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Chorioamnionitis increases matrix metalloproteinase-8
concentrations in bronchoalveolar lavage fluid from preterm
babies
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Objective: To determine the effects of chorioamnionitis and antenatal corticosteroids on matrix
metalloproteinase-8 (MMP-8) concentrations in bronchoalveolar lavage (BAL) fluid from preterm babies
in the first week of life.
Design: Prospective observational study.
Setting: Regional neonatal intensive care unit.
Patients: Thirty five ventilated preterm babies , 33 weeks gestation, seven of whom were born after
chorioamnionitis, which was diagnosed histologically as the presence of inflammatory cells in the
chorioamnionic plate.
Methods: MMP-8 was measured by enzyme linked immunosorbent assay (ELISA) in 90 serial BAL samples
taken during the first six postnatal days. The median MMP-8 concentration for each baby was calculated.
Results: Median MMP-8 concentrations were higher in the chorioamnionitis group than in those without
(43 v 5 ng/ml). Partial or complete courses of antenatal corticosteroids had no effect on MMP-8
concentrations.
Conclusions: Higher concentrations of MMP-8 are found in BAL fluid from preterm babies from
pregnancies complicated by chorioamnionitis. This type I collagenase may contribute to the lung injury that
occurs in some babies with respiratory distress syndrome.

C
horioamnionitis is a major risk factor for preterm
delivery and adverse neonatal outcome.1 2 The immune
response to chorioamnionitis involves the recruitment

of polymorphonuclear leucocytes into the amniotic cavity.3

Secretory products of these neutrophils are increased in cases
of chorioamnionitis, preterm rupture of membranes, and
preterm delivery.4 5 Increased concentrations of one secretory
product of neutrophils, matrix metalloproteinase-8 (MMP-
8), in amniotic fluid is associated with adverse neonatal
outcome including chronic lung disease (CLD) after preterm
delivery.6 MMP-8 is also known as neutrophil collagenase
and it predominantly cleaves type-I collagen, which is a
major structural protein of the lung extracellular matrix.7 It is
released from intracellular granules mainly during inflam-
matory neutrophil activation and may have a role in
neutrophil adhesion and transendothelial migration.8 Its
activity is normally regulated by inhibitors called tissue
inhibitor of metalloproteinases.9 An imbalance between
MMP-8 and these inhibitors may lead to excessive proteolysis
of the lung extracellular matrix during inflammatory lung
injury.

Amniotic fluid neutrophils are thought to be of fetal rather
than maternal origin.10 If their presence in amniotic fluid
represents a fetal systemic inflammatory response, then it is
possible that this persists into the early postnatal period.11

Continued release of neutrophil secretory products such as
MMP-8 could potentially lead to increased degradation of the
collagenous content of the extracellular matrix of the
neonatal lung. We have previously shown an association
between elevated MMP-8 concentrations in preterm neonatal
bronchoalveolar lavage (BAL) fluid and the subsequent
development of CLD.12 We have hypothesised that the
increased risk of CLD associated with chorioamnionitis13

may be related to excess release of neutrophil collagenase
(MMP-8) which can disrupt the lung extracellular matrix.

The objective of this study was to determine whether or not
MMP-8 concentrations in BAL fluid from preterm babies
within the first week of life are increased after pregnancies
complicated by chorioamnionitis. We also wanted to deter-
mine the effect of antenatal betamethasone on concentra-
tions of MMP-8 in BAL fluid.

METHODS
Patients
This was a prospective study of babies born in the Royal
Maternity Hospital, Belfast. The research ethics committee of
Queen’s University Belfast gave approval for the study, and
parental consent was obtained before babies were enrolled.
Thirty five babies of less than 33 weeks gestation were
recruited when they required intubation and mechanical
ventilation in the first 2 days of life, and 90 samples of BAL
fluid were obtained. Outcomes for about one third of these
babies have already been reported.12

Bronchoalveolar lavage
Serial BAL was performed daily whenever possible from time
of intubation until extubation or the 6th day of life,
whichever was soonest. Babies were only studied when
clinically stable and not during the 12 h after a dose of
surfactant. BAL was performed in a standardised way using a
well established technique.14 No marker of dilution was used,
in accordance with the most recent European Respiratory
Society guidelines on BAL.15 In summary, 1 ml/kg sterile 0.9%
saline was instilled using a 2 ml syringe through a 5F gauge
feeding catheter which had been placed using the endo-
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tracheal tube in the distal right main bronchus. The saline
was instilled and immediately aspirated back into the
syringe. The median volume returned was 0.7 ml (inter-
quartile range (IQR) 0.5–1.2 ml). A sample was considered
technically satisfactory if more than 40% of the instilled
volume was returned. The sample was clarified by centrifu-
gation at 1500 g for five minutes at room temperature, and
the supernatant immediately frozen at 270 C̊ for subsequent
analysis.

Definitions
Gestation was estimated by duration of amenorrhoea
combined with early ultrasound assessment.
Chorioamnionitis was defined histologically as the presence
of inflammatory cells in the chorioamnionic plate. A
consensus on each diagnosis was reached by two consultant
pathologists (Dr Denis O’ Hara and Dr Claire Thornton,
Department of Pathology, Royal Victoria Hospital, Belfast)
who examined all placentas in this study. A complete course
of antenatal corticosteroids was defined as two doses of
12 mg betamethasone given intramuscularly 12–24 h apart
and followed by a 24 h period before delivery. The severity of
the initial respiratory disease was assessed using the median
arterial-alveolar oxygen tension ratio (a/A PO2) in the first
24 hours of life. This was calculated from arterial blood gases
using the formula:
a/A PO2 = PaO2/((96 6FIO2) – PaCO2)

where PaO2 and PaCO2 are expressed in kPa, and FIO2 as a
fraction of 1. CLD was defined as the requirement for
supplemental oxygen to maintain oxygen saturation mea-
sured by pulse oximetry greater than 92% at 36 weeks
postconceptional age.

Assay of MMP-8
Samples were assayed for MMP-8 by enzyme linked
immunosorbent assay (ELISA; Amersham International,
Amersham, Bucks, UK). MMP-8 concentration was deter-
mined by a three step system. Briefly, 100 ml samples of BAL
fluid were added to wells of a microtitre plate coated with a
solid phase monoclonal antibody to MMP-8. After incubation
at 25 C̊ for two hours, plates were washed four times in
0.01 M phosphate buffer (pH 7.5 containing 0.05% Tween
20). Then 100 ml of a rabbit polyclonal antibody to MMP-8
was added and incubated at 25 C̊ for a further two hours.
Antibody bound to MMP-8 in the sample was then detected
by incubation with horseradish peroxidase-conjugated don-
key anti-rabbit IgG (25 C̊, one hour) followed by addition of
horseradish peroxidase substrate, 39,39,59,59-tetramethylben-
zidine/hydrogen peroxide in 20% dimethyl formamide. After
incubation at 25 C̊ for 30 minutes, enzyme activity was
quenched by the addition of 100 ml 1 M sulphuric acid, and
absorbance read at 450 nm on a microtitre plate reader
(Ultraspec plus; Pharmacia, Cambridge, UK). The sensitivity
of the MMP-8 assay was 0.032 ng/ml (range 0.032–4 ng/ml).
The ability of the assay to detect MMP-8 in dilute biological
fluids was confirmed by assessment of concentrations in
supernatants from phorbol myristrate acetate stimulated
alveolar macrophages. The ELISA system we used measured
total concentrations of latent and active forms of MMP-8 and
any MMP-8 bound to inhibitor. All samples were assayed in
duplicate. Results were confirmed by Western blotting.

Statistical analysis
The median MMP-8 concentration was calculated using all of
the samples from each baby, and this was used as the
summary statistic. Median MMP-8 concentrations were not
normally distributed, so non-parametric statistical tests were
used. However, the logarithm of MMP-8 concentration was
normally distributed, and this was used in the logistic

regression analyses. Fishers’ exact test, Spearman correlation,
Mann-Whitney U test, and regression analysis were calcu-
lated using SPSS for Windows version 9.0, 1996 as appro-
priate.

RESULTS
Ninety BAL samples were collected for analysis. Each baby
had on average two BAL samples taken (range one to six).
Seven of the 35 babies were from pregnancies complicated by
chorioamnionitis. There was no difference in the mean
proportion of BAL fluid volume returned between the
chorioamnionitis and no chorioamnionitis groups (60% v
65%). The babies from pregnancies with chorioamnionitis
were less mature and lighter at birth than those from the
non-chorioamnionitis group (table 1). The initial severity of
respiratory distress in the babies in the chorioamnionitis
group was worse, as assessed by a/A PO2 ratio during the first
24 hours. However, they were not more likely to develop CLD
(table 1).

MMP-8 concentrations did not correlate with postnatal age
(n = 90, r = 0.14; p = 0.26) (fig 1). Median MMP-8
concentrations decreased with increasing gestational age
(n = 35, r = 20.32, p = 0.03) and birth weight (n = 35,
r = 20.38, p = 0.019) (fig 2).

MMP-8 concentrations in the first 6 days of life were
higher in the chorioamnionitis group than the non-chor-
ioamnionitis group (fig 3). To ensure that this difference was
not a function of the differences in gestation between the two
groups, the data were submitted to multiple logistic regres-
sion analysis. Log (MMP-8 concentration) remained signifi-
cantly higher in the chorioamnionitis group after correction
for differences in gestation and birth weight (p = 0.026).
MMP-8 concentrations were also raised in the eight babies
with a history of prolonged rupture of membranes compared
with the 27 without (median (IQR), 18 (8–44) v 5 (0–8.5) ng/
ml; p = 0.047).

Thirty (86%) of the infants had received at least one dose of
antenatal betamethasone. Only 12 (34%) had a complete
course of antenatal corticosteroids. We compared the
concentrations of MMP-8 in infants who had received any
antenatal corticosteroids with those who did not. There was
no significant difference between the two groups (antenatal
corticosteroids, 5 (2–13) ng/ml; no antenatal corticosteroids,
6 (0–54) ng/ml; p = 0.81). We also compared infants who
had received a complete course of antenatal corticosteroids
with those who had received an incomplete course and found
no difference in MMP-8 concentrations (complete, 8 (2–
12) ng/ml; incomplete, 4.5 (2–13) ng/ml; p = 0.68) (fig 4).

Table 1 Clinical characteristics of the infants recruited

Chorioamnionitis
(n = 7)

No chorioamnionitis
(n = 28) p Value

Birth weight (g) 740 (687–964) 950 (730–1501) 0.06
Gestation (weeks) 24.8 (24.0–25.7) 26.0 (26.0–28.5) 0.016
PROM 5 (71) 3 (11) 0.003
ANCS (any) 6 (86) 27(86) 1.00
ANCS (complete
course)

1 (14) 14 (39) 0.38

M/F 3:4 18:10 0.4
a/A PaO2 ratio 0.35 (0.24–0.39) 0.40 (0.33–0.55) 0.002
CLD 3 (42) 12 (42) 1.00

Data shown as median (interquartile rang) or number (%).
PROM, Prolonged rupture of membranes (.24 hours); ANCS, antenatal
corticosteroids; a/A PO2 ratio, median arterial to alveolar oxygenation
index over first 24 hours of life; CLD, chronic lung disease.
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DISCUSSION
Chorioamnionitis is a risk factor for CLD in the preterm
neonate.13 Neutrophils that migrate into the fetal and
neonatal lung as a consequence of chorioamnionitis may
cause damage by protease and oxidant release. There is a
correlation between the numbers of neutrophils in the
airways of infants with respiratory distress syndrome and
the subsequent development of CLD.16 MMP-8 concentra-
tions are higher in BAL fluid from babies who develop CLD,12

and we hypothesised that a possible mechanism for this may
be chorioamnionitis induced fetal lung inflammation.

We found that there was an association between chor-
ioamnionitis and increased BAL fluid concentrations of
MMP-8. However, we were surprised that the proportion of
babies who developed CLD was no higher in the chorioam-
nionitis than the non-chorioamnionitis group. This can
probably be explained by the small numbers of babies in
this study and the fact that postnatal factors such as
mechanical ventilation and sepsis have a role in combination
with antenatal infection in the pathogenesis of CLD.17 More
babies in the chorioamnionitis group had prolonged rupture
of membranes, and this has been suggested to reduce the risk
of respiratory distress syndrome and may reduce CLD, but
this remains controversial.18 We found that the initial severity
of the respiratory disease was higher in the chorioamnionitis
group, suggesting that early rupture of membranes or
inflammation did not reduce the risk of acute respiratory
distress syndrome in our study.

MMP-8 is a 75 kDa enzyme which is predominantly
expressed by neutrophils. It is unique among the family of
MMPs because of its exclusive expression in inflammatory
conditions.19 It is upregulated mainly by proinflammatory
cytokines, but may also be activated by bacterial proteases
through the so called cysteine switch and also through free
radical generation.20 21 It preferentially digests type I collagen,
a major matrix protein in the lung interstitium.22 It is
synthesised during the myelocyte stage of neutrophil devel-
opment, stored intracellularly within specific granules and
released by chemotactic stimulation in vitro and in vivo.23

Once released and activated through proteolytic or oxidative
mechanisms, the enzyme appears to play a major role in the
connective tissue turnover that occurs in inflammatory
processes. In addition to digesting connective tissue compo-
nents, MMP-8 can also activate a1 antitrypsin, and this may
be important in the generation of emphysema in adults.24

The lung extracellular matrix is required for normal cell
alignment and differentiation, and matrix degradation may

be what leads to the disordered healing and abnormal lung
growth found in babies with CLD.25 26

MMP-8 release and activation by inflammatory mediators
suggest that concentrations of this proteinase may be
controlled by anti-inflammatory agents such as corticoster-
oids. Dexamethasone suppresses the endogenous release of
interleukin 8 from polymorphonuclear leucocytes from the
newborn as well as decreasing associated chemotactic
activity.27 Treatment with dexamethasone leads to reductions
in the breakdown products of type I collagen such as the
terminal telopeptide of type I collagen and the C-terminal
propeptide of type I collagen.28 Corticosteroids also inhibit the
production of MMPs by in vitro cultured macrophages.29

We did not show any effect of either single or multiple
doses of antenatal betamethasone on the concentrations of
MMP-8. This was surprising as corticosteroids, by decreasing
the migration of neutrophils to the lung, would have been
expected to reduce the concentration of MMP-8 or neutrophil
collagenase.27 The timing of antenatal steroid administration
may be relevant. For example, treatment of a mother with
steroids five days before delivery may confer benefits to the
fetus in terms of lung maturation, but the anti-inflammatory
effects may have worn off. Antenatal corticosteroids are
known to result in only physiological increases in cord blood
steroid concentrations,30 and perhaps pharmacological doses
are required to produce the desired suppression in neutrophil
protease release. There is also a complex interplay between
antenatal inflammation, postnatal hypoxia and hyperoxia,
and varying degrees of ventilatory barotrauma to which these
infants are exposed, which may negate any effects of anti-
inflammatory mediators.

Figure 1 Matrix metalloproteinase-8 (MMP-8) concentrations over the
first 6 days of life. Median (IQR) MMP-8 concentrations in ng/ml for 48
hour periods from day 1–6 are shown (days 1–2, 3 (0–15); days 3–4, 6
(3–11); days 5–6, 4 (2–20) ng/ml; r = 0.14; p = 0.26).

Figure 2 Matrix metalloproteinase-8 (MMP-8) concentrations
decreased with increasing birth weight (n = 35, r = 20.38, p = 0.019).

Figure 3 Box and whisker plots depicting median, interquartile range
(IQR), and full range of matrix metalloproteinase-8 (MMP-8)
concentrations for babies from pregnancies complicated by
chorioamnionitis and those without chorioamnionitis (median (IQR), 43
(14–49) v 4 (0–8) ng/ml; p,0.0024).
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We have shown that antenatal inflammation may up-
regulate lung collagenase activity and we believe that this
contributes to the development of CLD. Further studies are
necessary to determine true cause and effect relations for this
unique inflammatory mediator. New technologies will hope-
fully facilitate elucidation of the biological and pathological
roles of the MMPs and their inhibitors. Gene targeting and
gene transfer will allow more definitive characterisation of
the in vivo role of gene products. The challenge will be to
control the pathological effects of these proteolytic enzymes
without disrupting their vital physiological functions.
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