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ABSTRACT: Pulmonary alveolar type II cells synthesize and se-
crete phospholipids and surfactant proteins. In most mammalian
species, the synthesis of phospholipids and proteins of lung surfactant
increases with fetal lung maturation, which occurs late in gestation.
Factors that may promote lung maturation and surfactant production
include the placental hormone, leptin, whose expression increases
with advancing gestational age. We demonstrate that physiologic
concentrations of leptin (1 and 10 ng/mL) increase the levels of
surfactant proteins (SP) A, B, and C mRNA as well as SP-A and
SP-B protein in d-17 fetal rat lung explants in vitro. To determine
whether leptin exerts similar effects in vivo, we administered leptin
antenatally to pregnant rats and compared its effects to that of
dexamethasone, a known mediator of fetal lung development. Ante-
natal treatment with leptin for 2 d significantly increased the average
weight of the fetal lungs in relation to their body weight. Histologic
analysis revealed that the increase in fetal lung weight was accom-
panied by an increase in the number and maturation of type II
alveolar cells and the expression of surfactant proteins B and C in
these cells. Collectively, these results suggest that leptin is a cytokine
regulator of rat fetal lung maturity. (Pediatr Res 60: 200–204, 2006)

Pulmonary surfactant, which lines the alveolar surface, is an
absolute requirement for normal lung function as it main-

tains lung stability and prevents alveolar collapse by reducing
surface tension at the air-liquid interface during end-
expiration. Pulmonary surfactant is a complex material con-
sisting of phospholipids, neutral lipids, carbohydrate, and
proteins. DPPC is the major surface-active component of lung
surfactant (1), and phosphatidylglycerol, another major and
unique phospholipid, facilitates its surface tension-lowering
properties. There are three SP, SP-A, SP-B, and SP-C, which
also facilitate the surfactant function of DPPC. Of these,
SP-B, which mediates rapid adsorption of DPPC to the air-
liquid interface, is required to maintain the surface tension-

lowering activity of lung surfactant. Both SP-C and SP-A, in
combination with SP-B, further enhance the lowering of sur-
face tension by surfactant phospholipids (2,3). In addition,
SP-A is postulated to aid in host-defense mechanisms by
affecting macrophage function (4). Alveolar epithelial type II
cells synthesize all of these proteins and process the primary
translation products to form mature proteins (5).
In most mammalian species, the synthesis of lipids and

proteins of lung surfactant increases with fetal lung matura-
tion, which occurs late in gestation (6). The synthesis of SP-A,
SP-B, and SP-C mRNA in embryonic rat lung of 13-d gesta-
tion can be detected by reverse transcriptase (RT) PCR (7),
indicating that cells destined to become type II cells are
present early in embryonic life. The typical type II cell
morphology with increased number of lamellar bodies is seen
at 19 d of fetal life (term being 22 d). At this time, DPPC and
SP-A and SP-B proteins also begin to increase (8). Thus,
increased production of surfactant does not occur until after
80% of gestation is completed. As the fetus nears birth, the
mature surfactant system is in place to facilitate extrauterine
life.
The development of the cultured fetal lung explant model

(9–11) has facilitated investigations into regulation of surfac-
tant production. This model preserves tissue architecture and
appropriate cell-cell interactions, which seem to be important
for differentiation and maintenance of the type II cell pheno-
type (12). Fetal lung explants in culture undergo spontaneous
maturation and demonstrate increased synthesis of DPPC and
SP-A (10,13).
Recent studies on the hormone leptin have outlined its role

in energy homeostasis, regulating such diverse processes as
satiety, fetal and neonatal growth, and immune function (14).
Leptin regulates appetite and metabolic activity in mice (15)
by acting through the long form of the leptin receptor (Ob-Rb)
in the hypothalamus (14). Leptin-deficient ob/ob mice have a
specific respiratory phenotype of alveolar hyperventilation and
chronic hypercapnia (16). These phenotypic abnormalities are
observed in age- and weight-matched leptin-deficient (ob/ob)
mice before pronounced obesity. In a subsequent study, Tanker-
sley et al. (17) demonstrated that leptin administration to ob/ob
mice ameliorated the volume-dependent decrease in lung com-
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pliance in these animals. Leptin has also recently been shown to
prevent depressed respiration in ob/ob mice (18).
The observation that leptin is synthesized and secreted by

human (19), rat (20), and mouse (21) placental tissue may
have important implications, inasmuch as it suggests a novel
role for leptin in fetal growth and development. Because leptin
expression was observed in human placenta from near-term
pregnancies and in mouse placenta from 14.5 d but not from
12 d of gestation (21,22), it is likely that leptin regulates some
aspect of developmental growth in the fetus during the second
half of gestation. We propose that leptin is important for lung
growth and/or maturation and that the lack of leptin exposure
late in pregnancy when the type II alveolar cells are maturing
and producing surfactant could contribute to the respiratory
distress suffered by many premature infants.

METHODS

Animals. This study was approved by the Animal Care and Use Commit-
tee of Thomas Jefferson University. Timed-pregnant Sprague-Dawley rats
were obtained from Charles River Laboratories (Wilmington, MA). Rats were
anesthetized with intraperitoneal administration of pentobarbital sodium
(50 mg/kg) and the uterine horns surgically removed. The mothers were then
killed by exsanguination. The fetuses were immediately removed from the
uterus and placed on ice to induce anesthesia. The lungs en bloc with heart
and trachea were removed and placed in Waymouth medium for further
processing.

Fetal lung explant. Fetal rat lungs of 17–21 d gestation from two to three
pregnant rats were dissected free of heart, trachea, and bronchi, placed in
ice-cold serum-free Waymouth medium and cut into 1 mm3 pieces on a
McIlwain tissue chopper as described by Gross and Wilson (11). The explants
from 33 to 46 pooled fetal lungs were cultured as described (11) for varying
periods of time for up to 3 d to establish a time course for leptin effects on the
fetal lung. Mouse recombinant leptin (R&D Systems, Minneapolis, MN) was
added at either 1, 10, or 100 ng/mL at the time of initiation of the culture (d 0).

Isolation and attachment of type II cells. Type II cells were obtained from
the lungs of 19-d gestation fetal rats (term is 22 d) by our previously published
method (23,24). In brief, lungs were removed, dissected free of connective
tissue and nonparenchymal pulmonary tissue, and cultured as explants for
40-48 h in serum-free Waymouth MB 752/1 medium with penicillin and
streptomycin in humidified 95%O2/5%CO2 at 37°C. The explant cells were
then harvested and the cells dissociated using a solution of collagenase,
trypsin, and DNase. The nonadherent suspension containing an enriched
population of fetal type II cells was plated at 2 � 106 cells/35 mm2 dish in
2 mL of minimum essential medium containing penicillin (100 U/mL),
kanamycin (100 �g/mL), and 2% fetal bovine serum. The cells were cultured
for 20–22 h at 37°C in 5%CO2/room air (23).

RT/PCR analysis. Total RNA was extracted by homogenizing the tissue in
4M guanidine thiocyanate, applying the lysate on a QIAGEN RNeasy column
(QIAGEN, Chatsworth, CA), and recovering total RNA according to the
manufacturer’s instructions. Total RNA (1 �g) was brought up to 10 �L in
DEPC-treated water. The sample was heated to 75°C for 3 min, placed on ice,
and cDNA synthesis was performed by reverse transcription for 15 min at
42°C in a 20 �L reaction containing 1� PCR buffer II (Applied Biosystems,
Branchburg, NJ), 5 mM MgCl2, 1.25 mM each dNTP, 1 U/�L RNasin
(Promega, Madison, WI), 12.5 �g/�L oligo (dT)15, and 2.5 U/�L AMV
reverse transcriptase (Promega). Subsequent amplification of the cDNA se-
quence was performed with 5 �L of the reverse transcription reaction in 1�
Taq buffer, 5% DMSO, 25 pmol each primer (Table 1), and 1.25 U Taq
polymerase in a 25 �L reaction volume. For assessment of the relative levels
of SP-A, SP-B, and SP-C transcripts, a multiplex RT-PCR reaction with 18S
rRNA (�mbion, Austin, TX) was used. Since the leptin receptor isoforms all
differ in their carboxy terminus, a universal forward primer was used with
isoform-specific reverse primers to analyze receptor gene expression
(Table 1). The temperature profile for the PCR reactions consisted of a 2 min
melting step at 95°C, then 24–35 cycles of 30 s at 94°C, 30 s at 55°C, and 60 s
at 65°C, followed by a final extension step of 5 min at 72°C. RT-PCR
products were separated by size on a 4% agarose gel and stained with
ethidium bromide. Images were captured via an Eagle Eye II still video
imaging system, and the relative band intensities analyzed with accompanying
software (Stratagene, La Jolla, CA).

Real-time RT-PCR. RNA concentrations were measured spectrophoto-
metrically (Nanodrop Technologies, Wilmington, DE) and diluted to 50 ng/�L in
a total volume of 25 �L and treated with DNAse I according to the
manufacturer’s instructions (Ambion). After DNAse I inactivation, the RNA
was purified as described above. RNA (50 ng) was reverse-transcribed using
the Sensiscript kit from QIAGEN, and the cDNA (400 ng) was amplified in
triplicate with 300 nM of each forward and reverse primer and 1� SYBR
green mix (Bio-Rad, Hercules, CA) in the iCycler (Bio-Rad) with an anneal-
ing temperature of 55°C. The relative amount of mRNA for each sample was
calculated using the 2–�� Ct method as described by Livak et al. (25). In short,
the triplicate Ct readings for each gene were averaged and the standard
deviations calculated. SP-B and SP-C Cts were normalized to those for 18 s
to obtain �Cts that were used to determine the mRNA relative to d 0 controls.

Antenatal treatment of pregnant rats with leptin or dexamethasone.
Leptin (1 mg/kg body weight) was administered to pregnant rats at d 16 of
gestation and 24 h later by intraperitoneal injection. Dexamethasone at
6 mg/kg body weight was administered at similar time intervals as leptin.
After 48 h of leptin or dexamethasone exposure, the rat pups were surgically
removed at d 18, which is similar to 30 wk of gestation in the human. The
fetuses from each litter were pooled and weighed, and various tissues from
both the rat fetuses and mothers were also dissected and weighed.

Histochemistry and immunohistochemistry. Lung tissue samples were
mounted in 8% Tragacanth gum, snap-frozen in isopentane chilled in liquid
nitrogen, and stored at –70°C. After equilibrating the sample to –20°C, the
lungs were sectioned at 5 �m on a Jung Frigocut 2800E cryostat (Leica
Microsystems, Inc., Deerfield, IL) and lifted onto Probe Plus Slides (Fisher
Scientific, Pittsburgh, PA). The slides were briefly postfixed in 2% parafor-
maldehyde. Cultured fetal lung explants and type II pneumocytes were
directly fixed in 2% paraformaldehyde.

Fixed tissues and explants were rinsed in PBS (0.1 M, pH 7.4) and blocked
for endogenous avidin, biotin, and peroxidase activity. The slides were
incubated for 2 h in a 1:1000 dilution of goat anti-rat polyclonal IgG
antiserum to either SP-B or SP-C (Chemicon International, Temecula, CA).
Control sections were incubated in 2% BSA in PBS. Slides were rinsed in
three changes of PBS, 10 min each, and placed in the appropriate biotinylated
secondary antibody diluted 1:500, for 30 min. Following the secondary
antibody, slides were again rinsed in three changes of PBS, 10 min each, then
detected in streptavidin horse radish peroxidase and DAB chromogen (Zymed
Laboratories, South San Francisco, CA). The sections were counter stained in
Mayer hematoxylin and mounted in Advantage aqueous mounting medium
(Innovex Bioscience, Richmond, CA). Stained tissues were viewed with a
Dialux 20 microscope and Q500 imaging system (Leica). Photoprints were
printed with a Primera color printer (Fargo Electronics, Eden Prairie, MN).
The number of SP-B and SP-C- positive cells and total nuclei was determined
in random fields from each sample and expressed as a percentage of the total
number of nuclei per field, which contained immature airways interfacing
with immature mesenchymal tissue.

Type II cells were identified by alkaline phosphatase staining as previously
described (26). Unfixed frozen 5 �m sections and cell culture slides were
stained histochemically with alkaline phosphatase at pH 8.74 to identify type
II alveolar cells. Slides were incubated for 60 min at 37°C in 25 mL of 0.2M
Tris-HCl buffer and 25 mL of deionized water, 5 mg of naphthol AS-BI
phosphate, 0.1 mL dimethylformamide, and 30 mg of fast red TR. The slides
were then rinsed in three changes of deionized water, counterstained for 30 s

Table 1. PCR primers and their target genes

Primer Gene Sequence

RSPAF Rat SP-A 5’CCTCTTCTTGACTGTTGTCGCTGG3’
RSPAR Rat SP-A 5’GCTGAGGACTCCCATTGTTTGCAG3’
RSPBF Rat SP-B 5’GGAGCTAATGACCTGTGCCAAGAG3’
RSPBR Rat SP-B 5’CTGGCCCTGGAAGTAGTCGATAAC3’
RSPBR2 Rat SP-B 5’AAGTACTGTGTAACGCTCAGCCAG3’
RSPCF Rat SP-C 5’GATGGAGAGCCCACCGGATTACTC3’
RSPCR Rat SP-C 5’GAACGATGCCAGTGGAGCCAATAG3’
ROBRaF Rat OB-Ra 5’AGTGAATGCTGTGCAGTCACTCAG3’
ROBRbF Rat OB-Rb 5’GGATGAGTGTCAGAGTCAACCCTC3’
ROBRaR Rat OB-Ra 5’CAAAGAGTGTCCGCTCTCTTTTGG3’
ROBRbR Rat OB-Rb 5’CAGTTCCAAAAGCTCATCCAACCC3’
RCC10F Rat CC10 5’CCATCACAATCACTGTGGTCATGC3’
RCC10R Rat CC10 5’CCGTGAGCTTCATGATGTTTATCC3’
ACTF1 Rat�-actin 5’TGTATGCCTCTGGTCGTACCAC3’
ACTR1 Rat�-actin 5’ACAGAGTACTTGCGCTCAGGAG3’
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in Mayer hematoxylin and blued in running water for 3–5 min. Slides were
mounted from water in Advantage mounting medium.

Gel electrophoresis and Western blots. Rat lungs were dissected from the
fetuses of two to three pregnant rats, the lungs pooled, and then placed into
explant culture. Protein was isolated from the explants at the indicated day in
culture, and equal amount of total protein was loaded for each sample.
Surfactant proteins were separated by electrophoresis on 12% (for SP-A) and
15% (for SP-B) polyacrylamide-SDS, and transferred to nitrocellulose mem-
branes by electroblotting. The membranes were blocked with 2% gelatin
(Bio-Rad), treated overnight with appropriate antibody (anti-SP-A or anti-SP-
B), and then with secondary antibody (goat anti-rabbit HRP-conjugated
antibody). The blots were then reacted with a chemiluminescent substrate
solution (SuperSignalR, Pierce Chemical Co., Rockville, IL) and exposed to
x-ray films to detect proteins that were recognized by the primary antibody.
The densities of the reaction products were measured by scanning densitom-
etry and compared with the control group.

Statistical analysis. The Statistical package for the Social Sciences 11.5
(Microsoft, Chicago, IL) was used for all statistical analyses. Statistical
differences between control and treated cells were assessed by t test for the
means of two samples. Statistical significance was defined as p � 0.05.
Results are presented as mean � SEM. One-way ANOVA was used to
determine differences in the number of counts for each treatment; significance
was determined using Tukey posthoc test.

RESULTS

Effects of leptin on surfactant production in the fetal lung
explant model. We have used a fetal lung explant model to
mimic the conditions of the premature lung. Two independent
lung explant cultures from 21-d rat fetuses, term being 22 d,
were established as described in the “Methods.” Leptin at 1,
10, or 100 ng/mL (not shown) was added to the explant
cultures on the day of establishment of the culture (d 0). The
explants were cultured for 3 d, and protein extracts were
prepared to establish a time course for leptin effects on the
fetal lung. Figure 1 shows that 1 ng/mL leptin increases SP-B
production above that of the control cultures after either 48 or
72 h of leptin exposure, whereas higher concentrations of
leptin increased SP-B production after 24 h, but decreased
SP-B levels after 48 and 72 h.
To explore the effect of gestational age on surfactant pro-

duction in response to leptin, we exposed d-21 fetal lung
explants and also younger lung explant cultures (d 15, d 17, d
19) to 1 ng/mL leptin. We used 18S rRNA to determine the
relative levels of surfactant mRNA because leptin increased
the levels of �-actin mRNA (data not shown). Since 18S
rRNA is much more abundant than any mRNA species,

modified 18S rRNA primers called competimers (Ambion)
were used that cannot be extended by Taq polymerase. By
adjusting the ratio of competimers to normal 18S rRNA
primers, the RT-PCR signal for 18S rRNA was decreased to
the level of the surfactant mRNAs in control cultures and
approximates 1.0, as described in the “Methods.” Figure 2 is
representative of results obtained from four independent d-17
fetal lung cultures and shows that leptin increased the mRNA
levels for SP-A, SP-B, and SP-C relative to the levels of 18S
rRNA by 1.6-, 5-, and 2-fold, respectively, after 3 d in culture.
However, leptin did not increase surfactant mRNA levels in
d-19 or d-21 lung explant cultures after 3 d in culture (not
shown). Real-time PCR also showed that leptin increased
SP-B and SP-C mRNA by 18- and 5-fold, respectively in d-17
explants but not in d-19 explants after 3 d of culture. These
results support the hypothesis that leptin has an effect on the
maturation of type II alveolar cells as its effect is most
pronounced in the immature fetal lung.
To determine whether increased surfactant production in

fetal lung explants was due to a direct effect of leptin on the
type II alveolar cell, we determined whether the effects of
leptin could be reproduced in isolated type II alveolar cells in
culture. Alveolar type II cells were obtained from the lungs of
19-d gestation fetal rats, cultured for 24 h, and then exposed to
either 1 or 10 ng/mL leptin for 24 h. Total RNA was isolated
from these cells and then examined for SP-A, SP-B, and SP-C
mRNA expression as described in the “Methods.” A 24-h expo-
sure to 1 ng/mL leptin slightly increased SP-A, SP-B, and SP-C
mRNA levels, whereas 10 ng/mL leptin only increased SP-A
mRNA (data not shown). These results suggest that another cell
type in the lung may be mediating or augmenting the effects of
leptin on increased surfactant production. A likely candidate is
the Clara cell as De Matteis et al. (27) have shown high expres-
sion of the long form of the leptin receptor in these cells.
Effect of leptin on leptin receptor and CC10 gene expres-

sion in fetal lung explant cultures. Figure 3 shows that fetal
lung explant cultures express CC10 (Clara cell 10-kD protein),
an immunohistochemical marker of Clara cells (28), and the
level of CC10 mRNA increases as the fetal lung explants
mature in culture. Furthermore, both the long (OB-Rb) and
short (OB-Ra) forms of the leptin receptor are expressed in

Figure 1. Western blot analysis of SP-B protein from 21-d gestation, fetal rat
lung explants cultured in the presence or absence of leptin. Fetal lung explants
were exposed to either (A) 1 ng/mL or (B) 10 ng/mL leptin from initiation of
culture (d 0). Explants were harvested and protein extracts were prepared on
d 1, 2, and 3 of culture. Western blots were probed with an antibody specific
to rat SP-B.

Figure 2. RT-PCR analysis of surfactant mRNA levels relative to 18S rRNA
in d 17 fetal lung explants. RT-PCR analysis was performed using the
Ambion Quantum RNA kit and 1 �g of total RNA isolated from explants that
had been cultured for 3 d. Lanes 1, 3, 5: fetal lung explants exposed to control
medium; lanes 2, 4, 6: fetal lung explants exposed to 1 ng/mL leptin. The 18S
rRNA RT-PCR product, present in all lanes, is 488 bp. The sizes of the
RT-PCR products are 352 bp for SP-A (lanes 1, 2), 201 bp for SP-B (lanes
3, 4), and 284 bp for SP-C (lanes 5, 6).
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d-17 and d-19 fetal lung explant cultures and leptin decreased
expression of OB-Rb mRNA and increased expression of
OB-Ra and CC10 mRNA. CC10 mRNA levels were low in
isolated type II cells, in agreement with the fact that these
cultures contain 90–95% type II alveolar cells (not shown).
Antenatal treatment of pregnant rats with leptin. Since

glucocorticoids are effective in enhancing lung maturation
when administered antenatally, we also tested the effective-
ness of antenatal treatment with leptin on fetal lung matura-
tion. Leptin, dexamethasone, or saline was administered to
pregnant rats at d 16 of gestation and 24 h later by intraperi-
toneal injection as described in the “Methods.” Antenatal
treatment with leptin significantly increased the average
weight of the fetal lungs in relation to their body weight by
14% (data not shown). Histologic analysis revealed that the
increase in fetal lung weight was accompanied by an increase
in the number of type II alveolar cells, as evidenced by
alkaline phosphatase staining (Fig. 4) and staining for SP-B
(Fig. 5) and SP-C protein (Table 2).

DISCUSSION

Our studies in fetal lung explants and isolated type II
alveolar cells support the hypothesis of leptin regulation of the
lung surfactant system. Fetal rat lung explants cultured in the
presence of leptin demonstrated increased levels of mature

SP-A and SP-B protein and of SP-A, SP-B, and SP-C mRNA.
Leptin treatment of isolated type II alveolar cultures increased
SP-A, SP-B, and SP-C mRNA, but the effect was not as great
as that observed in fetal lung explant cultures. Similarly, the
long form of the leptin receptor was only detected in fetal lung
explant cultures and not in isolated type II alveolar cells.
These data suggest that other cell types in the lung are
probably necessary for leptin’s effect on lung maturation and
surfactant production. A potential candidate is the Clara cell,
which is the predominant cell type in the lung that expresses
the long form of the leptin receptor (27). We show here that
CC10 mRNA is expressed in fetal lung explants, that levels
increase as the lung explants mature in culture, and that leptin
increases the production of CC10 mRNA. CC10 is thought to
function as an anti-inflammatory mediator in the lung (29),
and CC10-deficient mice have an altered pulmonary response
to hyperoxia (30). The levels of CC10 increase during fetal
lung maturation, and glucocorticoids also enhance CC10
mRNA levels (31). Thus, we speculate that leptin, through
binding to Ob-Rb on Clara cells and activation of either the
JAK2/STAT3 or phosphoinositide 3-kinase signaling path-
ways, increases expression of CC10 mRNA and secreted
protein. The Ob-Ra protein presumably binds and regulates
free leptin concentration, but does not have a signaling do-
main.
Torday et al. (32) have shown that leptin is produced and

secreted by the lung lipofibroblast and that dexamethasone
and PTH-related protein augment this expression. Further,
nonphysiological concentrations of leptin (100 ng/mL for
24 h) also increased the rate of surfactant phospholipid syn-
thesis and the production of surfactant protein B in d-19 lung
explant cultures. Here we demonstrate that physiologic con-
centrations of leptin (1 and 10 ng/mL) increase expression of
the surfactant mRNA and proteins in d-17 fetal lung explant
cultures. However, leptin did not increase the mRNA levels of
SP-A, SP-B, or SP-C in d-19 or -21 fetal lung explants after
3 d in culture, indicating a temporal regulation of surfactant
expression by leptin. This may relate to the observation that
the levels of Ob-Rb mRNA decrease as the lung matures.
Chen et al. (33) have shown that Ob-Rb mRNA was either
very low or undetectable in peripheral tissues of adult mice,
but expressed at higher levels in the peripheral tissues of
newborn mice. Leptin administration decreased expression of
Ob-Rb mRNA and increased expression of Ob-Ra (short

Figure 3. RT-PCR analysis of leptin receptor and CC10 expression relative
to 18S rRNA in d-17 (lanes 1–3) and d-19 (lanes 4–6) fetal lung explant
cultures. Total RNA was reverse-transcribed and amplified with (A) OB-Rb
(262 bp); (B): OB-Ra (480 bp); (C) CC10 (234 bp); (D) SP-B (556 bp). Lanes
1, 4: initiation (d 0) of culture; lanes 2, 5: control d 3; lanes 3, 6: 1 ng/mL
leptin, d 3.

Figure 4. Effect of antenatal treatment with leptin or dexamethasone on fetal
lung morphology. Pregnant rats of 16 d gestation were treated with (A) saline,
(B) leptin, or (C) dexamethasone for 48 h as described in the “Methods.” Fetal
lung sections were stained with a histochemical stain for alkaline phosphatase,
which identifies type II cells.

Figure 5. Immunohistochemical analysis of SP-B expression in d18 fetal
lungs antenatally exposed to (A) saline, (B) leptin, or (C) dexamethasone for
48 h. Lung sections were prepared and immunostained for SP-B as described
in the “Methods.”
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form) mRNA in fetal lung explants (Fig. 3). Collectively,
these data support a biologic role for Ob-R during lung
development and surfactant gene expression.
Antenatal administration of leptin significantly increased

fetal lung weights, due to an increase in type II alveolar cells.
Histologic analyses showed that this increase was not due to
tissue edema, but to increased cellularity and percentage of
cells that express SP-A and SP-B protein. Thus, leptin appears
to be a key cytokine regulator of fetal lung maturity.
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Table 2. Percentage of SP-B– and SP-C–positive cells in fetal lungs from pregnant rats treated antenatally with leptin or dexamethasone

Treatment group
Number of

fields
%SP-C–positive

cells
Number of

fields
%SP-B–positive

cells

Control 40 5.71 � 0.67 10 3.64 � 0.85
Leptin 40 9.30 � 0.93* 7 16.46 � 3.87*
Dexamethasone 40 7.45 � 0.78 10 6.06 � 0.97

The percentage of SP-C– and SP-B–positive cells relative to total nuclei was determined as described in the “Methods,” and mean and SEM are indicated.
* p � 0.005 compared with control for SP-C and p � 0.001 compared with control for SP-B, as determined by ANOVA with Tukey post-hoc analysis.
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