
Placental IL-10 Dysregulation and Association With
Bronchopulmonary Dysplasia Risk

ELISABETH C. MCGOWAN, STEFAN KOSTADINOV, KATHRYN MCLEAN, FRANCESCA GOTSCH, DEBORAH VENTURINI,
ROBERTO ROMERO, ABBOT R. LAPTOOK, AND SURENDRA SHARMA

Departments of Pediatrics [E.C.M., K.M., D.V., A.R.L., S.S.] and Pathology [S.K.], Women and Infants Hospital, Warren Alpert Medical
School of Brown University, Providence, Rhode Island 02915; Perinatology Research Branch [F.G., R.R.], Eunice Kennedy Shriver

National Institute of Child Health and Human Development (NICHD), NIH/DHHS, Detroit, Michigan 48210

ABSTRACT: Cytokine profiles in amniotic fluid, cord serum, and
tracheal aspirate of premature infants suggest a shift toward a proin-
flammatory state. Cytokines also contribute to the pathogenesis of
bronchopulmonary dysplasia (BPD). We hypothesize that the initi-
ating events for BPD are reflected in the placenta and propose that
placental expression of cytokines provide a blueprint of events
leading to BPD. This is a retrospective, case-controlled study of
placental cytokines of premature infants with (n � 49) and without
(n � 49) BPD, matched for gender, birth weight, and year of birth at
Women and Infants Hospital between 2003 and 2005. Cytokine
expression, including IL-6 and IL-10, was determined by immuno-
histochemistry in membrane rolls, umbilical cords, and placentas.
IL-6 was similarly expressed in all tissues of infants with and without
BPD. In contrast, anti-inflammatory cytokine IL-10 was less prom-
inent in the placenta of patients with BPD compared with those
without BPD. IL-10 expression in the villous trophoblast layer was
associated with a reduced odds ratio of developing BPD (adjusted
OR 0.08, 95% CI 0.01–0.70, p � 0.02). These results suggest that a
placental balance between inflammatory and anti-inflammatory cy-
tokines is crucial to normal lung organogenesis. Importantly, IL-10
seems to be protective against the development of BPD. (Pediatr Res
66: 455–460, 2009)

Bronchopulmonary dysplasia (BPD) is the most common
major morbidity of prematurity, and its frequency is

higher with decreasing birth weight (BW) and gestational age
(GA). BPD is associated with longer neonatal hospitalizations,
neurodevelopmental impairment, and high rates of rehospital-
ization within the first 2 y of life (1–4). Despite improved
survival of premature infants over the past 15 y, the incidence of
BPD remains unchanged among infants with a BW �1250 g,
ranging between 12 and 62% (5).
The pathology of BPD has shifted from airway injury,

inflammation, and parenchymal fibrosis (6) to a new BPD,
characterized by an impairment of alveolar and vascular de-
velopment (7). The pathogenesis of this new BPD is multi-
factorial, with environmental contributions from intrauterine
infection, inflammation, and cytokine exposure as well as
genetic heritability (8,9). Supportive data linking infection/

inflammation to BPD include the higher rates of histologic
chorioamnionitis among infants with BPD compared with
those without BPD (10,11). Several proinflammatory cyto-
kines have been linked to BPD. In particular, elevated
concentrations of IL-6 in umbilical cord blood (12), amni-
otic fluid (13,14), and tracheal aspirates (15) have been
documented in preterm infants with BPD. In contrast,
reduced levels of IL-10, a cytokine with potent anti-
inflammatory properties, have been reported in tracheal
aspirates of patients with BPD (16,17). It has been sug-
gested that the susceptibility of preterm infants to BPD may
in part reflect an inability to regulate inflammation through
the decreased expression of IL-10 (18).
There has been little investigation of cytokine expression

within the placenta and the potential association with BPD.
The presence or absence of placental inflammation in maternal
and fetal compartments can potentially provide further insight
in understanding the pathogenesis of BPD. These changes in
specific placental compartments may be linked to subsequent
local organ inflammatory response and thereby serve as a
blueprint to trigger events predisposing to the development of
BPD. We specifically hypothesize that BPD among infants
with a BW �1250 g is associated with an imbalance between
expression of “proinflammatory” and “anti-inflammatory” cy-
tokines in specific compartments of the placenta.

METHODS

This study was approved by the Institutional Review Board of Women and
Infants’ Hospital of Rhode Island (WIHRI). A waiver of consent was granted
to perform this study.

Preliminary studies. Archived placental tissue of 10 infants, born between
24 and 26 wk of gestation, was used to determine the adequacy of immuno-
histochemistry (IHC) staining of paraffin-embedded tissue for IL-6, IL-8,
TNF-�, and IL-10. An additional 19 placentas were stained to facilitate
determination of sample size.

Study. This was a retrospective, case-controlled study. Infants included
were �1250 g, born at WIHRI between January 2003 and June 2005, and
whose placental tissue had been collected at delivery. Pairs of infants with and
without BPD were matched for gender, BW, and birth within 6 mo of each
other. Exclusion criteria were major congenital anomalies and death before
36-wk postmenstrual age (PMA). The NICU admission log was used to
capture eligible infants.

Formalin-fixed, paraffin-embedded placental tissue blocks were retrieved
from pathology archives. Sections were cut (5-�m thick) to provide the
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extraplacental membrane roll (for examination of the amnion and chorion),
umbilical cord (for examination of the vein, artery, and stroma), and full-
thickness placental disc (for examination of the amnion, chorion, decidua,
villous trophoblast layer and stroma, and extravillous trophoblast).

Immunohistochemistry. Antigen retrieval of deparaffinized sections was
performed using a citric acid based unmasking solution (Vector, Burlingame,
CA) and microwave oven technique. Sections were blocked for 1 h with 3%
goat serum and incubated with the respective primary polyclonal rabbit
antibody (1:100, Research and Diagnostic Systems, Inc.) in a humidified
chamber for 1 h in room air, followed by biotinylated secondary anti-
rabbit antibody (VectaStain Elite Kit) for 45 min. Immunolabeling was
performed by a standard Avidin-Biotin (ABC) technique. Labeling was
developed with 0.05% 3,3�diaminobenzidine (DAB; Sigma Chemical Co.,
St. Louis, MO), and slides were counter stained with hematoxylin (Fisher
Scientific, Kalamazoo, MI).

Positive controls were previously stained tissues that showed moderate to
severe expression of the corresponding cytokine. Negative controls were
standard rabbit IgG controls. Every batch of staining included seven cases and
their matched controls, as well as two positive and two negative controls.

Grading was done by two independent, blinded reviewers (SK and EM),
with supervision by the third reviewer (SS). A categorical grading system was
used, 0 for no staining, 1 for mild staining, and 2 for intense staining. Because
of potential grading subjectivity, interobserver variability was assessed (see
data analysis).

Clinical data. Clinical data were collected by chart review using pre-
defined variables. Maternal data included demographics, and obstetric vari-
ables including antenatal steroid use, antibiotic use, diabetes, hypertension
(chronic versus pregnancy induced), prolonged rupture of membranes (�18
h), preeclampsia, preterm labor, preterm premature rupture of membranes
(PPROM), clinical chorioamnionitis (maternal temperature �37.8°C and
uterine tenderness � malodorous vaginal discharge and maternal white blood
cell count �15,000), histologic chorioamnionitis (any grade of inflammation
documented on the placental report retrieved from pathology archives), and
mode of delivery.

Neonatal data included BW, GA (based on Obstetric best estimate), race,
gender, and delivery room data. BPD was defined by the use of supplemental
oxygen to maintain oxygen saturation �90% at 36-wk PMA (19). Infant
morbidities included number of days on ventilator support, air leaks, surfac-
tant administration, late-onset sepsis (LOS, culture positive), necrotizing
enterocolitis (NEC, �Bell’s Stage II), patent ductus arteriosus (PDA, treated
with indomethacin or ligation), intraventricular hemorrhage (IVH, �grade 3),
cystic periventricular leukomalacia (PVL), and retinopathy of prematurity
(ROP, �stage III).

Sample size and data analysis. Based on our preliminary studies of trends
in differences of IL-6 staining in placental compartments, a sample size of 64
patients (32 in each group) was needed to provide 80% power to reject the null
hypothesis with a two-sided �-level of 0.05. In our study period, we analyzed
49 cases (with BPD) and 49 controls (without BPD).

Interobserver agreement for grading of cytokine expression was analyzed
using kappa values derived from the assessment of 11 different placental
compartments. Group comparisons for maternal and infant data were analyzed
by �2 for dichotomous variables and t test for continuous variables. Associ-
ations between cytokine expression (in each placental compartment) and BPD
were initially performed by univariate analysis using �2. The latter analysis
was done using data in matched pairs, instead of composite groups. To
simplify the statistical analysis of the relationship between cytokines and
BPD, we collapsed grades 1 and 2 staining into “any” staining. Therefore,
grading was grouped as “none” (grade 0) versus “any” (grade 1 or 2).
Conditional logistic regression was used on the matched data to determine
associations between placental expression of cytokines and BPD and was
adjusted for GA and race. Results are expressed as an OR with 95% CI. A
p value of �0.05 was considered statistically significant.

RESULTS

Our pilot experiments established the conditions for IHC
analysis. Staining of the placental tissue of 29 infants indi-
cated consistent staining for IL-6 and IL-10 but was not
observed for TNF-� and IL-8. Based on these results, staining
for the main study was limited to IL-6 and IL-10 to facilitate
a larger number of placental tissue block assessments. Grading
of staining agreement between the two raters varied from
kappa values of 0.71 to 0.92 with an overall kappa of 0.82.

There were 348 in-born patients, with a BW �1250 g born
between January 2003 and June 2005 with available placental
tissue. Deaths occurred in 34 patients before 36 wk PMA,
leaving 314 patients (106 with BPD and 208 without BPD)
available for this study. Using matching criteria, 98 infants
were included in this study: 49 with BPD and 49 without BPD.
Medical complications of pregnancy (diabetes, hyperten-

sion, preeclampsia) were similar between the groups (see
Table 1). There was no difference in the percentage of women
with PPROM, prolonged rupture of membranes, or histologic
and clinical chorioamnionitis (CA). The incidence of histo-
logic CA was more than two times greater than clinical CA.
Infants were matched for BW, gender, and interval of birth

(see Table 2). Despite the matching criteria, there was a small
difference in GA; infants with BPD were almost 1 wk less
mature. There was a trend for a difference in distribution of
race with a greater predominance of Caucasian patients, and
less African Americans and Hispanic infants with BPD. De-
livery room interventions were similar between groups. There
was a difference between groups receiving surfactant (Table 3)
but this was not felt to be clinically important. As expected,
infants with BPD spent more days on ventilators and had more
frequent postnatal steroid use. Morbidities that were higher in
infants with BPD were PDA’s requiring treatment and ROP �
stage III.

Table 1. Maternal data

BPD
(n � 47) (%)*

No BPD
(n � 49) (%)

Hypertension 13 24
Preeclampsia 6 16
PPROM 34 26
Prolonged rupture of membranes 32 22
Diabetes 4 6
Abruption 19 20
Chorioamnionitis
Clinical 21 12
Histological 51 57

Steroids (complete course) 62 58
Antibiotics (any prior to delivery) 75 67
Spontaneous labor 68 65
Cesarean delivery 62 71

* Two sets of twins in this group.

Table 2. Infant demographics and delivery room data

BPD
(n � 49)

No BPD
(n � 49)

Birth weight* (g) 814 � 172 879 � 208
Male 55% 55%
Gestational age*† 25.9 � 1.5 26.7 � 1.8
Race‡
Caucasian 80% 60%
Hispanic 10% 22%
African American 4% 14%
Other 6% 4%

Small for gestational age 10% 14%
Intubated 94% 85%
Chest compressions 0% 2%

* Mean � SD.
† p � 0.03.
‡ p � 0.07.
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IHC analysis of IL-6. IL-6 was widely expressed in all
placental compartments. In our extraplacental membrane rolls,
IL-6 was present in both amnion and chorion, and patterns
were similar between newborns with and without BPD (Fig.
1A and B). In patients with BPD, 82% (36/44) showed signif-
icant staining (grade 1 or 2) in the amnion and 90% (43/48)
had positive staining in the chorion. For patients without BPD,
there was 68% (30/44) and 88% (39/48) positive staining for
IL-6 in the amnion and chorion, respectively.
IL-6 was also widely expressed in the villous tropho-

blasts (Fig. 2A and B). The distribution of trophoblast
staining for patients with BPD was as follows: grade 0
(4%), grade 1 (55%), and grade 2 (40%). This distribution
pattern was similar for villous trophoblasts of patients
without BPD as well.
IL-6 staining in the umbilical cord vessels was not robust.

In patients with BPD, only 27% (13/48) showed staining in the
arterial endothelium and 31% (15/48) in the venous endothe-

lium, and the staining was predominantly mild (grade 1). This
pattern was also similar for infants without BPD. There was
more abundant staining in the cord stroma, with 75% of
patients both with and without BPD demonstrating staining
for IL-6 (data not shown).
IHC analysis of IL-10. Unlike IL-6, the overall staining for

IL-10 was comparatively less prominent in all the placental
compartments surveyed. For example, IL-10 staining was less
intense in the extraplacental membrane roll (Fig. 1C and D).
In the amnion of patients with BPD 28% (10/36) had no
staining, while 64% (23/36) had grade 1 staining and the
remaining 8% (3/56) had grade 2. This distribution was
similar for the chorion as well. A similar pattern of staining
was present for infants without BPD. Interestingly, the adjoin-
ing decidual area showed no staining for IL-10. The umbilical
cord tissue also showed little staining for IL-10, irrespective of
the presence or absence of BPD.
There were differences in the staining for IL-10 in placental

villous trophoblasts between patients with and without BPD
(Fig. 2C and D). Sixty percent (23/38) of the patients with
BPD had no staining, while only 40% (15/38) had grade 1
staining. In contrast, for those patients without BPD, 63%
(21/38) had grade 1 or 2 IL-10 staining.
Associations between cytokines and BPD. There were no

associations between IL-6 and BPD for all compartments
examined. Similarly, there were no associations between
IL-10 expression in the cord or membrane staining and BPD.
However, as illustrated in Figure 2 and quantified in Figure 3,
IL-10 expression in the trophoblast and stroma differed among
infants with and without BPD. Specifically, trophoblast IL-10
expression was associated with a reduction in the odds of
developing BPD (OR 0.08, 95% CI 0.01–0.64, p � 0.017).
IL-10 expression in the villous stroma was also associated
with a decreased risk of BPD (OR 0.25, CI 0.07–0.89, p �
0.03). Adjustment for race and GA did not change this rela-

Figure 1. Representative immunostaining of IL-6 and IL-10 in extraplacen-
tal membrane rolls from patients with and without BPD, magnification �20.
A: Grade 2 (intense) staining of IL-6 is seen in amnion (a), chorion (c), and
decidua (d) of the extraplacental membrane roll from patients with BPD. B:
Grade 2 staining of IL-6 is seen in the amnion, chorion, and decidua of the
extraplacental membrane roll of patients without BPD. C: Grade 1 (mild)
staining of IL-10 is seen in the amnion, chorion, and decidua of the extrapla-
cental membrane roll from patients with BPD. D: Grade 1 staining of IL-10
seen in the amnion, chorion, and decidua of the extraplacental membrane roll
of patients without BPD.

Table 3. Infant morbidities

BPD
(n � 49)

No BPD
(n � 49) p

Surfactant use 100% 90% 0.02
Air leak 20% 10% NS
IVH (�grade 3) 8% 6% NS
PDA treatment (indomethacin
or ligation)

49% 14% 0.0002

Late-onset sepsis (culture
positive)

33% 25% NS

NEC 6% 10% NS
PVL 10% 6% NS
Days on ventilator 42 (5–109 d)* 13 (0–55 d) 0.001
Postnatal steroid use 33% 8% 0.003
ROP (�stage III) 21% 5% 0.02

* Median (range).

Figure 2. Representative immunohistochemical analysis of IL-6 and IL-10
in placental tissue from patients with or without BPD, magnification �20. A:
Grade 2 (intense) staining of IL-6 is seen in the placental villous trophoblasts
in patients with BPD. B: Grade 2 staining of IL-6 is seen in the placental
villous trophoblasts in patients without BPD. C: Grade 0 (no staining) of
IL-10 is seen in the villous trophoblasts in patients with BPD. D: Grade 2
staining of IL-10 is seen in the villous trophoblasts in patients without BPD.
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tionship (OR 0.08, CI 0.01–0.70, p � 0.02 and OR 0.12, CI
0.02–0.63, p � 0.01) for villous trophoblasts and stroma,
respectively (Fig. 3).

DISCUSSION

Higher concentrations of inflammatory cytokines have been
documented in amniotic fluid, cord blood, and tracheal aspi-
rates of premature infants who subsequently developed BPD
(12–17), whereas anti-inflammatory cytokines were found to
be absent or in lower concentrations in bronchoalveolar lavage
fluid of premature infants with BPD (17,18). These patterns
may depend upon the expression of pro- and anti-inflammatory
cytokines in multiple placental compartments. The results of this
study support the hypothesis that placental tissues of infants who
developed BPD manifest down-regulation of IL-10 expression,
while robustly expressing IL-6.
Our original hypothesis proposed an imbalance of cytokines

among infants who develop BPD with an increase in proin-
flammatory cytokines and a decrease in anti-inflammatory
cytokines in the placenta. Postulating a predominance of
placental IL-6 staining relative to IL-10 is based upon the
observations that IL-6 is elevated in amniotic fluid, cord
blood, and tracheal aspirates of premature infants who subse-
quently develop BPD (12–18). Furthermore, it is recognized
that cytokines can be secreted from cells in the decidua and
chorion, as well as from infiltrating macrophages (20,21). One
mechanism responsible for the activation of an inflammatory
response in the premature/preterm lungs may be direct dam-
age, as ventilator-induced injury can induce mRNA expres-
sion of IL-6 in the premature/preterm lungs (22). Inhalation of
amniotic fluid by the fetus may favor the extension of the
placental/amniotic fluid environment into the tracheobronchial
tree, thus promoting inflammation, as proposed by Ghezzi

et al., (14). Alternatively, placental expression of proinflam-
matory mediators may prompt a fetal systemic inflammatory
response with increased endothelial permeability, capillary
leakage, and diffuse alveolar damage predisposing to BPD.
Increased cord blood concentration of IL-6 among infants
destined to develop BPD is supportive of this notion (12). The
results of this study, in contrast, did not demonstrate differ-
ences in IL-6 staining in any of the placental compartments of
infants with BPD compared with those without BPD. Similar
expression of IL-6 in placental tissue with differences in IL-10
expression would certainly not preclude more prominent IL-6
production in other tissues and body fluid in response to
inflammation and lung injury. We propose that in the absence
of placental IL-10 in BPD cases, the inflammatory function of
IL-6 remains unchecked.
It is interesting that we did not see a difference in the

incidence of histologic chorioamnionitis between newborns
with and without BPD. Although some studies have found a
positive association between chorioamnionitis and BPD (8,9),
other studies have not supported the notion of chorioamnio-
nitis as a risk factor for BPD (23,24). This conflicting data
likely represents differences in definitions of chorioamnionitis
and BPD, time periods studied, and antenatal factors, such as
maternal steroid use. Chorioamnionitis is characterized by
higher amniotic fluid and cord blood concentrations of IL-6
(25,26); however, no studies specifically examined the rela-
tionship between chorioamnionitis, as defined by neutrophil
response, and placental cytokine expression. The relationship
between the BPD pathology and cytokine response is likely
more complex than we understand.
The results of this study support a critical anti-inflammatory

and immunomodulatory role of IL-10 even before birth in the
development of BPD. Recent reports have suggested that
IL-10 placental expression is GA dependent (27), and we did
not see prominent IL-10 staining in the cord, membranes, and
placenta. However, despite this, the presence of placental
IL-10 in the villous trophoblast was associated with a reduc-
tion in the odds of developing BPD. This relationship was
present in unadjusted and adjusted analyses for differences in
GA and race. In agreement with our findings is the observation
that the absence of IL-10 in tracheal aspirates in infants �27
wk is associated with a higher risk of developing BPD (16).
Similarly, poor IL-10 expression has been reported in preterm
infants with hyaline membrane disease (18,28). Although
these latter studies did not specifically look at chronic lung
disease, it may be that persistent and unchecked inflammation
plays a role in the evolution of BPD.
Recent work has shown genetic heritability to BPD (8,9).

Emerging data suggests that genetic variations in IL-10 gene
regulation may ultimately affect the anti-inflammatory re-
sponse. IL-10 regulation is complex and it is subject to genetic
influence (29,30). The single-nucleotide polymorphism (SNP)
at �1082 G allele has been associated with a higher IL-10
expression in certain cell types (31). Moreover, recent work
has shown that preterm infants who carry two G alleles of the
IL-10 (�1082) SNP were at a prominently reduced risk for
neonatal cerebral, eye, and lung (specifically BPD) damage
(32). Although it is plausible that polymorphic changes in the

Figure 3. Grade distribution expressed as percent of patients (pts). Grade 0
white bar, grade 1 black bar, and grade 3 shaded bar of immunostaining in
the placenta. (A, B) The expression of IL-10 in patients without BPD is
associated with a reduction in the odds of developing BPD in adjusted
analyses for the villous trophoblast layer (OR 0.08, CI 0.01–0.70; p � 0.02)
and stroma (OR 0.12, CI 0.02–0.60, p � 0.01). (C, D) A similar distribution
of IL-6 staining grades seen in the trophoblast layer and stroma among infants
with and without BPD.
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IL-10 promoter may be differentially used in different cell
types in response to inflammatory triggers, our data suggest
that IL-10 expression in the villous tissue is not uniquely
influenced by chorioamnionitis. We propose that IL-10 down-
regulation in the placenta of infants with BPD involves addi-
tional events, such as an excessive production of prostanoids
or dysregulation of the hormonal cascade.
There are important limitations to this study that should be

acknowledged. Although we matched for variables (sex, pe-
riod of birth, and BW) that previously have shown to affect
BPD (33–35), there may be unidentified variables influencing
the results of a case-control retrospective study. Although we
felt matching for the above variables was clinically relevant,
we acknowledge potential bias in case selection in a retro-
spective analysis. The cohort of this study represents �46%
and 23% of BPD and no BPD infants, respectively, available
from our NICU. Despite our matching of the above variables,
there were group differences in GA and trends in differences in
race. Racial differences in the development of BPD have been
previously reported and matching on race would have made it
impossible to attain a reasonable sample size (35). The lower
GA and race were adjusted for in the logistic regressions. We
also are aware that there are other criteria being used by
some to define BPD, such as an oxygen challenge reduction
test (36). This methodology was not being performed at the
time period of our study and our definition of oxygen use at
36-wk PMA is within the scope of the National Institutes of
Health consensus conference definition of BPD (37).
We also recognize the variability of immunohistochemical

staining and the subjectivity of grading. To allow for a more
accurate statistical analysis, each batch of staining consisted of
patients with BPD and their matched controls, in addition to a
standard reference control. The scoring system used for de-
termining the extent of staining was qualitative rather than
quantitative; ideally, a system that determines the extent of
cytokine staining both in terms of placental area involved and
degree of staining would be desirable. Despite this, the
analysis of interobserver reliability was reassuring with a
kappa value of 0.82. In addition, the categorical analysis of
our data as either “no staining” or “any staining” also
decreased subjectivity.
Our findings support a “cytokine balance” theory. Logistic

regression analysis shows an independent association between
IL-10 and BPD. This suggests that baseline inflammation is
present, but the absence of anti-inflammatory mediators in the
placenta may initiate fetal inflammatory responses. We be-
lieve that this study is important as it presents a prenatal or
antenatal environment that may ultimately affect the postnatal
course of an infant. Further studies of placental examination
may allow us to better identify those premature infants at
increased risk for particular morbidities.
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