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ABSTRACT: Chronic inflammation and fibrosis are hallmarks of
lung pathology of newborn Ureaplasma infection. We hypothesized
that antenatally acquired Ureaplasma stimulates a chronic inflamma-
tory, profibrotic immune response that contributes to lung injury,
altered developmental signaling, and fibrosis. Lung specimens from
125-d gestation baboon newborns ventilated for 14 d that were either
infected antenatally with Ureaplasma serovar 1 or noninfected, and
125-d and 140-d gestational controls were obtained from the Baboon
BPD Resource Center (San Antonio, TX). Trichrome stain to assess
fibrosis and immunohistochemistry for �-smooth muscle actin (�-
SMA) and transforming growth factor �1 (TGF�1) were performed.
Lung homogenates were analyzed by enzyme-linked immunosorbent
assay (ELISA) for cytokines [tumor necrosis factor � (TNF�),
interleukin (IL)-1�, TGF�1, oncostatin M (OSM), IL-10, and inter-
feron � (IFN�)] and the chemokine MCP-1 and by Western blot for
Smad2, Smad3, and Smad7. Compared with noninfected ventilated
and gestational controls, Ureaplasma-infected lungs demonstrated
more extensive fibrosis, increased �-SMA and TGF�1 immunostain-
ing, and higher concentrations of active TGF�1, IL-1�, and OSM,
but no difference in IL-10 levels. There was a trend toward higher
Smad2/Smad7 and Smad3/Smad7 ratios in Ureaplasma lung homog-
enates, consistent with up-regulation of TGF�1 signaling. Collec-
tively, these data suggest that a prolonged proinflammatory response
initiated by intrauterine Ureaplasma infection contributes to early
fibrosis and altered developmental signaling in the immature lung.
(Pediatr Res 60: 141–146, 2006)

Bronchopulmonary dysplasia (BPD) remains the major
morbidity in infants born at less than 30 wk of gestation

(1). Although the pathogenesis of BPD is not completely
understood, prolonged exposure of the immature lung during
the saccular period of lung development to inflammation
appears to play a critical role (1). Inflammation may be
initiated in utero by intrauterine infection and augmented
postnatally by ventilation and hyperoxia (1). Ureaplasma

parvum (serovars 1, 3, 6, and 14) and U. urealyticum (UU)
(serovars 2, 4, 5, and 7–13) are the most common organisms
isolated from amniotic fluid and infected placentas (2). The
presence of Ureaplasma as the only microbial isolate in the
upper genital tract is significantly associated with adverse
pregnancy outcomes, including premature delivery, histologic
chorioamnionitis, neonatal morbidity, and perinatal death (2).
Respiratory tract colonization has been associated with a
higher incidence of neonatal pneumonia and BPD (3).
Recent human and experimental studies confirmed that

exposure of the fetal and/or newborn lung to Ureaplasma
contributes to altered lung development, persistent inflamma-
tion, and fibrosis. In a review of lung pathology of autopsy
specimens from Ureaplasma-infected preterm infants, we ob-
served moderate to severe fibrosis and increased numbers of
alveolar macrophages and TNF� and TGF�1-immunoreactive
cells in all Ureaplasma-infected infants compared with ges-
tational controls (GCs) and infants who died of pneumonia
from other causes (4). Levels of IL-1�, TNF�, and monocyte
chemoattractant protein-1 (MCP-1) are elevated in tracheal
aspirates from preterm infants with Ureaplasma respiratory
colonization during the first weeks of life (5,6). Intratracheal
inoculation with Ureaplasma caused an acute bronchiolitis in
140-d preterm baboons (7) and an acute interstitial pneumonia
in newborn (8) and juvenile mice (9). Similar findings were
observed in the 125-d immature baboon model exposed to
brief antenatal colonization with Ureaplasma (10). In these
animals, there was confirmed vertical transmission and a
persistent bronchiolitis and interstitial pneumonitis. Taken
together, these findings indicate that Ureaplasma can elicit a
persistent inflammatory response and cause significant disease
in the preterm infant.

Received January 11, 2006; accepted March 24, 2006.
Correspondence: Rose Marie Viscardi, M.D., University of Maryland Hospital, 22 S.

Greene St., Room N5W68, Baltimore, MD 21201; e-mail: rviscard@umaryland.edu
B.A.Y.’s current affiliation is Division of Neonatology, The University of Utah School

of Medicine, Salt Lake, UT 84158-1289.
Supported by National Institutes of Health Grants HL71113, HL52636, HL04492,

HL075432, and P512RR13986.

DOI: 10.1203/01.pdr.0000228322.73777.05

Abbreviations �-SMA, �-smooth muscle actin; BPD, bronchopulmonary

dysplasia; GC, gestational control; MCP-1, monocyte chemoattractant pro-

tein-1; OSM, oncostatin M; UU, Ureaplasma urealyticum

0031-3998/06/6002-0141
PEDIATRIC RESEARCH Vol. 60, No. 2, 2006
Copyright © 2006 International Pediatric Research Foundation, Inc. Printed in U.S.A.

141



TGF�1) has been implicated in lung morphogenesis, repair
of lung injury, airway remodeling, and lung fibrosis (11).
There is accumulating evidence that excessive TGF�1 signal-
ing during lung development contributes to alveolarization
arrest and fibrosis, both hallmarks of BPD (11). TGF� was
detected at sites of lung injury in association with myofibro-
blast proliferation in lungs of infants dying of respiratory
distress syndrome, implicating TGF� in the preterm lung’s
response to injury (12). TGF�1 is elevated in tracheal aspirates
of infants who progress to BPD (13) and is increased in
autopsy lung specimens from Ureaplasma-infected preterm
infants (14). Overexpression of TGF�1 in the newborn rodent
lung produces a phenotype similar to human BPD with ar-
rested lung sacculation, epithelial differentiation, and vascular
development (15–17).
TGF� signaling sequence involves ligand-receptor binding

and activation, activated type I receptor interaction with and
phosphorylation of Smad2 and Smad3 proteins, and formation
of hetero-oligomeric complexes of Smad2/3 and Smad4 that
translocate to the cell nucleus and activate TGF�-responsive
gene transcription (18). Smad7 associates with the TGF� type
I receptor and provides negative feedback of TGF� signaling
by preventing Smad2/3 activation (19). The effect of Urea-
plasma infection on the relative expression of the Smad
proteins in the lungs of infants is unknown.
Epidemiologic and pathologic studies of human Urea-

plasma infection have been hampered by multiple confound-
ing factors, including variability in study populations, organ-
ism detection, and pathogenicity, and neonatal factors, such as
mechanical ventilation, oxygen exposure, and postnatal infec-
tion. The 125-d immature baboon model manifests clinical
and pathologic features similar to those of preterm infants at
risk of BPD. To extend the initial observations of the antenatal
Ureaplasma-colonized baboon model (10), we obtained ar-
chived lung specimens of these animals and controls from the
Baboon BPD Resource Center (San Antonio, TX). In this
study, we sought to investigate possible differences in colla-
gen accumulation, myofibroblast distribution, TGF�1 signal-
ing, and the relative concentration of pro- and anti-
inflammatory cytokines/chemokines in the lungs of antenatal
Ureaplasma-infected immature baboons compared with non-
infected ventilated newborns and GCs. We hypothesized that
Ureaplasma acquired in utero stimulates a chronic inflamma-
tory, profibrotic immune response that contributes to lung
injury, altered developmental signaling, and fibrosis.

METHODS

Introduction of intra-amniotic UU and animal management. All animal
husbandry and handling and procedures were performed at the Baboon BPD
Resource Center (San Antonio, TX) and approved by the Institutional Animal
Care and Use Committee and conformed to American Association for Ac-
creditation of Laboratory Animal Care guidelines. The details of these
procedures are provided in the previous report (10). Briefly, 10 pregnant
baboons (Papio papio) were inoculated at 122–123-d timed gestation in the
intra-amniotic cavity with UU serovar subtype 1 in 10B broth (generously
provided by G. H. Cassell, University of Alabama, Birmingham) at a con-
centration of 107 colony-forming units (CFUs) followed by elective cesarean
delivery at 125 � 2 d (term � 185 d). All newborns were intubated at birth,
received a single bolus (100 mg/kg) of exogenous surfactant (Survanta,
donated by Ross Laboratories, Columbus, OH), and were ventilated with a

pressure-limited, time-cycled infant ventilator (InfantStar, Infrasonics, San
Diego, CA) for 14 d. All animals were treated with ampicillin, gentamicin,
and prophylactic fluconazole for the duration of the study. All management
protocols were as previously described (10). Amniotic fluid, fetal membranes,
deciduas, fetal lung fluid, serial tracheal aspirates, blood, lung, and brain were
processed for culture and polymerase chain reaction for Ureaplasma.

Archived lung specimens. Archived necropsy frozen lung and paraffin-
embedded sections from nine antenatal UU-infected animals were provided
by the Baboon BPD Resource Center. Additional archived samples from
125-d (n � 7) and 140-d (n � 7) GC euthanized at delivery and noninfected,
125-d infants maintained 14 d postpartum with O2 as needed (p.r.n.) (125 d:
14 d p.r.n. O2; n � 6) were also provided for comparison studies. The control
animals also served as controls for established projects within the BPD
research program, which did not allow for sham intrauterine amniocentesis in
these animals. The archived control samples were not from the same time
period as the Ureaplasma experimental group, but the control animals were
managed with the same ventilatory, cardiovascular, and nutritional protocols
as those used for the experimental group except for the antenatal infection. At
necropsy, the right middle lobe was air inflated and snap frozen in liquid
nitrogen for later homogenization. The right lower lobe was removed,
weighed, and intrabronchially fixed with phosphate-buffered 4% paraformal-
dehyde and 0.1% glutaraldehyde at 20 cm H2O constant pressure for 24 h. The
lobe was cut into three serial, equally spaced horizontal tissue sections. These
specimens were dehydrated in alcohol, embedded in paraffin, and cut at 4 �m
and mounted on slides for histologic studies.

Trichrome stain for collagen. Lung sections were processed for Masson’s
trichrome stain, a specific histochemical stain for collagen, using the Ac-
custain Trichrome Stain Kit (Sigma Chemical Co., St. Louis, MO). Fibrosis
was evaluated subjectively as previously described (4).

�-SMA. Immunohistochemical studies were performed to detect �-SMA,
a marker of myofibroblasts and smooth muscle. Sections were deparaffinized,
and endogenous peroxidase activity was blocked by incubation with 3% H2O2

in 100% methanol. For antigen retrieval, sections were treated in a microwave
oven in the presence of saturated lead II thiocyanate for 10 min. Section were
incubated with ready to use monoclonal anti-�-SMA antibody (Biogenex, San
Ramon, CA) for 30 min at room temperature and processed using the
Biogenex Super Sensitive Detection System(Biogenex) according to the
manufacturer’s protocol. Slides were counterstained with hematoxylin.

TGF�1. For TGF�1 immunohistochemical analysis, we used a polyclonal
rabbit antibody raised against a peptide at the carboxy terminus of the
precursor form of human TGF�1 that does not cross-react with other TGF�
isoforms [anti-TGF�1 (V) antibody, Santa Cruz, CA]. Lung sections were
rehydrated, endogenous peroxidase activity was blocked, and the tissues
treated in a microwave oven in the presence of sodium citrate (10 mM, pH
6.0) for 10 min. After blocking with 2% normal goat serum in phosphate-
buffered saline (PBS) for 30 min, anti-TGF�1 (V) antibody was added at 1:50
dilution and incubated overnight at 4°C. After rinsing with PBS, biotinylated
goat anti-rabbit IgG was applied at 1:200 dilution for 30 min at room
temperature. Tissues were then treated with avidin-biotin complex for 30 min
at room temperature. Color was developed by exposure to 3,3=-
diaminobenzidine (DAB) tetrahydrochloride for 2 min, and tissue sections
were counterstained with hematoxylin. Autopsy lung tissue from a human
BPD infant was processed as a positive control. Negative controls were
sections processed in the absence of primary antibody.

Lung homogenate ELISA. Aliquots of frozen lung specimens were ho-
mogenized in 1 mL of 150 mM NaCl, 2 mM Tris, pH 7.5, 0.5% Triton X
containing protease inhibitors (Complete Mini tablets; Roche Molecular
Biochemicals, Indianapolis, IN). Cytokines [TNF-�, IL-1�, active TGF�1,
OSM, IFN�, IL-10] and chemokines (MCP-1) were measured in duplicate in
the lung homogenate samples using standard two-antibody ELISA with
commercial antibody pairs and recombinant standards (Endogen, Boston,
MA) as previously described (20). Active TGF�1 was measured without acid
activation of samples. A curve was fit to the standards using a computer
program (Softpro, Molecular Devices), and cytokine concentrations from
each sample were calculated from the standard curve and normalized for lung
homogenate protein measured by the Bradford method using Bio-Rad protein
assay reagent (Hercules, CA).

Lung homogenate Smad immunoblotting. Lung homogenate extracts of
two animals per group were separated by sodium dodecyl sulfate/
polyacrylamide gel electrophoreses (SDS/PAGE) under reducing conditions.
Proteins were transferred to a nitrocellulose membrane. Immunoblotting was
performed using goat anti-Smad2, -Smad3, or -Smad7 antibodies (Santa Cruz
Biotechnology, Santa Cruz, CA) followed by incubation with anti-goat horse-
radish peroxidase–conjugated secondary antibody and detected by chemilu-
minescence (21). Gel images were collected using a Storm densitometer and
band densities were analyzed with ImageQuant software (Molecular Dynam-
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ics). Data were expressed as the ratio of Smad2/Smad7 and Smad3/Smad7 for
each sample.

Data analysis. Lung homogenate cytokine data are expressed as pg/mg
homogenate protein. Statistical analysis was performed using the Statview II
statistical software package (Abacus Concepts, Inc., Berkeley, CA). Differ-
ences among the groups were compared by analysis of variance. A p value
�0.05 was required for significance.

RESULTS

Increased interstitial fibrosis in UU-infected animals. Am-
niotic fluid and tracheal aspirates from all the antenatal UU-
infected baboons were UU-culture positive at birth, but five
animals had cleared their infection from the airway (UU�)
and four remained infected with UU CFU counts �4 � 103 at
necropsy (UU�) (10). In the present study, trichrome staining
revealed mild to moderate focal fibrosis in lung sections from
the UU� animals, but more extensive fibrosis with thickened
interstitium in the persistent UU� animals (Fig. 1D). There
was undetectable or minimal collagen staining in the GCs and
none to mild focal fibrosis in the noninfected, p.r.n. O2

controls (Fig. 1A–C).
Increased number of myofibroblasts in UU-infected 125-d

animals. We examined lung tissues for the presence of
�-SMA–expressing myofibroblasts using a monoclonal anti-
human antibody directed against �-SMA. In GCs (Fig. 2A and
B), there was immunostaining of blood vessels, bronchial
walls, and septal tips as expected. There was focal �-SMA
immunostaining in the interstitium of noninfected p.r.n. O2

controls (Fig. 2C), but more extensive, intense staining for
�-SMA in thickened interstitium of the UU-infected lung (Fig.
2D, arrow). Immunostaining was greater in lung sections from
persistent UU� animals than in sections from lungs of ani-
mals that were culture negative at necropsy (UU�).
TGF�1 immunostaining of pulmonary macrophages in

UU-infected animals. In GCs, there was limited TGF�1 im-
munostaining to scattered airway cells, most likely amniotic
squamous cells (Fig. 3A and B). In lung specimens from

noninfected p.r.n. O2 control, immunostaining was concen-
trated in small, focal aggregates of alveolar and interstitial
macrophages (Fig. 3C). In Ureaplasma lung specimens,
TGF�1 immunostaining was localized to large aggregates of
alveolar macrophages and in areas of focal consolidation
(Fig. 3D). These findings were more common in the UU�
than UU� animals.
Effect of antenatal UU infection and postnatal mechanical

ventilation on lung cytokine/chemokine expression. Cyto-
kines/chemokines were measured by ELISA in lung homog-
enates. There were no significant differences between 125-d
and 140-d GC lung homogenates in concentrations of any of
the measured cytokines (Fig. 4A–F). The proinflammatory

Figure 1. Collagen staining is increased in lung tissue from antenatal UU-
infected baboons. Lung sections were stained with trichrome stain. (A) 125-d
GC; (B) 140-d GC; (C) 125-d 14 d p.r.n. O2; and (D) 125-d 14 d p.r.n. O2

UU�. The most marked fibrosis occurred in the UU-infected lung (arrow).
Magnification �200.

Figure 2. �-SMA� cells are increased in lung tissue form antenatal UU-
infected baboons. Lung sections were processed for immunohistochemical
staining using a monoclonal anti-human antibody directed against �-SMA.
(A) 125-d GC; (B) 140-d GC; (C) 125-d 14 d p.r.n. O2; and (D) 125-d 14 d
p.r.n. O2 UU�. Arrows indicate interstitial �-SMA staining. Magnification
�200.

Figure 3. TGF�1 immunostaining in lung specimens of antenatal UU-
exposed baboons is concentrated in focal aggregates of alveolar and intersti-
tial macrophages. Lung sections were incubated with anti-TGF�1 antibody,
stained with diaminobenzidine and counterstained with hematoxylin. (A)
125-d GC; (B) 140-d GC; (C) 125-d 14 d p.r.n. O2; and (D) 125-d 14 d p.r.n.
O2 UU�. Magnification �200.
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cytokine IL-1�, and profibrotic cytokine OSM were signifi-
cantly elevated four- and twofold, respectively, in the UU-
infected animals compared with 125-d GCs, but not in the
noninfected ventilated controls (Fig. 4A and B). The concen-
trations of these cytokines were higher in lung homogenates
from animals that remained Ureaplasma culture positive at
necropsy than in lung homogenates from animals that had
cleared the infection. In contrast, TNF�, MCP-1 and IFN� are
increased two-, 40-, and twofold in both noninfected and
UU-infected ventilated groups (Fig. 4C–E). There were no
significant differences among the groups for IL-10 concentra-
tion (Fig. 4F).

TGF�1 signaling in antenatal UU-infected animals. Ac-
tive TGF�1 and Smad proteins were measured in lung homog-
enates of a subset of each group due to limited tissue samples.
After 14 d of ventilation, active TGF�1 was increased in lung
homogenates of UU-infected animals compared with gesta-
tional and ventilated controls (Fig. 5A). To determine whether
antenatal Ureaplasma exposure and/or ventilation altered
TGF�1 Smad signaling, we measured the relative concentra-
tions of total Smad2 and Smad3 (TGF�1 signaling agonists)
and Smad7 (TGF�1 signaling antagonist) by Western blot of
lung homogenates. There was a trend toward increased ratios
of Smad2/Smad7 (p � 0.37) and Smad3/Smad7 (p � 0.26) in
UU-infected lung compared with gestational and ventilated

controls, consistent with up-regulation of TGF�1 signaling
(Fig. 5B–D).

DISCUSSION

In the initial study of antenatal Ureaplasma in the immature
baboon model, early and sustained lung inflammation was
demonstrated by significant increases in white blood cells and
IL-8 in amniotic fluid, fetal lung liquid and serial tracheal
aspirates (10). Compared with noninfected, p.r.n. O2 controls,
persistently Ureaplasma culture-positive animals had signifi-
cantly higher FiO2 requirements, airway pressures, oxygen-
ation index, and ventilation efficiency index between 48 and
240 h. When compared with control specimens, lung histopa-
thology in both the culture-positive and culture-negative
Ureaplasma groups showed bronchiolitis and interstitial pneu-
monitis of greater severity and increased numbers of alveolar
macrophages, suggesting that despite apparent clearance of
Ureaplasma in some animals, there remained persistent ab-
normalities of the pulmonary immune response. The current
study extends these observations to show that inflammation
initiated in utero by Ureaplasma exposure contributes to
prolonged inflammation, early fibrosis, and altered TGF�1

signaling.
Prolonged expression of inflammatory cytokines contrib-

utes to fibrosis and altered developmental signaling. IL-1� and
OSM were specifically elevated in lung homogenates of Ure-
aplasma-infected animals. The association of the proinflam-
matory cytokine IL-1� with BPD and with Ureaplasma re-

Figure 4. Comparison of cytokine concentrations in lung homogenates of
gestational and ventilated controls and antenatal UU-infected baboons. Cy-
tokines were measure by ELISA and expressed as the mean � SEM pg/mg
lung homogenate protein (n � 6 each control group; n � 9 UU). The antenatal
UU-infected group was further subdivided by culture status at necropsy
(UU�, n � 4; UU�, n � 5). *p � 0.05 compared with 125-d GCs; †p � 0.05
compared with 140-d GCs.

Figure 5. Active TGF�1 and ratios of Smad2/Smad7 and Smad3/Smad7 in
lung homogenates of gestational and ventilated controls and antenatal UU-
infected immature baboon. Lung homogenates from GC, noninfected, and
UU-infected p.r.n. O2 groups (n � 3 per group) were assayed for active
TGF�1 by ELISA and expressed as mean � SEM pg/mg lung homogenate
protein (A). Aliquots of lung homogenates (n � 2 per group) were separated
by SDS/PAGE and immunoblotting performed with goat anti-Smad2,
-Smad3, or -Smad7 antibodies (B). The amount of immunoreactive protein
was quantitated by densitometry. Data are expressed as the mean � SD ratio
of the densitometry measurements of Smad2/Smad7 (C) or Smad3/Smad7
(D). *p � 0.05 compared with 125-d GC; †p � 0.05 compared with 140-d
GCs; ‡p � 0.05 compared with 14 d p.r.n. O2.
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spiratory colonization of human preterm infants has been
previously described (5,22), but OSM has not been previously
studied in the newborn lung. Transient overexpression of
IL-1� mediates lung fibrosis proportionate to TGF�1 levels
generated in these models (23), providing a mechanism for
inflammation-mediated fibrosis. OSM, a member of the IL-6
cytokine family, is expressed by alveolar epithelial cells and
alveolar macrophages (24). OSM stimulates human lung fi-
broblast proliferation and collagen production and inhibits
fibroblast apoptosis in vitro (25). Transient overexpression of
OSM in murine lung by adenoviral transfer stimulates an
influx of neutrophils and mononuclear cells and collagen
deposition (26). OSM may regulate extracellular matrix by
stimulating tissue inhibitor of metalloproteinases 1 (27) and
plasminogen activator (28). The present study is the first to
implicate OSM in the pathogenesis of BPD.
In the present study, lung lavage concentrations of the

anti-inflammatory cytokine IL-10 were not statistically differ-
ent among the groups. This is in agreement with previous
studies demonstrating low expression of IL-10 in the human
preterm lung (13) and the immature baboon model (29) and
supports the contention that BPD is the result of an imbalance
of pro- and anti-inflammatory mediators (30). IL-10 sup-
presses the innate immune response by down-regulating
TNF�, IL-1�, and IL-8 expression (31). IL-10 may also be
antifibrotic. Pretreatment with liposomes containing a human
IL-10 expression vector inhibited bleomycin-induced fibrosis
in mice, in part, by suppressing TNF� expression (32). IL-10
directly reduced constitutive and TGF�1-stimulated type I
collagen mRNA expression by scleroderma and normal der-
mal fibroblasts (33). IL-10 induced gene expression of
decorin, a TGF� antagonist in dermal fibroblasts (33). Con-
ditioned medium from cultured normal lung fibroblasts, but
not fibroblasts from fibrotic lungs, stimulated IL-10 release
from monocytes, suggesting that fibrosis might contribute to
the maintenance of chronic inflammation (34). We have pre-
viously demonstrated that Ureaplasma reduced endotoxin-
stimulated IL-10 release by preterm cord blood monocytes in
vitro (35). We speculate that a reduced capacity to produce
IL-10 in the injured preterm lung combined with further
suppression of IL-10 by Ureaplasma infection might contrib-
ute to both chronic inflammation and fibrosis.
The Smad proteins are important intracellular mediators of

TGF�1 signaling. Changes in Smad protein expression have
been implicated in fibrotic lung diseases (21,36,37). In bleo-
mycin-induced lung fibrosis in rats, there is a persistent in-
crease in phosphorylation and nuclear accumulation of
Smad2/Smad3 and progressive decrease of Smad7 (37).
Smad3 deficiency (36) and Smad7 overexpression (38) reduce
bleomycin-induced lung fibrosis. Smad3 mediates TGF�1-
induced fibroblast proliferation, myofibroblast differentiation,
and collagen accumulation (36). Constitutive and TGF�-
induced expression of Smad7 was selectively depressed and
Smad3 expression increased in cultured fibroblasts from sub-
jects with scleroderma, suggesting that alterations in the Smad
pathway contribute to the pathogenesis of TGF�-mediated
fibrosis in this disease (21). Data in the current study indicate
that antenatal Ureaplasma exposure contributes to an imbal-

ance of Smad2/Smad3 and the inhibitory Smad7 that results in
persistent activation of TGF�1 and altered developmental
signaling. In support of this contention, active TGF�1 in lung
lavage measured by ELISA was increased in Ureaplasma-
infected lung. The Smad proteins are potential novel targets to
prevent or ameliorate excessive TGF� signaling during injury
of the preterm lung.
There are a number of limitations of the present study. First,

the duration of antenatal exposure was relatively brief and
may not be consistent with actual exposure in the human
situation in which intrauterine colonization may be present for
weeks (39). In fetal sheep exposed to intra-amniotic Urea-
plasma for periods up to 10 wk, long-term, but not short-term,
exposure was associated with improvement in lung function,
poor fetal growth, fetal acidemia, and evidence of fetal pul-
monary inflammation (40). Second, control animals were not
exposed to sham amniocentesis, allowing for the possibility
that procedure-related stress may have contributed to changes
observed in the UU-infected animals. Third, the controls were
not concurrent with the experimental animals, but all care
protocols were the same. Fourth, indices of lung inflammation
and fibrosis were obtained at a single time point. Whether the
early fibrosis noted at 2 wk of age persists or resolves over
time in the antenatal UU-infected preterm baboon lung is
unknown. In autopsy lung samples from human infants dying
with Ureaplasma infection, myofibroblast accumulation and
collagen and elastin deposition were evident up to 6 wk
postnatal age (4,14). The observation that abnormalities per-
sist despite clearance of the organism suggest that therapeutic
interventions solely targeting organism eradication may be
insufficient to prevent the infection-related sequelae. The pri-
mate model of antenatal Ureaplasma infection will be ideal
for future studies to investigate the effects of a more prolonged
intrauterine exposure and to assess the benefit of potential
therapeutic interventions.
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