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Stem cell factor improves lung recovery in rats following
neonatal hyperoxia-induced lung injury

Luis F. Miranda'?, Claudia O. Rodrigues®#, Shalini Ramachandran'?, Eneida Torres'?, Jian Huang'? Jammie Klim?,
Dorothy Hehre'?, lan McNiece?, Joshua M. Hare**, Cleide Y. Suguihara'? and Karen C. Young'?*

BACKGROUND: Stem cell factor (SCF) and its receptor, c-kit,
are modulators of angiogenesis. Neonatal hyperoxia-induced
lung injury (HILI) is characterized by disordered angiogenesis.
The objective of this study was to determine whether exog-
enous SCF improves recovery from neonatal HILI by improving
angiogenesis.

METHODS: Newborn rats assigned to normoxia (RA: 20.9% 0)
or hyperoxia (90% 0) from postnatal day (P) 2 to 15, received
daily injections of SCF 100 pg/kg or placebo (PL) from P15
to P21. Lung morphometry was performed at P28. Capillary
tube formation in SCF-treated hyperoxia-exposed pulmonary
microvascular endothelial cells (HPMECs) was determined by
Matrigel assay.

RESULTS: As compared with RA, hyperoxic-PL pups had
decrease in alveolarization and in lung vascular density, and
this was associated with increased right ventricular systolic
pressure (RVSP), right ventricular hypertrophy, and vascu-
lar remodeling. In contrast, SCF-treated hyperoxic pups had
increased angiogenesis, improved alveolarization, and attenu-
ation of pulmonary hypertension as evidenced by decreased
RVSP, right ventricular hypertrophy, and vascular remodeling.
Moreover, in an in vitro model, SCF increased capillary tube for-
mation in hyperoxia-exposed HPMECs.

CONCLUSION: Exogenous SCF restores alveolar and vascular
structure in neonatal rats with HILI by promoting neocangio-
genesis. These findings suggest a new strategy to treat lung
diseases characterized by dysangiogenesis.

mpaired alveolar development or so-called “alveolar simplifi-

cation” and dysmorphic vascular growth are the hallmarks of
bronchopulmonary dysplasia (BPD) (1). This disease occurs in
~1 in 3 very-low-birth-weight premature infants and accounts
for more than 12,000 new cases in the United States annually
(2). Unfortunately, despite a marked improvement in neonatal
mortality over the past three decades, the incidence of BPD
continues to rise, and the mortality rate for BPD complicated
by pulmonary hypertension (PH) remains as high as 70% (3).
For survivors, the health impact is significant; infants with
BPD often have prolonged hospital stays and frequently need

supplemental oxygen and special services owing to develop-
mental delay and cerebral palsy (1). The economic impact is
also tremendous. In 2005, the overall cost of treating BPD in
the United States was estimated to be ~$2.4 billion. Thus, effec-
tive treatment strategies to counteract this disease are urgently
needed. Yet, one of the main problems in developing thera-
pies for BPD is its multifactorial etiology which impacts not
only the airways but also the developing microvasculature. The
lung circulation in these patients is characterized by dysmor-
phic vascular growth, including a relative paucity of small pul-
monary arteries with an altered pattern of distribution within
the interstitium of the distal lung (4). This abnormal vascular
development is associated with a downregulation of several
angiogenic growth factors (4).

Stem cell factor (SCF), or c-kit ligand, is a glycoprotein
which exists in both soluble and membrane bound forms (5).
Commonly known to be a mobilizer of stem cells, this ligand
is expressed on several cells, including bronchial epithelial
(6) and pulmonary microvascular endothelial cells (7). Its
receptor, c-kit or CD117, is known to be expressed on diverse
populations of cells including endothelial progenitor cells,
hematopoietic stem cells, mast cells, fetal lung stromal cells,
and putative lung stem cells (8-10). Binding of SCF to c-kit
activates several signal transduction pathways that promote
angiogenesis, induce cell proliferation, and augment cell sur-
vival (11).

Neonatal hyperoxic exposure is a significant contributor
to BPD (12). This exposure results in impaired angiogene-
sis (13), and thus, SCF, a potent proangiogenic factor (14),
may be potentially efficacious in alleviating neonatal hyper-
oxia-induced lung injury (HILI). Indeed, several reports
have demonstrated that SCF induces angiogenesis. Matsui
et al. (15) demonstrated that SCF promotes angiogenesis in
human umbilical vein cells and silencing SCF-inhibited cap-
illary tube formation. Similarly, Fujii et al. (16) demonstrated
that administration of SCF improved myocardial function
following infarction by promoting neoangiogenesis, and
several studies have shown that SCF modulates tumor angio-
genesis (14,17).
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Interestingly, c-kit, the SCF receptor, has also been shown
to be a modulator of angiogenesis (18). This is distinctly plau-
sible, as in prior studies, c-kit mutant mice were shown to have
defective angiogenesis following myocardial infarction, and
administration of c-kit-positive cells improved myocardial
regeneration following injury by promoting angiogenesis (19).
Whether harnessing the proangiogenic properties of SCF in
neonatal HILI will promote lung repair is unclear. The purpose
of this study was to determine whether the administration of
SCF would improve angiogenesis and alveolarization in neo-
natal rats with HILI. We demonstrate that SCF improves alveo-
larization and vascular density, decreases pulmonary vascular
remodeling, and increases lung vascular endothelial growth
factor (VEGF) expression in neonatal rats. Moreover, SCF pro-
moted capillary tube formation in hyperoxia-exposed human
pulmonary microvascular endothelial cells (HPMECs). These
present findings provide new insight into the role of SCF in
HILI and suggest a new strategy to decrease the incidence of
BPD in neonates.

RESULTS

Lung c-Kit and SCF Expression in HILI

We first sought to ascertain whether hyperoxic exposure would
affect the protein expression of SCF and its receptor, c-kit, in the
lungs of neonatal pups. Whole lung lysates were obtained from
newborn rat pups exposed to normoxia or hyperoxia (90% O,)
for 14 d. The protein expression of c-kit and SCF in lung lysates
was determined by western blot. As compared with normoxic
pups, there was a twofold decrease in the protein expression of
c-kit in lung lysates obtained from hyperoxic pups (Figure 1a).
There was however no change in the lung protein expression of
SCEF following 14 d of hyperoxia (Figure 1b).

SCF Promotes Angiogenesis in Neonatal Rats With HILI

We next analyzed the effects of exogenous SCF on lung angio-
genesis in neonatal rats with HILL. Neonatal rats exposed to
normoxia (RA: 20.9% O,) or hyperoxia (90% O,) for 14 d
were randomly assigned to receive daily injections of SCF
100 pg/kg or placebo (PL) from postnatal day (P) 15 to P21.
The lungs were removed at P28, and paraffin-embedded lung
sections were immunostained with Von Willebrand factor
(VWE), an endothelial cell marker. Hyperoxia-exposed rats
had a decrease in the number of intra-acinar vVWFP* vessels/
high-power field (HPF) at P28, similar to that seen in BPD
(Figure 2a). This was evidenced by a twofold reduction in
vascular density as compared with normoxic rats (8+1 vs.
4+1 vessels/HPF; RA-PL vs. hyperoxia-PL; P < 0.001; n =
5-6/group; Figure 2b). By contrast, administration of SCF
to hyperoxia-exposed rats improved vascular density to nor-
moxic levels (4+1 vs. 9£1 vessels/HPF; hyperoxia-PL vs.
hyperoxia-SCF; P < 0.001; n = 5-6/group; Figure 2b). This
improvement in vascular density was accompanied by an
increase in lung VEGF protein concentration (400+ 13 vs.
470 £23 pg/ml; hyperoxia-PL vs. hyperoxia-SCF; P < 0.01;
Figure 2c), as determined by enzyme-linked immunosor-
bent assay.

Copyright © 2013 International Pediatric Research Foundation, Inc.
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Figure 1. Effect of hyperoxia on lung SCF and c-kit expression.

(a) Decreased lung c-kit protein expression in newborn rats exposed to

14 d of hyperoxia (*P < 0.05, room air vs. hyperoxia; n = 5/group). c-Kit
expression is normalized to -actin. A representative western blot is
shown in the lower panel. White bars indicate room air, and black bars
indicate hyperoxia. (b) Lung SCF expression is not significantly affected by
neonatal hyperoxic exposure for 14 d. SCF, stem cell factor.

SCF Increases Capillary Tube Formation in HPMECs

HPMECs exposed to hyperoxia had decreased number of cord-
like structures (6.3+2.1 vs. 2.6 +0.9; normoxia vs. hyperoxia;
P < 0.001; n = 6/group; Figure 3a,b). By contrast, hyperoxia-
exposed HPMEC:s treated with SCF showed a dose-dependent
increase in the number of cord-like structures (Figure 3b).

SCF Attenuates PH and Vascular Remodeling in HILI

PH in HILI may be secondary to a decrease in vascular den-
sity. Thus, we next analyzed whether SCF would improve PH
in neonatal rats with HILIL. The degree of PH was evaluated
by measuring the right ventricular systolic pressure (RVSP)
and the ratio of the weight of the right ventricle to the left
ventricle and septum (RV/LV+S). Hyperoxia exposed rats
had an increase in RVSP (20+2 vs. 37+6 mm Hg; RA-PL
vs. hyperoxia-PL; P < 0.001; n = 6-7/group), and in RV/
LV+S (0.27+0.02 vs. 0.38+0.08; RA-PL vs. hyperoxia-PL; P
< 0.001; n = 6-7/group) (Figure 4a,b). By contrast, adminis-
tration of SCF significantly decreased RVSP (37+6 vs. 29+4
mm Hg; hyperoxia-PL vs. hyperoxia-SCF; P < 0.001; n = 6-7/
group) and RV/LV+S (0.38 £0.08 vs. 0.29 +0.02; hyperoxia-PL

Volume 74 | Number 6 | December 2013 Pediatric RESEARCH 683



Al‘tides ‘ Miranda et al.

a
RA PL Hyperoxia PL
100 um 100 um
RA SCF Hyperoxia SCF
100 um 100 pm
b

12 *

_ —
10 | i |

8 T

Vessels/HPF
[}

Placebo SCF

(¢}
*

700 f 1

600 |

500 f

400

VEGF protein concentration (pg/ml)

300
Placebo SCF

Figure 2. SCF promotes angiogenesis in neonatal rats with HILI. (@) Lung
sections stained with VWF (red) demonstrating improved vascular density
in the hyperoxia-exposed SCF-treated rats. Original magnification: x100.
Scale bar = 100 um. (b) Increased capillary density in the lungs of hyper-
oxia-exposed SCF-treated animals (*P < 0.001, SCF vs. PL; n = 5-6/group).
White bars indicate PL, and black bars indicate hyperoxia. (c) Increased
VEGF protein synthesis in the lungs of hyperoxia-exposed SCF-treated rats
(*P < 0.01, SCF vs. PL; n = 5-6/group). HILI, hyperoxia-induced lung injury;
HPF, high-power field; PL, placebo; SCF, stem cell factor; VEGF, vascular
endothelial growth factor; vVWF, Von Willebrand factor.

vs. hyperoxia-SCF; P < 0.001; n = 6-7/group) (Figure 4a,b).
There was no significant difference in PH between the nor-
moxia-exposed groups.

Moreover, while hyperoxia exposed rats had an increased
vascular remodeling as evidenced by increased medial wall
thickening (10+0.6 vs. 16 + 3.3%; RA-PL vs. hyperoxia-PL; P <
0.001; n=4-5/group), hyperoxic SCF-treated rats had a signifi-
cant decrease in medial wall thickening (16 £3.3 vs. 12+ 3.1%;
hyperoxia-PL vs. hyperoxia-SCF; P < 0.001; n = 4-5/group)
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Figure 3. SCF increases capillary tube formation in hyperoxia-exposed
HPMECs. (@) Increased tubule formation 20 h after plating SCF-treated
hyperoxia-exposed HPMECs on Matrigel. Original magnification: x100.
Scale bar =50 um. (b). Dose-dependent increase in the number of cord-
like structures in the hyperoxia-exposed SCF-treated HPMECs (*P < 0.04,
normoxia vs. hyperoxia SCF-0 ng/ml; **P < 0.001, hyperoxia SCF-Ong/

ml vs. SCF-10ng/ml and SCF-100 ng/ml). White bar represents normoxia-
exposed untreated HPMECs, and black bars represent hyperoxia-exposed
HPMECs, which were untreated (SCF 0ng/ml) or treated with SCF 10—

100 ng/ml. HPF, high-power field; HPMECs, hyperoxia-exposed pulmonary
microvascular endothelial cell; SCF, stem cell factor.

(Figure 4c,d). This was associated with decreased lung col-
lagen concentration in the hyperoxia-SCF group (4.4 0.5 vs.
3.2+0.2 pg collagen/mg protein; hyperoxia-PL vs. hyperoxia-
SCF; P < 0.001; n = 5-6/group; Figure 4e).

SCF Improves Alveolarization

Lung angiogenesis is crucial for normal lung alveolarization.
Therefore, we next investigated the effects of SCF on lung
alveolarization. Mean linear intercept (MLI), lung septal
density, and volume fraction of alveoli within parenchymal
tissue (V, (alv/par)) were utilized to assess lung alveolariza-
tion. Hyperoxia-exposed rats have decreased alveolariza-
tion as evidenced by increased alveolar simplification and
decreased septa formation (Figure 5a). Morphometric anal-
ysis revealed an increase in MLI (38 £4 vs. 64 + 3 pm; RA-PL
vs. hyperoxia-PL; P < 0.001; n = 6-7/group), a decrease in
septal density (34 +4 vs. 26 +4 septa/HPF; RA-PL vs. hyper-
oxia-PL; P<0.001; n = 6-7/group), and an increase in V_ (alv/
par) in hyperoxia-exposed rats (63 + 4 vs. 74 + 3%; RA-PL vs.
hyperoxia-PL; P < 0.001; n = 6-7/group) (Figure 5b-d). By
contrast, administration of SCF decreased MLI (64+3 vs.
47 +3 um; hyperoxia-PL vs. hyperoxia-SCF; P < 0.001; n =
6-7/group), restored septal density (26 £4 vs. 34+ 6 septa/
HPF; hyperoxia-PL vs. hyperoxia-SCF; P < 0.001; n = 6-7/
group), and reduced V_ (alv/par) to near-normoxic values
(Figure 5b-d). There was no difference in MLI, septal den-
sity, or V, (alv/par) between the normoxia-exposed rats.

Copyright © 2013 International Pediatric Research Foundation, Inc.
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Figure 4. SCF attenuates pulmonary hypertension. (a) Decreased RVSP in the lungs of hyperoxia-exposed SCF-treated rats (*P < 0.001, SCF vs. PL;

n = 6-7/group). White bars represent PL, and black bars represent hyperoxia. (b) Decreased RV/LV+S in the lungs of hyperoxia-exposed SCF-treated rats
(*P < 0.04, SCF vs. PL; n = 6-7/group). (c) Decreased o-smooth muscle actin immunostaining in the pulmonary arterioles of hyperoxia-exposed
SCF-treated rats. Original magnification: x400. Scale bar: 25um. (d) Decreased medial wall thickness in hyperoxia-exposed SCF-treated rats (*P < 0.001,
SCF vs. PL; n =5-6/group). (e) Decreased lung collagen in hyperoxia-exposed SCF-treated rats (*P < 0.001, SCF vs. PL; n = 5-6/group). PL, placebo;
RV/LV+S, ratio of the weight of the right ventricle to the left ventricle and septum; RVSP, right ventricular systolic pressure; SCF, stem cell factor.

DISCUSSION

In this study, we show that in a neonatal HILI model, exog-
enous SCF improves vascular density, attenuates PH, promotes
alveolarization, and decreases pulmonary vascular remodel-
ing. Furthermore, we show that SCF promotes capillary tube
formation in hyperoxia-exposed pulmonary microvascular
endothelial cells. These results suggest that exogenous SCF
improves recovery from neonatal HILI by promoting neoan-
giogenesis, and more importantly, it provides evidence that
SCF administration may be a potential therapeutic strategy for
neonates with BPD.

SCF is known to be a potent angiogenic factor (17), and
previous studies have demonstrated an increase in local SCF
expression following organ injury (20). Indeed, Sun et al.
demonstrated that SCF mRNA and protein were highly
induced in neurons within the zone of injured brain (20).
Surprisingly, in our present study, SCF protein expression
was not increased in the lungs of neonatal rats with HILL
These findings may imply that an inadequate SCF response
following neonatal hyperoxic exposure might be a contribu-
tory factor to the impaired neoangiogenesis observed after
neonatal HILI. Interestingly, we also demonstrated a twofold
decrease in lung c-kit expression following 14 d of hyperoxic
exposure. Although there are no known previously published
studies evaluating the expression of c-kit during hyperoxia,
this finding is particularly notable as downstream signaling
following activation of c-kit by SCF is known to promote
the release of several angiogenic factors (21). Moreover, aug-
mentation of SCF/c-kit signaling has been shown to increase

Copyright © 2013 International Pediatric Research Foundation, Inc.

capillary tube formation in human umbilical vein endothelial
cells (15).

In the present study, we demonstrate that exogenous SCF
improves lung angiogenesis in neonatal rats with HILI and
furthermore that SCF promotes capillary tube formation in
hyperoxia-exposed pulmonary microvascular endothelial cells.
This is in keeping with prior studies showing SCF-induced
increases in angiogenesis in models of organ injury (16,22) and
with published reports showing evidence that SCF increases
tumor angiogenesis. In one recent publication, Zhang et al.
(17) demonstrated that transfection of rat mammary tumor
cells with SCF cDNA resulted in more vascularized tumors.
In addition, Sun ef al. (14) demonstrated that downregulation
of SCF improved survival in orthotopic mouse glioma models
by reducing tumor angiogenesis. Furthermore, in an in vitro
model, exposure of fatty acid-binding protein 4 -deficient
endothelial cells (which have attenuated angiogenic activity)
to SCF increased angiogenic sprouting (23).

It should be noted, however, that in our study, the SCF-
induced improvement in lung vascular density following HILI
was associated with an increase in VEGF concentration. Thus,
the improvement in angiogenesis following SCF administra-
tion may be a direct effect or potentially an indirect effect by
an increase in VEGF release. This modulation of VEGF expres-
sion by SCF is in keeping with the findings of several inves-
tigators who demonstrated that SCF/c-kit signaling results in
hypoxia-inducible factor-10.-mediated enhancement of VEGF
expression in cancer cell lines and hematopoietic stem cells
(21,24).
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Figure 5. Stem cell factor improves alveolarization. (a) H&E-stained lung sections demonstrating improved alveolar structure in hyperoxia-exposed
SCF-treated rats. Original magnification: x100. Scale bar: 100 um. (b) Decreased mean linear intercept in hyperoxic SCF-treated rats (*P < 0.001, SCF vs. PL;
n = 6-7/group). White bars represent PL, and black bars represent hyperoxia. (c) Increased septal density in SCF-treated hyperoxic rats (*P < 0.002, SCF vs.
PL; n = 6-7/group). (d) Decreased V, (alv/par) in SCF-treated hyperoxic rats (*P < 0.03, SCF vs. PL; n = 6-7/group). H&E, hematoxylin and eosin; HPF, high-
power field; PL, placebo; SCF, stem cell factor; V, (alv/par), volume fraction of alveoli within parenchymal tissue.

In keeping with our findings of improved angiogenesis, we
also demonstrate improved PH in the hyperoxic SCF-treated
rats as evidenced by decreased RVSP, right ventricular hyper-
trophy, and vascular remodeling. This improvement in vas-
cular remodeling was not expected since prior studies have
demonstrated that SCF contributes to vascular remodeling
in systemic vascular injury models. Wang et al showed that
SCF attenuated vascular smooth muscle cell apoptosis and
increased intimal hyperplasia after arterial wall injury in a
mouse model. Moreover, intimal hyperplasia was significantly
decreased in Steel-Dickie mice, which lack the membrane-
bound SCF (25). It is however plausible that the improve-
ment in vascular remodeling seen in our study following SCF
administration may be an indirect effect occurring primarily
as a consequence of the improvement in lung injury.

Alveolar development and formation of pulmonary blood
vessels are closely intertwined processes (4). Arrested alveo-
larization is a key component of BPD. We showed that SCF
administration to hyperoxia-exposed rats promotes an
improvement in alveolarization, as evidenced by increased
septal density, decreased MLI, and improved V, (alv/par).
Similar findings have also been shown in other models of organ
injury. In a model of liver injury, animals treated with a lethal
dose of acetaminophen, and administered with exogenous
SCE had increased survival and reduced serum liver enzymes
(26). Similarly, in a mouse model of folic acid-induced kidney
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injury, administration of SCF to metalloproteinase-9-deficient
mice (which have decreased SCF expression) improved renal
function and decreased apoptosis in renal intercalated and
proximal tubule cells (27).

Finally, it is important to mention the limitations of this
study. We utilized a neonatal rodent HILI model as the pheno-
typic changes evidenced in this model are similar to that seen
in BPD. Yet, although hyperoxia is an important contributor to
the pathogenesis of BPD, there are several other factors includ-
ing pre- and postnatal exposure to infection, ventilation, and
poor nutrition which contribute to the arrest of lung develop-
ment evidenced in this disease. It is therefore possible that the
additive effects of these insults on the preterm lung may poten-
tially alter the efficacy of this therapy. In addition, although it
was not within the scope of our present study to evaluate stem
cell migration, another property of SCF, which may be useful in
neonatal HILI, is its stem cell mobilization properties. Indeed,
the therapeutic efficacy of stem cells in neonatal HILI has been
demonstrated in several recent publications, and strategies
to increase the mobilization of stem cells to the injured lung
have been previously shown to promote lung repair (28,29).
Cheng et al. (30) demonstrated that SCF promotes the release
of progenitor cells from the bone marrow to areas of injury,
and the mobilized cells were shown to contribute to vessel
growth. Xiang et al. (22) also showed that cardiomyocyte-spe-
cific overexpression of SCF improves myocardial function and

Copyright © 2013 International Pediatric Research Foundation, Inc.



survival after a myocardial infarction by increasing endothelial
progenitor cell recruitment and neovascularization. It is there-
fore plausible that the increased angiogenesis evidenced in our
present study may also be secondary to increased migration
of stem cells to the lung. Interestingly, within this context, it
should be noted that inhibition of SCF or its receptor, c-kit, was
shown to attenuate bleomycin-induced pulmonary fibrosis as
well as tumor metastases, and c-kit-positive cells were shown
to contribute to PH (31-33). It is possible that the disparity in
our present findings and previous studies may be secondary to
the differences in the mechanism of the lung injury, which may
impact the fate of stem cells as well as the pleiotropic effects of
SCF/c-kit signaling. Notwithstanding, future studies will need
to be performed to evaluate the long-term effects of SCF on
the lung and other developing organs. In addition, since other
investigators utilizing stem cell-based strategies have demon-
strated that experimental BPD may be potentially preventable
by early treatment (34), it would be important to explore the
efficacy of SCF in preventing BPD.

Nonetheless, our data suggest that exogenous SCF may
mediate lung repair following HILI by improving the angio-
genic milieu of the lung. We show evidence in vivo and in vitro
that SCF promotes neoangiogenesis in neonatal HILI, and this
characteristic may provide a new therapeutic strategy for lung
repair in preterm infants with BPD.

METHODS

Animals

Pregnant Sprague Dawley rats were purchased from the Charles River
Laboratories (Wilmington, MA). All animals were cared for accord-
ing to the National Institutes of Health guidelines for the care and
use of laboratory animals. All animal experiments were performed
according to guidelines set forth by the University of Miami Animal
Care and Use Committee.

Neonatal Hyperoxic Model

Sprague Dawley neonatal rats at P2 (n = 49) were randomly assigned
to normoxia (20.9% O,) or hyperoxia (90% O,) groups from birth to
P15. Oxygen exposure was achieved in a Plexiglas chamber by a flow-
through system, and the oxygen level inside the Plexiglas chamber
was monitored continuously with Maxtec oxygen analyzers (model:
OM25-RME; Maxtec, Salt Lake City, UT). The mothers were switched
every 48 h between the hyperoxic and normoxic chambers to prevent
damage to their lung. Litter size was adjusted to 10 pups to control for
the effect of litter size on nutrition and growth.

SCF Administration

At P15, all pups were placed in normoxia and randomly assigned to
receive a daily subcutaneous injection of either placebo or polyethyl-
ene glycolated SCF (100 pg/kg; obtained from Ian McNiece, Stem Cell
Institute, University of Miami Miller School of Medicine) from P15
to P21. This dose was chosen based on previously reported data (35).
Animals were evaluated at P28.

Lung Morphometric Analysis

Lung perfusion was performed as previously described (36). Serial
paraffin-embedded, 5-um-thick lung sections that were taken from
the upper and lower lobes were stained by standard hematoxylin and
eosin. Alveolarization was determined by analyzing the septal den-
sity, MLI, and V_ (alv/par) as previously described (37,38). Images
from five randomly selected, nonoverlapping parenchymal fields
were acquired from lung sections of each animal at x10 magnifica-
tion. Care was taken to exclude sections with large bronchioles or ves-
sels. MLI was calculated by determining the average distance between
intersects of alveolar septal tissue with a superimposed counting grid.

Copyright © 2013 International Pediatric Research Foundation, Inc.
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Septal density was measured by counting the number of secondary
septa per HPE. V_ (alv/par) was determined by point and intersec-
tion counting. Test points were defined as either parenchymal points
(P, if they hit any gas exchange surface, excluding large blood
vessels and bronchi, or alveolar points (P ) if they hit the alveolar

lumen. V (alv/par)% was calculated by the equation P /P

(alv (par)”

Pulmonary Hypertension

RVSP was evaluated as previously described (36). RVSP was mea-
sured and recorded on a Gould polygraph (model TA-400; Gould
Instruments, Cleveland, OH). Right ventricular hypertrophy was
determined by measuring the ratio of the weight of the right ventricle
to the left ventricle and septum.

Pulmonary Vascular Density

Mid lung sections (5-pm thick)of the upper and lower lobes were
deparaffinized, rehydrated, and stained with polyclonal rabbit antihu-
man vWF (Dako, Carpinteria, CA). Five randomly selected, nonover-
lapping parenchymal fields from lung sections of each animal were
evaluated. The number of blood vessels (20-50 pm in diameter) in
each HPF was quantified by a blinded observer.

Pulmonary Vascular Remodeling

Paraffin-embedded sections were stained with polyclonal rabbit
antihuman vWF (DAKO) and monoclonal mouse anti-o.-smooth
muscle actin (o-sma: 1:500; Sigma-Aldrich, St Louis, MO). Medial
wall thickness of partially and fully muscular arteries (20-50 um) was
determined by using the formula: 2(MT) x 100/ED, where MT is the
distance between the internal and external elastic laminas and ED is
the external diameter. Approximately 20 randomly chosen arteries
were evaluated per slide, and all morphometric analyses were per-
formed by a blinded observer.

Sircol Assay

Lung homogenates collagen content was quantified using Sircol
Assay, which was performed as per the manufacturer’s specifications
(Biocolor, Carrickfergus, UK).

Western Blot Analysis

The lungs of neonatal rat pups exposed to hyperoxia or normoxia
for 2wk were dissected as previously described (36). Western blot
analysis was performed as previously described (36). The primary
antibodies utilized were: polyclonal rabbit antihuman c-kit antibody
(DAKO) and polyclonal goat antimouse SCF antibody (Santa Cruz
Biotechnology, Santa Cruz, CA).

VEGF Concentration

VEGF protein concentration in lung homogenates was determined
using a Quantikine ELISA kit (R&D Systems, Minneapolis, MN), as
per the manufacturer’s specifications.

Matrigel Assay

The effect of SCF on capillary tube formation in vitro was determined
by Matrigel assay as previously described (39). HPMECs (Lonza,
Allendale, NJ) were cultured to passages 3-6, plated in 100-mm dishes,
and serum starved for 48 h. Serum-starved HPMECs were treated with
varying doses of SCF (0-100 ng/ml) and cultured in normoxic (20.9%
0, and 5% CO,) or hyperoxic (95% O, and 5% CO,) conditions for
72h. Capillary tube formation was assessed on growth factor-reduced
Matrigel-coated wells (BD Biosciences, San Diego, CA). Bright field
images were collected at 5 and 20h. All experiments were performed
in triplicate, and tube formation was quantified by measuring the
number of capillary-like structures in at least three HPFs per well.

Statistics

Results are reported as mean + SD. Data were analyzed by two-way
ANOVA followed by a post hoc analysis (Holm-Sidak analysis).
Values of P < 0.05 were considered statistically significant. Statistical
analysis was performed using SigmaStat software (SyStat Software,
San Jose, CA).
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