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A cysteine protense inhibitor was purified from total membrane frustions of an invasive murine hepatoma, Hepa ¢l 9. On gs! filtration under

non-reducing conditions the purified inhibitar wis eluted in a single peak of A, 10-15 kDa, but resolved a8 two bands at 14 and 70 kDa on

SDS8-PAGE under reducing canditions. By isoelectric focusing, the inhibitor ran at an isoelectric point of 4.75. Immunobloiting studies using the

enhanced chemiluminescence technique indicated no crossreactivily with monoclonal antibodices (o stefin B »nd cystatin C or with a polyclonal

antibody to low A, kininogen. In contrast, the 14 kDa and 70 kDa bands both crossreacted with a polyclonal antibody to stefin A, suggesting
that (he eysteine protease inhibitor associated with Hepa ¢l 9 membranes may be 4 modified form of stefin A,

Cysteine protease inhibitor; Cystatin; Stelin; Tumor

1. INTRODUCTION

Increased activity of cysteine proteases in tumors has
been shown to correspond in some cuses to decreased
regulation by cystatins, protein inhibitors of cysteine
proteases [1-3]. The cystatin superfamily consists of
tight-binding cysteine protease inhibitors (CPI)s, often
referred to as pseudo-irreversible, and has been subdi-
vided into three families: stefins, cystatins, and kinino-
gens (for review, see {4,5]). The stefins are primarily
intracellular cytosolic proteins, whereas the cystatins
are secreted. Stefins are further subdivided into stefins
A with acidic pls and stefins B with neutral pls. The pls
for cystatin C are in the alkaline range. Hiwasa et al. [6]
have suggested that p2l, the membrane-associated c-
Ha-ras gene product, is a member of the cystatin super-
family. Since we had observed CPI activity in mem-
brane fractions of tumors [3). we have purified this CPI
from total membrane fractions of an invasive murine
hepuatoma, for comparison with other cystatins.

2, MATERIALS AND METHODS

2.1, Marerials

CHAPS  (3-{(3-cholumidoprepyl)-dimethylamino)-1-propane-sul-
fonate). E-64 (Lerrans-cpoxysuccinyl-leucylamidofd-guanidinolbu-
tune), and Brij«35 were purchused from Sigma (5t. Louis, MO, USA).
Polyclonal and monoslonal antibedies against human cystatin C as
well us recombinant human eystatin C were gifts from Dr. M. Abra.
hamson, University of Lund, Lund, Sweden. Polyclonal antibody
against rat epidermal stefin A wasa gift from Dr. Fukuyama. Univer.
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sity aof California, San Francisso, CA. Antissrum to human low A,
kininogen was a gift from Dr. S, Olson, Henry Ford Hospital, Detroil,
M. USA. Human stefins A and B as well as monoclonal antibody
against human liver stefin B were gifts from Dr. V, Turk, Josef Stefan
Institute, Ljubljana, Slovenia,

22, Tissue

The highly invasive hepatoma (Hepa ¢} 9) was propagated in syn-
geneic male CS7BL/6) mise (Juckson Laboratories, Bar Marbor, ME)
according to our published procedure (7). Briefly, tumor brei were
injected subcutancously at the left axillary region. The mice were
siacrificed and tumors harvested when tumor weight rcached approxi~
mately 5 g.

2.3, Purification

2.2.1. Prepircation of erude membrang fractions

Approximately 100 g of Hepa ¢! 9 was homogenized in 80 mi of
dispersion solution (0.1 M NaM,PO,, 2 mM EDTA, 0.25 M sucrose,
I mM benzamidine. pi 7.4) in a Tekmar homogenizer (Tekmar Co..
Cincinnati, OH) at room temperature. The homogenate was centri-
fuged in u Beckman L7-55 ultracentrifuge at 35,000 rpm for 1 hat 4°C
utilizing ¢ Beckman Type 35 rotor. The membrane pellet was washed
three times and resuspended in the above bufler containing 0.5%
CHAPS and stirred overnight at 4*C. The membrane extrast was then
cenirifuged as above, The supernatant was siuved as the crude mem-
brane (raction and used for subsequent purification steps.

2.3.2. Alkaline precipitation

The crude membrane {rastion was adjusted to pH 11,5 with 4 N
NaOM and incubated at room temperature for 2 h. The pH was
subsequently adjusted to 6.5 with 4 N HCI and the suspension centri-
fuged in a Beckman J2-21 centrifuge at 2,860 x g for 30 min at 4°C
and the pelles dissarded.

2.3.3. Acetone precipitation

An equal volume of prechilled acetone (~10°C) was added gradu.
ally to the above supernatant and the preelpitate removed by centrifu.
gation at 2,860 x g as above, To the supernatant was added a second
volume of chilied acetone and the resuiting precipltate recovered. The
pellet was resuspended in 15 ml of 50 mM NaH,PO,, pH 6.5. | mM
EDTA, 0.5 M NaCl, containing 0.19% Brij-35, and incubated overnight
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at 4°C with constant stirring. Insoluble proteins were removed by
eentrifugation and the supernutunt recovered.

2.3.4. Chromatography on a papuin uffinity column

Papain aMinity resin was prepared us deseribed previously (2.8]. The
resin was ndded to the final sepernatant from the ucetone precipitution
step and the suspension incubuted avernight ut 4°C und subsequently
transferred to a Sem! column. The aflinily column wux equilibrated
with 70 mi of 50 mM Nali,PO,, pH 6.5, | WM EDTA. 0.5 M NaCl
and 0.1% Brij-35. Non-specitically bound proteins were eluted {rom
the column in 50 mM NaH.PO,. pH 6.5. | mM EDTA. | M NaCl,
and 0.1% Brij-35 (buller A} und discarded. The manbmas-asscciated
CPI activily was eluted from thecelumnin 10 mM Nal,.PO,, pH 11.5,
1 mM EDTA. 0.5 M NaCl, und 0.1% Brij-35 (bulTer B). Individual
fractions were assayed for inhibitory activity against papain after
incubation at 100*C for 5§ min to uncouple any papasin=inhibitor
complexes und (o inuctivale residusl papain activity that co-eluted
from the column. Fractions were pooled und then concentruted by
pressure dinlysis.

2.3.5, Gel filtration chromatography

The concentrated CPL activity from ullinity chromatography was
applied to two Superose 12 gel filiration columns in tandem in 0.05
M Tris. pH 7.5, 015 M NaCl, Fractions of 0.5 m! were collected und
assayed for inhibitory activity ngainst papain.

2.4. [saclectric focusing

Isoclectric fosusing was performed on a precast Phast System (Phar-
masia, Piscataway, NJ) gol, pH 4.0-6.5, und silver-stained according.
to the munufacturer's precedure,

2.5. SDS:PAGE and inununoblot aialysis

Electrophoresis was performed in 12% polyacrylamide gels in the
buffer system described by Laemmli {11). Proteins were trunsferred
cleetrophoretically to nitrocellulose membranes in a Transphar elec-
troblotting apparatus (Moeler Scientific. San Francisco, CA). The
immunoblot procedure was performed actording to the method of
BioRad (Richmond, CA), using powdered milk us blocking agent. The
blots were developsd according to Amersham's ECL detection
method (Amersham, Aslington Heights. IL, USA). Multiple probing
of the same blots with different antibodies was performed according
to the procedure of Amersham.

2.6. CP! activity

Inhibitery astivity against the plant cysteine protease papein (ti-
trated against E-G4) was determined in a stopped assuy according to
our published protocols [2).

RESULTS

We purified a CPI from the total membrane fraction
of an invasive murine hepatoma, Hepa ¢l 9, by a madi-
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Fig. 1. Affinity (A) und ge! filtration chromatography (B) of the
membrane-associaled CPL. The arrows in pancl (A) depict the point
of application of buflers A und B, respestively (sce section 2). Arrows
in punel (B} depict point of clution of M, standards: thyroglobulin
(670.000), y-globulin (158.000). ovalbumin (34.000), myoglobin
(17.000), vitumin B-12 (1,350}, respectively. @, % inhibitory uctivity;
0. ubsorbunce ut 280 am. The fractions pooled are indicated by hori-
zontal bars,

fication of techniques used for isolation of soluble low
M, cystatins from human tumors [2]. The total mem-
brane fraction of normal murine liver did not contain
CPI activity. Results of a typical purification of the

Table |
Results of a typical purification of membrane-associnted cysicine protease inhibitor from murine hepatoma, Hepa ¢l 9
Protein Total Activity Yield Specific Astivity Purification

{(mg) (Iw) (%) (IU-mg protein™') (-fold)
Homogenate 1,143 1.92 (100) 0.002 1
Alkaline precipitation 297 1.82 95 0.006 3
Acetane precipitation 48 0.24 13 0.005 25
Affinity chromatography 0.36 0.0y 5 0.244 122
Gel filtration chromatography 0.04 .1l 6 270 1,350

One inhibitory unit (1U) is defined s the amount of inhibitor preparation which totally inhibited one astivity unit of papain (itself titrated against
E-64) with one activity unit representing the release of 500 umol of NHMee.
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membrane-assoaciated CPI from Hepa cl 9 are depicted
in Table I. Affinity chromatography on a papain Sepha-
rase column resulted in a single peak corresponding to
CPI activity (Fig. 1A). This affinity step resulted in an
~50-fold increase in purification of the membrane-asso-
ciated CPI, an increase in purification-fold similar to
that observed previously with soluble cys:atxm {2.10].
The affinity fractions containing CPI activity were
pooled and subjected to gel filtration chromatography
(see Section 2). A single peak of CPI activity, represent-
ing a protein of M, 10-15 kDa, was eluted from the gel
filtration column (Fig. 1B). The specific activity of the
membrane-associated CPI aguinst papain (Table I) was
much lower than that of the cytosolic tumor stefins {2].

The immunological relutionship of the membrane-
associated CPI to c¢ystating wus determined in
immunoblots using antibodies to stefin A, stefin B, cys-
tatin C and low-M, kininogen. The membrane-associ-
ated CPI did not cressreact with monoclonal antibadies
against cystatin C or stefin B or a polyclonal antibody
against low-M, kininogen (Figs. 2 and 3). However, two
crossreactive bands, running at 14 kDa and 70 kDa.
were detected by a polyclonal antibody to rat epidermal
stefin A (Fig. 4).

Since the membrane-associated CPl crossreacted
with a stefin A antibady, we compired the isoelestric
point of the membrane-associated CPl with that of
human stefin A by isoelectric focusing (Fig. 5). The
control human stefin A ran as several isoforms, the two
predominant isoforms having pls of 4,70 and 4.85. The
predominant isoform of the membrane-associated CPI
had an isoelectric point of 4.75.
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Fig. 2. Immunctlotl analysis of the membranec-associated CPI with a

moneclonal antibody against ¢ystatin C. Lanes represent: 1, human

stefin A (11 ug): 2 and 3, human stefin B (4 ug and 25 up); 4, purified

membrane-uassociated CPI (4 4g); 5, recombinant eystatin € (12.5 48)

appearing as multimeric aggregutes; 6, prestained protein M, stand-
ards,
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Fig. 3. Immunoblot analysis of the membrang.assosinted CPL. The
same blol was analyzed sequentially with polyclonal antibodics to
humin cystatin € (not illustrated) und low A, kininogen (panel A)and
a monoctonal antibody to human stefin B (punel B), Lunes represent:
1. purified membrane-ussociated CPI from Hepu ¢l 9 (4 ¢8); 2 and 3,
human stefin B (4 g and 28 ug. respectively): 4, human stefin A (11
g 5. prestained protein Af, stundurds,

4. DISCUSSION

The CPI purified from the total membrane fraction
of the highly invasive murine hepatoma, Mepa <l 9,
appeurs to be a modified form of stefin A, Two ®ands
corresponding to M, 14 and 70 kDa were immunoreuc-
tive with a stefin A antibody. vet only a single peak
corresponding to 10-15 kDa on gel filtration had inhib-
itary activity against papain, In addition, only a single
isoform of membrane CPI could be resolved by isoelec-
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Fig. 4. Inmuncblot analysis of the membrane-assosiated CPl with a

polyclonal aniibody againii 7at épidstmal sielin A, Lanes represant:

1, prestained protein M, standards; 2, human stefin A (I1 ughk 3

human siefin B (4 ug): 4-6, purified membrane-associated CPI (2 ug.
4 ug. and 10 ug, respestively).
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Fig. 5. Isoclestric focusing of the membranc-associated CPI. Lanes

represeat: |, purified membrane-associated CPI from Mepa ¢l 9(0.12

Hg): 2 human siefin A (0.1 gg): 3, Isoclectris facusing protein stand.
ards. Arrows depiet the positions of sample application,

tric focusing. These observations suggest that the 70
kDa species of membrane CPI may be an aggregate of
the 14 kDa species. Aggregates have been reported for
other cystatins: by ourselves [2] and others [10.11] for
stefin B and cystatin C [Lah, personal communication),
The immunoblot depicted in Fig. 2 of the present study
also illustrates the formation of aggregates by recombi-
nant cystatin C. In contrast to the membrane CPIl puri-
fied from hepatoma. the recombinant ras gene produst,
reported by Hiwasa et al. {6,12,13] to have CPI activity,
is a membrane-associated protein of 21 kDa. Proteins
with CPI activity in the M, range of the ras gene prod-
ucts were not detected in the hepatoma membranes. The
nature of the modification(s) in stefin A responsible for
its association with membranes in the Hepa ¢l 9 tumor
have not been determined. However. a structural alter-
ation in stefin A has been suggested to be responsible
for the reduced inhibitory capability (increased K)
against papain and cathepsins B and L) of stefin A
purified from the cytosolic fraction of human sarcoma
[2]. Possible associations of stefin A with the raembrune
were not assessed in the previous study,

The localization of proteolytic enzymes with respect
to their endogenous inhibitors as well as the absolute
levels of proteolytic enzymes and inhibitors appear to
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be critical to the ability of tumor cells to invade through
brsement membrane. This is true for cysteine proteases
and cystuitias {3] (for review, see {\4}\, for metallapro.
teases and tissue inhibitors of metalloproteases (for re-
view, see [15,16]) and for the plasminogen activator
urokinase and plasminogén activator inhibitors (for re-
view, see [17]), Whether the membrane-associated cys-
tatin described here plays a role in the invasiveness of
the Hepa cl 9 cells will require further study.
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