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Abstract To determine the significance of CD13/ami-
nopeptidase N in collagen vascular diseases (CVD), we
examined its activity and expression in sera and disease
sites of patients with CVD. Significantly higher amino-
peptidase activity was detected in bronchoalveolar
lavage fluid from patients with interstitial lung diseases
due to rheumatoid arthritis (RA), polymyositis/derma-
tomyositis (PM/DM), systemic sclerosis (SSc), and
Sjogren’s syndrome than from control subjects. In-
creased aminopeptidase activity and increased expres-
sion of CD13/aminopeptidase N protein were found in
alveolar macrophages from CVD patients with intersti-
tial lung diseases. Significantly higher aminopeptidase
activity was detected in pleural effusions from patients
with systemic lupus erythematosus (SLE) than in tran-
sudate effusions. The mean aminopeptidase activity in
synovial fluids from RA patients was significantly higher
than from patients with osteoarthritis. The mean value
of serum aminopeptidase activity was significantly
higher in patients with SLE, RA, SSc, and PM/DM than
in normal subjects. This study suggests that the activity
of CDI13/aminopeptidase N, locally produced in the
disease site, is a useful marker for CVD and that CD13/
aminopeptidase N may have an important role in the
pathogenesis of CVD.
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Introduction

Aminopeptidase N is a membrane-bound metallopro-
tease shown to be identical to CD13 [1], a 150-kDa cell
surface glycoprotein which was originally used as a
marker for subpopulations of hematopoietic cells [2].
CD13/aminopeptidase N is widely distributed in a
variety of mammalian cells such as monocytes/macro-
phages, fibroblasts, neutrophils, endothelial cells, and
epithelial cells [3, 4, 5, 6]. CD13/aminopeptidase N is the
major receptor for human coronavirus [7] and gastro-
enteritis virus [8] and has an important role in HIV entry
[9]. This peptidase was shown to be involved in the
degradation of extracellular matrix in tumor invasions
[10, 11] and the processing of peptide for presentation by
antigen-presenting cells [12]. Recently we reported that
CD13/aminopeptidase N has the chemotactic activity of
T lymphocytes in vitro [13].

Collagen vascular diseases (CVD) are inflammatory,
autoimmune disorders which affect skin, joints, serous
membranes, and a variety of internal organs such as
lungs, kidneys, and heart [14]. Although their origin has
been shown to be multifactorial and involves complex
interactions between genetic, environmental, and
hormonal factors [15, 16, 17], the precise mechanism of
organ inflammations in CVD is still unclear. In this
study, we examined the activity of CD13/aminopepti-
dase N in patients with CVD and found increased
activity and expression of it at the disease site and in
serum, suggesting an important role in the pathogenesis
of CVD.

Materials and methods

Reagents

L-leucine-7-amido-4-methyl-coumarine  (L-leucine-AMC)  was
purchased from the Peptide Institute (Osaka, Japan). Monoclonal
antibody against human CDI13 was purchased from Becton
Dickinson (San Jose, Calif., USA).
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Serum Sampling

Serum was collected from 61 patients with CVD (Table 1). The
diagnosis of CVD was based on American College of Rheumatology
criteria. The CVD patients included 17 with systemic lupus erythe-
matosus (SLE), 21 with rheumatoid arthritis (RA), ten with systemic
sclerosis (SSc), eight with polymyositis/dermatomyositis (PM/DM),
and five with Sjogren’s syndrome (SjS). Normal volunteers consisted
of seven young doctors, none of whom showed any abnormalities on
physical examination or chest radiography. Control patients were
free of collagen vascular diseases; four had mild pulmonary
emphysema, three had diabetes mellitus, and three had inactive
gastric ulcers.

Bronchoalveolar lavage

Bronchoalveolar lavage (BAL) was performed for patients with
CVD with interstitial pneumonia (CVD-IP) and control subjects.
These patients consisted of eight RA (three men, 57.7+5.1 years
old), six SSc (two men, 51.3+3.9 years old), six PM/DM (two men,
age 48.8+3.5 years), and eight SjS patients (one man, age
62.0 £ 5.3 years). The controls consisted of 15 normal volunteers (13
men, age 22.8+ 1.0 years) and 13 control patients (nine men, age
56.0+5.1 years). None of the normal volunteers showed any
abnormalities on physical examination, chest radiography, or lung
function tests. All control patients were free of interstitial lung
disease; 11 had localized lung cancer and two had no detectable lesion
in the lungs, although they complained of hemosputum. The BAL
was performed as described previously [18]. Briefly, a flexible fiber-
optic Model 1T20 bronchoscope (Olympus, Tokyo, Japan) was
wedged into a segmental or subsegmental bronchus of the middle
lobe or lingula, and lavage was performed with a total volume of
150 ml of sterile 0.9% saline in three 50-ml portions. The lavage fluid
was gently aspirated by syringe after deep inspiration. The fluid
recovered was passed through sterile gauze and centrifuged at 250 G
for 10 min at4°C to precipitate cells, and the supernatant (BAL fluid,
or BALF) was stored at —70°C until examination.

Preparation of alveolar macrophages

The precipitated cells were analyzed. Their total numbers, suspended
in an appropriate volume of saline, were counted in a hemocytom-
eter. Differential counts on 500 cells were carried out on smears of
sedimented cells stained with May-Giemsa stain, and the percentages
of alveolar macrophages (AM), lymphocytes, neutrophils, and
eosinophils were calculated. The cells were suspended in RPMI-1640
medium and plated into 96-multiwell plates (C8) (White Maxisorp,
Nunc, Denmark) (AM density 10* cells/well). After 1 hincubation in
5% CO, at 37°C, nonadherent cells were removed by gentle washing.
Then the aminopeptidase activity on the adherent AM was measured
as described below.

Sampling of pleural effusions

Pleural effusions was collected via diagnostic thoracentesis.
Patients consisted of five with SLE (one man, age 59.4 + 5.4 years),
51 with pleuritis carcinomatosa, 24 with infectious pleuritis, and 14

Table 1 Patient profiles

Diseases N M/F Age (years)
Normal volunteers 7 52 25.7+0.6
Control patients 10 4/6 52.5+7.6
SLE 17 3/14 40.4+9.8
RA 21 4/17 61.7+9.4
SSc 10 3/7 47.9+4.38
PM/DM 8 3/5 50.3+3.8
SiS 5 0/5 58.0+4.4

with transudate pleural effusion (ten men, age 67.7 2.3 years). All
pleuritis carcinomatosa was due to primary lung cancer in 31
adenocarcinoma patients (20 men, age 62.9+2.1 years), ten squa-
mous cell carcinoma patients (seven men, age 71.9 +4.0 years), and
ten small cell lung cancer patients (eight men, age 64.7 + 3.3 years).
Infectious pleuritis included 15 nontuberculous pleuritis (13 men,
age 66.5+1.9 years) and nine tuberculous pleuritis patients (six
men, age 55.3+4.8 years). After centrifugation at 400 G for
10 min, the cell-free supernatants were separated and stored at
—70°C until examination.

Sampling of synovial fluids

Studies were done on 33 patients with RA (nine men, age
61.9£6.2 years) and eight with osteoarthritis (OA) (five men, age
71.8 £4.4 years). These patients fulfilled the American Rheumatoid
Association criteria for the diagnosis of definite or classic RA [19].
Synovial fluid samples were obtained from the swollen joints of
patients and centrifuged at 250 G for 30 min. The supernatants
were stored at —20°C until testing.

Determination of protease activity of aminopeptidase

The protease activity of aminopeptidase was assayed fluoromet-
rically as described previously [13, 20]. In brief, 80 pul of 0.1 M
Tris-HCL buffer (pH 8.0), 100 pl of 100-uM L-leucine-AMC
diluted with the buffer, and 20-ul samples were added into the
wells of 96-multiwell plates (C8) (White Maxisorp, Nunc, Den-
mark). The standard contained various amounts of AMC. The
plates were incubated at 37°C for 1 h. The fluorescence intensity
was measured in MTP-32 (Corona Electric, Ibaragi, Japan) with
365 nm for excitation and 450 nm for emission wavelengths. The
aminopeptidase activity is expressed in nanomoles of substrate
cleaved per h.

Western blotting

The BAL cells dissolved in RPMI-1640 (Nissui, Tokyo, Japan)
were incubated in Falcon 3003 tissue culture dishes (Falcon
Plastics, Oxnard, Calif.,, USA) at 37°C in a humidified atmo-
sphere of 5% CO, for 60 min, and the plates were washed three
times with PBS to remove nonadherent cells. Adherent AM were
scraped from the plates using a cell scraper (Sumitomo Bakelite,
Osaka, Japan) and sonicated twice at 20 kHz for 5s. The
resulting cell lysates were mixed with an equal volume of loading
buffer (125 mM Tris-HCI [6.8], 4% sodium dodecyl sulfate [SDS],
2 mg/ml methyl green, and 10% glycerol). Fifty micrograms of
protein were subjected to 10% polyacrylamide gel electrophoresis
in SDS running buffer (25 mM Tris-HCI [pH 8.3]), 192 mM
glycine, and 0.1% SDS). After electrophoresis, the protein bands
were transferred to an Immobilon-P membrane (Millipore,
Bedford, Mass., USA) in a buffer containing 25 mM Tris
(pH 8.3), 192 mM glycine, 0.1% SDS, and 20% methanol. The
blots were pretreated with 1% skim milk and incubated with
antihuman CD13 antibody as primary antibody and biotinylated
antimurine IgG as secondary antibody. The reacted proteins were
visualized using a Vectastain ABC kit (Vector, Burlingame, Calif.,
USA) according to the manufacturer’s instructions. Phosphate-
buffered solution containing 0.05% Tween 20 was used as a
washing buffer throughout the blotting experiments.

Statistical analysis

All results were expressed as mean = SEM. Statistical analysis was
performed using Student’s two-tailed unpaired z-test for compari-
sons between two groups. Correlations between two parameters
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Fig. 1 Aminopeptidase activity in the BALF from normal
volunteers (NV), control patients (CP), and patients with CVD.
The activity was assayed fluorometrically with L-leucine-AMC as a
substrate and expressed in nanomoles of substrate cleaved per h.
*Significantly different from the values of normal volunteers and
Control patients (P <0.05)

were evaluated using Pearson’s test. Differences were considered
significant if P values were 0.05 or less. Data were analyzed on a
Macintosh computer using Statview software.

Results
Aminopeptidase activity in bronchoalveolar lavage fluid

Aminopeptidase activity was measured in the BALF
from patients with CVD and compared with that
from normal volunteers and control patients. The CVD
patients consisted of eight with RA, six with SSc, six
with PM/DM, and eight with SjS, all of them
having interstitial lung disease due to CVD. Very low
aminopeptidase activity was detected in the BALF
from normal volunteers and control patients
(18.8+7.5 nmol/h and 10.2+4.0 nmol/h, respectively)
(Fig 1). On the other hand, it was significantly higher
in patients with RA, SSc, PM/DM, and SjS, but there
was no significant difference between these disease
groups.

Fig. 3 Western blot analysis of
CD13/aminopeptidase N
protein expression in AM. Fifty e 12 8 12
micrograms of AM lysate 431 416 227
protein were separated on SDS
polyacrylamide gel and blotted.
CD13/aminopeptidase N was
detected by a monoclonal
antihuman CD13/
aminopeptidase N antibody.
Lanes 1-4 contain lysates of
AM from normal volunteers,
and lanes 5-13 contain those
from patients with CVD-IP
(lane 5-7 RA, lane 8 DM, lane
9 PM, lane 10-12 SSc, lane 13
SjS). Aminopeptidase activity
in BALF and AM was assayed
fluorometrically with L-leucine-
AMC as a substrate
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Fig. 2 Aminopeptidase activity on AM from normal volunteers
(n=4) and patients with CVD-IP (n=9). The AM suspended in
RPMI-1640 were plated into 96-multiwell plates (AM density 10*
cells/well), and the activity was assayed fluorometrically with
L-leucine-AMC as a substrate and was expressed in nanomoles of
substrate cleaved per h. *Significantly different from the value of
normal volunteers (P <0.05)

Aminopeptidase activity and expression
of CD13/aminopeptidase N in AM

CD13/aminopeptidase N is an ectoenzyme located in the
outer cell membranes of various cells such as monocytes/
macrophages. To determine the cellular origin of ami-
nopeptidase in BALF, aminopeptidase activity on AM
from patients with CVD-IP was measured, because the
predominant cells in alveolar space are AM. As shown in
Fig 2, significantly increased aminopeptidase activity
was found on AM from patients with CVD-IP than in
normal volunteers. Next, the expression of CD13/ami-
nopeptidase N protein in AM was determined by
Western blotting, documented in Fig 3. When 50 pg of
AM lysate protein was separated on SDS polyacrylamide
gel electrophoresis (SDS-PAGE), CD13/aminopeptidase
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Fig. 4 Aminopeptidase activity in pleural effusions from patients
with transudate effusion, tuberculosis (TB), non-TB, lung cancer
and patients with SLE. The activity was assayed fluorometrically
with L-leucine-AMC as a substrate and expressed in nanomoles of
substrate cleaved per h. *Significantly different from the value of
normal volunteers (P <0.05)

N protein, with a molecular mass of approximately
150 kD, was detected in normal volunteers at very low
levels. On the other hand, the AM lysate protein from
nine patients with CVD-IP contained higher amounts of
CD13 corresponding to the aminopeptidase activity in
the BALF and on AM (Fig. 3).

Aminopeptidase activity in pleural effusion

The level of aminopeptidase activity in pleural effusion
was measured in patients with SLE (Fig 4) and found to
be significantly higher than in transudate effusion due
to adenocarcinoma and small-cell lung cancer but not to
squamous cell carcinoma or infectious diseases. In
pleural effusion of SLE patients, it was also significantly
higher than that in nontuberculous infection, adeno-
carcinoma, squamous cell carcinoma, and small cell lung
cancer (P=0.0003, P=0.0012, P=0.0053, and
P=0.0294, respectively)

Aminopeptidase activity in synovial fluid

Aminopeptidase activity in the synovial fluid from 33
patients with RA and eight with OA is shown in Table 2.
It was low in synovial fluid of OA patients. The mean
value in the synovial fluid of RA patients was signifi-
cantly higher than in those with OA. It correlated sig-
nificantly with the number of lymphocytes in synovial
fluid (r=0.85, P=0.0001).

Serum aminopeptidase activity

Aminopeptidase activity in sera from normal subjects
and patients with CVD is shown in Fig. 5. It was low in
the sera of normal volunteers and control patients
(77.0+4.1 nmol/h, 82.94+9.2 nmol/h). The mean activ-
ity in sera from patients with SLE, RA, SSc, and PM/
DM was significantly higher (133.1+13.0, 115.7£5.7,

Table 2 Aminopetidase activity in synovial fluid

Group Aminopeptidase activity (nmol/h)
OA patients 721+108
RA patients 4619+ 776*
*P=0.0001, r=0.85
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Fig. 5 Aminopeptidase activity in sera of normal volunteers,
control patients, and patients with CVD. The activity was assayed
fluorometrically with L-leucine-AMC as a substrate and expressed
in nanomoles of substrate cleaved per h. *Significantly different
from the value of normal volunteers and control patients (P <0.05)

120.2£9.1, and 147.1+£15.6 nmol/h, respectively) than
that of normal volunteers and control patients, but
individual values varied widely.

Discussion

Here we showed increased aminopeptidase activity in
samples from disease sites such as BALF, pleural
effusion, and synovial fluid of patients with CVD. The
aminopeptidase family mainly consists of leucine
aminopeptidase (E.C.3.4.11.1), CD13/aminopeptidase N
(E.C.3.4.11.2), and cystyl aminopeptidase (E.C.3.4.11.3)
[21, 22]. L-leucine-AMC, which was used in this study as
a substrate to detect the aminopeptidase activity, could
be cleaved by leucine aminopeptidase and CD13/
aminopeptidase N but not by cystyl aminopeptidase
[21]. Additionally, cystyl aminopeptidase is mainly
localized in placental lysosomes [21]. Leucine amino-
peptidase is generally located in liver and has an optimal
pH degree of 10. On the other hand, CD13/aminopep-
tidase N was located in all tissues studied, in which the
optimal pH is neutral (pH 6.5-8.5) [24]. These findings
indicate that increased aminopeptidase activity in the
disease site of CVD may be predominantly composed of
CD13/aminopeptidase N.

The BALF from patients with CVD-IP contained
higher aminopeptidase activity than that from control
subjects. Activated macrophages have an important role
in initiating and amplifying immunologic and inflam-
matory responses in various inflammatory lung diseases
including CVD-IP [23, 24]. CDI3/aminopeptidase
N expressed in macrophages was shown to be an



ectoenzyme marker that increases as macrophages ma-
ture or become activated [4]. In this study, increased
activity and expression of CDI13/aminopeptidase N
protein were found in AM from patients with CVD-IP,
indicating that AM may be responsible for the amino-
peptidase activity detected in the BALF from CVD-IP
patients. However, CD13/aminopeptidase N has also
been reported to be expressed in fibroblasts, neutrophils,
and endothelial cells [3, 4, 5, 6, 25, 26]. Further studies
are necessary to determine the cells responsible for
aminopeptidase in BALF.

Significantly increased activity of aminopeptidase was
found in pleural effusion due to SLE than in transudate
effusion, indicating that aminopeptidase was locally
produced in pleural space and has a role in pleuritis in
SLE. A higher aminopeptidase activity was also detected
in pleural effusion due to adenocarcinoma and small cell
carcinoma, though it was significantly lower than in SLE
patients. This result corresponds to previous reports
which show that CD13/aminopeptidase N expressed on
cancer cells is involved in tumor cell invasion and
extracellular matrix degradation [10, 11, 27].

Higher aminopeptidase activity was detected in
synovial fluid of RA patients than in OA patients.
CD13/aminopeptidase N is expressed on a variety of cells
such as macrophages [4]. It is not expressed in peripheral
blood lymphocytes but was shown to be expressed in
synovial fluid lymphocytes [28]. Further studies are nec-
essary to clarify the cellular origin of CD13/aminopep-
tidase N in synovial fluids of RA patients.

We showed significantly higher aminopeptidase
activity in sera from patients with CVD than in normal
volunteers and control patients. Favaloro et al. showed
that serum aminopeptidase activity could mainly be
ascribed to CD13/aminopeptidase N [29]. We recently
reported that increased aminopeptidase activity was
detected in BALF from patients with pulmonary
sarcoidosis, but its serum level was not higher than in
normal controls [13]. Therefore, the increased amino-
peptidase detected in serum from CVD patients may
represent the total activity of CDI13/aminopeptidase
N of general CVD Ilesions in the body and is possibly a
useful marker of CVD disease activity.

The role of CDI3/aminopeptidase N remains
unclear. We recently found that CD13/aminopeptidase
N is a chemoattractant for T lymphocytes, and the
enzymatic activity was required for T-cell chemotactic
activity because its inhibition resulted in the abolish-
ment of chemotactic activity [13]. These results suggest
that enzymatically active CD13/aminopeptidase N has
a role in the migration of T lymphocytes to the disease
site of CVD. On the other hand, CD13/aminopepti-
dase N is known to be present on cell surface as the
membrane-bound enzyme and can cleave N-terminal
amino acids from oligopeptides [1]. Recent reports
demonstrated increased aminopeptidase activity in
urine from patients with diabetic nephropathy [30] and
carboplatin-induced renal damage [31] and those trea-
ted with extracorporeal shock wave lithotripsy [32].
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This activity correlated with the extent of renal
damage. Accordingly, the proteolytic activity of CD13/
aminopeptidase N may induce the degradation of
structural proteins, which results in tissue inflamma-
tion in CVD.

The data presented here indicate that CD13/amino-
peptidase N activity may serve as a marker of diagnosis
and activity of CVD and suggest that CD13/amino-
peptidase N may participate in the mechanism of tissue
inflammation in this disorder. A greater understanding
of the regulation of production and action of this
enzyme may lead to new insights for the control and
treatment of CVD.
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