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INVESTIGATIONS OF THE POSSIBLE ROLE
OF PROTEASES IN ALTERING SURFACE
PROTEINS OF VIRALLY TRANSFORMED
HAMSTER FIBROBLASTS

Richard O. Hynes and Edward S. Pearlstein

Imperial Cancer Research Fund Laboratories, London, England

Virally transformed fibroblasts have on their surfaces zero or reduced amounts of a
large external transformation-sensitive (LETS) glycoprotein. This protein is ex-
tremely sensitive to proteolysis. When prelabeled normal fibroblasts are cocultivated
with transformed cells, the LETS glycoprotein of the normal cells shows an increased
rate of turnover. Experiments are described which investigate the possibility that
this phenomenon and the absence of LETS glycoprotein are due to proteolysis by
the transformed cells. In particular, the role of plasminogen activation is examined
by the use of protease inhibitors and plasminogen-depleted serum. It is concluded
that activation of plasminogen is not required for the disappearance of the LETS
glycoprotein although the involvement of other proteases cannot be ruled out. The
role of proteases in affecting cell growth and behavior is discussed.

INTRODUCTION

In a previous paper (1) it was demonstrated, using lactoperoxidase-catalyzed iodina-
tion (2, 3) to label proteins exposed at the surface of cells, that the surfaces of virus-trans-
formed fibroblasts lack one of the major exterior proteins detected on normal fibroblasts.
This result has been confirmed for a variety of different cell types transformed by differ-
ent viruses (4—6) and with an alternative external labeling technique specific for galactose
residues (7—-9) or immunological methods (10, 11). The proteins detected by the different
methods appear to be identical (9, unpublished results). Subsequently it was shown, by
metabolic labeling with sugar precursors, that normal cells synthesize and accumulate an
external glycoprotein of electrophoretic mobility identical to this iodinatable protein,
whereas transformed cells do not (6, 12, 13). Taken together these results provide evi-
dence for a large, external transformation-sensitive (LETS) glycoprotein.

Since reduced levels of the LETS glycoprotein can be detected by metabolic label-
ing as well as by external probes, the difference between normal and transformed cells
cannot be due merely to masking. Absence of the LETS glycoprotein must therefore be

R.O. Hynes is now at Center for Cancer Research and Department of Biology, Massachusetts

Institute of Technology, Cambridge, Massachusetts 02139.
E.S. Pearlstein is now at Department of Medicine, New York University Medical Center, New

York 10016.

1(1) © 1976 Alan R. Liss, Inc., 150 Fifth Avenue, New York, N.Y. 10011
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due either to a failure in its synthesis or insertion at the surface of the transformed cells,
or to its continual loss or removal. Evidence from experiments involving cycloheximide
demonstrates that synthesis of the LETS glycoprotein or of a precursor continues in trans-
formed cells (14, Hynes and Bye, in preparation).

It was also shown that the LETS protein is very sensitive to proteolytic digestion
(1, 4, 6). Since transformed cells produce proteolytic enzymes (15—19), it is conceivable
that the absence of a major iodinatable protein from the surfaces of transformed cells is
due to its being removed by proteases produced by the transformed cells (20) either
directly or through activation of a serum proenzyme such as plasminogen (21—23). The
experiments reported here attempt to investigate this possibility. Similar experiments
have been reported briefly elsewhere (14).

METHODS
Cells and Culture Methods

Cells used were two hamster fibroblast cell lines, NIL8 (24) and BHK (25), and deri-
vatives of these transformed by hamster sarcoma virus NIL8.HSV6 (26), and polyoma
virus BHK Py, respectively. These cells were kindly provided by Drs. I. A. Macpherson and
G. D. Clarke. Transformed cells were isolated by their ability to grow in soft agar (27). All
lines were grown in Dulbecco’s modification of Eagle’s medium (28) plus 10% calf serum
and subcultured by trypsinization and seeding in plastic Petri dishes (Nunc).

Lactoperoxidase-Catalyzed lodination

This was performed on cell monolayers as described previously (1). Cells were
washed three times with phosphate-buffered saline, pH 7.2, and labeled in the same buffer
plus S mM glucose, 400 uCi/ml carrier-free sodium [!*°I]iodide, 20 ug/ml lactoperoxidase,
and 0.1 U/ml glucose oxidase. Incubation was for 10 min at room temperature. The re-
action was stopped by addition of phosphate-buffered iodide and the monolayers washed
twice more with the same buffer. For harvest, cells were scraped into phosphate-buffered
iodide plus 2 mM phenyl methyl sulfonyl fluoride to inhibit proteases, concentrated by
centrifugation, and dissolved by boiling in electrophoresis sample buffer containing 2%

Na dodecy! suplhate (SDS) and 2 mM phenyl methyl sulfonyl fluoride. Samples were made
0.1 M with dithiothreitol and boiled again before electrophoresis.

Polyacrylamide Gel Electrophoresis

This was performed with the SDS buffers described by Laemmli (29). Electropho-
resis was in vertical slabs and 12 samples were run in parallel. Gels were stained with
Coomassie Brilliant blue if necessary. For detection of radioactivity, gel slabs were dried
down onto paper (30) and autoradiographs made on Kodirex X-ray film.

Fibrinogen Preparation and Fibrinolysis Assay

Fibrinogen was labeled by lactoperoxidase-catalyzed iodination and the fibrinolysis
assay on plates was performed as described by Unkeless et al. (15), except that 20 ug
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fibrinogen/cm? of plate was used instead of 10 ug/cm?.

Plasminogen-Depleted Serum

This was prepared by running calf serum over lysyl-Sepharose until no further
material bound to the column (21, 22, 31). Bound material was eluted from the column
with e-amino caproic acid. This bound material migrated as a single band on SDS-poly-
acrylamide gels (mol wt 90—95 X 10?, coincident with plasminogen). One preparation
was a kind gift from Dr. J. Quigley.

Radiochemicals

Carrier-free sodium ['**I]iodide and L-leucine-'*C(U) (342 Ci/mole) were pur-
chased from the Radiochemical Centre, Amersham, Bucks, England.

Enzymes and Inhibitors

Lactoperoxidase, tosyl arginine methylester (TAME), tosyl phenylalanine chloro-
methane (TPCK), and tosy! lysyl chloromethane (TLCK) were from Calbiochem; glucose
oxidase and lima bean and pancreatic trypsin inhibitors from Worthington Biochemicals;
human plasminogen from Kabi, Stockholm; Streptokinase, Behringwerke AG; twice-
crystallized trypsin, Koch Light Labs.; soyabean, pancreatic, and ovomucoid trypsin in-
hibitors, e-amino caproic acid, twice-crystallized trypsin, and phenyl methyl sulphonyl
fluroide from Sigma, London. Nitrophenyl-p-guanidino benzoate (NPGB) was a gift from
Dr. J. Unkeless, antipain and leupeptin were gifts from Dr. A. Mcllhinney, and Trasylol
(10,000 KIU/ml) was a gift from Bayer Pharmaceuticals Ltd.

RESULTS
Effect of Cocultivation with Transformed Celis on the Surfaces of Normal Cells

Normal cells (NIL8 or BHK) were iodinated with lactoperoxidase and washed, and
medium was returned to the dishes. They were either left simply in medium with or with-
out serum, or else additional normal or transformed cells (NIL8, HSV, or BHK-Py) were
plated on top of the iodinated monolayer, either with or without serum. The dishes were
then returned to the incubator and at various times the medium was removed and the
monolayer washed, harvested, solubilized, and run on SDS-polyacrylamide gels. As shown
elsewhere, the proteins detected in this manner are external, i.e. they extend beyond the
plasma membrane (1—3). The results in Figs. 1 and 2 show that when transformed cells
were plated on top of the labeled normal ones and left for 24 hr, there was a greater loss
from the cell layer of the high molecular weight iodinated LETS glycoprotein than was
observed in controls. Addition of unlabeled normal cells had no effect (Figs. 1, 2). It
should also be noted that loss of prelabeled LETS glycoprotein occurred without a re-
quirement for added serum. Furthermore, loss of the LETS glycoprotein occurred in
several different sera (calf, hamster, and chicken; Fig. 1). Other relevant facts are: (a)
neither of the transformed lines used produces the transforming virus concerned, so the
effect is not due to cross infection; (b) the overlying cells were prepared as a suspension
with EDTA without any proteolytic enzymes — less than 10% were permeable to trypan
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blue. At shorter times (e.g., 5 hr) loss of LETS glycoprotein label was not complete but
a difference could already be seen between addition of transformed and normal cells
(data not shown), NIL8.HSV cells produced more complete loss of prelabeied LETS pro-

tein than did BHK.Py whether acting on NIL8 or BHK cells.
Thus, cocultivation of prelabeled normal cells with transformed cells leads to an in-

creased rate of disappearance of the major iodinated protein of the normal cells. This loss
appears to be at least partially specific for this one protein, resulting in an iodination pro-
file similar to that observed for transformed cells. We cannot rule out the possibility that
the transformed cells are more fragile and, on suspension using EDTA, they nonspecifi-
cally leak more proteases than do normal cells under the same conditions, although there
was no difference in the degree of permeability to trypan blue. In fact, transformed cells
are detached from dishes far more readily than are normal ones and, consequently, are
generally subjected to less vigorous pipetting to obtain single cell suspensions.

Unkeless et al. (15) demonstrated that there was no increased leakage of lysosomal
hydrolases by transformed cells. In any case, leakage of proteases is one form of any
mode] suggesting that proteases are involved in alterations to transformed cell surfaces.

Fibrinolysis by Transformed Cells

In order to confirm that the transformed cells used in the experiment shown in Figs.
1 and 2 were, in fact, producing proteolytic enzymes, we assayed them according to the
fibrinolysis procedure of Unkeless et al. (15). Both transformed cell types were more
effective than their normal counterparts in releasing [***I] fibrin from the dishes. In 24
hr. BHK cells removed 16—25% of the ['**I] fibrin compared with 75—80% for BHK Py,
while NILR& cells removed 25% compared with 100% for NIL8.HSV. This fibrinolysis was
inhibited by certain inhibitors of proteolytic enzymes (Table I): pancreatic trypsin inhibi-
tor was most effective. After 22-hr incubations, e-aminocaproic acid and soyabean tryp-
sin inhibitor were effective in inhibiting fibrinolysis by both cell types. Fibrinolysis by
NIL8.HSV cells was more rapid than by BHK.Py so that by 22 hr most of the ['?*1] fibrin
had been removed by control NIL8.HSV cells, and by 48 hr, those in these two inhibitors
had caught up since the inhibition was not complete. Thus, the same three inhibitors were
effective in inhibiting fibrinolysis by both cell types, in agreement with the previous re-
sults of Unkeless et al. (15).

Effects of Protease Inhibitors on Cells

The inhibitors listed in Table II were tested for their ability to inhibit growth of
NIL8.HSV or BHK Py cells and cause reversion of their morphology to normal, The mor-
phology of NILB cells is flat, whereas NIL8.HSV cells are refractile and grow in suspen-
sion as well as attached to the dish. BHK Py cells grow in a random multilayered fashion,
as opposed to the orientated growth pattern of BHK. Thus, reversion to normal pheno-
type would have been detected readily in either case. None of these inhibitors produced
such a reversion. Cells cultivated in these inhibitors for periods of one to several days
were jodinated and analyzed on SDS-polyacrylamide gels as shown in Fig. 3. In no case
did labeling of the LETS glycoprotein occur on transformed cells. Some low molecular
weight protease inhibitors (TPCK and TLCK) were toxic to the NIL8.HSV cells, and their



Fig. 1. Cocultivation of iodinated NIL8 cells with NIL8.HSV cells. Monolayers of NIL8 were iodinated,
washed, and overlaid with 10¢ cells obtained in suspension with 0.02% EDTA, or without additional
cells. All dishes had 2 ml of medium either without serum or with 10% serum as indicated. 24 hr later,
the medium was removed and the cells were washed and analyzed by SDS-polyacrylamide gel electro-
phoresis. The figure is an autoradiograph of a 6.5% gel. Arrows mark the LETS glycoprotein (near top
of gel) and lactoperoxidase (85,000 daltons, in the middle of the gel). The enzyme was detected in

this experiment since the cells were dissolved directly from the dish rather than being scraped and
pelleted. Additions: a—d, no cells; e—h, NIL8 cells; i—1, NIL8-HSV cells. Added serum as marked: calf,
C: hamster, H; chicken, Ch. Samples represent equal fractions of the material from each dish.

effects on iodination therefore difficult to analyze. Trasylol (100 KIU/ml) and antipain

and leupeptin (100 ug/ml), all of which inhibit plasmin, were also without effect on the

morphology or growth of NIL8.HSV. Their effects on BHK.Py and on iodination profile
were not tested.

Several of these inhibitors were also tested to see whether they inhibited the loss of
prelabeled LETS glycoprotein from normal cells cocultivated with transformed cells (Fig.
4 and Table IIT). All those tested were ineffective. In particular, pancreatic trypsin inhibi-
tor and e-aminocaproic acid, which block fibrinolysis (Table I) and inhibit plasmin (Unke-
less et al., 1973) failed to block loss of LETS glycoprotein in either cell type. Soyabean

trypsin inhibitor did not block removal by BHK Py its effect on removal by NIL8.HSV
was not tested.
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Fig. 2. Cocultivation of iodinated BHK cells with
BHK Py cells. Procedures as figure 1. (a) No in-
cubation; (b—d) no added serum; cells overlaid as
below: (b) none; (¢) BHK; (d) BHK.Py. (e—g) 10%
calf serum; cells overlaid as below; (¢) none; (f)
BHK; (g) BHK.Py. Arrow marks position of the
LETS glycoprotein.

Effect of Plasminogen-Depleted Serum

Plasminogen can be removed from serum by affinity chromatography on lysine-
Sepharose (see Materials and Methods). NIL8 and NIL8.HSV cells were cultured for two
passages in such serum and parallel cultures in plasminogen-depleted serum to which puri-
fied plasminogen had been added back (reconstituted serum). No differences in pattern or
rate of growth were noticed between depleted and reconstituted serum-containing dishes
in either case. Dishes of each type were iodinated and some labeled NIL8 dishes were
overlaid with NIL8 or NIL8.HSV cells for incubation overnight before harvest. This post-
incubation was done in both the presence and the absence of plasminogen. In the latter
case, both labeled and overlaid cells had been grown for two passages in the absence of
plasminogen.

lodinated samples were then analyzed on SDS-polyacrylamide gels. No differences
were detectable dependent on the presence of plasminogen. In particular, NIL8.HSV cul-
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Fig. 3. Cultivation of NIL8.HSV cells in protease inhibitors. Cells were cultured for 2 days with added
inhibitors as follows: (a) PMSF, 50 ug/ml; (b) TAME, 50 ug/ml; (c) e-amino caproic acid, 500 ug/ml;
(d) soybean trypsin inhibitor, 200 ug/ml; (e) lima bean trypsin inhibitor, 200 ug/ml; (f) ovomucoid,
200 pg/ml; (g) ['*C]leucine-labeled marker; (h) control iodinated NIL8.HSV. All samples were iodi-
nated at confluence and equal numbers of cells applied to the gel, which was 6.5% acrylamide. Arrow
marks position of migration of the LETS glycoprotein in NIL.8 control cells.

tivated in its absence still had no iodinatable LETS glycoprotein, and loss of this protein
from NILS cells was accelerated by the presence of NIL8.HSV cells whether or not plas-
minogen was present (Fig. 5).

DISCUSSION

The results reported here show that virus-transformed cells cocultivated with pre-
labeled normal cells cause an accelerated rate of turnover of a major external protein.
This protein is absent from the surfaces of the transformed cells themselves, so that the
change produced in the normal cells by cocultivation with transformed cells is in the di-
rection of transformation. The transformed cells release proteolytic enzymes as reported
here and elsewhere and the major external protein in question is known to be very sensi-
tive to proteolysis (see Introduction). A simple interpretation of all these results would
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