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INTRODUCTION

	
		  he development of functional alveoli or alveogenesis
		  is related with the septation from pulmonary sac-
		  cule which is a big primitive air sac.1 Alveogenesis 
in mice takes place after birth between postnatal days (P) 
4 to P21, whereas in humans alveogenesis takes place 
prenatally in the third trimester of gestation (28th - 40th 
gestational weeks) and continues up to 8 years of age.2 
Disruption of alveogenesis results in interrupted and        
arrested lung maturation. Recently, the production of 
new alveoli in adult mice was reported. Previous studies 
supported the concept that alveolar regeneration shared 
some aspects of alveolar development.3 Thus, factors 
involved in alveolar septation are of high interest. 
	 Several extracellular matrix (ECM) proteins have 
been reported to regulate alveogenesis. ECM proteins 
transmit essential information to pulmonary cells and 
regulate their differentiation, organization, and func-
tion.4 Importantly, alteration of ECM gene expression, 
including the small leucine-rich proteoglycan (SLRP) 
family, may affect the pattern of alveogenesis. Asporin, 
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ABSTRACT

Objective: To identify the temporal gene expression of asporin, one of the extracellular matrix (ECM) molecules, during 
mouse alveogenesis or lung alveolar formation.
Methods: C57BL/6 mouse lungs at postnatal days (P) 1, 7, 14, 21, 28 and 60 were harvested. RNA purification and quantita-
tive real time - PCR were used for indentifying the temporal pattern of asporin gene expression. Mouse lungs were inflated 
with 10% buffered formalin at 25 cmH2O and further processed for histological study of airspace development. 
Results: The peak of asporin gene expression in mouse lungs was observed on P14, which related to the alveolar stage of 
mouse lung development. The level of asporin gene expression on P14 was significantly elevated, twentyfold and sixtyfold 
higher, in comparison with P1 (saccular stage) and P60 (adult age), respectively. Alveogenesis was also observed from mouse 
lung histology on P7 and P14. 
Conclusion: Highly regulated asporin expression in the lung during alveogenesis suggested that asporin expression affects 
alveogenesis 
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decorin and biglycan are ECM proteins and belong to the 
SLRP family.5 A previous study reported the expression 
of asporin mRNA in human lungs of fetuses and adults, 
using human RNA hybridized blots.6 In both fetal and 
adult human lungs, there are moderate expression levels 
of asporin gene. However, the expression levels were 
higher in fetal than adult lungs, suggesting that asporin is 
involved in fetal lung development. We therefore deter-
mined the temporal expression of asporin gene in mouse 
lungs during the saccular stage and alveolar stage of lung 
development including adult age. 

MATERIALS AND METHODS
 
	 The animals used in this study were C57BL/6 mice 
at postnatal day (P) 1, 7, 14, 21, 28 and 60. C57BL/6 
mice were obtained from the National Laboratory Animal 
Center, Mahidol University. All animals were supplied 
with food and water ad libitum. All experimental proce-
dures using laboratory animals were approved by Siriraj 
Animal Care and Use Committee (SI-ACUC) (005/2553) 
and were conducted following national guidelines for the 
care and protection of animals.

RNA isolation and quantitative real time RT-PCR
	 Total RNA was prepared from whole lung tissue                                                                                                
using TRIZOL reagent (Invitrogen, Carlsbad, CA). 
RNase-free DNase I (deoxyribonuclease) (New England 
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Biolabs, Ipswich, MA) digestion was used to treat 10 μg
of total RNA to eliminate contaminating genomic DNA. 
Reverse transcription was performed using iScript 
reverse transcriptase, oligo dT primers and random 
hexamer primers from commercial cDNA synthesis kit 
(iScriptTM cDNA synthesis kits, Bio-Rad, Hercules, 
CA). Quantitative real time PCR (qPCR) was performed 
using oligonucleotide primers for mouse asporin and 
peptidylprolylisomerase A (PPIA), SYBR green chemis-
try (VeriQuestTM SYBRR Green qPCR Master Mix, 
Affymetrix, Santa Clara, CA) on an Mx3005P real-time 
PCR system (Stratagene, La Jolla, CA). The expression 
level of asporin gene in each sample was normalized to 
the level for the endogenous control PPIA gene and cal-
culated using the mean of difference in cycle threshold 
between asporin and PPIA genes. The mean expression 
of asporin was calculated and represented as a fraction 
of that normalized by PPIA expression.

Lung histology
	 After mice were euthanized, an intravenous catheter 
(JelcoR, Smiths Medical International Ltd., Rosendale, 
NY) was inserted into their trachea and secured with a 4/0 
nonabsorbable surgical suture (Pearsalls Ltd., Taunton, 
Somerset, U.K.). Lungs were exposed and perfused with 
5 mL NSS using a 25-gauge needle (Terumo, Tokyo, 
Japan) which was inserted into the outflow tract of their 
right ventricle. The right lung was then tied off at the 
hilar region with a suture and cut off distal to that suture. 
The left lung was inflated via the tracheal cannula to a 
fixed pressure of 25 cm H2O with 10% buffered formalin 
for at least 15 minutes. At the end of the fixation period, 
the catheter was removed and the trachea was ligated by 
suture. The heart and inflated lung were removed en bloc 
and immersed in 10% buffered formalin for 48 hours fixa-
tion. After fixation, lungs were sectioned mid-sagitally 
and embedded in paraffin for histological and morpho-
metrical analysis. Sections were cut into 5-μm thick with 
a microtome and stained with hematoxylin and eosin. The 
lung slice was imaged at 200 times (200X) magnification 
[objective lenses (10X) and eyepiece lenses (20X) in the 
microscope] using the Zeiss AxioCam MRc digital camera 
for microscopy (Carl Zeiss Inc., Göttingen, Germany). 

Statistical analyses
	 The data were analyzed by SPSS software ver-
sion 11.5 (SPSS Inc.). ANOVA followed by Bonferroni          
correction was used for the statistical analysis among age 
groups. All data were presented as mean ± standard error 
of measurement (S.E.M). The P-values less than 0.05 were 
considered statistically significant.

RESULTS

Mouse lung histology from birth to adult
	 We detected the histology of mouse lungs at P1, 
7, 14, 21, 28, 60 by hematoxylin and eosin staining and 
found that airspace size was different in various ages of 
mouse. Mouse lungs at P1 had thick alveolar walls with 
large size of airspace or primitive saccule (Fig 1A). Mouse 
lungs at P7 had thinner alveolar wall and smaller alveolar 

size than P1 (Fig 1B). At P7, we noted the protrusion of 
secondary crests initiated from the walls of terminal sacs 
to form alveoli. When mouse lung developed from P1 to 
P14, the alveolar size was smaller and the alveolar wall 
was thinner (Fig 1A-C). We did not observe any apparent 
difference in alveolar wall thickness and alveolar size of 
mouse lungs between P21, P28 and P60 (Fig 1D-F).

Highly regulated asporin gene expression pattern 
during alveogenesis
	 To investigate the temporal expression of asporin 
gene during alveogenesis, we detected the asporin expres-
sion in mouse lungs at P1, 7, 14, 21, 28, 60 by real time 
PCR. The age range between P7 to P28 was selected in 
order to include the stage of mouse lung alveogenesis. 
The results showed that lung asporin gene expression 
was significantly increased in mice at P7 compared with 
P1 (143.81 ± 15.08 vs. 48.74 ± 5.91 [10-3 arbitrary unit]; 
P-value < 0.0001) (Fig. 2). The peak of asporin expres-
sion was observed at P14 compared with all other groups 
(947.21 ± 69.07 [10-3 unit]; P-value < 0.0001). Asporin 
expression level was then found to be decreased at P21 
(39.19 ± 2.42 [10-3 unit]) and P28 (27.96 ± 6.36 [10-3 unit]). 
There was no significant difference among P1, P21 and 
P28. Lung asporin expression was decreased in mice at 
P60 compared with all other groups (14.41 ± 0.52 [10-3 
unit]; P-value < 0.005), except P28. 

DISCUSSION

	 Asporin is one of the ECM proteins. It is known 
that several ECM proteins are essential for alveolar 

Fig 1. Histology of mouse lung alveogenesis. Representative 
hematoxylin and eosin stained images of  5 µm paraffin section 
of C57BL/6 mouse lungs at P1 (A), P7 (B), P14 (C), P21 (D), 
P28 (E), and P60 (F) taken with similar magnification (200X). 
Scale bar of 100 μm is shown.
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development, maintenance and repair.4 However, the 
study of asporin and lung development was not evident. 
To determine the asporin gene expression during lung 
development, we used quantitative real time PCR and 
found that mouse lung asporin expression was signifi-
cantly increased at P7-P14, corresponding with the stage 
of alveogenesis in mice. Alveogenesis was apparently 
observed from mouse lung histology on P7 and P14. 
	 Alveogenesis belongs to the final stage of mamma-
lian lung development. In this stage, the alveolar septum 
is initiated by protrusion from the pulmonary saccule 
which is a big primitive air sac. The development of 
alveoli accompanying the capillary change leads to the 
effacement of primitive alveolar capillary membrane, 
contributing to effective gas exchange.1 Disruption of 
alveogenesis results in interrupted and arrested lung 
maturation, with respiratory insufficiency as evidenced 
in premature birth. Furthermore, impairment of alveolar 
maintenance and repair following lung injury may lead to 
the loss of functional alveoli, associated with respiratory 
disorders known as bronchopulmonary dysplasia (BPD)7 
and pulmonary emphysema.8 Recently, the production of 
new alveoli in adult mice was reported, suggesting that 
mechanisms of lung repair exist.9,10 Moreover, signals 
that regulate programs of alveolar turnover are conserved 
from rodents to humans.11 Previous studies supported the 
concept that alveolar regeneration shared some aspects of 
alveolar development.3 Many chronic lung diseases would 
benefit from therapeutic approaches that recapitulate the 
process of alveogenesis to increase the surface area of 
gas exchange. However, our current lack of understand-
ing of the mechanisms controlling lung development, 
maintenance, and repair limits the therapeutic approaches 
to combat lung disease. 
	 Mariani et al. studied the pattern of gene expression 
in mouse lung development by microarray experiment 
and reported that clusters of ECM and fibroblast growth 
factor receptor types 3 and 4 (FGFR3/4) have been 

shown to share the gene expression pattern, implicating 
their roles on alveogenesis in mice.12 These genes were 
highly expressed at P4-P20 which is related to mouse 
alveogenesis. The gene cluster analysis also revealed 
a relationship between FGFR3/4 and all other genes 
during alveogenesis suggesting that FGF signalings are 
involved in the regulation of ECM formation in the lungs. 
Mice harboring mutated FGFR3/4 compound knockout 
exhibit the enlarged and primitive lung saccule consistent 
with cessation of alveolar septation, similarly observed 
in BPD.13,14 The data illustrated the role of FGFR3/4 on 
controlling ECM expression that, in turn, affects alveogen-
esis.  Interestingly, asporin gene expression in FGFR3/4 
compound knockout mice is significantly elevated when 
compared with age-matched wild type and compound 
heterozygote control groups suggesting that FGFR3 and 
4 signalings regulate asporin expression.14 
	 Previous study reported the expression of asporin 
mRNA in several human tissues both in fetuses and adults, 
using human RNA hybridized blots.6 The high level 
expression was found in human aorta and uterus. These 
data suggested that asporin has been expressed in smooth 
muscle - rich tissue. In both fetal and adult human lungs, 
there are moderate expression levels of asporin gene. 
Interestingly, asporin gene expression levels were higher 
in fetal than adult human lungs, whereas the expression 
levels in other tissues of fetus and adults were not different.
These data suggested that asporin might be involved in 
fetal lung development. However, the age of harvested 
human tissues both of fetal and adult specimens was not 
defined in the study. Moreover, if the fetal tissues belonged 
to a preterm, one cannot warrant whether the development 
of lungs were normal or any diseases in fetuses perhaps af-
fected the lung development. Therefore, we cannot verify 
that an increase in asporin gene expression in fetal lung 
is related to a normal development process or the effect 
of other factors. In this study, mouse lungs at P1 which is 
related to the saccular stage of lung development showed 
minimal level of asporin expression. Highly expressed 
mouse asporin mRNA was observed at P7 and P14 which 
is related to alveolar stage or alveogenesis. Asporin gene 
expression was then significantly decreased at P21 and 
P28. The lowest level of asporin expression was shown in 
adult mouse lungs at P60. Therefore, these observations 
of asporin peak expression during P7-P14 suggested that 
asporin may involve alveogenesis. However, the role of 
asporin on alveogenesis needs further investigation. 
	 Previous studies showed failure of alveogenesis in 
FGFR3/4 compound knockout mice, resulting in abnor-
mal airspace enlargement.13,14 These data suggested that 
FGFR3 and 4 are important for alveogenesis. However, 
neither FGFR3 or FGFR4 knockout mice, exhibited 
impaired alveolar development. FGFR3 mutant mice 
developed skeletal dysplasia, without failure of alveolar 
septation.15 Mice with FGFR4 mutant have no apparent 
abnormalities.13 These data suggested that FGFR3 and 
FGFR4 collaborate with each other for controlling alveolar
development. Over-expression of asporin gene was 
detected in the lungs of FGFR3/4 compound knockout 
mouse.14 Moreover, an aberrant increase in α-smooth 

Fig 2. Asporin gene expression in mouse lungs by quantitative
real time – PCR. Y axis represents relative asporin gene expres-
sion normalized by PPIA. Data are expressed as mean + SEM 
and determined by one-way ANOVA and Bonferroni post hoc 
test. (n= 6/group) 
* indicates P-value < 0.0001 compared with P1 
§ indicates P-value < 0.0001 compared with P14
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muscle actin (α-SMA) – positive cells was detected 
in FGFR3/4 compound knockout mouse lungs. During 
alveogenesis, myofibroblast is spatially present at the 
tips of secondary crests detected by positive staining for 
α-SMA, a marker of smooth muscle cells. The findings 
in FGFR3/4 compound knockout mouse lungs suggested 
abnormal cellular differentiation leading to abnormal post-
natal lung development. The findings of highly increased 
asporin gene expression and loss of spatial expression of 
α-SMA – positive cells at the tips of secondary septae in 
FGFR3/4 compound knockout mouse lungs suggested 
that the expression of asporin and myofibroblast may 
be regulated by FGFR signaling. Disruption in asporin 
expression would perhaps impair alveogenesis. Thus, the 
association of asporin and myofibroblast should be further 
determined to explain the cooperation in the pathology 
observed in FGFR3/4 compound knockout mouse lungs. 
In conclusion, asporin has been reported to have a crucial
role on the development of several tissues. The data 
gathered from this study suggested asporin as an ECM 
molecule related to lung development. Further investiga-
tions are needed to demonstrate asporin protein/spatial 
expression during alveogenesis as well as the involvement 
of asporin expression and alveolar enlargement. 
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