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ABSTRACT

A cell surface protein expressed on melanoma cells, but not on normal
melanocytes, was biochemically and functionally characterized. Microse-
quencing of the M, 143,000 affinity-purified protein revealed amino acid

sequence identity to aminopeptidase N (EC 3.4.11.2). In situ expression,
indirect immunofluorescence, and Western blotting demonstrated that
aminopeptidase N is tightly associated with extracellular matrix compo
nents. A specific polyclonal antiserum and the competitive inhibitors of
aminopeptidase N, bestatin and amastatin, inhibited invasion of an ami-
nopeptidease N-expressing metastatic melanoma cell line through the re
constituted basement membrane Matrigel in a dose-dependent manner. In
vitro digestion of Matrigel with affinity-purified aminopeptidase N re
vealed an enzyme-sensitive M, 160,000 protein. These experiments suggest

a role for aminopeptidase N in melanoma invasion of basement mem
branes.

INTRODUCTION

A large number of different antigenic systems have been defined
with MAb' on the surface of human melanoma cells that are absent

from normal melanocytes but may be found on other normal cells (I,
2). These antigens have served as targets for diagnosis and therapy of
melanoma and have increased the understanding of the biology of
melanoma development and progression. Structure and function have
been defined for a limited number of antigens, whereas in-depth

characterization is lacking for others. Important roles in melanoma
invasion and metastasis have been defined for several adhesion re
ceptors, including the integrins VLA-2 (3-5) and avÃŸ,(6-9), and for
CD-44( 10) and intercellular adhesion molecule 1 ( 11). Although these

adhesion molecules are generally not expressed by normal melano
cytes, they have been detected on other normal cells such as endo-

theliul cells, platelets, lymphocytes, monocytes, and fibroblasts (12).
To date, none of the adhesion proteins on human melanoma cells has
been found to differ structurally or functionally from those expressed
by normal cells (13). Evidence further suggesting that tumor and
normal cells use similar molecules comes from a recent report (14)
that activated lymphocytes use the same splice variant of CD44 for
trafficking as tumor cells.

Invasive malignant cells are able to degrade extracellular matrices
and basement membranes, presumably through the secretion of pro-

teolytic enzymes. Several enzymes have been implicated in melanoma
metastasis, including both urokinase and tissue-type plasminogen ac

tivators (15, 16), collagenase type IV (17), heparanase (18), and
cathepsin (19). The same enzymes are also secreted by normal cells
after stimulation with growth factors (13, 20). Recently, a M, 170,000
membrane-bound protease has been linked with the invasiveness of

melanoma cells (21), suggesting that cell surface proteolytic enzymes
can contribute to the metastatic ability of cells. The role of another cell
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surface protease on melanoma cells, neutral endopeptidase or com
mon acute lymphoblastoid leukemia antigen (22), remains unclear.

Here we report the biochemical and functional characterization of a
cell surface protein that we first identified with a MAb on fibroblasts
and that is overexpressed on melanoma cells (23). Sequence analysis
of the affinity-purified M, 143,000 protein revealed identity to the
metalloproteina.se aminopeptidase N or CD 13 (24). Melanoma-asso

ciated aminopeptidase N is tightly associated with the extracellular
matrix, and in vitro invasion assays indicate that aminopeptidase N
acts in invasion by the digestion of a Mr 160,000 component in
basement membranes. This study demonstrates that melanoma cells
utilize a cell surface protease for tissue digestions during invasion.

MATERIALS AND METHODS

Cell Culture and Growth Assays. WM1158. a melanoma cell line derived
from a lymph node metastasis (25), was initially cultured in W489 medium
(26) supplemented with 2% fetal calf serum (Irvine Scientific, Irvine, CA) and
then adapted to continuous growth in unsupplemented W489 medium. Cultures
were tested periodically for Mycoplasma contamination. Cell growth assays
were carried out by counting cells in a Coulter counter (model ZM; Coulter
Electronics, Ltd., Luton. Bedfordshire, England) or by measuring ('H]thymi-

dine incorporation.
Antibodies. Hybridoma cells producing MAb 452 (IgG,) were obtained

after fusion of spleen cells derived from mice immunized with human dermal
fibroblasts (23). Secondary antibodies (fluorescein isothiocyanate- orenzyme-

labeled) were obtained from Jackson Immuno Research Laboratories (West
Grove, PA).

Cell and Tissue Extracts. WMI158 melanoma cells were harvested at
90% confluency from Petri dishes (Nunc, Roskilde, Denmark) by scraping.
Membrane extracts were prepared by lysing pellets of 1-5 X IO7 cells in 400

ul of 20 mM Tris-HCl (pH 7.6), 150 imi NaCl. 2 mM phenylmethylsulfonyl

fluoride. 10 ug/ml leupeptin, 0.5 m.MO-vanadate. 20 mM N-ethyl-maleimide.
and 2c/c Triton X-100 (lysis buffer). Cells were pipeied on ice for 5 min, and
cell fragments were pelleted at 4Â°Cfor 30 min at 16,000 x g. The protein

concentration in the lysate was estimated by BCR assay (Pierce Chemicals,
Rockford, IL), and samples were frozen at -70Â°C until use. Human placenta

(~2 g wet tissue) was homogenized with a polylron homogenizer (Brinkman

Instruments, Westbury, NY) at high speed in 10 ml lysis buffer and cenlrifuged
for 30 min at 16.000 x g to remove cell fragments.

Antigen Purification. The 452 antigen was purified by affinity chroma-

tography with MAb 452. Approximately 20 g of frozen human placenta were
rinsed twice in ice-cold PBS and homogenized 4 times for 30 s each at high
speed in ice-cold lysis buffer with a polytron homogenizer. The homogenate
was centrifuged at 100,000 X g for 30 min at 4Â°C,and the resulting supernatant

was immediately cycled over a column containing 10 ml packed volume of
purified MAb 452 coupled to CNBr-activated sepharose (5 mg of antibody/ml
CNBr-Sepharose 4B; Pharmacia LKB. Uppsala. Sweden). After washing with

400 ml of lysis buffer followed by 200 ml of lysis buffer without detergent and
200 ml of PBS, the antigen was eluted with 100 mM triethylamine, pH 10.5.
The protein peak was immediately neutralized, dialyzed against PBS at 4Â°C,

and analyzed by SDS-PAGE (27) followed by Western blotting (28, 29). In
some experiments, purified 452 antigen was concentrated using Ultrafree-

Units (Millipore, Bedford. MA) with a cutoff of M, 30,000. Purified 452
antigen was frozen at -70Â°C until use.

Preparation of a Polyclonal Antiserum against the 452 Antigen. Affin
ity-purified 452 antigen was resolved on a 6% SDS-PAGE gel and electro-

eluted according to procedures described by the manufacturer (BioRad, Rich
mond. CA). Rabbits were given s.c. injections of 20 ug of protein suspended
in complete Freund's adjuvant followed by five intradermal injections with 5
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pg of 452 antigen in incomplete Freund's adjuvant at 14-day intervals. The IgG

traction of the immune serum was obtained by protein A-Sepharose chroma-

tography (30) and further purified by affinity chromulography. The antiserum
was tested for reactivity and specificity by immunoprecipitation (31) and
Western blotting.

Zymography for Aminopeptidase Activity. Enzyme activity in electro-

phoresis gels was detected based on the method of Benoist and Schwencke
(32). Briefly, samples were prepared by separating membrane-anchored pro
teins from cytosolic compounds in Triton X-114 (33). Enriched membrane

tractions were equilibrated to a final concentration of 0.1% SDS and 5%
glycerol. Samples stored at -70Â°C remained stable tor at least 2 months. Gel

electrophoresis and visualization were performed as described (32). Fast Gar
net Green GBC salt (0.025%) was included in the developing solution to
catalyze the formation of a diazotized. water-insoluble, and red precipitate.

Invasion Assay. The invasive capacity of WMI158 melanoma cells was
tested in a two-compartment Boyden chamber assay (34) by a modification of
the method described (35). Transwell culture chamber inserts (no. 3422; Cos-

tar, Cambridge, MA) were precoated with 5 ug of human fibronectin on the
lower surface (36), dried, and coated with 5 ug Matrigel (Collaborative Re
search, Bedford, MA) on the upper surface. Exponentially growing WM1158
cells were harvested with I HIMEDTA in Hank's balanced salt solution, washed

3 times, and resuspended to a final concentration of 10* cells/ml in W489

medium containing 0.1% bovine serum albumin (traction V). Cell suspensions
with or without the enzyme inhibitors bestatin (Boehringer, Indianapolis. IN),

amastatin (Sigma, St. Louis, MO), or antibodies were added to the upper
compartment of the Transwell inserts and incubated tor 5 h at 37Â°Cin a 5%

CO2/95% air atmosphere. Filters were fixed with methanol and stained with
hematoxylin and eosin. Cells on the upper surface of the filters were removed
by wiping with a cotton swab, and those that had migrated to the lower surface
were counted under a light microscope (X200). Each assay was performed in
triplicate.

in Vitro Digestion of Matrigel. Matrigel (25 ug in a reaction volume of 50
ul) was digested overnight at 37Â°Cwith 2 ug of affinity-purified aminopepti-
dase N in Hanks' balanced salt solution supplemented with 200 UMCoSO4 and

with or without metalloprotease inhibitors.
Immunofluorescence. WM1I58 cells were grown on glass coverslips to

80% confluency and fixed for 20 min with 3.5'/f formaldehyde in PBS sup

plemented with 4 g/liter glucose. After extensive washings, cells were incu
bated for l h with spent supernatant of hybridoma cultures or affinity-purified
polyclonal anti-452 antigen immune serum (2 ug/ml in PBS containing 1%'

fetal calf serum). After rinsing in PBS, coverslips were stained with 50 ul of a
1:100 dilution of fluorescein-labeled anti-mouse IgG or rhodamine-labeled
anti-rabbit IgG antibodies (Jackson Immuno Research Laboratories) for I h at
37Â°C.Cells were evaluated on a Zeiss phase-epifluorescence microscope using

a X63 Planachromat oil immersion lens and photographed using 3M Kodak
slide film at 3600 ASA.

Microsequencing. Affinity-purified 452 antigen (50-60 ug) was subjected
to SDS gel electrophoresis under reducing conditions with 5-8 ug loaded/lane.

The separated bands were blotted as described (37) onto either polyvinylidene
membranes (Trans-blot: Bio-Rad) stained with Coomassie blue for NH^-ter-

minal sequencing or nitrocellulose membranes stained with Ponceau S for
internal sequencing. Protein bands blotted to nitrocellulose were excised and
digested I'Msitu with trypsin as described (38). Peptides eluted from the nitro

cellulose membranes were separated by reverse-phase high-performance liquid

chromatography using a 2.1 mm x 25 cm LCI8DB column on the Beckmun
System Gold using a gradient from 0.1 to 0.09% trifluoroacetic acid in 70%
acelonitrile over 3 h. Peaks were detected at 215 nm and collected into
prewashed microfuge tubes. Samples were subjected to NH:-terminal se

quence analysis on an Applied Biosystems Model 475 gas phase sequencer.
Statistical Analysis. Data were evaluated first by the F test and then by the

two-tailed Student's i lest to calculate the significance of differences between

two groups.

RESULTS

Biochemical and Structural Characterization of 452 Antigen.
Western blot analysis of a WMI158 melanoma cell membrane extract
probed with MAb 452 revealed a single Mr 143,000 polypeptide band
(Fig. 1). The same reactivity pattern was demonstrated in a human
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Fig. 1. Immunohloi analysis of 452 antigen expressed on WMI 158 mctustutic mela

noma cells and human placenta! membranes. Membrane preparations (50 pg) of WMI 158
cells (iMne A) and human placenta (Â¡MiieC) were resolved by SDS-PAGE (I(KÂ£)and

stained with Coomassie brilliant blue. The corresponding gels were transferred to nitro
cellulose and probed with MAb 452 (Â¿Â¿mesB and D). Placenta! membrane proteins (250
pg) were loaded in lÂ¿ineD.

143

44.2-

Fig. 2. Immunoblot analysis ot affinity-purified 452 antigen. Equal quantities of af
finity-purified 452 antigen were subjected to SDS-PAGE ( lO^ ) under nonreducing con
ditions, hiÃ±esA and /?. protein pattern after Coomassie blue and silver staining, respec
tively, him' C, immunoblol analyses with MAb 452 from two independen! purification

experiments.

placenta! lysate, although visualization required 4-fold more protein

loaded onto the gel as compared to the WMI 158 extract. No shifts in

molecular weight were obvious under either reducing or nonreducing
conditions, indicating a lack of disulfide bridge-stabilizing structures

within this monomeric membrane-bound molecule.

The 452 antigen was purified from human placenta! lysates on a
column of MAb 452 coupled to CNBr-activated Sepharose 4B. A

single protein peak was monitored while eluting the column with KM)

niM triethylamine, pH 10.5. Analysis of samples of this fraction by
SDS-PAGE under nonreducing conditions followed by Western trans

fer and probing with MAb 452 revealed an intense protein band

migrating at M, 143,000 (Fig. 2). Additional protein bands in the Mr
>200,()00 range probably reflect self-aggregation of the purified pro

tein, since the aggregates were eliminated by raising the concentration
of SDS in the sample buffer by 2-fold (not shown). A M, 48,000 band

that copurified with the M, 143,000 species, as demonstrated by

Coomassie blue and silver staining of a corresponding gel, showed no

reactivity with MAb 452.
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Fig. 3. Localization of aminopeptidase N on cultured metastatic melanoma cells. WM 1158 cells were grown on coverslips, fixed with 3.5% formaldehyde in PBS. and then exposed
to monoclonal and polyclonal antibodies. Coverslips were then treated with fluorescein isothiocyanate-conjugated goat anti-mouse IgG anliserum and rhodamine-conjugated goat
anti-rabbit IgG antiserum, x 630. Single (A) and clustered (fl) WMII58 cells were slained with MAb452. WM1158 cells were first gently detached with 1 imi EDTA. and coverslips
were labeled with monoclonal anti-av-chain antibody (O, or with anti-aminopeptidase N polyclonal antibodies (D). WM1I58 cells were labeled with anti-av-chain MAb (Â£)or
anti-aminopeptidase N polyclonal antibodies (F). WMI158 cells labeled only with secondary antibody (G) or with rabbit nonimmune serum and secondary antibody (Hi.
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APN

A B C D
Fig. 4. In vitro localization of aminopeptidase N in ECM of melanoma cells. Confluent

WMI158 cells in 15-cm Retri dishes were detached quantitatively under microscopic

control using 1 ITIMEDTA and lysed in lysis buffer. ECM proteins remaining on the culture
dishes were extracted and analyzed after Western blotting wilh MAb 452. Lanes A and fl.
silver slain of WM1I58 membrane lysates and ECM preparations, respectively. The
membrane protein sample was derived from 5-fold less starting material than that used for

the ECM fraction. Lanes C and D. reaction patterns in an identical gel after Western
transfer and probing ECM membrane lysates and preparations, respectively, with MAb
452. APN. aminopeptidase N.

NH2-terminal sequence analysis of two tryptic peptides of the pro

tein was performed, and a homology search of protein databases
showed that the 452 antigen is identical to the membrane-anchored
ectoenzyme aminopeptidase N (EC 3.4.11.2) or CD 13. The sequence
of peptide "A" corresponded to positions 443-461, and peptide "B"

was located at positions 924-935 in the deduced amino acid sequence
of the human aminopeptidase N molecule (24, 39). NH2-terminal

sequence analysis of about 5 jag of the intact protein blotted onto a
trans-blot membrane showed a mixture of overlapping sequences. The

primary sequence (highest yield) started at residue 26 of the deduced
sequence, and a lower-level sequence starting at residue 30 was also

observed. This heterogeneous NH2 terminus might have arisen from
heterogeneous processing of the enzyme or by autodegradation during
purification. The sequenced regions spanned the NH2-terminal. mid-,
and COOH-terminal region of aminopeptidase N. For the 48 sequence

residues determined in these three regions, sequence identity between
452 antigen and aminopeptidase N was 100%.

Cellular Distribution of Aminopeptidase N. MAb 452 bound to
13 of 32 cultured human melanoma cells and all 10 melanoma mÃ©
tastases when tested by indirect immunofluorescence or peroxidase
microscopy. Antibody reactivity was also found on peripheral blood
monocytes and on cultured fibroblasts, but not on 11 of 14 carcinoma
cell lines of colon, breast, rectum, ovary, cervix, bladder, and lung
origin (not shown). As illustrated in Fig. 3/4, aminopeptidase N was
found in patches on the surface of singly growing melanoma cells.
However, when the cells clustered together in small colonies, most of
the enzyme was concentrated at cell-cell contact sites (Fig. 3fi).
Aminopeptidase N was also found along regions of cell-substrate

adhesion (Fig. 3F). with small filopodia showing strong reactivity to
antibodies. To determine whether aminopeptidase N is "anchored"

within the ECM, cells were gently detached with 1 ITIMEDTA in
Ca2 +- and Mg2t-free Hank's balanced salt solution before staining

with antibodies; ECM-associated aminopeptidase N molecules were
still detectable by immunofluorescence (Fig. 3D) and, after solubili-

zation of ECM proteins, by Western blotting (Fig. 4). In control
experiments, a similar staining pattern was found using a MAb to the
av chain of the vitronectin receptor.4 After detaching cells with

EDTA, av molecules were still attached to ECM proteins (Fig. 3. C
and Â£).

Functional Characterization of Aminopeptidase N. Zymogra-

phy was used to analyze the enzymatic properties of 452 antigen. For
this assay, amino acid derivatives L-AlaNMA and L-LeuNMA were

chosen as substrates because they are prime targets for aminopepti
dase N (40). Isolated 452 antigen readily catalyzed the cleavage of
these amino acid derivatives (Fig. 5). The diazotized reaction product
of Fast Garnet Green GBC salt and the liberated ÃŸ-naphthylamine
formed a red, water-insoluble precipitate at the site of the enzymatic
reaction (Fig. 5/4, Lanes A-D) corresponding to the location of the
452-antigen in the gel (Fig. 5ÃŸ.Lane B). Little or no catalytic activity
on L-ProNMA was detectable, even when high concentrations of 452
antigen were used (Fig. 5B. Lane A), apparently because i.-ProNMA

is a poor substrate for aminopeptidase N (40).
Polyclonal anti-aminopeptidase N antibodies inhibited invasion of

WMI158 melanoma cells through reconstituted basement membrane
Matrigel, whereas control normal rabbit Ig did not (Fig. 6A ). Invasion
was significantly (P < 0.001) reduced at antibody concentrations of
100 ng/ml and higher. Two inhibitors of aminopeptidase N, bestatin
and amastatin, which also inhibit cytosolic leucine aminopeptidase
(EC 3.4.11.1) and aminopeptidase B (EC 3.4.11.6) (41, 42), also
inhibited invasion of WMI 158 melanoma cells through Matrigel (Fig.
6ÃŸ).Neither specific or control polyclonal antibodies nor the peptide
inhibitors bestatin and amastatin affected attachment of melanoma
cells to plastic or Matrigel. Similarly, migration of melanoma cells,
when tested in a wounding assay as described by Goodman el al. (43),
was unaffected by the antibodies or inhibitors.

To identify the component in Matrigel that is a potential substrate
for aminopeptidase N. Matrigel was incubated with affinity-purified

placenta! aminopeptidase N at a ratio of 12.5:1 (w/w). A major com
ponent of Matrigel with a size of M, ~ 160,000 (Fig. 7. Lane D) was
cleaved by the enzyme, generating a ~Mr 110,000 fragment. Prote-
olysis did not occur in the presence of 1,10-phenanthroline. a stable

inhibitor of metalloproteases (42) (Fig. 7, Lane E), or in the absence
of aminopeptidase N (Fig. 7, Lane A).

DISCUSSION

The 452 antigen that is expressed on melanoma cells but absent
from normal melanocytes (23) was identified by the analysis of tryptic
peptides as aminopeptidase N. The single M, 143.000 polypeptide
chain is apparently not stabilized by any intrachain disulfide bridges
or subunits. Furthermore, our data indicate no differences in size or
polypeptide composition of the 452 antigen expressed by WMI 158
metastatic melanoma cells and that expressed by human placenta!
tissue, although the antigen is detected at up to 4-fold higher concen

trations in the malignant cells.

B

A B C D A B

J W. Birchmeier. A. Menrad. and M. Sproll. unpublished observations.

Fig. 5. Zymography analysis of purified 452 antigen (arninopeplidase N; EC 3.4.11.2).
A: Ijme A, 0.5 ug; Urne B. 1.0 ug; Urne C. 2 ug; Lane 1). 4.0 ug of 452 antigen using
i.-AlaNMA as a substrate. B: Lane A, 4 ug aminopeptidase N using i -ProNMA as
substrate; Urne R. Western transfer and immunoblot of 2 ug arninopeplidase N with MAh
452.

1453

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/6/1450/2453634/cr0530061450.pdf by guest on 19 M

ay 2023



AMINOPEPTIDASi: N ON MKI.ANOMA CELLS

A

30-

za t

26-

24 â€¢¿�

22

20-

18-

16-

14-

12-

10
100

I
200 300

CONCENTRATION (ng/ml)

3
UJ

E
OT

I
I

O 20 40 60 80 100 120

CONCENTRATION (ug/ml)

Fig. 6. Inhibition of invasion of melanoma cells by antibodies to aminopeptidase N.
WMI158 cells (1 X I(>s) in 0.1% bovine serum albumin-containing W489 medium were

preincuhated with or without antibodies (A) or inhibitors (ÃŸ)in the upper compartment of
the Transwell chambers. Chamber filters were precoated with 5 ng fibronectin on the
lower side and Matrigel on the upper side. After a 5-h incubation at 37Â°C,the invaded cells

were counted. Each experiment was performed in triplicate. Results are averages of 30
random high-powered microscopic fields. A: A, WMI 158 cells plus rabbit preimmune
serum; A. VVM1I5X cells plus rabbit anti-aminopcptidase N immune serum, ÃŸ.1Q
WMI 158 cells plus he-statin; â€¢¿�WMI 158 cells plus amastatin.

The human ectoenzyme aminopeptidase N or CD 13 was originally
recognized as a marker for subsets of normal and malignant hemato-

poietic cells of the myeloid lineage (44) but is now known to be
distributed on many cell types. Aminopeptidase N is expressed on
epithelial cells of the gut and may serve there as the major receptor for
an enteropathogenic coronavirus, transmissible gastroenteritis virus
(45, 46).

The subcellular localization of aminopeptidase N on malignant
melanoma cells shows a homogeneous distribution on the membrane
of single growing cells. This pattern changes dramatically when the
cells form colonies, with the majority of the molecules relocating to
cell-cell contact sites. In light of the evidence that the formation of
cell-cell contact or adhesion sites plays a crucial role in cell-to-cell

communication and regulation (47, 48), our data suggest that ami
nopeptidase N also plays a role in these processes. In epithelial cells,
aminopeptidase N localizes to the apical domain of the plasma mem
brane (49), but the assembly pathway may differ among different cell
types. Based on amino acid sequence analysis, it appears that a short
stretch of the aminopeptidase N molecule shares sequence homology
with the highly conserved carboxy terminus of cadherins (50). Indeed,
aminopeptidase N shows high reactivity with a polyclonal antiserum
(50) directed against this highly conserved region of cadherin mole
cules (results not shown), suggesting a functional and biological re
lation between these two molecules.

Our observation that cell surface aminopeptidase N is associated
with ECM proteins secreted by metastatic melanoma cells suggests
that this enzyme is involved in invasion. The "blocking" or inactiva-

tion of cell surface enzymes, such as aminopeptidase N, on tumor cells
by specific inhibitors or antibodies may affect the invasive process.
Indeed, two nontoxic competitive inhibitors of aminopeptidase N,
bestatin and amastatin, significantly inhibited the penetration of
WMI 158 cells through reconstructed basement membranes in a dose-
dependent manner without affecting adhesion (cell-cell/cell-substrate)

or haptotactic migration. Polyclonal antibodies directed against the
whole aminopeptidase N molecule showed similar effects. However,
high concentrations of antibodies were necessary in the assays, indi
cating that only a minor fraction of the antibodies blocked the catalytic
site of the enzyme on melanoma cells. Our data are consistent with the
previously reported inhibition of mouse tumor cell invasion by besta
tin Â»ivitro (35) and in vivo (51).

Our experiments in which basement membrane Matrigel was di
gested with human placental aminopeptidase N suggest that the target
for this enzyme is a M, 160,000 protein (pi60), which is a major
component of Matrigel. Based on the molecular weight and its high
concentration in Matrigel, it seems possible that p 160 is entactin/
nidogen, a component of the basement membrane (52). Since no
complex protein structures have yet been described as possible targets
for aminopeptidase N, protease contamination of the enzyme prepa
ration cannot be excluded. However, this possibility seems unlikely,
since degradation of pl6() occurred only in the presence of aminopep
tidase N and was specifically inhibited by 1,10-phenanthroline, an

inhibitor of metalloproteases.
These data suggest a role for aminopeptidase N on melanoma cells

in invasion. The relatively high concentration of the enzyme on fi-

broblasts and macrophages may explain the high mobility of these
cells within solid tissues, because a local digestion of the laminin-

entactin/nidogen bridges (53) would diminish the structural integrity
of solid tissue. The covalent, equimolar complexes of laminin-

entactin/nidogen contribute to the mechanical strength of tissues. It

^r ^** ^^

mm*

A BC D E F
Fig. 7. In vitro digestion of Matrigel with purified human placental aininopeptidase N.

Purified aminopeptidase N was incubated with Matrigel at a ratio of 12.5:1 (w/w) and
digested overnight at 37Â°Cwith or without the inhibitor 1,10-phenanthroline. Reaction
products were analy/ed by SDS-PAGE (6*Â£) under reducing conditions, latine A, Matrigel
alone; Â¡Â¿meB, purified aminopeptidase N; Â¡Â¿ineC. aminopeptidase N plus 1,10-phenan
throline; Â¡Â¿meI), Matrigel plus aminopeptidase N; Lune E, Matrigel plus en/yme and
1,10-phenanthrolinc; Â¡Mnef-', Matrigel plus I.IO-phenanthroline.
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appears, therefore, that melanoma cells utilize the same mechanisms
for local invasion as do macrophages and fibroblasts. The constitutive
expression of aminopeptidase N on melanoma cells m situ may he
regulated by as yet unknown mechanisms and underscores the imbal
ance of positive and negative signals in metastatic cells (54).
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