure in preterm lambs. Pediatr. Res. 2002, 52, 387-392. [CrossRef] [PubMed]

Hillman, N.H.; Kallapur, S.G.; Pillow, ].].; Moss, T.].; Polglase, G.R.; Nitsos, I.; Jobe, A.H. Airway Injury from Initiating Ventilation
in Preterm Sheep. Pediatr. Res. 2010, 67, 60-65. [CrossRef] [PubMed]

Naik, A.S.; Kallapur, S.G.; Bachurski, C.J.; Jobe, A.H.; Michna, J.; Kramer, B.W.; Ikegami, M. Effects of ventilation with different
positive end-expiratory pressures on cytokine expression in the preterm lamb lung. Am. J. Respir. Crit. Care Med. 2001, 164,
494-498. [CrossRef] [PubMed]

Azman, Z.; Vidinopoulos, K.; Somers, A.; Hooper, S.B.; Zahra, V.A; Thiel, A.M.; Galinsky, R.; Tran, N.T.; Allison, B.].; Polglase,
G.R. In utero ventilation induces lung parenchymal and vascular alterations in extremely preterm fetal sheep. Am. J. Physiol.-Lung
Cell. Mol. Physiol. 2024, 326, L330-L343. [CrossRef] [PubMed]

https://doi.org/10.3390/children13070888


https://doi.org/10.1038/s41372-020-00788-8
https://www.ncbi.nlm.nih.gov/pubmed/32811975
https://pmc.ncbi.nlm.nih.gov/articles/PMC7664991
https://doi.org/10.1111/j.1651-2227.2011.02286.x
https://www.ncbi.nlm.nih.gov/pubmed/21438921
https://doi.org/10.3389/fped.2017.00246
https://www.ncbi.nlm.nih.gov/pubmed/29209598
https://doi.org/10.3389/fped.2022.805860
https://www.ncbi.nlm.nih.gov/pubmed/35433535
https://doi.org/10.1053/j.semperi.2010.02.006
https://www.ncbi.nlm.nih.gov/pubmed/20494738
https://doi.org/10.1165/rcmb.2008-0179OC
https://www.ncbi.nlm.nih.gov/pubmed/19097983
https://doi.org/10.1165/rcmb.2006-0116OC
https://www.ncbi.nlm.nih.gov/pubmed/16888287
https://pmc.ncbi.nlm.nih.gov/articles/PMC1899307
https://doi.org/10.1053/j.semperi.2006.04.009
https://www.ncbi.nlm.nih.gov/pubmed/16813970
https://doi.org/10.1073/pnas.1306859110
https://www.ncbi.nlm.nih.gov/pubmed/23946428
https://doi.org/10.1016/j.intimp.2025.115025
https://www.ncbi.nlm.nih.gov/pubmed/40483833
https://doi.org/10.1042/CS20242275
https://www.ncbi.nlm.nih.gov/pubmed/41231039
https://pmc.ncbi.nlm.nih.gov/articles/PMC12751044
https://doi.org/10.1165/rcmb.2018-0192OC
https://www.ncbi.nlm.nih.gov/pubmed/30897338
https://doi.org/10.3389/fimmu.2025.1546986
https://www.ncbi.nlm.nih.gov/pubmed/40486518
https://pmc.ncbi.nlm.nih.gov/articles/PMC12142068
https://doi.org/10.4049/jimmunol.1500906
https://www.ncbi.nlm.nih.gov/pubmed/26951798
https://pmc.ncbi.nlm.nih.gov/articles/PMC5315059
https://doi.org/10.1159/000450918
https://www.ncbi.nlm.nih.gov/pubmed/28013306
https://doi.org/10.1186/s12931-018-0787-y
https://www.ncbi.nlm.nih.gov/pubmed/29747649
https://pmc.ncbi.nlm.nih.gov/articles/PMC5946538
https://doi.org/10.1038/ncomms9977
https://www.ncbi.nlm.nih.gov/pubmed/26611836
https://pmc.ncbi.nlm.nih.gov/articles/PMC6215764
https://doi.org/10.1203/00006450-200209000-00014
https://www.ncbi.nlm.nih.gov/pubmed/12193673
https://doi.org/10.1203/pdr.0b013e3181c1b09e
https://www.ncbi.nlm.nih.gov/pubmed/19816239
https://doi.org/10.1164/ajrccm.164.3.2010127
https://www.ncbi.nlm.nih.gov/pubmed/11500356
https://doi.org/10.1152/ajplung.00249.2023
https://www.ncbi.nlm.nih.gov/pubmed/38252635
https://doi.org/10.3390/children13070888

Children 2026, 13, 888 18 of 23

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Brew, N.; Hooper, S.B.; Allison, B.J.; Wallace, M.].; Harding, R. Injury and repair in the very immature lung following brief
mechanical ventilation. Am. J. Physiol.-Lung Cell. Mol. Physiol. 2011, 301, L917-1926. [CrossRef] [PubMed]

Yang, X.; Luo, G.; Lou, F. Nesfatin-1 Suppresses Inflammation in Bronchopulmonary Dysplasia by Regulating HMGB-
1/TLR4/p65/NLRP3 Signaling Pathway. Discov. Med. 2025, 37, 933-945. [CrossRef] [PubMed]

Ivanovska, J.; Kang, N.C.; Ivanovski, N.; Nagy, A.; Belik, J.; Gauda, E.B. Recombinant adiponectin protects the newborn rat lung
from lipopolysaccharide-induced inflammatory injury. Physiol. Rep. 2020, 8, e14553. [CrossRef] [PubMed] [PubMed Central]

Li, K.; Zhang, F; Wei, L.; Han, Z,; Liu, X,; Pan, Y.; Guo, C.; Han, W. Recombinant Human Elafin Ameliorates Chronic Hyperoxia-
Induced Lung Injury by Inhibiting Nuclear Factor-Kappa B Signaling in Neonatal Mice. ]. Interferon Cytokine Res. 2020, 40,
320-330. [CrossRef] [PubMed]

Ozdemir, R.; Gokce, LK; Taslidere, A.C.; Tanbek, K.; Gul, C.C.; Sandal, S.; Turgut, H.; Kaya, H.; Aslan, M. Does Chrysin prevent
severe lung damage in Hyperoxia-Induced lung injury Model? Int. Immunopharmacol. 2021, 99, 108033. [CrossRef] [PubMed]
Kryeziu, I.; Regica, S.; Thagi, Q.; Kurshumliu, F.; Hadzi-Petrushev, N.; Basholli-Salihu, M.; Mladenov, M.; Sopi, R.B. Quercetin
supplementation attenuates airway hyperreactivity and restores airway relaxation in rat pups exposed to hyperoxia. Exp. Biol.
Med. 2023, 248, 1492-1499. [CrossRef] [PubMed] [PubMed Central]

Regica, S.; Kryeziu, I; Thaci, Q.; Avtanski, D.; Mladenov, M.; Basholli-Salihu, M.; Sopi, R.B. Protective Effects of Resveratrol
Against Airway Hyperreactivity, Oxidative Stress, and Lung Inflammation in a Rat Pup Model of Bronchopulmonary Dysplasia.
Physiol. Res. 2024, 73, 239-251. [CrossRef] [PubMed] [PubMed Central]

Ozdemir, R.; Gokcee, L.K,; Tekin, S.; Cetin Taslidere, A.; Turgut, H.; Tanbek, K.; Gul, C.C.; Deveci, M.F.; Aslan, M. The protective
effects of apocynin in hyperoxic lung injury in neonatal rats. Pediatr. Pulmonol. 2022, 57, 109-121. [CrossRef] [PubMed]

Xu, W.; Zhao, Y.; Zhang, B.; Xu, B.; Yang, Y.; Wang, Y.; Liu, C. Resveratrol attenuates hyperoxia-induced oxidative stress,
inflammation and fibrosis and suppresses Wnt/ 3-catenin signalling in lungs of neonatal rats. Clin. Exp. Pharmacol. Physiol. 2015,
42,1075-1083. [CrossRef] [PubMed]

Ozdemir, R.; Yurttutan, S.; Talim, B.; Uysal, B.; Erdeve, O.; Oguz, S.S.; Dilmen, U. Colchicine protects against hyperoxic lung
injury in neonatal rats. Neonatology 2012, 102, 265-269. [CrossRef] [PubMed]

Wang, J.; Zhang, A.; Huang, F.; Xu, J.; Zhao, M. MSC-EXO and tempol ameliorate bronchopulmonary dysplasia in newborn rats
by activating HIF-1x. Pediatr. Pulmonol. 2023, 58, 1367-1379. [CrossRef] [PubMed]

Tayman, C.; Cakir, U.; Akduman, H.; Karabulut, $.; Caglayan, M. The therapeutic effect of Apocynin against hyperoxy and
Inflammation-Induced lung injury. Int. Immunopharmacol. 2021, 101, 108190. [CrossRef] [PubMed]

Akduman, H.; Tayman, C.; Cakir, U.; Cakir, E.; Dilli, D.; Tiirkmenoglu, T.T.; Gonel, A. Astaxanthin Prevents Lung Injury Due to
Hyperoxia and Inflammation. Comb. Chem. High Throughput Screen. 2021, 24, 1243-1250. [CrossRef] [PubMed]

Ozdemir, R.; Demirtas, G.; Parlakpinar, H.; Polat, A.; Tanbag, K.; Taslidere, E.; Karadag, A. Dexpanthenol therapy reduces lung
damage in a hyperoxic lung injury in neonatal rats. ]. Matern. Fetal-Neonatal Med. 2016, 29, 1801-1807. [CrossRef] [PubMed]
Aslan, M.; Gokce, 1.K.; Turgut, H.; Tekin, S.; Cetin Taslidere, A.; Deveci, M.E; Kaya, H.; Tanbek, K.; Gul, C.C.; Ozdemir, R.
Molsidomine decreases hyperoxia-induced lung injury in neonatal rats. Pediatr. Res. 2023, 94, 1341-1348. [CrossRef] [PubMed]
Yang, Z.; Song, J.; Guo, J.; Li, J.; Gao, F.; Zheng, W,; Jin, Z.; Li, J. Effects of PGE1 on the ERS pathway in neonatal rats with
hyperoxic lung injury. Pediatr. Res. 2025, 97, 835-842. [CrossRef] [PubMed]

Sun, Y.; Chen, C,; Liu, Y.; Sheng, A.; Wang, S.; Zhang, X.; Wang, D.; Wang, Q.; Lu, C.; Lin, Z. Adipose Stem Cells Derived
Exosomes Alleviate Bronchopulmonary Dysplasia and Regulate Autophagy in Neonatal Rats. Curr. Stem Cell Res. Ther. 2024, 19,
919-932. [CrossRef] [PubMed]

Chu, X.; Zhang, X.; Weng, B.; Yin, X.; Cai, C. Erythromycin Attenuates Hyperoxia Induced Lung Injury by Enhancing GSH
Expression and Inhibiting Expression of Inflammatory Cytokines. Fetal Pediatr. Pathol. 2023, 42, 766~774. [CrossRef] [PubMed]
Ivanovski, N.; Wang, H.; Tran, H.; Ivanovska, J.; Pan, J.; Miraglia, E.; Leung, S.; Posiewko, M.; Li, D.; Mohammadi, A.; et al.
L-citrulline attenuates lipopolysaccharide-induced inflammatory lung injury in neonatal rats. Pediatr. Res. 2023, 94, 1684—1695.
[CrossRef] [PubMed]

Xu, X,; Liu, L.; Dong, N.; Xin, T.; Shi, Q.; Li, D.; Ju, X. Intratracheal administration of mesenchymal stem cells ameliorates
hyperoxia-induced bronchopulmonary dysplasia by inhibiting NLRP3 inflammasome activation: The critical role of Aldhla2.
Stem Cell Res. Ther. 2025, 17, 37. [CrossRef] [PubMed] [PubMed Central]

Chen, C;; Jin, Y.; Jin, H.; Chen, S.; Wang, L.; Ji, L.; Wang, S.; Zhang, X.; Sheng, A.; Sun, Y. Adipose mesenchymal stem cells-derived
exosomes attenuated hyperoxia-induced lung injury in neonatal rats via inhibiting the NF-«B signaling pathway. Pediatr. Pulmonol.
2024, 59, 2523-2534. [CrossRef] [PubMed]

Zhu, D,; Tan, J.; Maleken, A.S.; Muljadi, R.; Chan, S.T.; Lau, S.N.; Elgass, K.; Leaw, B.; Mockler, J.; Chambers, D.; et al. Human
amnion cells reverse acute and chronic pulmonary damage in experimental neonatal lung injury. Stem Cell Res. Ther. 2017, 8, 257.
[CrossRef] [PubMed] [PubMed Central]

https://doi.org/10.3390/children13070888


https://doi.org/10.1152/ajplung.00207.2011
https://www.ncbi.nlm.nih.gov/pubmed/21890511
https://doi.org/10.24976/Discov.Med.202537196.83
https://www.ncbi.nlm.nih.gov/pubmed/40415368
https://doi.org/10.14814/phy2.14553
https://www.ncbi.nlm.nih.gov/pubmed/32889775
https://pmc.ncbi.nlm.nih.gov/articles/PMC7507528
https://doi.org/10.1089/jir.2019.0241
https://www.ncbi.nlm.nih.gov/pubmed/32460595
https://doi.org/10.1016/j.intimp.2021.108033
https://www.ncbi.nlm.nih.gov/pubmed/34343938
https://doi.org/10.1177/15353702231199468
https://www.ncbi.nlm.nih.gov/pubmed/37837396
https://pmc.ncbi.nlm.nih.gov/articles/PMC10666724
https://doi.org/10.33549/physiolres.935239
https://www.ncbi.nlm.nih.gov/pubmed/38710061
https://pmc.ncbi.nlm.nih.gov/articles/PMC11081184
https://doi.org/10.1002/ppul.25707
https://www.ncbi.nlm.nih.gov/pubmed/34581514
https://doi.org/10.1111/1440-1681.12459
https://www.ncbi.nlm.nih.gov/pubmed/26174235
https://doi.org/10.1159/000341424
https://www.ncbi.nlm.nih.gov/pubmed/22922655
https://doi.org/10.1002/ppul.26317
https://www.ncbi.nlm.nih.gov/pubmed/36650825
https://doi.org/10.1016/j.intimp.2021.108190
https://www.ncbi.nlm.nih.gov/pubmed/34607228
https://doi.org/10.2174/1386207323666200915092012
https://www.ncbi.nlm.nih.gov/pubmed/32933455
https://doi.org/10.3109/14767058.2015.1064104
https://www.ncbi.nlm.nih.gov/pubmed/26135783
https://doi.org/10.1038/s41390-023-02643-w
https://www.ncbi.nlm.nih.gov/pubmed/37179436
https://doi.org/10.1038/s41390-024-03381-3
https://www.ncbi.nlm.nih.gov/pubmed/39014239
https://doi.org/10.2174/011574888X260261230928094309
https://www.ncbi.nlm.nih.gov/pubmed/37817518
https://doi.org/10.1080/15513815.2023.2223722
https://www.ncbi.nlm.nih.gov/pubmed/37341579
https://doi.org/10.1038/s41390-023-02684-1
https://www.ncbi.nlm.nih.gov/pubmed/37349511
https://doi.org/10.1186/s13287-025-04851-z
https://www.ncbi.nlm.nih.gov/pubmed/41382115
https://pmc.ncbi.nlm.nih.gov/articles/PMC12821998
https://doi.org/10.1002/ppul.27057
https://www.ncbi.nlm.nih.gov/pubmed/38771197
https://doi.org/10.1186/s13287-017-0689-9
https://www.ncbi.nlm.nih.gov/pubmed/29126435
https://pmc.ncbi.nlm.nih.gov/articles/PMC5681809
https://doi.org/10.3390/children13070888

Children 2026, 13, 888 19 of 23

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Chou, H.C.; Chang, C.H.; Chen, C.H.; Lin, W.; Chen, C.M. Consecutive daily administration of intratracheal surfactant and
human umbilical cord-derived mesenchymal stem cells attenuates hyperoxia-induced lung injury in neonatal rats. Stem Cell Res.
Ther. 2021, 12, 258. [CrossRef] [PubMed] [PubMed Central]

Monz, D.; Tutdibi, E.; Mildau, C.; Shen, J.; Kasoha, M.; Laschke, M.W.; Roolfs, T.; Schmied]l, A.; Tschernig, T.; Bieback, K.; et al.
Human Umbilical Cord Blood Mononuclear Cells in a Double-Hit Model of Bronchopulmonary Dysplasia in Neonatal Mice.
PLoS ONE 2013, 8, €74740. [CrossRef] [PubMed]

Grisafi, D.; Pozzobon, M.; Dedja, A.; Vanzo, V.; Tomanin, R.; Porzionato, A.; Macchi, V.; Salmaso, R.; Scarpa, M.; Cozzi, E.;
et al. Human amniotic fluid stem cells protect rat lungs exposed to moderate hyperoxia. Pediatr. Pulmonol. 2013, 48, 1070-1080.
[CrossRef] [PubMed]

Wang Yuchun, M.A; Jiang, L. Role of vitamin D-vitamin D receptor signaling on hyperoxia-induced bronchopulmonary dysplasia
in neonatal rats. Pediatr. Pulmonol. 2021, 56, 2335-2344. [PubMed]

Chen, Z.; Xie, X.; Jiang, N.; Li, J.; Shen, L.; Zhang, Y. CCR5 signaling promotes lipopolysaccharide-induced macrophage
recruitment and alveolar developmental arrest. Cell Death Dis. 2021, 12, 184. [CrossRef] [PubMed] [PubMed Central]

Zhang, F; Wang, M.; Li, Z.; Deng, J.; Fan, Y.; Gou, Z.; Zhou, Y.; Huang, L.; Lu, L. Rapamycin attenuates pyroptosis by suppressing
mTOR phosphorylation and promoting autophagy in LPS-induced bronchopulmonary dysplasia. Exp. Lung Res. 2023, 49,
178-192. [CrossRef] [PubMed]

Yoshimura, T.; Matsushima, K.; Tanaka, S.; Robinson, E.A.; Appella, E.; Oppenheim, J.J.; Leonard, E.J. Purification of a human
monocyte-derived neutrophil chemotactic factor that has peptide sequence similarity to other host defense cytokines. Proc. Natl.
Acad. Sci. USA 1987, 84,9233-9237. [CrossRef] [PubMed]

Matsushima, K.; Yang, D.; Oppenheim, ]J.J. Interleukin-8: An evolving chemokine. Cyfokine 2022, 153, 155828. [CrossRef]
[PubMed]

Nakagawa, H.; Hatakeyama, S.; Ikesue, A.; Miyai, H. Generation of interleukin-8 by plasmin from AVLPR-interleukin-8, the
human fibroblast-derived neutrophil chemotactic factor. FEBS Lett. 1991, 282, 412—414. [PubMed]

Van den Steen, P.E.; Proost, P.; Wuyts, A.; Van Damme, J.; Opdenakker, G. Neutrophil gelatinase B potentiates interleukin-8
tenfold by aminoterminal processing, whereas it degrades CTAP-III, PF-4, and GRO-« and leaves RANTES and MCP-2 intact.
Blood ]. Am. Soc. Hematol. 2000, 96, 2673-2681.

Padrines, M.; Wolf, M.; Walz, A.; Baggiolini, M. Interleukin-8 processing by neutrophil elastase, cathepsin G and proteinase-3.
FEBS Lett. 1994, 352, 231-235. [PubMed]

Chakraborty, M.; McGreal, E.P.; Williams, A.; Davies, P.L.; Powell, W.; Abdulla, S.; Voitenok, N.N.; Hogwood, J.; Gray, E.; Spiller,
B.; et al. Role of serine proteases in the regulation of interleukin-877 during the development of bronchopulmonary dysplasia in
preterm ventilated infants. PLoS ONE 2014, 9, e114524. [CrossRef] [PubMed] [PubMed Central]

Griffith, J.W.; Sokol, C.L.; Luster, A.D. Chemokines and chemokine receptors: Positioning cells for host defense and immunity.
Annu. Rev. Immunol. 2014, 32, 659-702. [CrossRef] [PubMed]

Harada, A.; Sekido, N.; Akahoshi, T.; Wada, T.; Mukaida, N.; Matsushima, K. Essential involvement of interleukin-8 (IL-8) in
acute inflammation. J. Leukoc. Biol. 1994, 56, 559-564. [CrossRef] [PubMed]

Aihara, M.; Tsuchimoto, D.; Takizawa, H.; Azuma, A.; Wakebe, H.; Ohmoto, Y.; Imagawa, K.; Kikuchi, M.; Mukaida, N.;
Matsushima, K. Mechanisms involved in Helicobacter pylori-induced interleukin-8 production by a gastric cancer cell line, MKN45.
Infect. Immun. 1997, 65, 3218-3224. [CrossRef] [PubMed]

Baggiolini, M.; Dewald, B.; Moser, B. Human chemokines: An update. Annu. Rev. Immunol. 1997, 15, 675-705. [CrossRef]
[PubMed]

Alcorn, M.].; Booth, J.L.; Coggeshall, K.M.; Metcalf, ].P. Adenovirus type 7 induces interleukin-8 production via activation of
extracellular regulated kinase 1/2. J. Virol. 2001, 75, 6450—-6459. [CrossRef] [PubMed]

Mahe, Y.; Mukaida, N.; Kuno, K.; Akiyama, M.; Ikeda, N.; Matsushima, K.; Murakami, S. Hepatitis B virus X protein transactivates
human interleukin-8 gene through acting on nuclear factor kB and CCAAT/enhancer-binding protein-like cis-elements. J. Biol.
Chem. 1991, 266, 13759-13763. [PubMed]

Kunz, M.; Hartmann, A ; Flory, E.; Toksoy, A.; Koczan, D.; Thiesen, H.].; Mukaida, N.; Neumann, M.; Rapp, U.R,; Brocker, E.B.;
et al. Anoxia-induced up-regulation of interleukin-8 in human malignant melanoma: A potential mechanism for high tumor
aggressiveness. Am. J. Pathol. 1999, 155, 753-763. [PubMed]

Carveth, H.J.; Bohnsack, J.F.; McIntyre, T.M.; Baggiolini, M.; Prescott, S.M.; Zimmerman, G.A. Neutrophil activating factor (NAF)
induces polymorphonuclear leukocyte adherence to endothelial cells and to subendothelial matrix proteins. Biochem. Biophys. Res.
Commun. 1989, 162, 387-393. [CrossRef] [PubMed]

Huber, A.R.; Kunkel, S.L.; Todd, R.E; Weiss, S.J. Regulation of Transendothelial neutrophil migration by endogenous interleukin-8.
Science 1991, 254, 99-102. Erratum in Science 1991, 254, 631. Erratum in Science 1991, 254, 1435. [CrossRef] [PubMed]

Mul, FP]J.; Zuurbier, A E.M.; Calafat, J.; van Wetering, S.; Hiemstra, P.S.; Roos, D.; Hordijk, P.L. Sequential migration of neutrophils
across monolayers of endothelial and epithelial cells. . Leukoc. Biol. 2000, 68, 529-537. [CrossRef] [PubMed]

https://doi.org/10.3390/children13070888


https://doi.org/10.1186/s13287-021-02335-4
https://www.ncbi.nlm.nih.gov/pubmed/33933128
https://pmc.ncbi.nlm.nih.gov/articles/PMC8088571
https://doi.org/10.1371/journal.pone.0074740
https://www.ncbi.nlm.nih.gov/pubmed/24069341
https://doi.org/10.1002/ppul.22791
https://www.ncbi.nlm.nih.gov/pubmed/23533160
https://www.ncbi.nlm.nih.gov/pubmed/33878208
https://doi.org/10.1038/s41419-021-03464-7
https://www.ncbi.nlm.nih.gov/pubmed/33589608
https://pmc.ncbi.nlm.nih.gov/articles/PMC7883330
https://doi.org/10.1080/01902148.2023.2266236
https://www.ncbi.nlm.nih.gov/pubmed/37874145
https://doi.org/10.1073/pnas.84.24.9233
https://www.ncbi.nlm.nih.gov/pubmed/3480540
https://doi.org/10.1016/j.cyto.2022.155828
https://www.ncbi.nlm.nih.gov/pubmed/35247648
https://www.ncbi.nlm.nih.gov/pubmed/1828038
https://www.ncbi.nlm.nih.gov/pubmed/7925979
https://doi.org/10.1371/journal.pone.0114524
https://www.ncbi.nlm.nih.gov/pubmed/25474412
https://pmc.ncbi.nlm.nih.gov/articles/PMC4256433
https://doi.org/10.1146/annurev-immunol-032713-120145
https://www.ncbi.nlm.nih.gov/pubmed/24655300
https://doi.org/10.1002/jlb.56.5.559
https://www.ncbi.nlm.nih.gov/pubmed/7964163
https://doi.org/10.1128/iai.65.8.3218-3224.1997
https://www.ncbi.nlm.nih.gov/pubmed/9234778
https://doi.org/10.1146/annurev.immunol.15.1.675
https://www.ncbi.nlm.nih.gov/pubmed/9143704
https://doi.org/10.1128/jvi.75.14.6450-6459.2001
https://www.ncbi.nlm.nih.gov/pubmed/11413312
https://www.ncbi.nlm.nih.gov/pubmed/1856209
https://www.ncbi.nlm.nih.gov/pubmed/10487833
https://doi.org/10.1016/0006-291x(89)92009-3
https://www.ncbi.nlm.nih.gov/pubmed/2665743
https://doi.org/10.1126/science.1718038
https://www.ncbi.nlm.nih.gov/pubmed/1718038
https://doi.org/10.1189/jlb.68.4.529
https://www.ncbi.nlm.nih.gov/pubmed/11037975
https://doi.org/10.3390/children13070888

Children 2026, 13, 888 20 of 23

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Burns, A.R.; Simon, S.I.; Kukielka, G.L.; Rowen, J.L.; Lu, H.; Mendoza, L.H.; Brown, E.S.; Entman, M.L.; Smith, C.W. Chemotactic
factors stimulate CD18-dependent canine neutrophil adherence and motility on lung fibroblasts. J. Immunol. 1996, 156, 3389-3401.
[CrossRef] [PubMed]

Mukaida, N. Interleukin-8: An expanding universe beyond neutrophil chemotaxis and activation. Int. |. Hematol. 2000, 72,
391-398. [PubMed]

Schroder, J.M. The monocyte-derived neutrophil activating peptide (NAP/interleukin 8) stimulates human neutrophilara
chidonate-5-lipoxygenase, but not the release of cellular arachidonate. J. Exp. Med. 1989, 170, 847-863. [PubMed]

Bussolino, F; Sironi, M.; Bocchietto, E.; Mantovani, A. Synthesis of platelet-activating factor by polymorphonuclear neutrophils
stimulated with interleukin-8. J. Biol. Chem. 1992, 267, 14598-14603. [PubMed]

Wada, T.; Tomosugi, N.; Naito, T.; Yokoyama, H.; Kobayashi, K.; Harada, A.; Mukaida, N.; Matsushima, K. Prevention of protein-
uria by the administration of anti-interleukin 8 antibody in experimental acute immune complex-induced glomerulonephritis.
J. Exp. Med. 1994, 180, 1135-1140. 527. [CrossRef] [PubMed]

Bao, Z.; Ye, Q.; Gong, W.; Xiang, Y.; Wan, H. Humanized monoclonal antibody against the chemokine CXCL-8 (IL-8) effectively
prevents acute lung injury. Int. Immunopharmacol. 2010, 10, 259-263. [CrossRef] [PubMed]

Becker, D.; O'Rourke, L.M.; Blackman, W.S.; Planck, S.R.; Rosenbaum, J.T. Reduced Leukocyte Migration, but Normal Rolling and
Arrest, in Interleukin-8 Receptor Homologue Knockout Mice. Investig. Ophthalmol. Vis. Sci. 2000, 41, 1812-1817. [PubMed]
Ghezzi, E; Gomez, R.; Romero, R.; Yoon, B.H.; Edwin, S.S.; David, C.; Janisse, J.; Mazor, M. Elevated interleukin-8 concentrations
in amniotic fluid of mothers whose neonates subsequently develop bronchopulmonary dysplasia. Eur. J. Obstet. Gynecol. Reprod.
Biol. 1998, 78, 5-10. [CrossRef] [PubMed]

An, H.; Nishimaki, S.; Ohyama, M.; Haruki, A.; Naruto, T.; Kobayashi, N.; Sugai, T.; Kobayashi, Y.; Mori, M.; Seki, K.; et al.
Interleukin-6, interleukin-8, and soluble tumor necrosis factor receptor-I in the cord blood as predictors of chronic lung disease in
premature infants. Am. J. Obstet. Gynecol. 2004, 191, 1649-1654. [CrossRef] [PubMed]

Yilmaz, C.; Koksal, N.; Ozkan, H.; Dorum, B.A.; Bagci, O. Low serum IGF-1 and increased cytokine levels in tracheal aspirate
samples are associated with bronchopulmonary dysplasia. Turk. J. Pediatr. 2017, 59, 122-129. [CrossRef] [PubMed]

Groneck, P.; Gotze-Speer, B.; Oppermann, M.; Eiffert, H.; Speer, C.P. Association of pulmonary inflammation and increased
microvascular permeability during the development of bronchopulmonary dysplasia: A sequential analysis of inflammatory
mediators in respiratory fluids of high-risk preterm neonates. Pediatrics 1994, 93, 712-718. [CrossRef]

D’Angio, C.T.; Basavegowda, K.; Avissar, N.E.; Finkelstein, ].N.; Sinkin, R.A. Comparison of tracheal aspirate and bronchoalveolar
lavage specimens from premature infants. Neonatology 2002, 82, 145-149. [CrossRef] [PubMed]

Niu, J.O.; Munshi, UK,; Siddiq, M.M.; Parton, L.A. Early increase in endothelin-1 in tracheal aspirates of preterm infants:
Correlation with bronchopulmonary dysplasia. J. Pediatr. 1998, 132, 965-970. [CrossRef] [PubMed]

Bourbia, A.; Cruz, M.A.; Rozycki, H.J. NF-kB in tracheal lavage fluid from intubated premature infants: Association with inflam-
mation, oxygen, and outcome. Arch. Dis. Child.-Fetal Neonatal Ed. 2006, 91, F36-F39. [CrossRef] [PubMed] [PubMed Central]
Takasaki, J.; Ogawa, Y. Interleukin 8 and granulocyte elastase in the tracheobronchial aspirate of infants without respiratory
distress syndrome or intrauterine infection and development of chronic lung disease. Pediatr. Int. 1997, 39, 437-441. [CrossRef]
[PubMed]

Su, B.H.; Chiu, H.Y,; Lin, TW,; Lin, H.C. Interleukin-8 in bronchoalveolar lavage fluid of premature infants at risk of chronic lung
disease. J. Formos. Med. Assoc. 2005, 104, 244-248. [PubMed]

Little, S.; Dean, T.; Bevin, S.; Hall, M.; Ashton, M.; Church, M.; Warner, J.; Shute, J. Role of elevated plasma soluble ICAM-1 and
bronchial lavage fluid IL-8 levels as markers of chronic lung disease in premature infants. Thorax 1995, 50, 1073-1079. [CrossRef]
[PubMed] [PubMed Central]

Huang, H.C; Tai, EY.; Wang, ES.; Liu, C.A.; Hsu, T.Y,; Ou, C.Y,; Yang, K.D. Correlation of Augmented IL-8 Production to
Premature Chronic Lung Disease: Implication of Posttranscriptional Regulation. Pediatr. Res. 2005, 58, 216-221. [CrossRef]
[PubMed]

Jonsson, B.; Tullus, K.; Brauner, A.; Lu, Y.; Noack, G. Early increase of TNFa and IL-6 in tracheobronchial aspirate fluid indicator
of subsequent chronic lung disease in preterm infants. Arch. Dis. Child.-Fetal Neonatal Ed. 1997, 77, F198-F201. [CrossRef]
[PubMed] [PubMed Central]

Jones, C.A.; Cayabyab, R.G.; Kwong, K.Y,; Stotts, C.; Wong, B.; Hamdan, H.; Minoo, P.; deLemos, R.A. Undetectable interleukin
(IL)-10 and persistent IL-8 expression early in hyaline membrane disease: A possible developmental basis for the predisposition
to chronic lung inflammation in preterm newborns. Pediatr. Res. 1996, 39, 966-975. [CrossRef] [PubMed] [PubMed Central]
Collaco, ].M.; McGrath-Morrow, S.A.; Griffiths, M.; Chavez-Valdez, R.; Parkinson, C.; Zhu, J.; Northington, FJ.; Graham, EIM.;
Everett, A.D. Perinatal Inflammatory Biomarkers and Respiratory Disease in Preterm Infants. J. Pediatr. 2022, 246, 34-39.e3.
[CrossRef] [PubMed] [PubMed Central]

Zhang, Z.; Wu, W.; Hou, L.; Jiang, J.; Wan, W.; Li, Z. Cytokines and Exhaled Nitric Oxide Are Risk Factors in Preterm Infants for
Bronchopulmonary Dysplasia. BioMed Res. Int. 2021, 2021, 6648208. [CrossRef] [PubMed] [PubMed Central]

https://doi.org/10.3390/children13070888


https://doi.org/10.4049/jimmunol.156.9.3389
https://www.ncbi.nlm.nih.gov/pubmed/8617965
https://www.ncbi.nlm.nih.gov/pubmed/11197203
https://www.ncbi.nlm.nih.gov/pubmed/2549166
https://www.ncbi.nlm.nih.gov/pubmed/1634507
https://doi.org/10.1084/jem.180.3.1135
https://www.ncbi.nlm.nih.gov/pubmed/8064229
https://doi.org/10.1016/j.intimp.2009.11.005
https://www.ncbi.nlm.nih.gov/pubmed/19909826
https://www.ncbi.nlm.nih.gov/pubmed/10845602
https://doi.org/10.1016/s0301-2115(97)00236-4
https://www.ncbi.nlm.nih.gov/pubmed/9605441
https://doi.org/10.1016/j.ajog.2004.04.014
https://www.ncbi.nlm.nih.gov/pubmed/15547537
https://doi.org/10.24953/turkjped.2017.02.003
https://www.ncbi.nlm.nih.gov/pubmed/29276864
https://doi.org/10.1542/peds.93.5.712
https://doi.org/10.1159/000063608
https://www.ncbi.nlm.nih.gov/pubmed/12373063
https://doi.org/10.1016/s0022-3476(98)70392-0
https://www.ncbi.nlm.nih.gov/pubmed/9627587
https://doi.org/10.1136/adc.2003.045807
https://www.ncbi.nlm.nih.gov/pubmed/16049063
https://pmc.ncbi.nlm.nih.gov/articles/PMC2672648
https://doi.org/10.1111/j.1442-200x.1997.tb03613.x
https://www.ncbi.nlm.nih.gov/pubmed/9316287
https://www.ncbi.nlm.nih.gov/pubmed/15909061
https://doi.org/10.1136/thx.50.10.1073
https://www.ncbi.nlm.nih.gov/pubmed/7491556
https://pmc.ncbi.nlm.nih.gov/articles/PMC475021
https://doi.org/10.1203/01.PDR.0000175886.46201.D7
https://www.ncbi.nlm.nih.gov/pubmed/16085794
https://doi.org/10.1136/fn.77.3.f198
https://www.ncbi.nlm.nih.gov/pubmed/9462189
https://pmc.ncbi.nlm.nih.gov/articles/PMC1720706
https://doi.org/10.1203/00006450-199606000-00007
https://www.ncbi.nlm.nih.gov/pubmed/8725256
https://pmc.ncbi.nlm.nih.gov/articles/PMC7101752
https://doi.org/10.1016/j.jpeds.2022.04.028
https://www.ncbi.nlm.nih.gov/pubmed/35460699
https://pmc.ncbi.nlm.nih.gov/articles/PMC9264338
https://doi.org/10.1155/2021/6648208
https://www.ncbi.nlm.nih.gov/pubmed/33506026
https://pmc.ncbi.nlm.nih.gov/articles/PMC7815401
https://doi.org/10.3390/children13070888

Children 2026, 13, 888 21 0f23

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

Leroy, S.; Caumette, E.; Waddington, C.; Hébert, A.; Brant, R.; Lavoie, PM. A Time-Based Analysis of Inflammation in Infants at
Risk of Bronchopulmonary Dysplasia. J. Pediatr. 2018, 192, 60-65.e1. [CrossRef] [PubMed]

Palojarvi, A.; Andersson, S.; Siitonen, S.; Janér, C.; Petdjd, J. High tissue factor in lungs and plasma associates with respiratory
morbidity in preterm infants. Acta Paediatr. 2012, 101, 403-409. [CrossRef] [PubMed]

Gupta, G.K.; Cole, C.H.; Abbasi, S.; Demissie, S.; Njinimbam, C.; Nielsen, H.C.; Colton, T.; Frantz, 1.D., 3rd. Effects of early
inhaled beclomethasone therapy on tracheal aspirate inflammatory mediators IL-8 and IL-1ra in ventilated preterm infants at risk
for bronchopulmonary dysplasia. Pediatr. Pulmonol. 2000, 30, 275-281. [PubMed]

Li, X.; Liu, H. Effect of Low Dose Glucocorticoid Inhalation on Bronchopulmonary Dysplasia in Premature Infants. Horm. Metab.
Res. 2025, 57, 96-100. [CrossRef] [PubMed]

Honda, R.; Ichiyama, T.; Sunagawa, S.; Maeba, S.; Hasegawa, K.; Furukawa, S. Inhaled corticosteroid therapy reduces cytokine
levels in sputum from very preterm infants with chronic lung disease. Acta Paediatr. 2009, 98, 118-122. [CrossRef] [PubMed]
Parikh, N.A.; Locke, R.G.; Chidekel, A.; Leef, K.H.; Emberger, J.; Paul, D.A.; Stefano, J.L. Effect of inhaled corticosteroids on
markers of pulmonary inflammation and lung maturation in preterm infants with evolving chronic lung disease. . Osteopath.
Med. 2004, 104, 114-120. [PubMed]

Mehta, R.; Purohit, A.; Petrova, A. Extreme prematurity-associated alterations of pulmonary inflammatory mediators before and
after surfactant administration. Pediatr. Neonatol. 2023, 64, 160-167. [CrossRef] [PubMed]

Chang, Y.S.; Ahn, S.Y.; Yoo, H.S,; Sung, S.I.; Choi, S.J.; Oh, W.I.; Park, W.S. Mesenchymal stem cells for bronchopulmonary
dysplasia: Phase 1 dose-escalation clinical trial. J. Pediatr. 2014, 164, 966-972.e6. [CrossRef] [PubMed]

Gitto, E.; Reiter, R.J.; Sabatino, G.; Buonocore, G.; Romeo, C.; Gitto, P.; Buggé, C.; Trimarchi, G.; Barberi, I. Correlation among
cytokines, bronchopulmonary dysplasia and modality of ventilation in preterm newborns: Improvement with melatonin
treatment. |. Pineal Res. 2005, 39, 287-293. [CrossRef] [PubMed]

Skouroliakou, M.; Konstantinou, D.; Agakidis, C.; Kaliora, A.; Kalogeropoulos, N.; Massara, P.; Antoniadi, M.; Panagiotakos, D.;
Karagiozoglou-Lampoudi, T. Parenteral MCT/ w-3 Polyunsaturated Fatty Acid-Enriched Intravenous Fat Emulsion Is Associated
with Cytokine and Fatty Acid Profiles Consistent with Attenuated Inflammatory Response in Preterm Neonates: A Randomized,
Double-Blind Clinical Trial. Nutr. Clin. Pract. 2016, 31, 235-244. [CrossRef] [PubMed]

Viscardi, R.M.; Hasday, ].D.; Gumpper, K.E,; Taciak, V.; Campbell, A.B.; Palmer, TW. Cromolyn sodium prophylaxis inhibits
pulmonary proinflammatory cytokines in infants at high risk for bronchopulmonary dysplasia. Am. . Respir. Crit. Care Med. 1997,
156, 1523-1529. [CrossRef] [PubMed]

Lyon, A.J.; McColm, J.; Middlemist, L.; Fergusson, S.; McIntosh, N.; Ross, PW. Randomised trial of erythromycin on the
development of chronic lung disease in preterm infants. Arch. Dis. Child.-Fetal Neonatal Ed. 1998, 78, F10-F14. [CrossRef]
[PubMed] [PubMed Central]

Kasper, D.C.; Mechtler, T.P; Reischer, G.H.; Witt, A.; Langgartner, M.; Pollak, A.; Herkner, K.R.; Berger, A. The bacterial load of
Ureaplasma parvum in amniotic fluid is correlated with an increased intrauterine inflammatory response. Diagn. Microbiol. Infect.
Dis. 2010, 67, 117-121. [CrossRef] [PubMed]

Baier, J.R.; Loggins, J.; Kruger, T.E. Monocyte chemoattractant protein-1 and interleukin-8 are increased in bronchopulmonary
dysplasia: Relation to isolation of Ureaplasma urealyticum. J. Investig. Med. 2001, 49, 362-369. [CrossRef] [PubMed]

Kotecha, S.; Hodge, R.; Schaber, J.A.; Miralles, R.; Silverman, M.; Grant, W.D. Pulmonary Ureaplasma urealyticum is associated with
the development of acute lung inflammation and chronic lung disease in preterm infants. Pediatr. Res. 2004, 55, 61-68. [CrossRef]
[PubMed]

Beeton, M.L.; Maxwell, N.C.; Davies, P.L.; Nuttall, D.; McGreal, E.; Chakraborty, M.; Spiller, O.B.; Kotecha, S. Role of pulmonary
infection in the development of chronic lung disease of prematurity. Eur. Respir. ]. 2011, 37, 1424-1430. [CrossRef] [PubMed]
Yada, Y.; Honma, Y.; Koike, Y.; Takahashi, N.; Momoi, M.Y. Association of development of chronic lung disease of newborns with
neonatal colonization of Ureaplasma and cord blood interleukin-8 level. Pediatr. Int. 2010, 52, 718-722. [CrossRef] [PubMed]
Glaser, K.; Gradzka-Luczewska, A.; Szymankiewicz-Breborowicz, M.; Kawczynska-Leda, N.; Henrich, B.; Waaga-Gasser, A.M.;
Speer, C.P. Perinatal Ureaplasma Exposure Is Associated with Increased Risk of Late Onset Sepsis and Imbalanced Inflammation
in Preterm Infants and May Add to Lung Injury. Front. Cell. Infect. Microbiol. 2019, 9, 68. [CrossRef] [PubMed] [PubMed Central]
Rocha, G.; Proenga, E.; Guedes, A.; Carvalho, C.; Areias, A.; Ramos, ].P,; Rodrigues, T.; Guimaraes, H. Cord blood levels of IL-6,
IL-8 and IL-10 may be early predictors of bronchopulmonary dysplasia in preterm newborns small for gestational age. Dis.
Markers 2012, 33, 925632. [CrossRef] [PubMed] [PubMed Central]

Kayki, G.; Sag, E.; Aliyev, F.; Ozen, S.; Yigit, S. Cord blood chemokine levels as a predictor of oxidative stress and morbidities of
prematurity. Cytokine 2025, 194, 157006. [CrossRef] [PubMed]

Paananen, R.; Husa, A K.; Vuolteenaho, R.; Herva, R.; Kaukola, T.; Hallman, M. Blood cytokines during the perinatal period in
very preterm infants: Relationship of inflammatory response and bronchopulmonary dysplasia. J. Pediatr. 2009, 154, 39-43.e3.
[CrossRef] [PubMed]

https://doi.org/10.3390/children13070888


https://doi.org/10.1016/j.jpeds.2017.09.011
https://www.ncbi.nlm.nih.gov/pubmed/29092751
https://doi.org/10.1111/j.1651-2227.2011.02537.x
https://www.ncbi.nlm.nih.gov/pubmed/22107344
https://www.ncbi.nlm.nih.gov/pubmed/11015126
https://doi.org/10.1055/a-2414-3061
https://www.ncbi.nlm.nih.gov/pubmed/39348827
https://doi.org/10.1111/j.1651-2227.2008.01071.x
https://www.ncbi.nlm.nih.gov/pubmed/19086942
https://www.ncbi.nlm.nih.gov/pubmed/15083986
https://doi.org/10.1016/j.pedneo.2022.03.022
https://www.ncbi.nlm.nih.gov/pubmed/36224067
https://doi.org/10.1016/j.jpeds.2013.12.011
https://www.ncbi.nlm.nih.gov/pubmed/24508444
https://doi.org/10.1111/j.1600-079X.2005.00251.x
https://www.ncbi.nlm.nih.gov/pubmed/16150110
https://doi.org/10.1177/0884533615602011
https://www.ncbi.nlm.nih.gov/pubmed/26378118
https://doi.org/10.1164/ajrccm.156.5.9611088
https://www.ncbi.nlm.nih.gov/pubmed/9372670
https://doi.org/10.1136/fn.78.1.f10
https://www.ncbi.nlm.nih.gov/pubmed/9536833
https://pmc.ncbi.nlm.nih.gov/articles/PMC1720741
https://doi.org/10.1016/j.diagmicrobio.2009.12.023
https://www.ncbi.nlm.nih.gov/pubmed/20207094
https://doi.org/10.2310/6650.2001.33902
https://www.ncbi.nlm.nih.gov/pubmed/11478413
https://doi.org/10.1203/01.PDR.0000100757.38675.50
https://www.ncbi.nlm.nih.gov/pubmed/14605250
https://doi.org/10.1183/09031936.00037810
https://www.ncbi.nlm.nih.gov/pubmed/20884745
https://doi.org/10.1111/j.1442-200X.2010.03095.x
https://www.ncbi.nlm.nih.gov/pubmed/20136721
https://doi.org/10.3389/fcimb.2019.00068
https://www.ncbi.nlm.nih.gov/pubmed/31001484
https://pmc.ncbi.nlm.nih.gov/articles/PMC6454044
https://doi.org/10.3233/DMA-2012-0903
https://www.ncbi.nlm.nih.gov/pubmed/22710869
https://pmc.ncbi.nlm.nih.gov/articles/PMC3810695
https://doi.org/10.1016/j.cyto.2025.157006
https://www.ncbi.nlm.nih.gov/pubmed/40752454
https://doi.org/10.1016/j.jpeds.2008.07.012
https://www.ncbi.nlm.nih.gov/pubmed/18760808
https://doi.org/10.3390/children13070888

Children 2026, 13, 888 22 0f 23

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

De Dooy, J.; leven, M.; Stevens, W.; De Clerck, L.; Mahieu, L. High levels of CXCLS in tracheal aspirate samples taken at birth are
associated with adverse respiratory outcome only in preterm infants younger than 28 weeks gestation. Pediatr. Pulmonol. 2007, 42,
193-203. [CrossRef] [PubMed]

Munshi, U.K.; Niu, J.O.; Siddiq, M.M.; Parton, L.A. Elevationof interleukin-8 and interleukin-6 precedes the influx of neutrophils
in tracheal aspirates from preterm infants who develop bronchopulmonary dysplasia. Pediatr. Pulmonol. 1997, 24, 331-336.
[PubMed]

Shimotake, TK,; Izhar, EM.; Rumilla, K.; Li, J.; Tan, A.; Page, K.; Brasier, A.R.; Schreiber, M.D.; Hershenson, M.B. Interleukin
(IL)-1pB in tracheal aspirates from premature infants induces airway epithelial cell IL-8 expression via an NF-«B dependent
pathway. Pediatr. Res. 2004, 56, 907-913. [CrossRef] [PubMed]

Thome, U.; Gotze-Speer, B.; Speer, C.P; Pohlandt, F. Comparison of pulmonary inflammatory mediators in preterm infants treated
with intermittent positive pressure ventilation or high frequency oscillatory ventilation. Pediatr. Res. 1998, 44, 330-337. [CrossRef]
[PubMed]

Dani, C.; Bertini, G.; Pezzati, M,; Filippi, L.; Pratesi, S.; Caviglioli, C.; Rubaltelli, EF. Effects of pressure support ventilation plus
volume guarantee vs. high-frequency oscillatory ventilation on lung inflammation in preterm infants. Pediatr. Pulmonol. 2006, 41,
242-249. [CrossRef] [PubMed]

Capoluongo, E.; Vento, G.; Santonocito, C.; Matassa, P.G.; Vaccarella, C.; Giardina, B.; Romagnoli, C.; Zuppi, C.; Ameglio, F.
Comparison of serum levels of seven cytokines in premature newborns undergoing different ventilatory procedures: High
frequency oscillatory ventilation or synchronized intermittent mandatory ventilation. Eur. Cytokine Netw. 2005, 16, 199-205.
[PubMed]

Lista, G.; Castoldi, F; Fontana, P; Reali, R.; Reggiani, A.; Bianchi, S.; Compagnoni, G. Lung inflammation in preterm infants with
respiratory distress syndrome: Effects of ventilation with different tidal volumes. Pediatr. Pulmonol. 2006, 41, 357-363. [CrossRef]
[PubMed]

Aghai, Z.H.; Kode, A.; Saslow, ].G.; Nakhla, T.; Farhath, S.; Stahl, G.E.; Eydelman, R.; Strande, L.; Leone, P.; Rahman, I.
Azithromycin Suppresses Activation of Nuclear Factor-kappa B and Synthesis of Pro-inflammatory Cytokines in Tracheal
Aspirate Cells from Premature Infants. Pediatr. Res. 2007, 62, 483-488. [CrossRef] [PubMed]

Nunes, C.R.; Procianoy, R.S.; Corso, A.L,; Silveira, R.C. Use of Azithromycin for the Prevention of Lung Injury in Mechanically
Ventilated Preterm Neonates: A Randomized Controlled Trial. Neonatology 2020, 117, 522-528. [CrossRef] [PubMed]

Yao, Y.; Zhang, G.; Wang, F.; Wang, M. Efficacy of budesonide in the prevention and treatment of bronchopulmonary dysplasia in
premature infants and its effect on pulmonary function. Am. J. Transl. Res. 2021, 13, 4949-4958. eCollection 2021. [PubMed]
Witkowski, S.M.; de Castro, E.M.; Nagashima, S.; Martins, A.P.C.; Okamoto, C.T.; Nakata, G.T.M.; Collete, M.; Machado-Souza, C,;
de Noronha, L. Analysis of interleukins 6, 8, 10 and 17 in the lungs of premature neonates with bronchopulmonary dysplasia.
Cytokine 2020, 131, 155118. [CrossRef] [PubMed]

Coalson, ].J.; Winter, V.T.; Siler-Khodr, T.; Yoder, B.A. Neonatal chronic lung disease in extremely immature baboons. Am. ]. Respir.
Crit. Care Med. 1999, 160, 1333-1346. [CrossRef] [PubMed]

Kramer, B.W.; Moss, T.J.; Willet, K.E.; Newnham, J.P; Sly, P.D.; Kallapur, S.G.; Ikegami, M.; Jobe, A.H. Dose and time response
after intraamniotic endotoxin in preterm lambs. Am. J. Respir. Crit. Care Med. 2001, 164, 982-988. [CrossRef] [PubMed]

Cheah, F.C.; Jobe, A.H.; Moss, T.]J.; Newnham, J.P.; Kallapur, S.G. Oxidative stress in fetal lambs exposed to intra-amniotic
endotoxin in a chorioamnionitis model. Pediatr. Res. 2008, 63, 274-279. [CrossRef] [PubMed]

McAdams, R.M.; Vanderhoeven, |.; Beyer, R.P.,; Bammler, TK.; Farin, EM.; Liggitt, H.D.; Kapur, R.P.,; Gravett, M.G.; Rubens, C.E,;
Adams Waldorf, K.M. Choriodecidual infection downregulates angiogenesis and morphogenesis pathways in fetal lungs from
Macaca nemestrina. PLoS ONE 2012, 7, e46863. Erratum in PLoS ONE 2013, 8, 10-1371. https:/ /doi.org/10.1371/annotation /2832
117a-0601-4416-a256-c7e64c541a0b. [CrossRef] [PubMed] [PubMed Central]

Ikegami, M.; Kallapur, S.G.; Jobe, A.H. Initial responses to ventilation of premature lambs exposed to intra-amniotic endotoxin 4
days before delivery. Am. ]. Physiol.-Lung Cell. Mol. Physiol. 2004, 286, L573-L579. [CrossRef] [PubMed]

Yoder, B.A.; Coalson, J.J.; Winter, V.T; Siler-Khodyr, T.; Duffy, L.B.; Cassell, G.H. Effects of antenatal colonization with Ureaplasma
urealyticum on pulmonary disease in the immature baboon. Pediatr. Res. 2003, 54, 797-807. [CrossRef] [PubMed]

Wallace, M.].; Probyn, M.E.; Zahra, V.A_; Crossley, K.; Cole, T.].; Davis, P.G.; Morley, C.]J.; Hooper, S.B. Early biomarkers and
potential mediators of ventilation-induced lung injury in very preterm lambs. Respir. Res. 2009, 10, 19. [CrossRef] [PubMed]
[PubMed Central]

Thomson, M.A.; Yoder, B.A.; Winter, V.T.; Giavedoni, L.; Chang, L.Y.; Coalson, ].J. Delayed extubation to nasal continuous
positive airway pressure in the immature baboon model of bronchopulmonary dysplasia: Lung clinical and pathological findings.
Pediatrics 2006, 118, 2038-2050. [CrossRef] [PubMed]

Deng, H.; Mason, S.N.; Auten, R.L., Jr. Lung inflammation in hyperoxia can be prevented by antichemokine treatment in newborn
rats. Am. J. Respir. Crit. Care Med. 2000, 162, 2316-2323. [CrossRef] [PubMed]

https://doi.org/10.3390/children13070888


https://doi.org/10.1002/ppul.20511
https://www.ncbi.nlm.nih.gov/pubmed/17238187
https://www.ncbi.nlm.nih.gov/pubmed/9407566
https://doi.org/10.1203/01.PDR.0000145274.47221.10
https://www.ncbi.nlm.nih.gov/pubmed/15496610
https://doi.org/10.1203/00006450-199809000-00011
https://www.ncbi.nlm.nih.gov/pubmed/9727709
https://doi.org/10.1002/ppul.20350
https://www.ncbi.nlm.nih.gov/pubmed/16397875
https://www.ncbi.nlm.nih.gov/pubmed/16266860
https://doi.org/10.1002/ppul.20363
https://www.ncbi.nlm.nih.gov/pubmed/16477653
https://doi.org/10.1203/PDR.0b013e318142582d
https://www.ncbi.nlm.nih.gov/pubmed/17667842
https://doi.org/10.1159/000509462
https://www.ncbi.nlm.nih.gov/pubmed/32894857
https://www.ncbi.nlm.nih.gov/pubmed/34150079
https://doi.org/10.1016/j.cyto.2020.155118
https://www.ncbi.nlm.nih.gov/pubmed/32403004
https://doi.org/10.1164/ajrccm.160.4.9810071
https://www.ncbi.nlm.nih.gov/pubmed/10508826
https://doi.org/10.1164/ajrccm.164.6.2103061
https://www.ncbi.nlm.nih.gov/pubmed/11587983
https://doi.org/10.1203/PDR.0b013e31815f653b
https://www.ncbi.nlm.nih.gov/pubmed/18091343
https://doi.org/10.1371/annotation/2832117a-0601-4416-a256-c7e64c541a0b
https://doi.org/10.1371/annotation/2832117a-0601-4416-a256-c7e64c541a0b
https://doi.org/10.1371/journal.pone.0046863
https://www.ncbi.nlm.nih.gov/pubmed/23056493
https://pmc.ncbi.nlm.nih.gov/articles/PMC3467273
https://doi.org/10.1152/ajplung.00211.2003
https://www.ncbi.nlm.nih.gov/pubmed/14617517
https://doi.org/10.1203/01.PDR.0000091284.84322.16
https://www.ncbi.nlm.nih.gov/pubmed/12930907
https://doi.org/10.1186/1465-9921-10-19
https://www.ncbi.nlm.nih.gov/pubmed/19284536
https://pmc.ncbi.nlm.nih.gov/articles/PMC2662809
https://doi.org/10.1542/peds.2006-0622
https://www.ncbi.nlm.nih.gov/pubmed/17079577
https://doi.org/10.1164/ajrccm.162.6.9911020
https://www.ncbi.nlm.nih.gov/pubmed/11112157
https://doi.org/10.3390/children13070888

Children 2026, 13, 888 23 0f 23

171.

172.

173.

174.

175.

176.

Vozzelli, M.A.; Mason, S.N.; Whorton, M.H.; Auten, R.L., Jr. Antimacrophage chemokine treatment prevents neutrophil and
macrophage influx in hyperoxia-exposed newborn rat lung. Am. ]. Physiol.-Lung Cell. Mol. Physiol. 2004, 286, 1.488-1.493.
[CrossRef] [PubMed]

Gie, A.G.; Regin, Y.; Salaets, T.; Casiraghi, C.; Salomone, E; Deprest, J.; Vanoirbeek, J.; Toelen, J. Intratracheal budes-
onide/surfactant attenuates hyperoxia-induced lung injury in preterm rabbits. Am. J. Physiol.-Lung Cell. Mol. Physiol. 2020, 319,
1.949-1.956. [CrossRef] [PubMed]

Dani, C.; Corsini, I.; Burchielli, S.; Cangiamila, V.; Romagnoli, R.; Jayonta, B.; Longini, M.; Paternostro, F.; Buonocore, G. Natural
surfactant combined with beclomethasone decreases lung inflammation in the preterm lamb. Respiration 2011, 82, 369-376.
[CrossRef] [PubMed]

Kwon, J.H.; Kim, M.; Bae, YK,; Kim, G.H.; Choi, S.J.; Oh, W.; Um, S.; Jin, H.]. Decorin Secreted by Human Umbilical Cord
Blood-Derived Mesenchymal Stem Cells Induces Macrophage Polarization via CD44 to Repair Hyperoxic Lung Injury. Int. J. Mol.
Sci. 2019, 20, 4815. [CrossRef] [PubMed] [PubMed Central]

Kramer, B.W.; Albertine, K.H.; Moss, T.J.; Nitsos, I.; Ladenburger, A.; Speer, C.P.; Newnham, ]J.P,; Jobe, A.H. All-trans retinoic
acid and intra-amniotic endotoxin-mediated effects on fetal sheep lung. Anat. Rec. 2008, 291, 1271-1277. [CrossRef] [PubMed]
[PubMed Central]

Jensen, E.A_; Dysart, K,; Gantz, M.G.; McDonald, S.; Bamat, N.A.; Keszler, M.; Kirpalani, H.; Laughon, M.M.; Poindexter, B.B.;
Duncan, A.F; et al. The diagnosis of bronchopulmonary dysplasia in very preterm infants. An evidence-based approach. Am. J.
Respir. Crit. Care Med. 2019, 200, 751-759. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/children13070888


https://doi.org/10.1152/ajplung.00414.2002
https://www.ncbi.nlm.nih.gov/pubmed/12588706
https://doi.org/10.1152/ajplung.00162.2020
https://www.ncbi.nlm.nih.gov/pubmed/32903026
https://doi.org/10.1159/000328928
https://www.ncbi.nlm.nih.gov/pubmed/21921671
https://doi.org/10.3390/ijms20194815
https://www.ncbi.nlm.nih.gov/pubmed/31569732
https://pmc.ncbi.nlm.nih.gov/articles/PMC6801980
https://doi.org/10.1002/ar.20743
https://www.ncbi.nlm.nih.gov/pubmed/18727105
https://pmc.ncbi.nlm.nih.gov/articles/PMC11759063
https://doi.org/10.1164/rccm.201812-2348OC
https://www.ncbi.nlm.nih.gov/pubmed/30995069
https://doi.org/10.3390/children13070888

	Introduction 
	Epidemiology, Risk Factors, Pathogenesis and Genetics of Bronchopulmonary Disease 
	The Role of the Innate Immune System in the Development of BPD 
	Initiation of Inflammation (Figure 1) 
	Cytokine and Chemokine Release 
	Resolution of Inflammation 

	Materials and Methods 
	Search Strategy 
	Study Selection Criteria 
	Literature Selection Process 

	Cytokines 
	IL-1 
	Human Studies on IL-1 
	Animal Studies on IL-1beta 
	IL-8/CXCL8 
	Human Studies 
	Animal Studies 

	Discussion 
	IL-1 as an Upstream Driver of Inflammation 
	IL-8–Mediated Neutrophil Recruitment and Amplification of Injury 
	Integration of Prenatal and Postnatal Inflammatory Signals 
	Cellular and Molecular Integration 
	Methodological Heterogeneity: BPD Definitions and Gestational Age as Confounders 
	Translational Limitations of Animal Models Regarding IL-8 Biology 
	Clinical Implications 

	Conclusions 
	References

