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We have investigated the effect of monoclonal antibodies
(MAbs) specific for aminopeptidase N/CD13 on the invasion of
human metastatic tumor cells into reconstituted basement
membrane (Matrigel). The invasion of human metastatic tumor
cells (SNI2M renal-cell carcinoma, HT1080 fibrosarcoma and
A375M melanoma) into Matrigel-coated filters was inhibited by
an anti-CD 13 MAb, WM 5, in a concentration-dependent man-
ner. However, this MAb did not have any effect on tumor-cell
adhesion and migration to the extracellular matrices, which
may be involved in tumor-cell invasion. MAb WMI5 inhibited
the degradation of type-IV collagen by tumor cells in a concen-
tration-dependent manner. We also found that WMIS5 inhibited
hydrolysing activities towards substrates of aminopeptidases in
3 different tumor cells. Since our previous study indicated that
bestatin, an aminopeptidase inhibitor, was able to inhibit
tumor-cell invasion, as well as aminopeptidase activities of
murine and human metastatic tumor cells, cell-surface amino-
peptidase N/CDI13 may be partly involved in the activation
mechanism for type-lV collagenolysis to achieve tumor-cell
invasion, and anti-CDI3 MAb WMI5 may inhibit tumor-cell
invasion through a mechanism involving its inhibitory action on
the aminopeptidase N in tumor cells.
© 1993 Wiley-Liss, Inc.

During the metastatic cascade, a tumor cell passes through
several connective tissue barriers which consist of various
adhesive molecules such as fibronectin, laminin, and other
glycoproteins and proteoglycans (Fidler er al, 1978; Liotta et
al., 1983; McCarthy et al., 1985; Moscatelli and Rifkin, 1988;
Nicolson, 1987; Tryggvason et al., 1987). Tumor invasion is a
complex process involving cell adhesion, motility (migration),
and the degradation of tissue barriers caused by the different
proteases secreted by tumor cells. Therefore, understanding
the invasion mechanisms and the control mechanisms of the
invasive property of tumor cells may help in the development
of anti-metastatic therapies.

Many different types of enzymes that degrade the extracellu-
lar matrix in metastatic invasion are not unique to tumor cells
and are present in normal tissues and body fluids. However,
their expression is controlled under physiological conditions by
various growth factors, cytokines and other enzymes. Proteo-
lytic enzymes including lysosomal hydrolases, collagenase, and
in some cases a plasminogen activator or plasmin are elevated
in invasive cells and tumor cells with metastatic potential
(Nakajima and Chop, 1991; Moscatelli and Rifkin, 1988;
Nicolson, 1987; Tryggvason et al, 1987). Liotta et al. (1980)
have reported that there are substantial correlations between
type-IV collagenase (metalloproteinase) activities and meta-
static potentials of a variety of human and animal tumor cell
lines.

Aminopeptidase N, a surface antigen of many myeloid cells
and other diverse cell types, is a well documented ecto-enzyme
that binds to the membrane through an N-terminal segment.
This enzyme is identical to CD13 (Look et al, 1989) and
postulated to perform multiple functions, such as hydrolytic
inactivation of regulatory peptides, including enkephalins, that
are involved in signal transduction at the cell membrane.
Aminopeptidase N/CD13 serves as a receptor for transmissi-
ble gastroenteritis virus, and anti-CD13 MAb can block
infection by this virus (Delmas et al., 1992; Yeager et al., 1992).

A high level of neutral aminopeptidase activity has been
detected on the plasma membrane of several human tumor cell
lines and mammalian metastatic tumor cells (Nakajima and
Chop, 1991; Chop et al, 1989; Ashmun and Look, 1990;
Amoscato et al, 1990). Cell-surface aminopeptidase activity
was potently blocked by known inhibitors of the enzyme, such
as bestatin and 1,10-phenanthroline (Ashmun and Look,
1990). Bestatin has been shown to possess immunomodulatory
effects, presumably through the inhibition of multiple amino-
peptidases, including the augmentation of humoral and cell-
mediated immune responses and the activation of macro-
phages and natural killer cells to become cytotoxic against
tumor cells (Schlorlemmer et al, 1983; Bruley-Rosset et al.,
1979; Saito et al., 1978). Talmadge et al. (1986) have reported
that the administration of high doses of bestatin resulted in the
significant inhibition of pre-existing experimental and sponta-
neous metastases in mice. We also demonstrated that bestatin
inhibited tumor-cell invasion and the degradation of type-IV
collagen by tumor cells, possibly through a mechanism involv-
ing its inhibitory action on aminopeptidases in tumor cells
(Saiki et al.,, 1989b; Yoneda et al., 1992).

In the present study, we focused our attention on the role of
aminopeptidase N/CD13 on tumor cell surface in the invasion
of metastatic tumor cells in vitro.

MATERIAL AND METHODS
Cells

Highly metastatic cell lines, SN12M renal-cell carcinoma
(Naito et al, 1989) and A375M melanoma, were kindly
provided by Dr. LJ. Fidler, M.D. Anderson Cancer Center,
Houston, TX. HT-1080 human fibrosarcoma cells were ob-
tained from the ATCC, Rockville, MD. These cells were
maintained as monolayer culture on plastic in Eagle’s mini-
mum essential medium (EMEM) supplemented with 7.5%
fetal bovine serum (FBS), vitamin solution, sodium pyruvate,
non-essential amino acids and L-glutamine.

Monoclonal antibodies

Monoclonal antibodies (MAbs) against CD13 (human ami-
nopeptidase N) were as follows: WM15 and FITC-labeled
WM15 were obtained from Silenus, Howthorn, Australia. My 7
(Coulter 6602626) was purchased from Coulter, Hialeah, FL.
MCS-2 (MADb specific for human pan-myeloid-monocyte-
antigen) was obtained from Nichirei, Tokyo. P1B5 anti-human
VLA-3 receptor MAb was purchased from Telios, San Diego,
CA. NU-T3 anti-human CD3 MADb was purchased from
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Nichirei. 84H10 anti-human CD54 MADb was obtained from
Immunotech, Marscille, France.

Invasion assay

The invasive activity of tumor cells was assayed in Transwell
cell-culture chambers (Costar 3422, Cambridge, MA) (Saiki et
al., 1989bh). Briefly, the lower surface of polyvinylpyrrolidone-
free polycarbonate filters of 8.0 pm pore size (Nucleopore,
Plcasanton, CA) was pre-coated with 5 pg fibronectin (Scik-
agaku Kogyo, Tokyo) or laminin (Collaborative Rescarch,
Bedford, MA) in a volume of 50 ul. Reconstituted bascment
membranc Matrigel (Collaborative Research), diluted to 100
pg/ml with cold PBS, was applied to the upper surface of the
filters (5 pg/filter) and dried at room temperature under a
hood. The coated filters were washed extensively in PBS
and then dried immediately before use. The filters thus
prepared were then designated Matrigel/fibronectin- or Matri-
gel/laminin-coated filters. Log-phase cell cultures of tumor
cells were harvested with 1 mM EDTA in PBS, washed 3 times
with serum-free EMEM, and re-suspended to a final concentra-
tion of 2 x 10¢/ml in EMEM with 0.1% BSA. Cell suspensions
(100 wl)y were added to the upper compartment, and incubated
in the presence or absence of MAbs for the appropriate
number of hours at 37°C in a 5% CO, atmosphere. The filters
were fixed with methanol, and stained with hematoxylin and
cosin. The cells on the upper surface of the filters were
removed by careful wiping with cotton swabs. The cells that
had invaded to various arcas of the lower surface were
manually counted under a microscope at X400 magnification.
Each assay was performed in triplicate.

Flow-cytometric analysis

Tumor cells was washed with PBS containing 0.29% BSA and
0.1% NaN;, and suspended in the same buffer. Cells (1 x 108/
30 pl) were then incubated with a titered FITC-conjugated
MAb specific for CD13 (Silenus) and 3 pg/ml propidium
iodide for 30 min for 4°C, washed 3 times with PBS and 0.1%
NaN;. FITC-labeled cells were analyzed using a FACScan flow
cytometer (Becton Dickinson, Mountain View, CA).

Immunoelectron microscopy

Sample filters prepared from the invasion assay were embed-
ded in Tissue-Tek (Miles, Elkhart, IN) and blocks were
prepared by freezing in liquid nitrogen. Thin frozen scctions
(15 to 20 nm) were cut on a Histo STAT microtome (American
Optical, Buffalo, NY), then transferred to glass slides and
air-dried. The sections were then fixed by immersion for 10
min in 4% paraformaldehyde in buffered saline. Fixed sections
were immunostained with MADb specific for CD13 for 30 min,
followed by sccondary staining with goat anti-mouse IgG
conjugated to 15 nm colloidal gold (E.Y., San Matco, CA).
Stained sections were embedded and contrasted with lead
citrate and uranyl acetate and were then examined in a
transmission electron microscope.

Aminopeptidase assay

Aminopeptidasc activity was assayed by measuring 7-amino-
4-methylcoumarin (AMC) liberated from amino acid-4-
methylcoumaryl-7-amides (amino-acid-MCA,; Glu-, Ala-, Pro-,
Phe-, Gly-, Arg- or Leu-MCA, Peptide Institute, Osaka or
Bachem, Bubendorf, Switzerland) after incubation (Kuramo-
chi et al, 1987). The mixture containing 0.1 mM amino-acid-
MCA and tumor cells (5 x 10°) in a total volume of (.2 ml/well
in a 96-well microplate was incubated in the presence or
absence of MAD or bestatin (Nippon Kayaku, Tokyo) for 2 hr
at 37°C. An aliquot was taken every 30 min and cooled to 0°C
to terminate the reaction. The supernatant of the mixture at
each time point was separated by centrifugation, heated at 80
to 90°C for 1 min-and subjected to {luorometric determination
of AMC with Baxter Fluorescence Concentration Analyzer
(Baxter, Mundelein, IL; excitation, 365 nm, cmission, 450 nm).
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The activity was expressed as pmol/min/5 x 10° cells, calcu-
lated from the amount of AMC formed by the added tumor
cells.

Microassay for cell attachment

The ccll-attachment assay was carricd out as described
(Saiki et al, 1989a). Tumor cells in the exponential growth
phasc were incubated for 24 hr in EMEM containing 5% FBS
supplemented with 0.3 pCi/ml [*%1] iododeoxyuridine ([*#1]-
IUdR) (specific activity, 200 mCi/mmol; NEN, Boston, MA).
The cells were washed twice in warm PBS to remove unbound
radiolabel, harvested by adding 1 mM EDTA for 1 min at 37°C,
and re-suspended in cold serum-frec EMEM to form a single
suspension of cells. [ IJIUdR-labeled tumor cells (2 X 10°)
were treated with or without MAbs for 30 min, and then the
cclls were added to microculture wells pre-coated with Matri-
gel, laminin, fibronectin or bovine serum albumin (BSA). The
cultures were incubated at 37°C for 60 min and then washed 4
times with PBS to remove unattached cells. The remaining
substrate-bound tumor cells were lysed with 70 ul of 0.1 N
NaOH. The lysate was absorbed by cotton swabs and moni-
tored for radioactivity by gamma counting. The binding capac-
ity (number of cells bound/substrate) was expressed as follows:

binding capacity = cpm of tumor cells bound to substrate/
cpm of total tumor cells added
x total number of tumor cells added.

Haptotactic migration assay

Tumor-cell migration along a gradient of substratum-bound
fibronectin or laminin was assayed in Transwell cell-culture
chambers, as reported (Saiki et al, 1989a). The filters were
pre-coated with 5 pg fibronectin or laminin in a volume of 50
wl on the lower surface, and dried overnight at room tempera-
turc. The coated filters were washed extensively in PBS and
then dried immediately before use. The subsequent proce-
dures were the same as those for the invasion assay.

Assay for type-IV collagenolysis

In the assay for cell-mediated type-1V collagenolytic activity,
tumor cells (5 x 105/well) in Dulbecco’s modified Eagle’s
medium (DMEM) and Ham’s nutrient mixture F12 medium
(DMEM:F12, 1:1 ratio, GIBCO, Grand Island, NY) werc
added into the wells of a 6-well tissue-culture plate, which had
been pre-coated with 1 ml of 1.6 wg/ml N-[propionate-2-3-3H]-
propionylated collagen (human, type IV, specific activity, 0.014
GBq/mg, NEN). After a 24-hr incubation period, the superna-
tants were withdrawn and undigested matcerials were precipi-
tated by mixing them with 100 pl of ice-cold 50% trichloroace-
tic acid and centrifuged at 18,000 g for 10 min. Type-IV
collagenolytic activity was expressed as net amounts (ng) of
degraded type-IV collagen calculated from the radioactivity in
the supernatant (Nakajima et al., 1987).

Statistical analysis
The significance of differences between groups was calcu-
lated by applying Student’s 2-tailed #-test.

RESULTS

Effect of MAbs specific for aminopeptidase N/CDI13
on tumorinvasion

We have reported that bestatin, a potent inhibitor of
aminopeptidases, including the isolated microsomal and cyto-
solic leucine aminopeptidase, aminopeptidase B and mem-
brane-bound aminopeptidase, inhibited invasion of murine
and human metastatic tumor cells in vitro, as well as the
aminopeptidase activity of tumor cclls (Saiki er al., 1989b;
Yoneda et al., 1992). Thercfore, in order to determine the role
of a cell-surface aminopeptidase N/CD13 in the tumor inva-
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sive process, we examined the effect of 3 different MAbs
specific for CD13 on the invasion of human metastatic cells
into reconstituted basement membrane Matrigel in vitro.
SN12M cells were incubated for 8 hr at 37°C with 3 MAbs
specific for CD13 (WM15, My 7 and MCS-2) at concentrations
ranging from 0.025 to 25 pg/ml in the upper compartment of
the Transwell chamber. The results of a representative experi-
ment (out of 3) are shown in Figure 1, and demonstrate that
the invasion of SN12M renal carcinoma cells into the Matrigel/
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FIGURE 1 — Effect of anti-CD13 MAbs on the invasion of SN12M
cells into reconstituted basement membrane Matrigel. SN12M
cells (2 x 10°) in 0.1% BSA medium were seeded with or without
MABbs specific for CD13 (WM15, My7 or MCS-2) into the upper
compartment of a Transwell chamber. Filters in the chamber were
pre-coated with 5 pg of Matrigel/fibronectin ((J) or Matrigel/
laminin (H) on the upper/lower surface, respectively. After an
8-hr incubation, the cells that had invaded through to the lower
surface were counted. The assays were performed in triplicate.
Bars represent standard deviations. n.t.; not tested; *, p < 0.001.
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FiGURE 2 — Effect of anti-CD13 MAb (WM15) on the invasion of
human tumor cells into Matrigel. HT1080 or A375M cells (2 X 10%)
in 0.1% BSA medium were seeded with or without WM15 onto the
Matrigel/fibronectin-coated filters. After an 8-hr incubation, the
cells which had invaded through to the lower surface were
counted. The assays were performed in triplicate. Bars represent
standard deviations. *,p < 0.01; **,p < 0.001.
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laminin- or Matrigel/fibronectin-coated filters was signifi-
cantly inhibited by one of the MAbs (WM15) in concentration-
dependent fashion. In contrast, other anti-CD13 MAbs, My 7
and MCS-2 at the maximum concentration of 25 pg/ml, or
unrelated MAb 84H10, which does not bind to aminopeptidase
N at the concentration of 20 pg/ml, did not inhibit tumor
invasion as compared with the untreated control. Similar
results of the inhibitory effect of MAb WM15 on tumor-cell
invasion were obtained in a concentration-dependent manner
by using other tumor cells (HT1080 fibrosarcoma and A375M
meclanoma) in place of SN12M cells (Fig. 2). Analysis of these
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FIGURE 3 - Cell-surface expression of aminopeptidase N/CD13
on human metastatic tumor cells. Flow-cytometry analysis was
performed on HT1080 (upper panel), SN12M (middle panel) and
A375M (lower panel) cells. The cells were treated by a saturating
concentration of FITC-conjugated MAb WMI1S5 specific for CD13
(4 ) or isotype-matched MAb NU-T3 against human CD3 as a
negative control.
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cells by flow cytometry after immunofluorescence labeling with
the FITC-conjugated MAb WM15 disclosed that 3 tumor cells
expressed a moderate or high level of aminopeptidase N at the
cell surface (Fig. 3). The distribution of CD13 on the cell
surface was also examined by immunoelectron microscopy.
Figure 4 shows that CD13 on the SN12M cell surface during
the invasion into Matrigel was identified in the invasion edge
of tumor cells in the Matrigel and no appreciable staining was
observed in the reconstitutcd basement membrane Matrigel.
The above results using one of the anti-CD13 mAbs (WM15)
clearly indicate that cell-surface aminopeptidase N/CD13 and
its specific distribution are associated with the invasion of
metastatic tumor cells. However, the level of CD13 expression
on the cell surface is distinct from the cell lines used, and is
unlikely to correlate with the degree of inhibitory effect on
tumor cell invasion by CD13-specific MAb WMIS.

Effect of CD13-specific MAb on aminopeptidase
activity in tumor cells

We also examined whether or not anti-CD13 MAb (WMI5)
could inhibit aminopeptidase activity in SN12M cells, by
measuring AMC liberated from amino-acid-MCA. As shown
in upper panel of Figure 5, SN12M cells showed the various
amino-acid-MCA-hydrolysing activities (Ala-, Pro-, Phe-, Gly-,
Arg- and Leu-MCA). Ala-MCA was the most sensitive for the
hydrolysing activity of tumor cells. The lower panel of Figure 4
shows that MAb WMI135 at concentrations ranging from 0.01 to
10 pg/ml inhibited the Ala-MCA-hydrolysing activity of 3
different tumor cells in a concentration-dependent manner, as
did bestatin. In contrast, another CD13-specific MAb, MCS-2,
which presumably recognizes the different epitopes of amino-
peptidase N and showed no inhibition of tumor-cell invasion
(Fig. 1), did not inhibit the aminopeptidase activity of tumor
cells. The above result is in good agrecment with the previous
study of Ashmun and Look (1990) on the inhibition of
aminopeptidase N by various CD13-specific MAbs. This sug-
gests that MAb WM15 may recognize the functionally active
site of aminopeptidase N, as compared with other MAbs (My7
and MCS-2). We have also found that other aminopeptidase
inhibitors, amastatin A and arphamenine B, were able to
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FIGURE 4 — Immunoelectron microscopic analysis of the distribu-
tion of CD13. The fields shown are representative of the finding
for SN12M tumors (T) which invaded into the reconstituted
basement membrane Matrigel (MG) after a 2-hr incubation of
tumor cells in the Transwell culture chamber. The particles
represent the deposition of anti-CD13 MADb conjugated with 15
nm colloidai gold. Bars, 0.5 pm.
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FIGURE 5. - Effect of anti-CD13 MAbs or bestatin on aminopep-
tidase activity in tumor cells. The incubation mixture containing
5 x 10° SN12M cells and 0.1 mM amino acid-MCA (Glu-, Ala-,
Pro-, Phe, Gly-, Arg- or Leu-MCA) in a total volume of 0.2 ml was
incubated for 2 hr at 37°C (upper panel). The mixture containing 3
different tumor cells and 0.1 mM Ala-MCA was incubated in the
presence of MAbs or bestatin for 2 hr at 37°C (lower panel). The
aminopeptidase activity was expressed as pmol/min/5 x 10% cells,
calculated from the amount of AMC. The assays were performed
in triplicate and the results of a representative experiment (out of
3) are shown.

inhibit tumor-cell invasion in vitro (Saiki et al., 1989b). These
results demonstrate that MAb WMIS as well as bestatin
inhibited the aminopeptidase (metallopeptidase) activity in
tumor cells, and that such inhibitory effect was apparently
related to the inhibition of tumor-cell invasion into Matrigel.

Effect of CD13-specific MAb WM 15 on tumor-cell
adhesion and migration

The above findings demonstrated that MAb WMI15 inhib-
ited not only the aminopeptidase activity but also the invasion
of tumor cells into Matrigel, while other CD13-spccific MAbs
did not inhibit. Since tumor invasion largely consists of cell
adhesion, motility (migration), and the degradation of extracel-
lular matrix and basement membranes by different classes of
enzymes, we next examined the effect of MAb WMI15 on the
adhesion and migration of SN12M tumor cells to the extracel-
lular matrix components. SN12M cells were incubated with 25
pg/ml antibodies for 30 min in the wells pre-coated with
extracellular matrix components for the cell-attachment assay.
Tumor cells were incubated for 4 hr with antibodies in the
upper compartment of the Transwell chamber for the haptotac-
tic migration assay. Table I shows that the anti-CD13 MAb
WMI1S did not inhibit adhesion of SNI2M cells to the
substrates coated with Matrigel, fibronectin, laminin or BSA,
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TABLE I - EFFECT OF ANTI-CD13 ANTIBODY ON TUMOR-CELL ADHESION AND MIGRATION TO THE EXTRACELLULAR MATRIX COMPONENTS

Attachment! Migration?
Treatment (Number of cells bound/substrate) (Number of migrated cells/field)
Matrigel Fibronectin Laminin BSA Fibronectin Laminin
Medium 4430 x 549 5955 + 597 3914 = 734 1418 = 84 173 =22 238+ 5
WM15 4358 = 160 6503 + 656 3690 = 578 1534 = 270 159 = 27 242 * 15
P1BS 30 = 5*

112T-labeled SN12M cells (2 x 10°) were treated with or without 25 pg/ml anti-CD13 MAb WM1S5 for 30 min. Then the cells were
added to wells pre-coated with 5 pg of Matrigel, fibronectin, laminin or BSA. After 60-min incubation, non-adherent tumor cells were
washed away and the attached cells were counted.—2SN12M cells (2 x 10°) in 0.1% BSA-medium were seeded with or without anti-CD13
WMLIS5 or anti-VLA-3 P1BS5 antibodies into the upper compartment of a Transwell cell-culture chamber. Filters were pre-coated with 5
ng fibronectin or laminin on the lower surface. The migrated cells on the lower surface were counted after a 4-hr incubation.—*, p <

0.0001.

or haptotactic migration to the filters pre-coated on the lower
surface with either fibronectin or laminin. However, MAbs
specific for VLA-3 integrin receptor as a positive control
caused inhibition of tumor-cell migration to the fibronectin-
coated filters, as described by Murata et al. (1992). We also
observed that the incubation of tumor cells with MAbs did not
directly affect tumor cell growth and cell viability in vitro (data
not shown). The above results indicate that the inhibition of
invasion by MAb WM 15 might be attributable to the inhibitory
effect on the enzymatic degradation of extracellular matrix or
basement membranes by tumor cells.

Effect of anti-CD13 MAb WM15 on enzymatic degradation of
extracellular matrices by tumor cells

Degradation of extracellular matrices during tumor invasion
involves a number of enzymes, including collagenase, hepa-
ranse and their proteolytic activators. Metalloproteinases capa-
ble of specifically degrading type-IV collagen have also been
postulated to play a role in tumor-cell invasion and metastasis
(Tryggvason et al., 1987; Nakajima er al., 1987; Liotta et al.,
1980; Nicolson, 1989). We therefore investigated whether or
not a CD13-specific MAb (WM15) is able to influence the
degradation of type-IV collagen by tumor cells. SN12M cells
were incubated for 24 hr in the presence or absence of MAb
WM15 in wells pre-coated with *H-labeled type-IV collagen.
Figure 6 shows that MAb WM1S5 inhibited the degradation of
labeled type-IV collagen by tumor cells in a concentration-
dependent manner. In contrast, MAb 84H10 did not inhibit
cell-mediated type-1V collagenolysis. We also observed that
the conditioned medium from SN12M cells after 24-hr incuba-
tion degraded the labeled type-IV collagen, but that MAb
84H10 did not inhibit conditioned-medium-mediated type-1V
collagenolysis (data not shown). The results indicate that the
CD13-specific MAb WM15 inhibited type-IV collagenolytic
activity in the presence of tumor cells, and that the inhibitory
effect on tumor invasion by the MAb may be partly attributable
to the inhibition of type-IV collagenolysis rather than to the
inhibition of tumor-cell attachment and motility in the invasive
process. The mechanism for the inhibition of enzymatic
degradation by the MAb does not appear to depend on any
direct effect against type-IV collagenase.

DISCUSSION

We have previously reported that a potent inhibitor of
multiple aminopeptidases, bestatin, markedly inhibited the
invasion of murine and human metastatic tumors and the
degradation of type-IV collagenase by tumor cells but not by
tumor-derived conditioned medium (Saiki et al., 1989b; Yon-
eda et al,, 1992). This suggests that the anti-invasive effect by
the inhibitor is partly mediated by the inhibitory mechanism
for the cell-surface aminopeptidase activity. Aminopeptidase
N/CD13 is an important ecto-enzyme and plays physiological
roles, not only in myeloid cells but also in cells from diverse
tissues (Amoscato et al, 1990; Ashmun and Look, 1990;
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FIGURE 6 — Effect of anti-CD13 MAb on the degradation of
[*H]-collagen type IV by SN12M cells. SN12M cells were added to
the wells pre-coated with [*H]-labeled type-IV collagen (3 x 10°
cpm/1.6 png/ml), and incubated with or without MAb at 37°C for
24 hr. Radioactivity in the supernatants was measured by liquid
scintillation counting. Bars represent standard deviations. *, p <
0.01; **, p < 0.001.

Kuramochi et al., 1987). Aminopeptidase activity was shown to
increase in proportion to the activation and differentiation of
macrophages in vivo (Morahan et al.,, 1980; Wachsmuth, 1975).
Gorvel et al. (1990) have reported that neutral aminopepti-
dases on the surface of granulocyte and macrophages could be
associated with the activation of mouse thymic T lymphocytes.
However, whether aminopeptidase N/CD13 on normal or
malignant cells acts as a regulatory enzyme or serves some
other function remains to be determined.

In the present study, in order to extend our previous study
on the inhibition of tumor invasion by the aminopeptidase
inhibitors, we focused our attention on the role of cell-surface
aminopeptidase N/CD13 in the tumor invasive process, and
examine the effect of CD13-specific MAbs on the invasion of
human metastatic tumor cells into the basement membrane.
Of 3 MAbs specific for CD13, WMI5 inhibited the invasion of
SN12M, HT1080, or A375M tumor cells into reconstituted
basement membrane Matrigel in a concentration-dependent
manner, but the other two MAbs did not show any invasive
property (Figs. 1, 2). The expression of CD13 on the surface of
tumor cells was observed by flow cytometry with FITC-labeled
WM15 (Fig. 3), and the distribution on the surface was
consistently located in the invasive processes (Fig. 4). The level
of CD13 expression on the surface of different tumor cells is
not necessarily associated with the degree of the inhibition of
tumor-cell invasion by WMI15. Aminopeptidase activity in
tumor cells was inhibited to a similar degree by the addition of
WMI15 as well as of bestatin, but was not inhibited by another
anti-CD13 MAb, MCS-2 (Fig. 5). The above results are well
consistent with the previous reports on the inhibition of
aminopeptidase N by various anti-CD13 MAbs (Ashmun and
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Look, 1990). Thus, the inhibitory cffect on tumor invasion is
likely to be in parallel with inhibition of the aminopeptidase
activity by the MAb.

The penetration of tumor cells into basement membranes
involves distinct events, including attachment of tumor cells,
secretion by the tumor cells of enzymes that cause degradation
of the adjacent basement membrane, and migration of the cells
into the target tissue. However, the CD13-specific MAb WM15
did not affect tumor-cell attachment to extracellular matrix
components or the motility (haptotactic migration) of tumor
cells to fibronectin or laminin substrates (Table I), nor did it
affect the growth of tumor cells (data not shown). Thereforc,
the anti-invasive effect of WM15 may be associated with the
degradative cascade of extracellular matrices.

Metalloproteinase activity of degrading basement mem-
brane collagen type IV was first reported by Liotta et al. (1979).
Good correlation between type-1V collagenase activity and the
metastatic potential of tumor cells has been found using a
variety of human and animal tumor lines (Nakajima et al,
1987; Liotta ef al.,, 1980). Anti-CD13 MAb (WMI15) inhibited
the degradation of type-IV collagen by SNI12M cells in a
concentration-dependent manner (Fig. 6). This result is in
good agreement with our previous findings that bestatin, an
aminopeptidase inhibitor, inhibited type-IV collagenolysis by
tumor cells (Saiki er al., 1989b; Yoneda et al., 1992). Chop et al.
(1989) found high levels of expression of plasma-membrane-
associated aminopeptidase activity in rat mammary adenocar-
cinoma cells, which spontaneously metastasize from rat mam-
mary-fat-pad sites to the lymph nodes and the lung. Thus,
aminopeptidase activity on metastatic tumor cells may be
relevant to the cascade of tumor-invasion mechanisms by
hydrolysing extracellular matrix components already cleaved
by other proteinases, such as plasmin or type-IV collagenase
(Nakajima and Chop, 1991). However, our previous study
using the zymography of SN12M-derived conditioned medium
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showed that the treatment of tumor cells with bestatin resulted
in the disappearance of the 68-kDa type-1V collagenase level
(active form) and slight reduction of the 72-kDa type-IV
collagenase level (latent form) (Yoneda et al, 1992). We also
found that bestatin did not inhibit the hydrolyzing activity of
tumor-derived plasmin (Yoneda et al, 1992), which can
degrade basement-membrane components and activate the
latent collagenase produced by tumor cells (Liotta et al., 1981).
These results using anti-CD13 MAb WMIS as well as bestatin
indicate that plasma-membrane aminopeptidase N/CD13 may
be involved in the activation or conversion mechanisms of
type-IV collagenase and other matrix proteinases such as
stromelysin, possibly by removing N-terminal amino acid and
initiating or completing activation processes. The role of
membrane-bound aminopeptidases, including CD13, in tumor
invasion and metastasis remains to be determined in detail.

In conclusion, we demonstrated that aminopeptidase
N/CD13-specific MAb potently inhibited tumor-cell invasion
and the degradation of type-IV collagen by tumor cells through
the mechanism based on the inhibition of tumor-derived
aminopeptidase-N activity.
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