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Rationale: Matrix metalloproteinase 9 (MMP-9) has proteolytic ac-
tivity against connective tissue proteins and appears to play an
important role in the development of chronic obstructive pulmo-
nary disease (COPD). The functional polymorphism of MMP-9
(C-1562T) is considered as one of the candidate genes in the suscep-
tibility to COPD.
Objectives: To determine if MMP-9 (C-1562T) is related to the devel-
opment of COPD in the Japanese population and whether it is
associated with development of pulmonary emphysema assessed
by high-resolution computed tomographic (HRCT) parameters.
Methods: MMP-9 (C-1562T) genotypes of 84 patients with COPD
and 85 healthy smokers (control subjects) were determined by the
restriction fragment length polymorphism method. We investi-
gated the relationship between the genotypes using automatically
analyzed HRCT parameters, such as percentage of low attenuation
area (LAA%) and average computed tomography (CT) value density
(Hounsfield units; mean CTv) in upper, middle, and lower lung
fields in all patients with COPD.
Measurements and Main Results: There was no difference in polymor-
phism of MMP-9 (C-1562T) between patients with COPD and con-
trol subjects. In the HRCT study, patients with COPD with a T allele
(C/T or T/T) showed larger LAA% (95% confidence interval of
difference, 0.5–18.7; p � 0.04), and smaller mean CTv (confidence
interval, �34.3 to �1.0; p � 0.04) in the upper lung compared with
patients without T alleles (C/C). However, pulmonary function tests
showed no difference between the two patient groups. Patients
with a T allele showed a decrease in LAA% and an increase in mean
CTv from upper to lower lung fields (p � 0.006 and p � 0.002,
respectively).
Conclusions: Polymorphism of MMP-9 (C-1562T) was associated
with upper lung dominant emphysema in patients with COPD.
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Chronic obstructive pulmonary disease (COPD) is characterized
by decreased expiratory flow rates. The most significant factor
for developing COPD is cigarette smoking (1). However, it is
estimated that only 15 to 20% of chronic smokers develop this
disease, which is characterized by rapid decline of FEV1 (2, 3).
There are several epidemiologic studies that demonstrate famil-
ial clustering of the disease (4, 5). These facts suggest that genetic
factors have a role in contributing to an individual’s susceptibility
to COPD. Of the candidate genes investigated in relation to
COPD development, those coding for matrix metalloproteinases
(MMPs) have attracted attention under the widely accepted
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protease–antiprotease imbalance theory associated with the
pathogensis of this disease (6–12).

MMP-9, also called gelatinase B, has been proposed to play
a role in the development of emphysema and is involved in the
digestion of extracellular matrix components such as gelatin,
collagens (IV, V, XI, XVII), and elastin (13). The human MMP-9
gene is located on chromosome 20q11.1–13.1, and MMP-9 is
synthesized as a proenzyme with a molecular mass of 92 kD.
Among several polymorphic changes reported in the regulatory
region (14, 15), the C-1562T polymorphism increases the pro-
moter activity of MMP-9 (16, 17). This polymorphism was shown
to have a possible role in development of atherosclerotic diseases
(16, 18, 19). In COPD, there are few studies investigating the
relationship of the polymorphism to the development of the
disease (20–22). Minematsu and colleagues evaluated the degree
of emphysematous changes by a visual scoring system using
conventional computed tomography (CT) in a Japanese popula-
tion, and found that smokers with the T allele showed more
severe emphysema than smokers without the T allele (20). Zhou
and colleagues showed that C-1562T was more frequent in pa-
tients with COPD diagnosed by pulmonary function tests, com-
pared with control subjects in a Chinese population (22). How-
ever, Joos and colleagues reported that fast decline of FEV1 was
not related to the polymorphism among white smokers (21).
Thus, the role of the MMP-9 C-1562T polymorphism in associa-
tion with COPD has been assessed by a variety of methods and
the issue remains inconclusive.

To test the hypothesis that the MMP-9 C-1562T polymor-
phism has an important role in susceptibility to developing
COPD, we first analyzed the polymorphisms in a sample of
patients with COPD and healthy smokers (control subjects) from
the Japanese population. Automatically calculated parameters,
such as percentage of low attenuation area (LAA%) and mean
CT value (mean CTv) in high-resolution CT (HRCT), have pre-
viously been shown to be useful in assessment of the emphysema-
associated parenchymal injuries seen in patients with COPD
(23–26). Second, using radiologic parameters assessed by HRCT,
we examined patients with COPD for the correlation between
the genotypes and phenotypes of emphysema.

METHODS

Subjects

The study comprised 84 patients with COPD and 85 healthy smokers.
The subjects were included according to criteria established in previous
studies (26, 27), with minor modifications. Briefly, COPD was diagnosed
according to the Global Initiative for Obstructive Lung Disease
(GOLD) guidelines (28), and no patient with �1-antitrypsin deficiency
was included. This study was approved by the ethics committee of
Kyoto University, and written, informed consent was obtained from
all subjects.

Genotyping

A standard phenol-chloroform method was used to extract DNA from
blood. Polymerase chain reaction (PCR) followed by restriction frag-
ment length polymorphism analysis were performed to detect a point
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TABLE 1. BASELINE CHARACTERISTICS OF STUDY SUBJECTS

Men/Women Age (yr) Smoking History (pack-yr) FVC (L ) FEV1 (%pred) FEV1/FVC (% )

Patients with COPD, n � 84 81/3 68.9 � 7.5 58.1 � 28.9 2.58 � 0.80 44.9 � 17.4 45.3 � 9.8
Control smokers, n � 85 69/16 58.8 � 12.8 41.4 � 22.4 3.33 � 1.11 88.5 � 20.9 80.2 � 7.9

Definition of abbreviation: COPD � chronic obstructive pulmonary disease.
Values are mean � SD.

mutation at the promoter of C-1562T of the MMP-9 gene as described
by Zhang and colleagues (16). PCR was performed with a thermal
cycler (DNA Thermal Cycler; Perkin Elmer Cetus, Norwalk, CT) with
the following cycling parameters: 94�C for 30 s, 65�C for 30 s, and 72�C
for 30 s, for 35 cycles. The PCR products were digested with restriction
enzyme Bbu I (Takara Bio, Otsu, Japan) at 37�C for 4 h, resolved on
3% agarose gels, stained with ethidium bromide (Invitrogen, Carlsbad,
CA), and observed under ultraviolet light.

Measurement of Chest HRCT Parameters in
Patients with COPD

All CT images were taken on subjects in the supine position with an
HRCT scanner (X-Vigor; Toshiba, Tokyo, Japan), with 2-mm collima-
tion according to the previously reported protocol (23–26). Three im-
ages were used for analysis for each patient: upper lung field at 1 cm
above the upper margin of the aortic arch, middle lung at 1 cm below
the carina, and lower lung at 3 cm above the diaphragm (23, 25).
Contiguous pixels with less than �960 Hounsfield units (HU) were
defined as LAA and the percentage ratio of LAA in both lung fields on
each images (LAA%) was calculated automatically (23, 25): LAA-U%,
at the upper lung field; LAA-M%, at the middle; LAA-L%, at the
lower; and LAA-T%, for the average of the three images. LAA-T%
was calculated as �(LAA-X% � no. of lung pixels in X)/(total no. of
pixels of lung fields in three images). Mean CTv-U, mean CTv-M, and
mean CTv-L were calculated as the average of the CT values in HU
of all pixels in both lung fields at the upper, middle, and lower lung
fields, respectively. Mean CTv-T was defined described for LAA-T%.

Statistical Analysis

To test frequencies of the MMP-9 C-1562T polymorphism, 	2 tests for
the equality of two population probabilities were performed. A two-
tailed t test was used to test the difference of averages in the pulmonary
function tests and the HRCT parameters between T(
) subjects (with
C/C genotype) and T(�) subjects (with C/T or T/T genotype). Analysis
of variance (ANOVA) with repeated measures was used to explore
the effect of image levels on HRCT parameters separately for each
patient group. For multiple comparisons, a post hoc test with Bonferroni/
Dunn’s method was used. StatView version 5.0 (SAS Institute, Inc.,
Cary, NC) was used for the calculations. p values less than 0.05 were
considered to be significant.

RESULTS

The baseline characteristics and the results of the pulmonary
function tests for the 84 patients with COPD and 85 control
subjects (healthy smokers) are presented in Table 1. In the initial
evaluation of patients with COPD, two patients were classified
as having stage I disease, 33 as having stage II, 30 as having
stage III, and 19 as having stage IV disease, according to the
revised GOLD criteria (28).

The genotype frequencies in each group are shown in Table 2.
There were no significant differences in frequencies of alleles and
genotypes between patients with COPD and control subjects.
Because the T allele has a codominant effect on plasma MMP-9
level (17), we divided patients with COPD and control subjects
into two groups for comparison of clinical parameters between
genotypes: T(�) subjects (with C/C genotype) and T(
) subjects
(with C/T or T/T genotype). Pulmonary functions were not sig-
nificantly different between the T(
)and T(�)groups among

either patients with COPD (Table 3) or control subjects (data
not shown).

Chest HRCT examination was performed to obtain HRCT
parameters in all patients with COPD. Results of LAA% and
mean CTv calculated in each genotype group are shown in
Figures 1 and 2. Although LAA-M%, LAA-L%, and LAA-T%
between T(�) and T(
) patients were not significantly different
(p � 0.23, 0.45, and 0.15, respectively), LAA-U% was notably
higher in T(
) patients than in T(�) patients (95% confidence
interval [CI], 0.5–18.7; p � 0.04; Figure 1). In the measurement
of mean CTv, mean CTv-U was considerably lower in T(
)
patients than in T(�) patients (95% CI, �34.3 to �1.0; p �
0.04), whereas mean CTv-M, mean CTv-L, and mean CTv-T
were not significantly different (p � 0.28, 0.70, and 0.20, respec-
tively; Figure 2). In comparisons among the three image positions
in each patient group by ANOVA with repeated measures,
LAA% in T(
) patients significantly decreased as the positions
of the images moved from upper to lower (p � 0.006), whereas
LAA% in T(�) patients did not change (p � 0.53; Figure 1).
Mean CTv in T(
) patients significantly increased as the posi-
tions moved from upper to lower (p � 0.002), whereas mean
CTv in T(�) patients did not change (p � 0.32; Figure 2). There
was no significant difference between patients with T/T genotype
and patients with C/T genotype in any HRCT parameters (data
not shown).

DISCUSSION

This study demonstrated that the T allele at the MMP-9 C-1562T
polymorphism was significantly associated with upper lung domi-
nant emphysema in patients with COPD, although the polymor-
phism was not associated with the development of COPD in the
Japanese population. Previous studies reporting on the associa-
tion of this polymorphism with the risk of developing COPD
have shown variable results (20–22). Our results corroborate
those of Minematsu and colleagues (20), showing that the T allele
has some role in the progression of emphysema in lung paren-
chyma, at least in the Japanese population. We reported that T(
)
patients are linked with upper lung dominant emphysema but not
with further deterioration of lung function, compared with T(�)
patients. In addition, our data show this polymorphism to have

TABLE 2. ALLELIC AND GENOTYPIC FREQUENCIES IN
PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY
DISEASE AND HEALTHY CONTROL SMOKERS

COPD (n � 84) Control (n � 85) p Value

Allele
C 145 (86%) 144 (85%) 0.79
T 23 (14%) 26 (15%)

Genotype
CC 63 (75%) 60 (71%) 0.61
CT 19 (23%) 24 (28%)
TT 2 (2%) 1 (1%)

For definition of abbreviation, see Table 1.
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TABLE 3. COMPARISON OF PULMONARY FUNCTIONS BETWEEN T(�) PATIENTS AND T(�) PATIENTS,
BOTH WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE

Men/Women Age (yr) Smoking History (pack-yr) FVC (L ) FEV1 (%pred) FEV1/FVC (% ) DLCO/VA*

T(�) patients, n � 63 60/3 68.2 � 7.6 59.2 � 29.6 2.55 � 0.82 44.4 � 17.4 45.3 � 9.7 3.50 � 1.41
T(
) patients, n � 21 21/0 70.7 � 6.7 54.7 � 29.5 2.67 � 0.70 46.3 � 16.9 45.1 � 10.0 2.96 � 1.11
p Value 0.19 0.56 0.54 0.67 0.92 0.14

Definition of abbreviation: DLCO/VA � diffusing capacity of the lung for carbon monoxide per unit of alveolar volume.
Values are mean � SD.
* Nos. of patients measured are 51 in T(�) group and 19 in T(
) group.

no association with an increased risk of COPD development,
determined by the decreased value of FEV1/FVC and not by
radiographic evaluation, and has some accordance with the result
by Joos and colleagues, who evaluated the risk by fast rate of
FEV1 decline (21). We believe that discrepancies in the role of
the T allele between the HRCT findings and pulmonary function
are due to emphysematous change in the upper lung having
less influence on the decrease of FEV1 than the influence of
emphysema in the lower lung (29).

Two major types of parenchymal destruction in pulmonary
emphysema are differentiated in the general population, and
are described as centrilobular emphysema and panlobular em-
physema (26, 30–32). Centrilobular emphysema begins in and
around the respiratory bronchioles, resulting in dilatation and
destruction of the lobule center. A predilection of centrilobular
emphysema for the upper lung, rather than lower lung, has been
noted. Panlobular emphysema, also referred to as panacinar
emphysema, affects the acinus of the entire secondary lobule.
This latter type of emphysema extends diffusely throughout the
lung, with some preferential involvement in the lower lung. In
addition to the histopathologic differences, differences in patho-
physiology, such as elasticity (33) and airway reactivity (34),
between the two types of emphysema have been noted in smok-
ers. Because the phenotypes for centrilobular and panlobular
emphysema are different, there could also be differences be-
tween the progressions of the two types of emphysema. Because
we did not investigate lung pathology of patients with COPD,
we were not able to differentiate the two types of emphysema
in our subjects. Considering that centrilobular emphysema is the
dominant type linked to cigarette smoking, it does not seem
adequate to interpret the presence or absence of the T allele as
simply corresponding to the centrilobular or panlobular type of
emphysema.

Figure 1. Percentage of low
attenuation area (LAA%) in
T(
) and T(�) patients. Black
bars denote LAA% in the up-
per lung (LAA-U%), hatched
bars denote LAA% in the mid-
dle lung (LAA-M%), gray bars
denote LAA% in the lower lung
(LAA-L%), and white bars de-
note LAA% for the average of
the three lung fields (LAA-T%).
Error bars depict the 95% con-

fidence interval. *Bracket shows comparison and significant difference
in LAA-U% between T(
) and T(�) patients (p � 0.04). By analysis of
variance (ANOVA) with repeated measures, there was a significant effect
of slice position of high-resolution computed tomography (HRCT)
among T(
) patients (p � 0.006), but not in T(�) patients (p � 0.53).
**p � 0.01; ***p � 0.01.

Few attempts have been made to investigate a link between
genetic factors and emphysematous changes in HRCT (26, 35).
A correlation study between HRCT and the pathologic findings
used to discriminate between the two types of emphysema is
needed to develop a protocol for using HRCT to discriminate
between the two types. It would then be possible to determine
the mechanism whereby the MMP-9 promoter C-1562T poly-
morphism contributes to the development of upper lung domi-
nant emphysema. Most patients with COPD in our study had
stage II–IV disease, and only a very few had stage 0–I. It would
extend our results to use HRCT to investigate patients with 0–I
stage disease to determine whether this polymorphism contrib-
utes to early development of upper lung dominant emphysema;
this is difficult to detect by pulmonary function tests.

The primary mechanism of lung parenchymal destruction is
believed to be an imbalance between endogenous proteinases
and antiproteinases. The significant biological function of MMP-9,
which is related to destruction of lung parenchyma, is considered
to be due to its proteolytic effect on substrates such as extracellu-
lar matrix proteins and antiproteinases. Although the two types
of emphysema may show similar distributions within the lung
during advanced disease stages, and may sometimes coexist
(30, 36), there is believed to be some difference in the way
proteinase–antiproteinase imbalance affects the progression of
emphysema (37).

MMP-9 is expressed by many kinds of inflammatory cells,
such as alveolar macrophages, neutrophils, and eosinophils (13).
Among them, alveolar macrophages are likely to have an impor-
tant pathogenic role in emphysema (38, 39). This protein is
also produced by structural cells in the lung, such as bronchial
epithelial cells, alveolar type II cells, and smooth muscle cells,
in appropriate conditions (13). The role of MMP-9 has been

Figure 2. Mean computed to-
mographic (CT) value (mean
CTv) in T(
) and T(�) patients.
Black bars denote mean CTv in
the upper lung (mean CTv-U),
hatched bars denote mean CTv
in the middle lung (mean
CTv-M), gray bars denote
mean CTv in the lower lung
(mean CTv-L), and white bars
denote mean CTv for the aver-
age of the three lung fields
(mean CTv-T). Error bars depict
the 95% confident interval.

*Bracket shows comparison and significant difference in mean CTv-U
between T(
) and T(�) patients (p � 0.04). By ANOVA with repeated
measures, there was a significant effect of slice position of HRCT among
T(
) patients (p � 0.002), but not in T(�) patients (p � 0.32). **p �

0.05; ***p � 0.001.
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shown to be important in the development of emphysema in
animal (40–44) and human (6, 7, 9–12, 39, 45, 46) studies. Histo-
pathologically, MMP-1, MMP-2, MMP-8, and MMP-9 showed
increased expression in the lungs of patients with COPD (9).
However, mRNA of MMP-1, not MMP-9 or MMP-12, was ex-
pressed more in the lungs of patients with severe emphysema
than in those of normal subjects (47). In murine models of em-
physema induced by chronic cigarette smoke, Churg and col-
leagues emphasized the relevance of MMP-12 in relation to
tumor necrosis factor � (48). Thus, there is debate that other
MMPs may also play important roles in the destruction of alveo-
lar walls.

Why some patients with COPD present upper lung dominant
emphysema and how the T allele of the MMP-9 promoter is
related to this phenotype is still unknown and requires further
study. Considering that C-1562T polymorphism increases the
promoter activity (16, 17), it could be inferred that MMP-9
activity plays a more important role in the destruction of alveolar
walls in the upper lung than in the lower lung. Because MMP-9
alone does not digest collagen type I/III, which is the primary
element of alveolar walls sustaining the mechanical force of
breathing (49, 50), other enzymes mentioned above may also be
preferentially expressed in the upper lung, and collaborate with
MMP-9 in the digestion of the extracellular matrix. After proteo-
lytic digestion of the extracellular matrix, with resultant weak-
ened remodeling of the collagen network, mechanical force plays
an important role in destroying alveolar walls (49–51). Distribu-
tion of the mechanical stress is larger in the upper lung due to
the overall weight of the lung (52), and could contribute to the
preferential progression of emphysema in the upper lung of
certain patients. Our data suggest that, in a Japanese population
with COPD, the C-1562T polymorphism could affect the distri-
bution and the progression of emphysema, not the susceptibility
to COPD (decline of FEV1).

In conclusion, we have shown that C-1562T polymorphism
in the MMP-9 promoter was not associated with development
of COPD diagnosed by pulmonary function tests. However, the
T allele was significantly associated with the development of
upper lung dominant emphysema in patients with COPD. The
role of MMP-9 promoter genotypes in the progression of emphy-
sema remains to be elucidated.
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