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Gene expressions and roles of matrix metalloproteinases-8 and
tissue inhibitor of metalloproteinases-1 in hyperoxia-induced
pulmonary fibrosis in neonatal rats

FU Jian-Hua, XUE Xin-Dong

Depariment of Pediatrics, Second Affiliated Hospital, China Medical University, Shenyang 110004, China

Abstract:  Objective Extracellular matrix (ECM) deposition is a major reason of pulmonary fibrosis in hyperoxia-
induced lung injury. However, the relevant mechanism has not been identified. This study examined the gene expressions
of matrix metalloproteinases-8 (MMP-8, a catabolic enzyme of type | collagen) and tissue inhibitor of metalloproteinases-1
(TIMP-1) in neonatal rats with hyperoxia-induced pulmonary injury in order to explore the role of MMP-8 and TIMP-1 in
pulmonary fibrosis. Methods  Eighty term newborn rats were randomly exposed to hyperxia ( FiO, = 0. 90, hyperxia
group ) and to room air (FiO, =0.21, control group) (n =40 each). Lung injury was induced by hyperxia exposure. The
content of type I collagen and the expressions of type I collagen protein and MMP-1 mRNA and TIMP-1 mRNA were
assayed with enzyme linked immunoadsorbent ( ELISA) , immunohistochemistry and reverse transcription polymerase chain
reaction (RT-PCR) respectively on days 1, 3, 7, 14 and 21 after exposure. Results The content of type I collagen and
the expression of type I collagen protein in the hyperxia group were statistically higher than those in the control group at 14
and 21 days post-exposure. The MMP-8 mRNA expression decreased while the TIMP-1 mRNA expression increased
significantly in the hyperxia group as compared to the control group at 14 and 21 days post-exposure. Conclusions
Hyperxia exposure down-regulates MMP-8 mRNA expression and up-regulates TIMP-1 mRNA expression. This results in a
reduction of ECM degradation, thereby ECM deposition occurs in lung tissue, which may be an important mechanism of
pulmonary fibrosis following hyperoxia-induced lung injury. [ Chin J Contemp Pediatr, 2007, 9 (1):1- 5]
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Oxygen therapy is the most frequently used in new-
born infants with heart and lung diseases. However,
prolonged inhalation of high concentration oxygen may
induce lung injury. In some serious cases, it will lead
to chronic lung disease ( CLD) because of pulmonary
interstitial fibrosis and the patients must depend on ox-
ygen or repeated mechanical ventilations for several
months or even several years. Due to the level of pul-
monary fibrosis closely correlates to the prognosis of hy-
peroxia-induced lung injury, studying the mechanism
of pulmonary fibrosis becomes an important topic. Re-
cent research has shown that extracellular matrix
(ECM) deposition in lung tissue is a main reason of
bleomycin-induced rat pulmonary fibrosis and adult idi-
opathic pulmonary interstitial fibrosis. Previous studies
by the authors also indicate that ECM deposition is a
major reason for pulmonary fibrosis in hyperoxia-in-
duced lung injury. However, the precise mechanism
has not been fully identified "'*'. In this study, a
model of hyperoxia-induced lung injury of neonatal rats
was prepared. The gene expressions of matrix metallo-
proteinases-8 ( MMP-8, a catabolic enzyme of type [
collagen ) and tissue inhibitor of metalloproteinases-1
( TIMP-1) , and the type I collagen content and its pro-
tein expression in lung tissue were detected so as to
study the effects of synthesis and degradation of ECM
on pulmonary fibrosis in CLD.

Subjects and methods

The preparation of lung injury model and animal
grouping

Eighty newborn rats of both sexes which were sponta-
neously delivered at gestation of 22-23 days ( provided
by the Department of Experimental Animal, China
Medical University) were randomly exposed to hyperxia
(Fi0, =0.90, hyperxia group )and to room air ( FiO, =
0.21, control group) (n = 40 each). The average
weights of the hyperxia and control groups were 6.13 +
0.12 and 6. 19 0. 14 g respectively. A lung injury
model was induced according to the published litera-

131 Neonatal rats together with their foster moth-

ture
ers were put into an oxygen chamber immediately after
birth. Oxygen was continuously supplied at a FiO, of
0.90 and CO, concentration < 0.5% . The chamber
temperature was maintained at between 25-27°C | and
relative humidity between 50% -70% . The rats’ foster
mothers were exchanged with the control group in order
to avoid the decrease of feeding ability caused by oxy-

gen intoxication.

Collection of specimens

At each time interval of 1, 3, 7, 14 and 21 days af-
ter experiment, eight rats of both groups were randomly
chosen and were sacrificed. The left lung was taken out
and fixed in 4% paraformaldehyde for the detection of
collagen protein | expression. The right lung was re-
moved and frozen in a refrigerator (-80°C ) and kept
for the detection of the expressions of MMP-8 and
TIMP-1 mRNA and the content of type [ collagen.
Detection of the type I collagen content

Samples were assayed for the content of type | colla-
gen in lung tissue by enzyme linked immunosorbent as-
say (ELISA) in accordance with the manufacturers in-
structions ( Shanghai Sengxiong Biological Product
Company). The lung tissue was washed with cooled
normal saline to remove the residual blood. One gram
of wet lung tissue was taken out and cut into small
pieces. Ten percent tissue homogenate was prepared
after ultrasonication. The supernatants were collected
after centrifugation at a low temperature. The result
was presented as the content of type I collagen per mil-
ligram lung tissue.
Detection of collagen protein

The expression of type [ collagen protein in lung tis-
sue was detected with the method of SABC immunohis-
tochemistry. The rabbit-anti-rat type I collagen protein
antibody (1:100) was used as the first antibody ( pro-
vide by Wuhan Boshide Biological Product Company ).
After SABC stainting the cells that had brown particles
in cytoplasm were defined as positive ones. The ex-
pression intensity of type [ collagen protein was evalu-
ated by the USA Universal Imaging Porporation image
analysis system and was expressed with average gray
scale value. The lower average gray scale value, the
higher the positive expression, which indicated a high-
er protein content.
Detection of MMP-8 mRNA and TIMP-1 mRNA
expressions

The MMP-8 mRNA and TIMP-1 mRNA expressions
in lung tissue were detected by the RT-PCR technique.
The total RNA was extracted using TRIZOL. ¢DNA
was synthesized by reverse transcription and was then
amplified by PCR primer sequences. The conditions of
PCR are shown in Table 1. The amplification products
were fractionated by 2% agarose electrophoresis,
stained with ethidium bromide, and visualized under
ultraviolet light. The absorbance ratio between MMP-8
or TIMP-1 and B-actin amplification products represen-

ted the relative MMP-8 or TIMP-1 mRNA levels.
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Table 1 Primer sequences and conditions of PCR
Primers Application fragments( bp) Conditions
MMP-8 202 94°C 2 min—94°C 45 s—52.3C 1 min—72°C 1 min (35
upstream: 5'-AGT GCC CGA CTC TGG TGA TTT-3’ circles) —72°C 7 min
downstream; 5'-GTT GAT GTC TGC TTC TCC CTC-3'

TIMP-1 285 94°C 3 min—94%C 30 s—63°C 1 min—72°C 1.5 min (35
upstream; 5'-CTT CCA CAG GTC CCA CAA-3’ circles) — 72°C 7 min

downstream; 5'-CAG CCC TGG CTC CCG AGG-3'

B-actin( internal reference)
upstream; 5'-GAT TGC CTC AGG ACA TTT CTG-3’
downstream: 5'-GAT TGC TCA GGA CAT TTC TG-3’

690 94%C 1 min—55C 1 min—72°C 2 min— (35 circles) —
72°C 7 min

in lung tissue between the hyperxia and the control

Results groups within 7 days after exposure. The content of type

. . I collagen and the expression of type I collagen protein
The type I collagen protein expression and type I ) ) . o
in lung tissue in the hyperxia group were statistically
collagen content ) .
o ) ) higher that those in the control group at 14 and 21 days
There were no significant differences in the type 1 .
. . post-exposure. See Table 2 and Figure 1.
collagen protein expression and type I collagen content

Table 2 Type I collagen protein expression and type I collagen content (n=8, x+s)
Type I collagen protein Type 1 collagen (ng/mg)
Group
1d 3d 7d 14 d 21 d 1d 3d 7d 14 d 21 d

Control  80.0+1.2 80.2+1.5 78.2+9.1 82.2+3.2 82.0+2.4 406.7 +20.3 491.3 +15.2 501.5+18.2 496.0=+11.0 511.9 +49.6
Hyperxia 78.9 1.1 79.9 £2.1 78.2+3.4 73.8 +4.7%71.9 +5.0" 422.1+49.5 470.9 £29.4 528.1 +43.4 556.6 +40.0"874.9 +81.3"

Compared with the control group, a P <0.01, b P <0. 05.

Table 3 MMP-8 mRNA and TIMP-1 mRNA expressions (n=8, x+s)
MMP-8 mRNA expression TIMP-1 mRNA expression
Group
1d 3d 7d 14d 21 d 1d 3d 7d 14 d 21 d

Control 1.3+0.1 1.3+0.1 1.3+0.2 1.3+0.2 1.2x0.2 1.1+0.5 1.1+0.2 1.0+0.3 0.9+0.2 1.0+0.1
Hyperxia 1.3 +0.1 1.2+0.2 1.3+0.2 1.0+0.2* 0.8 +0.3" 1.1+0.3 1.0+0.1 1.0+0.2 1.3+0.3* 1.3+0.3°

Compared with the control group ,a P <0.05.
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Figure 1 The expression of type I collagen protein at 21 days post-exposure ( x 400). Type I collagen protein was
weakly expressed in few lung interstitial cells and endochylema was stained as light yellow in the control group. The type I collagen protein in
lung tissue in the hyperxia group increased significantly, mainly expressing in fibroblasts of lung interstitium, and endochylema was stained as

brown.

The expressions of MMP-8 mRNA and TIMP mRNA between the hyperxia and the control groups within 7
There were no significant differences in the expres- days after exposure. The MMP-8 mRNA expression de-

sions of MMP-8 mRNA and TIMP mRNA in lung tissue creased while the TIMP-1 mRNA expression increased

« 3.
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significantly in the hyperxia group when comparing with
the control group at 14 and 21 days post-exposure. See
Table 3 and Figures 3 and 4.

750 bp
690 bp

250 bp
202 bp

Figure 3 MMP-8 mRNA amplification products of
RT-PCR. (M: DNA Marker DI2000; 1-5: 1,3 ,7 , 14 and 21 days

after hyperxia exposure; 6 control group)

750 bp 690 bp
250 bp 285 bp
Figure 4 TIMP-1 mRNA amplification products of

RT-PCR. (M: DNA Marker DI2000; 1-5: 1,3 ,7 , 14 and 21 days

after hyperxia exposure; 6: control group)
Discussion

Although the etiology of CLD is complex and the
pathogenesis is not clear, the pathological process and
pathological changes of this disorder have nearly been
identified, i. e, early alveoli pulmonis inflammatory re-
action and late pulmonary interstitial fibrosis cause gas
exchange function disturbance of alveoli pulmonis, ul-
timately resulting in respiratory failure. Some seriously
affected patients will die within only one year and the
survivors must depend on oxygen or repeated mechani-
cal ventilations for a very long time. The level of pul-
monary fibrosis closely correlates to the prognosis of
CLD patients. It is thus important to understand the
mechanism of pulmonary fibrosis following hyperoxia-
induced lung injury in neonates.

ECM is a living macromolecule that has complex
functions and constructions. It exists among the cells

and is composed by collagen, glycosidoprotein and pro-

teoglycans. Adequate ECM not only has influences on
the differentiation of the lung cell and on normal array
of micrangiums, but also is necessary for the reconsti-
tution of endepidermis structure after lung injury.
Much research has shown that collagen deposition in
lungs, especially type I collagen protein deposition, is
the most important element of pulmonary interstitial fi-
brosis. This study showed that the expression intensity
of type I collagen protein and the content of type I col-
lagen increased obviously in the newborn rats with hy-
peroxia-induced lung injury at 14 days post-exposure.
Furthermore both of them increased with the exposure
time. Previous research has proved that the level of
type I collagen is coincident with the level of lung fi-

brosis

. The result of this study suggested that ex-
cessive deposition of type I collagen in lung tissue is an
important reason for pulmonary fibrosis following lung
injury in neonatal rats. However, the relevant mecha-
nism remains unclear. Some researchers reported that
pulmonary fibrosis might associate with an increased
synthesis of ECM induced by over-expression of trans-
forming growth factor-B, and protein ). Besides the
increased synthesis of ECM, whether the reduction of
ECM degradation associates with pulmonary fibrosis fol-
lowing lung injury has not identified.

In recent years, many researchers have focused on
the roles of MMPs and TIMPs (inhibitor of MMPs) in
the degradation of ECM. MMPs is a family of calcium
and zincum ion dependent proteolytic enzyme that ECM
is taken as a substrate. It has been found that the
MMPs family has more than twenty members, including
collagenase such as MMP-8, MMP-1, types I and 1II
collagen, gelatinase such as MMP-9, MMP-2, type IV
collagen, base material hydrolyase and membrane-type
MMPs. TIMPs (TIMP-1 - TIMP4 ) are specific tissue
inhibitors of MMPs. Their biological effects mainly oc-
cur in the activation stage of MMPs enzyme precursor.
They can form a steady complex with pro-MMPs and
block the activation of enzyme precursor. They can also
form MMP-TTMP complex with active MMPs at 1:1
rate and block the combination with their substrates.
So, the disturbance of TIMPs and MMPs expressions
can lead to degradation abnormities of ECM */.

Chang ' reported that the expressions of MMP-2

and MMP-9 obviously increased in lung tissue of pre-
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mature rats exposed to hyperoxia at early stage and
gradually increased with prolonged exposure time.
Sweet ' also reported that the level of MMP-9 in bron-
choalveolar lavage fluid ( BALF) of premature infants
whom CLD was developed was significantly higher than
those whom CLD was not developed. Because the hy-
drolysis substrate of MMP-2 and MMP-9 is type IV col-
lagen which is the essential component of alveolar base-
ment membrane of epithelium, it is believed that the
increased levels of MMP-2 and MMP-9 at early stage of
disease play an important role in acute inflammation
stage of hyperxia-induced lung injury by degrading the
type IV collagen to damage the basement membrane .
It is known that type I collagen is a main component of
lung fibrous tissue and that MMP-8 is a catabolic en-
zyme of type | collagen. However the role of MMP-8 in
pulmonary fibrosis following hyperxia-induced lung in-
jury remains unknown. This study examined the chan-
ges of gene expressions of MMP-8 and its inhibitor
TIMP-1 in hyperxia-induced lung injury, and found
that the level of MMP-8 mRNA decreased, in contrast,
the level of TIMP-1 mRNA increased at 14 and 21 days
after hyperxia exposure while type | collagen deposition
in lung tissue was observed following hyperxia-induced
lung injury. So, it is believed that hyperxia exposure
down-regulates the MMP-8 mRNA expression and up-
regulates the TIMP-1 mRNA expression, resulting in a
disequilibrium between MMP-8 and TIMP-1 mRNA

expressions at the gene transcription level. This leads
to a reduction of ECM degradation, thereby ECM depo-
sition occurs in lung tissue, which may be an important
mechanism of pulmonary fibrosis following hyperoxia-

induced lung injury.
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