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Matriptase is a type II transmembrane protease that is characterized
by an N-terminal transmembrane and multiple extracellular do-
mains, in addition to the conserved extracellular serine protease
catalytic domain.The expression patternof matriptase suggests that
this protease may play broad roles in the biology of surface lining
epithelial cells. In this study we report that a1-antitrypsin (AAT), an
endogenous inhibitor of serine proteases, inhibits the catalytic
domain of human recombinant matriptase in vitro. Co-incubation
of AAT with matriptase (at a molar ratio 1:2) resulted in the
formation of heat stable complexes, clearly seen in sodium dodecyl
sulfate electrophoresis and Western blots. AAT was found to be
a slow, tight-binding inhibitor of the catalytic domain of matriptase
with a second order reaction rate constant of 0.31 3 103 M21s21.
Notably, the oxidized form of AAT, which lacks serine protease
inhibitor activity, failed to generate matriptase complexes and to
inhibit matriptase activity. Since matriptase is involved in a number
of physiologic processes, including activation of epithelial sodium
channels, our findings offer considerable new insights into new
regulatory function of AAT in vivo.
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Matriptase (also known as MT-SP1, TADG15, suppressor of
tumorigenicity 14, epithin; EC 3.4.21) was first isolated by Shi and
coworkers (1), and was initially designated a gelatinase because of
its gelatinolytic properties and gelatinase-like molecular weight.
However, isolation and sequencing of its cDNA revealed a 683-
residue multi-domain protein with a C-terminal serine proteinase
domain. The enzyme was then named matriptase to emphasize its
matrix degrading properties and trypsin-like specificity (2). The
mouse, rat, and Xenopus laevis orthologs of matriptase have been
cloned (3–5) and shown to share significant sequence homology
with the human protein.

Matriptase is a complex trypsin-like type II transmembrane
serine protease found in a wide range of human tissues (6). In-
deed, matriptase has been specifically detected on cell surfaces at

cell–cell junctions in normal epithelial cells, where its activation
occurs (7). Studies in knockout mice revealed that matriptase is
involved in the development of the epidermis, hair follicles, and
cellular immune system (8). Hepatocyte growth factor (HGF),
urokinase-type plasminogen activator (uPA), and protease-acti-
vated receptor 2 (PAR-2) have all been identified as in vitro
substrates of matriptase (8, 9). Recently it has been shown that
matriptase is co-localized with prostasin, a glycosylphosphatidy-
linositol-anchored membrane serine protease believed to be
critical for the regulation of epithelial sodium channel activity,
and it is likely that matripase is a physiologic activator of prostasin
(10). Since matriptase is an auto-activating protease, it may also
serve as the initiator of an epidermal proteolytic cascade system,
similar to the closely related protease type II transmembrane
serine protease, enteropeptidase (11). Matriptase is expressed in
prostate, breast, and colorectal cancers in vitro and in vivo (12).
Inhibition of matriptase appears to suppress both primary tumor
growth and metastasis (9), leading to considerable interest in the
development of potent matriptase inhibitors as anti-cancer drugs
(13–17).

A number of endogenous matriptase inhibitors have been
identified. Jiang and colleagues reported that the sunflower
trypsin inhibitor (SFTI-1), isolated from sunflower seeds, inhib-
its matriptase with a Ki of 0.92 nM (18). In addition, matriptase
has been shown to be inhibited by hepatocyte growth factor
activator inhibitor-1 (HAI-1), a Kunitz-type protease inhibitor
(19).

In this study we report for the first time that the catalytic
domain of recombinant human matriptase is inhibited by the
human serine protease inhibitor, a1-antitrypsin (AAT), in vitro.
AAT is a broad-spectrum serine protease inhibitor used for
augmentation therapy in patients with emphysema with inherited
AAT deficiency. Recent clinical trials examining the responses of
patients with cystic fibrosis to inhaled AAT suggest improvement
in several markers of disease activity, including airway inflam-
mation and reduced pseudomonas (20). Thus, it is possible that
inhibition of matriptase may contribute to the beneficial effects of
AAT in patients with cystic fibrosis and chronic obstructive
pulmonary disease.

MATERIALS AND METHODS

AAT Preparations

Purified human plasma AAT was obtained from Calbiochem (Cat nr
178251; San Diego, CA). The purity of AAT preparations was > 95% as
determined by SDS-PAGE; the inhibitory activity was . 75%, de-
termined by active-site titration using porcine trypsin as the protease and
benzoyl-Arg-p-nitroanilide (Bz-Arg-pNA) as the substrate. Native
AAT was diluted in phosphate-buffered saline (PBS), pH 7.4. Native
AAT was oxidized with N-chlorosuccinimide (Sigma Chemical Co., St.
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Louis, MO). Briefly, reaction between AAT and N-chlorosuccinimide in
a molar ratio 1:25 in a 0.1-M Tris-HCl buffer (pH 8.0) was allowed to
proceed at room temperature for 30 minutes, and oxidized AAT was
recovered after passing the reaction mixture through a centrifugal
microconcentrator Centricon-30 (Amicon; Millipore Corp., Bedford,
MA). The quality of oxidized AAT was analyzed by 7.5% SDS-PAGE.
The oxidized AAT was also tested for capacity to form covalent complex
with pancreatic elastase (EC 3.4.21.36) (Sigma-Aldrich, St. Louis, MO).
Samples of oxidized or native AAT were incubated with pancreatic
elastase at a 1.2:1 molar ratio for 30 minutes at room temperature. The
reaction was stopped by adding SDS sample buffer, and mixtures were
analyzed by 7.5% SDS-PAGE and stained with Coomassie Blue.

Human Matriptase/ST14

Recombinant human matriptase/ST14 (0.4 mg/ml) catalytic domain
(Cat No 3946-SE) was purchased from R&D Systems, Inc. (San Diego,
CA). Amino acid residues 596 to 855 and 615 to 855, corresponding to
the active sites and catalytic domains of the peptide, respectively, were
expressed with a N-terminal His tag in Eschrichia coli. The inclusion
material was highly purified through a metal chelating column,
refolded, and allowed to auto-activate (separating the activation
peptide and catalytic domain). No exogenous enzyme was added
during the activation process. The activated enzyme was further
purified through a gel filtration column, which separated the active
enzyme from unfolded fractions. The solution of the purified enzyme
was sequenced, and we found that it contains the correct N-terminus
amino acid (aa) 615, corresponding to the start of the catalytic domain.
The buffer used in these assays contained 50 mM Tris.

Incubation of the catalytic domain of matriptase (13.5 nM) with the
recombinant HAI-1 and HAI-2 (specific matriptase inhibitors; R&D
Systems), at molar ratios 1:1 and 1:2 (HAI:matriptase) resulted in
approximately 50% inhibition of matriptase activity (http://www.
rndsystems.com/DAM_public/5886.pdf).

Protein Sequence and Structure Analysis

The protein sequences and structures were obtained from RSCB
Protein Data Bank (PDB; http://www.rcsb.org/pdb/). Primary sequence
alignment was performed using the ClustalW (21), a general purpose
multiple sequence alignment program for proteins (available at the
EBI web site http://www.ebi.ac.uk/Tools/clustalw/index.html). Default
parameters were used for the analysis. Secondary structure alignment
was done using PyMOL version 0.99rc6, a molecular visualization tool
available online at http://pymol.sourceforge.net/.

Electrophoresis and Western Blotting

Matriptase (Mw 5 26,000 kD, stock 0.5 mg/ml, 19.2 mM) and AAT
(Mw 5 52,000, stock 1 mg/ml, 19.2 mM) were used for electrophoresis
studies. AAT/matriptase complexes were generated by incubating
AAT with matriptase at 1:2 or 1:1 molar ratios in PBS (pH 7.4), from
5 minutes to 18 hours at room temperature. The reactions were
stopped by the addition of an equal volume of SDS-PAGE sample
buffer and boiling for 2 minutes. SDS-PAGE was performed on 7.5%
polyacrylamide gels as described previously (22). In some cases, the
resultant gels were stained with Coomassie Brilliant Blue R-250;
alternatively, the proteins were transferred to a polyvinylidene fluoride
(PVDF) membrane (Millipore) using a semi-dry blot electrophoretic
transfer system and immunostained with an anti-human AAT mono-
clonal antibody (B9) IgG1 (1:200) (Santa Cruz Biotechnology, Santa
Cruz, CA). The immunocomplexes were visualized with secondary
horseradish peroxidase conjugated rabbit anti-mouse antibodies
(1:800) (DAKO, A/S, Denmark). DAB (3,3-diaminobenzidine tetra-
hydrochloride; Sigma) was used as a peroxidase substrate.

Enzymatic Activity Assays

Enzyme activities were monitored by measuring the release of fluo-
rescent AMC from peptide substrate Boc-Gln-Ala-Arg-AMC (Boc: t-
Butyloxycarbonyl; AMC: 7-amino-4-methylcoumarin; cat no 1–1550;
Bachem, Weil am Rhein, Germany) in a F16 black maxisorp plate using
a fluorescent plate reader (FluoStar, Galaxy; Labtech GmbH, Offenburg,
Germany). Matriptase was diluted to 5 nM in the assay buffer (50 mM
NaCl, 0.01% Tween 20, pH 9.0) and transferred into wells of a black 96-well

plate (50 ml/well). The reaction was started by adding 50 ml of substrate
(100 mM/well). Fluorescence was continuously monitored for 20 minutes
(excitation and emission wavelengths of 380 nm and 460 nm, respectively).
The initial rate of the fluorescence increase (AMC generation) was
calculated as the enzyme acitivity. These experiments were repeated
using a spectrophotometer (Luminescence Spectrometer LS 50B;
Perkin Elmer, Waltham, MA) under the same conditions of excitation
and emission wavelengths (380 nm and 460 nm, respectively), and the
reaction was monitored for 10 minutes with readings every 60 seconds.

Determination of Stoichiometry of Inhibition

Solutions of 19.2 mM matriptase were incubated with varying amounts
of AAT (matriptase:AAT molar ratio: 1 to 0.25, 0.75, 0.5, 1, 2, 4, 8, 10,

Figure 1. ClustalW alignment of the sequences of human neutrophil
elastase (1B0F_A), porcine pancreatic elastase (1B0E_A), and human

matriptase (1EAX_A). Sequence identities are marked with an asterisk

underneath and shown in red. The catalytic triad consisting of amino

acids His 57, Asp 102, and Ser 195 is shown in yellow. Residues with ‘‘:’’
or ‘‘.’’ underneath denote conserved amino acids.

Figure 2. Superimposed crystal structures of human neutrophil elas-

tase (violet) and human matriptase (blue) with the catalytic triad amino
acids (His 57, Asp 102, and Ser 195) highlighted in red (for matriptase)

and green (for elastase).
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respectively) in the standard assay buffer at room temperature for
18 hours. After incubation, samples were diluted to final matriptase
concentrations of 5 nM, and 2.6 ml of 100 mM substrate was added to
the 100-ml reaction mixture. The enzyme activities were measured and
calculated as described above. Activities were expressed as fractions of
matriptase acitivity without AAT. The fraction of active matriptase in
each sample was plotted against the ratio of [AAT]/[Matriptase];
results were fitted with linear regression; the X-intercept of this line
was the stoichiometry of inhibition (SI).

Determination of the Reaction Rate Constant

The kinetics of inhibition of matriptase by AAT were measured by pre-
incubating constant amount of matriptase (5 nM) with AAT (960 nM)
for 5 minutes, 15 minutes, 30 minutes, 1 hour, 2 hours, 4 hours, and
18 hours. The matriptase activities were then measured and calculated
as described above after the 100-mM substrate addition. Measurements
were performed at least three times, with five repeats each.

When [AAT]0 . . [matriptase]0 (the initial concentration of AAT
and matriptase, respectively) as used here, the reaction becomes

pseudo–first-order for matriptase and kobs 5 k 3 [AAT]0. Based on
first-order kinetics, the kobs is the slope of the plot of the exponential
matriptase activity versus time of the matriptase incubation with AAT.
Thus, k was solved using 960 nM of [AAT]0 here. Data within six half-
lives were used for the plot of ln(activity) versus time.

Statistical Analysis

Data are shown as means 6 1 SD (or SEM) unless otherwise noted.
The differences in the means in experimental results were analyzed for
their statistical significance with independent-samples two-sided t test
and/or one-way ANOVA combined with a multiple comparisons pro-
cedure (Scheffé multiple range test), with the overall significance level
of a 5 0.05. A Statistical Package for Social Sciences (SPSS for Windows,
release 6.0; SPSS Inc., Chicago, IL) was used for the calculations.

RESULTS

AAT is the prototypic member of the serpin super family, an
acute phase protein, and a major inhibitor of neutrophil elastase
and protease 3. AAT, like other serpins, forms denatured-stable
complexes with its target proteases and behaves kinetically as an
irreversible (suicide) inhibitor (23). AAT is mainly synthesized
in the liver, occurs in high concentrations in plasma (z 26 mM),
and transudes from plasma into the lung epithelial lining fluid,
where its concentration is approximately 4 mM (24). Under
inflammatory conditions the concentration of AAT can rise by 3-
to 5-fold above normal, and therefore the control of the excessive
proteolytic activity by AAT has long been recognized to be
crucial in protecting the lung parenchyma and other tissues in
many inflammatory diseases (25). AAT has also been shown to
regulate alveolar fluid clearance because of its ability to inhibit
trypsin-like protease (20–28 kD), which is secreted into alveolar
fluid by epithelial and inflammatory cells and which can activate
ENaC (26). Furthermore, recent studies show that AAT can
form complexes and inhibit activity of caspase-3 (a cysteine
protease) in vitro and in vivo, and can protect various cells,
including lung endothelial cells, against apoptosis (27).

When the protein sequences of the three serine proteases,
namely human neutrophil elastase (1B0F_A), porcine pancreatic
elastase (1B0E_A), and catalytic domain of human matriptase

Figure 3. (A) 7.5% SDS-PAGE and (B) Western blot of native AAT and

matriptase catalytic domain mixtures. (A) Native AAT/matriptase mix-

tures were prepared by incubating native AAT (1 mg/ml, 19.2 mM) with

matriptase (0.5 mg/ml, 19.2 mM) at 1:2 molar ratio in PBS, pH 7.4, at
room temperature for variable periods of time. AAT alone was incubated

under the same experimental conditions. The reaction was stopped by

the addition of an equal volume of SDS-PAGE sample buffer and boiling.

Representative gel which was repeated seven times with identical results.
(B) Native AAT/matriptase complex was prepared by incubating AAT

with matriptase at 1:1 molar ratio in PBS, pH 7.4, at room temperature for

18 hours. Native AAT alone or in mixture with matriptase were separated
on 7.5% SDS-PAGE and transferred to a polyvinylidene fluoride (PVDF)

membrane using a semi-dry blot electrophoretic transfer system, and

were immunostained with an anti-human AAT monoclonal antibody

(B9) IgG1 (1:2,000 dilution). Three forms of AAT were detected: AAT in
complex with matriptase, unreacted, and cleaved AAT. Representative

Western blot, which was repeated three times, is shown.

Figure 4. SDS-PAGE (7.5%) of oxidized and native AAT incubated with

human elastase. Lane 1, molecular size markers; lane 2, native (n) AAT;

lane 3, native AAT 1 elastase incubated for 30 minutes at a molar ratio
1.2:1; lane 4, oxidized (ox) AAT; lane 5, oxidized AAT 1 elastase. Figure

is characteristic of an experiment that was repeated twice, with

identical results.
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(1EAX_A) were aligned with the ClustalW (21) program, a high
sequence alignment score of 1,124 was obtained for all three
proteins. Figure 1 shows that the sequences are well aligned with
the catalytic triad (His 57, Asp 102, and Ser 195 highlighted in
yellow in Figure 1) located in the active site of these enzymes well
preserved. The catalytic triad is a coordinated structure consist-
ing of these 3 amino acids located near the heart of the enzyme
and each amino acid plays a key role in the cleaving ability of the
proteases (28). As shown in Figure 2, crystal structure superim-
position of the catalytic domains of human matriptase and
neutrophil elastase structures confirms the alignment of the
catalytic triad. The RMS score for this superimposition was
1.14 using the PyMOL molecular visualization tool suited for
secondary structure alignments and production of high-quality
three-dimensional images of proteins. The catalytic domain of
human matriptase reveals the overall structural similarity to

a (chymo)trypsin-like serine protease, specifically to elastase
(Figures 1 and 2), but displays unique properties (such as the
hydrophobic/acidic S2/S4 sub-sites) which considerably affect its
substrate recognition and binding properties. Thus, the catalytic
domain of human matriptase has a potential to bind to and form
complexes with AAT. Therefore, in this study we examined for
reaction between AAT and catalytic domain of matriptase.

Native AAT was incubated with matriptase at a molar ratio
1:2 for variable time periods before SDS-polyacrylamide
gel electrophoresis. There was a clear evidence for the time-
dependent formation of AAT/matriptase complex. Figure 3A
shows that the native AAT/matriptase mixtures exhibited three
major protein bands corresponding to a complex between AAT
and matriptase (z 78 kD), unreacted AAT (52 kD), and the
cleaved AAT (45 kD). After 18 hours of AAT/matriptase

Figure 5. SDS-PAGE (7.5%) of oxidized AAT and matriptase catalytic
domain mixtures. Oxidized AAT/matriptase complex was prepared by

incubating AAT with matriptase at 1:1 molar ratio in PBS, pH 7.4, for

(A) 30 minutes and (B) 18 hours at room temperature. Figure is

characteristic of an experiment that was repeated twice, with similar
results.

Figure 6. Inhibition of matriptase activity by AAT. Effects of native (n)

ad oxidized (ox) AAT, as well as bovine serum albumin (0.19 mM each),

on the enzymatic activity of matriptase catalytic domain (2.5 nM).
Results are shown as percent inhibition of maximum activity. Values are

mean 6 SD (n 5 3); * P , 0.001 compared with nAAT (by t test).

Figure 7. Stoichiometry of inhibition. Matriptase (19.2 mM) was pre-

incubated with various concentrations of AAT (from 1:0.25 to 1:10,

[Matriptase]:[AAT] molar ratio) for 18 hours before assay of matriptase

inhibition. Data were fitted with linear regression (r2 5 0.882; P , 0.01;
X intercept 5 1). Figure is characteristic of two experiments with similar

results.
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incubation, all AAT appeared to be reacted with matriptase. Of
note, the autoactivation process generated the mature form and
a small pro-sequence of catalytic domain of matriptase (Figure
3A). In addition, AAT/matriptase mixtures (1:1), incubated for
18 hours at room temperature, were immunostained with
a specific monoclonal antibody against AAT. As illustrated in
Figure 3B, human AAT forms SDS-resistant complexes with
catalytic domain of matriptase, suggestive of a covalent inter-
action. These findings indicate that AAT is a slow-binding
inhibitor of matriptase catalytic domain that requires a certain
time to build a inhibitor–protease complex. It is important to
point out that the AAT/matriptase complex, similar to other
AAT serine protease complexes, remained SDS-stable after
incubation at room temperature for 24 and 48 hours, suggestive
of a covalent interaction (data not shown).

The structural properties that confer protease inhibitor activ-
ity of AAT make it also susceptible to post-translational mod-
ifications by oxidation, nitration, and polymerization (29). For
instance, the oxidation of AAT by the neutrophil-derived mye-
loperoxidase/H2O2 system (30), activated neutrophils (31), or
oxidation by components of cigarette smoke (32) result in
oxidation of two of the nine methionines in AAT (358 and 351),

leading to loss of inhibitory activity (33). We showed that oxi-
dation with N-chlorosuccinimide (0.05 to 1 mg/ml) abolished the
ability of AAT to form SDS-stable complexes with both neutro-
phil elastase (Figure 4) and with the catalytic domain of matripase
(Figure 5A). In addition, the intensity of the 52-kD band of
oxidized AAT decreased with time, and lower-molecular-size
fragments were detected, indicating that the oxidized AAT is
a substrate of matriptase (Figure 5B). Since fragments of AAT
show a variety of biological functions (34), further studies are
warranted to identify and characterize the fragments of oxidized
AAT cleavage with matriptase.

Parallel studies for functional effects of AAT on matriptase
catalytic domain activity have shown that native, but not oxidized,
AAT inhibits enzyme activity. Bovine serum albumin used as
a negative control showed no significant effect on matriptase
activity (Figure 6). Also, native but not oxidized AAT has been
shown to inhibit amiloride-sensitive currents across Xenopus
oocytes, heterologously transfected with a, b, and g ENaC (35).

From the relatively slow formation of AAT–matriptase SDS-
stable complexes, it became clear that a large-molar excess of
AAT over the matriptase catalytic domain is required to
observe full inhibition of enzyme in relatively shorter time

Figure 8. Determination of reaction rate constant (k). (A)

Kinetic curves of matriptase activity (cleavage of substrate)

measured after pre-incubating matriptase catalytic domain
(5 nM) with vehicle or with native AAT (960 nM) for 15

minutes, 30 minutes, 1 hour, 2 hours, 4 hours, and 18 hours.

Three independent experiments were performed, with five

repeats each. Figure shows one representative experiment of
five repeats. (B) As described in MATERIALS AND METHODS, the

matriptase activity was calculated from A, and the exponential

free enzyme activity was plotted versus time of incubation

with AAT. A good linear fit was obtained (R 5 0.99812). The k
was calculated as 0.31 3 103 M21s21 from the slope of the

plot (kobs 5 k 3 [AAT]0 5 0.01794 min21). This experiment

was repeated twice, with identical results.
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period. A plot of the residual matriptase activity versus AAT/
matriptase molar ratios is shown in Figure 7. Fitting the data
with a straight line using linear regression (r2 5 0.882; P , 0.01)
resulted in an x-intercept corresponding to the SI. Under our
experimental conditions (18 h incubation of AAT and matrip-
tase) the SI is equal to 1.

We also calculated the reaction rate constant (k) by plotting
the exponential free matriptase activity versus time of incuba-
tion with AAT, as described in MATERIALS AND METHODS

(Figure 8B). A good linear fit was obtained (R 5 0.99812),
and from the slope of the fitted line the k was calculated as 0.31
3 103 M21s21 (kobs 5 k 3 [AAT]0 5 0.01794 min21).

This slow rate constant as well as our SDS-gel electropho-
resis results confirm that AAT is a slow-binding matripase
catalytic domain inhibitor. We speculate that this low inhibition
rate, compared with other extracellular serine proteases, such
as elastase (k 5 6.5 3 107 M21 s21) (36), may reflect the
requirement for specific microenvironments and effective
(large) concentrations of the AAT at intracellular versus
extracellular locations. A recent study, however, has shown
matriptase complexes in human milk, which contain no HAI-1
(specific inhibitor of matriptase) and which are resistant to
dissociation in boiling SDS in the absence of reducing agents.
Proteomic and immunologic analysis identified the 45-kD
fragment as the noncatalytic domains of matriptase and the
80-kD fragment as the matriptase serine protease domain
covalently linked to serine protease inhibitors such as AAT,
antithrombin III, and a2-antiplasmin. This finding for the first
time provides evidence in vivo that the proteolytic activity of
matriptase may be controlled by secreted serpins such as AAT
(37). These data are in agreement with our findings and point
out a potentially new function of AAT. Furthermore, our
kinetics data indicate that even the small amount of AAT in
the extracellular space is sufficient to inhibit matriptase.

We would like to offer a few examples to illustrate the
putative physiologic importance of AAT–matriptase interac-
tion. For example, the leading hypothesis regarding the cause of
airway disease in cystic fibrosis is that excessive Na1 absorption
leads to inadequate hydration, resulting in mucus stasis and
recurrent infection. Prostasin (CAP1/PRSS8) is a glycosylphos-
phatidylinositol-anchored membrane serine protease believed
to be critical for the regulation of epithelial sodium channel
activity in cystic fibrosis. Prostasin is synthesized as an inactive
zymogen that requires a site-specific endoproteolytic cleavage
to be converted to an active protease. It has been recently
reported that matriptase is necessary for this prostasin activa-
tion (11). Therefore, the inhibition of matriptase by AAT may
provide a pharmacologic means of improving Na1 current in
cystic fibrosis airway. As mentioned above, AAT decreases
amiloride-sensitive transport across both Xenopus oocytes,
heterologously injected with ENaC, H441 cells (a human Clara
cell line expressing native ENaC) and across the alveolar
epithelium of rats in vivo (25, 35).

On the other hand, the overexpression of matriptase is
a consistent feature of human epithelial tumors. It has been
shown that matriptase possesses a strong oncogenic potential
when unopposed by its endogenous inhibitor, HAI-1 (38).
Therefore, inhibition of proteolytic activity as a result of various
kinds of proteinase–proteinase inhibitor interactions is an impor-
tant aspect of tumor cell biology. Serpins such as maspin, AAT,
a1-antichymotrypsin, and Kunitz-type inhibitors such as urinary
trypsin inhibitor (39) have been previously implicated in suppres-
sion of cancer invasion. It has been reported that cultured human
tumor cell lines produce serine protease inhibitors, including
AAT, which may play a role in controlling tumor growth and
invasion by regulating activity of specific enzymes.

In summary, our data provide new evidence for the forma-
tion of irreversible interactions among AAT, the most impor-
tant serine-protease inhibitor, and matriptase, a serine-bound
matriptase with diverse biological functions.
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