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Table 2 Effect of inhibitors on EGF-stimulated A431-induced RBC cytolysis and on A431 protein synthesis

A431 cells were grown to confluency in tissue culture dishes. After serum starvation, each dish was fed with 1 ml of Ham’s F-12:Dulbecco’s modified Eagle’s
medium (1:1) mixture containing 34 pM EGF and inhibitor as indicated. The dishes were then incubated and harvested as described for Table 1. Inhibition of
cytotoxicity was calculated from the following formula.

[release index (RBC + drug-treated A431 cells)
— release index (drug-treated RBC target cells)]
[release index (RBC + A431 control cells)

— release index (RBC control target cells))

% of inhibition of cytotoxicity = | 1 —

x 100

Each tissue culture dish used for determination of the effect of inhibitors on A431 protein synthesis received 0.1 ml of a solution containing 125 uCi of [**C]leucine
in Hanks’ balanced salt solution and no RBC target cells. These cells were incubated in parallel with the cytotoxicity dishes under the same conditions. At the
conclusion of the incubation period, the A431 cells in these dishes were scraped off the tissue culture dish with a rubber policeman, and then the acid-insoluble protein

was precipitated onto fiberglass filters. Inhibition of the incorporation of radioactive leucine into A431 cell proteins was then calculated.

% of inhibition (=)

. Release index (%) or % of stimulation (+) of
Inhibitor
(concentration) A431 + RBC RBC control Cytotoxicity Protein synthesis

Control (34 pm EGF) 46.0 + 2.2° 11.5+1.2
Cycloheximide (10 ug/ml) 26.3 + 6.0° 89+20 -51.0+ 18.0 -90.6 + 3.9°
Leupeptin (1 mm) 7.2+04° 55+09 -95.2+29 -3.6+425
O-Phenanthroline (1 mm) 92,6 + 1.1° 20.4 0.8 +109.6 £ 16.0 -96.8 + 1.0°
O-Phenanthroline (1 mM) plus cycloheximide 94.3 + 1.3% 23.8+49 +104.5 + 21.1

(10 ug/ml)
O-Phenanthroline (1 mM) plus leupeptin 334137 248+ 1.0 =750+ 11.2

(1 mm)

“ Mean + SD.

® Significantly different from A431 + RBC + 34 pm EGF control; P < 0.01.

Table 3 Effect of leupeptin, TLCK, and amiloride on EGF-stimulated, A431-
induced RBC cytotoxicity and on A431 protein synthesis
Ad431 cells were grown to confluency, serum starved, and treated with EGF
and inhibitors as described in Tables 1 and 2. The methodology for the cytotoxicity
experiments and the inhibition of A431 protein synthesis were exactly as described
for Table 2.

% of inhibition (~)

Release index (%) or % of stimulation
(+) of
Inhibitor Protein

(concentration) Ad431 + RBC RBC control Cytotoxicity  synthesis
Control (34 pMm §1.2+22° 128%18

EGF)
Leupeptin (1 mm) 6402 145:15 -1209+4.4
TLCK (1 mMm) 97+33° 11.9:£08 -1058+9.0 —95.3+1.8°
Amiloride (0.5 mm) 88+1.1° 133%+16 -111.7+5.3 —67.9+6.2°
No EGF control 99+0.1° 10.0+09

% Mean + SD.

5 Significantly different from A431 + RBC + 34 pM EGF control; P < 0.01.
¢ Significantly different from A431 + 34 pm EGF protein synthesis control; P
<0.01.

secreted soluble tissue culture products to diffuse across the
filter but prevents the direct contact of RBC to A431 cells. The
nitrocellulose filter separating the chambers has a maximal
protein binding capacity of 250 ug/cm? of membrane (1050 ug
of protein per 4.2 cm?). Thus, prior to the assay, serum proteins
would totally saturate the protein binding capacity of the filter.
During the assay, growth medium was replaced with serum-free
medium containing 34 pM EGF. After an incubation of 48 h at
37°C, the RBC were harvested. The supernatant was centrifuged
at 500 x g for 10 min at 4°C. The release indices were calculated
as described above. No significant RBC cytolysis was observed.
EGF-stimulated, concentrated serum-free medium from A431
cells was also assayed for its ability to cause RBC cytolysis in
vitro. Serum-free medium containing 125 ug of secreted A431
proteins did not cause RBC cytolysis (release index = 3.8 +
2.1%). These results indicate that direct contact between A431
cells and RBC is necessary for a cytolytic effect and that the
associated proteolytic activity is localized at the cell membrane
of A431 cells.

An enriched cell membrane fraction from A431 cells was
tested in the RBC cytolysis assay (Table 4). As we have previ-
ously shown for other cancer cell lines (9-12), the cell mem-
brane fraction from the A431 cells was cytolytic for RBC. The

Table 4 A431-enriched, cell membrane-induced RBC cytotoxicity and the effect
of 1,10-phenanthroline and leupeptin at 1 mm concentration

A431 cells were grown to confluency and serum starved as described in Tables
1 and 2. The tissue culture medium was then replaced with fresh serum-free
medium containing 34 pM EGF, and the cells were incubated for an additional
18 h at 37°C in 5% CO; and 95% air. The cells were then harvested by exposure
to 0.1% (w/v) EDTA in sterile phosphate-buffered saline. The harvested cells
were washed 3 times with phosphate-buffered saline without EDTA, resuspended
in cold (4°C) hypotonic lysis buffer [0.025 M sucrose:0.005 M Tris-HC] (pH
7.4):0.0005 M MgCl,}, and allowed to swell on ice for 20 min. The cells were
ruptured with 40 strokes of a tight-fitting stainless steel Dounce homogenizer
and then centrifuged at 770 X g for 20 min to remove nuclei, unbroken cells, and
large cellular debris. The nuclear pellet was discarded, and the supernatant was
centrifuged at 50,000 X g for 20 min at 4°C to obtain an enriched cell membrane
pellet. The enriched cell membrane pellet was resuspended in normal saline, and
its protein content was determined. The tumor cell membrane-induced RBC
cytotoxicity assay was then performed as we have previously described (9-12).
$%Fe-labeled RBC target cells (1 x 107) in serum-free Ham’s F-12:Dulbecco’s
modified Eagle’s medium were added to 0.2 ml of A431 cell membranes plus
enough medium to make a final volume of 1 ml in 10- x 75-mm sterile tissue
culture tubes. In the indicated tubes, the medium contained 1 mMm leupeptin or
1,10-phenanthroline. The mixtures were then centrifuged at 200 X g for 10 min
at 4°C. Incubations were carried out for 18 h at 37°C in 5% CO; and 95% air.
Cells were then centrifuged at 200 X g for 10 min at 4°C. The radioactivity in the
cell pellet and supernatant was separately determined, and release indices and the
percentage of inhibition of cytotoxicity were then calculated as described in Tables
1to 3.

Release index (%) % of inhibition (<)
or % of stimula-
tion (+) of
Sample A431 + RBC RBC control cytotoxicity

Control membranes 50.3 + 3.9° 7515
Membranes + O-phen- 53.3+34 1.7+5.7 +6.5 + 18.6

anthroline
Membranes + leupeptin 29.9 + 6.6° 48+ 1.3 —41.3 £ 16.7

® Mean + SD.

% Significantly different from A431 membranes + RBC controls; P < 0.01.

metal chelator 1,10-phenanthroline had no effect on A431
membrane-induced RBC cytolysis. Leupeptin significantly in-
hibited membrane-induced RBC cytotoxicity.

Gel Substrate Electrophoresis Assay. Gelatin-polyacrylamide
electrophoresis assays were performed to determine the enzy-
matic activities and specificities of proteolytic enzymes present
in the cell membrane fraction and in growth-conditioned me-
dium of A431 cells. To test the sensitivity of this assay, the
relative electrophoretic mobilities of commercially purified en-
zymes were first determined. The proteolytic activities of tryp-
sin (M, 24,000), bacterial collagenase (M, 105,000), and papain
(M, 23,400) were detected at protein concentrations of 1 ng of
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trypsin, 0.1 ng of collagenase, and 2.7 ng of papain (Fig. 1). It
was noted that three additional protease contaminants were
present in the papain preparation. However, they were only
detectable at high protein concentrations (0.27 mg).

Fig. 2 shows the effect of EDTA on proteases localized in
membrane preparations. Cells were grown to confluency in
Dulbecco’s modified Eagle’s medium supplemented with 10%
fetal bovine serum then incubated 24 h in serum free medium.
Serum-starved cells were then treated with 34 pM EGF. Mem-
brane preparations were solubilized in Triton X-114, and pro-
teases were separated into detergent-phase and aqueous-phase
soluble fractions. Following gel electrophoresis, gel slices con-
taining the appropriate proteases were treated with 100 mm
EDTA or with glycine buffer. In the absence of EDTA, two M,
24,000 and 25,000 bands were detected (Fig. 2B). Treatment
with EDTA resulted in the appearance of four additional pro-
teases of approximate molecular weights of 49,000, 53,000,
58,000, and 62,000 (Fig. 2C).

When membrane proteases separated into detergent-soluble
(hydrophobic) and aqueous-soluble (hydrophilic) proteins, the
two M, 24,000 and 25,000 proteases again appeared in the
Triton X-114 phase (Fig. 2D). Treatment with EDTA resulted
in the appearance of additional bands of molecular weights of
46,000, 51,000, 57,000, and 62,000 (Fig. 2F). In contrast,
proteases of molecular weights of 20,000, 24,000, 25,000,
27,000, 30,000, and 53,000 were visible in the aqueous phase
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Fig. 1. Gel substrate and nonsubstrate polyacrylamide electrophoresis of com-
mercially purified proteases. Gel slabs containing 11% polyacrylamide, 0.1% (w/
v) sodium dodecyl sulfate, and 0.1% (w/v) 225 bloom gelatin in 0.37 M Tris-HCl
(pH 8.8) and measuring 140 x 130 x 0.75 mm were made. The stacking gel was
made of 3% polyacrylamide in 0.19 M Tris-HCI (pH 6.8). The running buffer was
0.025 M Tris:0.192 M glycine (pH 8.5):0.1% (w/v) sodium dodecyl sulfate.
Electrophoresis was performed at 4°C at 15 mA of constant current for 1 h and
then raised to 20 mA for the remainder of the electrophoresis. At the conclusion
of each experiment, the gels were soaked in 200 ml of 2.5% (v/v) Triton X-100
for 20 min 3 times. The gels were then cut into individual lanes and placed in
buffer with or without an inhibitor. The gel slices were then placed in 100 ml of
0.1 M glycine-NaOH buffer (pH 7.0) with or without 0.5 mm leupeptin or 100
mM EDTA for 16 h at 37°€. Gels were stained with a solution containing 0.1%
(w/v) Amido black, 30% (v/v) methanol, and 10% (v/v) acetic acid for 1 h at
room temperature. Destaining was accomplished using a solution of 30% meth-
anol and 10% acetic acid. Unstained bands of proteolytic digestion of the gelatin
were apparent after 2 to 4 h in the destaining solutions. The /anes represent from
left to right: A, Coomassie blue staining of low-molecular-weight markers; B,
Coomassie blue staining of 20 ug of commercially purified trypsin (M, 24,000);
C, 0.01 units (10 ng of protein) N-benzoyl-L-arginine ethyl ester of tryptic activity
in the gelatin gel; D, 0.01 N-benzoyl-L-arginine ethyl ester units of tryptic activity
in the presence of 0.5 mM leupeptin; E, Coomassie blue staining of 20 ug of
commercially purified bacterial collagenase (M, 105,000); F, 8 x 10~ N-benzoyl-
L-arginine ethyl ester units of collagenase activity (0.8 ng of protein) in the gelatin
gel; G, 8 X 10™* N-benzoyl-L-arginine ethyl ester units of collagenase activity in
the presence of 100 mm EDTA; H, 270 ug of commercially purified papain in
the gelatin gel. Four bands of protease activity with molecular weights of 57,000,
45,000, 23,000, and 22,000 were detected.
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Fig. 2. Gelatin gel electrophoresis of A431-enriched membrane proteases. The
cells were grown to confluency in Dulbecco’s modified Eagle’s medium supple-
mented with 10% fetal bovine serum followed by 24-h serum starvation and
treatment with 34 pm EGF. The membranes were solubilized in Triton X-114
and then phase separated. Two hundred ug of total or phase-separated protein
were loaded per lane. At the conclusion of electrophoresis, the gel slices were
incubated in 0.1 M glycine buffer with or without 100 mm EDTA. Lanes represent
from left to right: A, molecular weight markers; B, A431-solubilized proteins (M,
24,000 and 25,000); C, same as in B plus 100 mm EDTA (M, 24,000, 25,000,
49,000, 53,000, 58,000, and 62,000); D, A431 detergent phase membrane proteins
(M, 24,000 and 25,000); E, A431 aqueous phase membrane proteins (M, 20,000,
24,000, 25,000, 27,000, 30,000, and 53,000); F, Same as in D plus 100 mm
EDTA (M, 24,000, 25,000, 46,000, 51,000, 57,000, and 62,000); G, same as in
E plus 100 mMm EDTA (M, 24,000).

(Fig. 2E). Addition of EDTA resulted in inhibition of all these
proteases except the M; 24,000 protein (Fig. 2G). All proteases
detected in either the organic or the aqueous phase were com-
pletely inhibited by 1 mMm leupeptin (data not shown). The
protease inhibitors diisopropyl fluorophosphate, soybean tryp-
sin inhibitor, epsilon amino-caproic acid, and TLCK had no
effect on these proteases.

Fig. 3 shows the proteases that were visible in A431 serum-
free conditioned medium. Cells were cultured for 18 h in serum-
free medium and then were treated with either EGF or phen-
anthroline. In control experiments, cells were kept in serum-
free medium. After 18 h of further incubation at 37°C, medium
were removed, centrifuged at 50,000 X g, and concentrated
about 100-fold by ultrafiltration. Following gelatin gel electro-
phoresis, gel slices containing appropriate concentrations were
treated with either EDTA or leupeptin in glycine buffer. As
shown in Fig. 3C, a M, 20,000 protease was detected in medium
from EGF-treated cells. Addition of 100 mMm EDTA to incu-
bation buffer resulted in the appearance of three additional
proteases with molecular weights of 95,000, 93,000, and 80,000
(Fig. 3E). Phenanthroline (1 mM) had no effect on the activity
of the low-molecular-weight enzyme (M, 20,000) (Fig. 3D);
however, it greatly activated protease activity detected in the
presence of EDTA when added to cells during conditioning of
medium (Fig. 3F). EDTA also activates the phenanthroline-
induced protease but to a lesser extent (Fig. 3G). Leupeptin
completely inhibited all proteases (Fig. 3H).

Serum-free medium conditioned by growth of A431 cells and
Triton X-114 membrane solubilized proteins were also run on
polyacrylamide gel. One hundred times concentrated serum-
free medium from EGF-treated cells contained 2 major bands
(Fig. 4B). Treatment of the cells with phenanthroline resulted
in the appearance of many bands of protein in the serum-free
medium (Fig 4 D) that correspond in mobility to those induced
by EGF (Fig. 4B). The Triton X-114-solubilized cell membrane

182

Downloaded from cancerres.aacrjournals.org on January 26, 2022. © 1989 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

EGF CONTROL OF A431 PROTEASES

92.8
66.2

8 C 0 E F H

Fig. 3. Gelatin gel electrophoresis of A431 cell-conditioned serum-free me-
dium. The cells were cultured for 18 h in serum-free Ham’s F-12:Dulbecco’s
modified Eagle’s (1:1) medium and were then fed with either serum-free medium,
medium containing 34 pM EGF, or medium containing 1 mM 1,10-phenanthro-
line. The cells were cultured for an additional 18 h at 37°C in 5% CO, and 95%
air. The culture media were removed, centrifuged at 50,000 X g for 20 min at 4°C
and then filtered through a sterile 0.22-um Millipore filter. The medium was
concentrated 100 times by ultrafiltration through an Amicon PM10 M, 10,000
cutoff ultrafiltration membrane at 4°C under 55 1b/in? of nitrogen. Electrophoresis
and staining were performed as described in Figs. 1 and 2. Lanes are from left to
right: A, molecular weight standards; B, control A431 serum-free growth medium
(60 ug of protein); C, growth medium plus 34 pM EGF (60 ug of protein); D,
growth medium plus 1 mm 1,10-phenanthroline (60 ug of protein); E, same as in
B plus 100 mm EDTA in the gel incubation buffer; F, same as in C plus 100 mm
EDTA in the gel incubation buffer; G, same as in D plus 100 mm EDTA in the
gel incubation buffer; H, same as in B plus 100 mM EDTA and 1 mM leupeptin
in the gel incubation buffer. The molecular weight of the low-molecular-weight
protease in Lanes B to F was estimated to be 20,000. The molecular weights of
the high-molecular-weight proteases in Lane E were 80,000, 93,000, and 95,000,
respectively.

Cc D

Fig. 4. Polyacrylamide gel electrophoresis of A431 Triton X-114-solubilized
membrane proteins. 4, molecular weight markers; B, 34 pM EGF-treated cells
(500 ug of proteins from serum-free conditioned medium); C, 500 ug of proteins
of Triton X-114 cell membrane preparation; D, 500 ug of serum-free medium of
A431 cells treated with 1,10-phenanthroline.

preparation contained many protein bands as expected (Fig.
4C). The nature of these proteins is yet to be determined.

DISCUSSION

The A431 human epidermoid carcinoma cell line has been
extensively used to study, characterize, and purify the receptor
for epidermal growth factor (4-8). We have been interested in
the role of growth factors and growth factor receptor tyrosine
kinase activity in the regulation of cancer cell proteases. This

interest has been heightened by the recent clinical correlations
of HER 2/neu gene amplification and breast cancer progression
in humans (19, 20). The HER 2/neu gene codes for an EGF-
like receptor (19).

The A431 cell line has been shown to respond in vitro to
EGF by enhanced cell proliferation (8). The approximately
30% inhibition of RBC cytotoxicity caused by 0.5% fetal bovine
serum suggested that there was a serum inhibitor of a secreted
cellular protease. However, we could not document any cyto-
lytic activity for the cell-free medium secreted from EGF-
stimulated cells. Serum-free medium from cells treated with
EGF or 1,10-phenanthroline and concentrated 100 times by
ultrafiltration contained a leupeptin-inhibitable protease. This
suggests the secretion of a protease which is active only in the
microenvironment at the tumor cell membrane. The similarity
of effect of EGF and 1,10-phenanthroline on RBC cytotoxicity
and protease secretion suggests a possible role for calcium in
the action of EGF on protease activity.

In the absence of EGF, serum-starved A431 cultures were
not cytolytic for RBC. Addition of 3.4 pm EGF fully restored
the cytolytic activity of the A431 cells towards RBC. The
protease inhibitor leupeptin eliminated the cytolytic activity of
the EGF-stimulated A431 cells, suggesting the action of a
cytolytic cysteine or serine protease. These results indicate that
EGF may be involved in tumor cell cytolytic activity. The metal
chelating agent 1,10-phenanthroline markedly stimulated the
RBC cytolytic activity of the A431 cells despite profoundly
inhibiting A431 cellular protein synthesis. This stimulation was
significantly inhibited by leupeptin. These results also suggest
the activation of a membrane-bound cysteine protease-like en-
Zyme.

Since the primary action of EGF on the A431 cell is to
stimulate the tyrosine kinase activity of the cell membrane EGF
receptors, inhibitors of protein kinases were tested in the RBC
cytolysis assay. Amiloride and TLCK are both inhibitors of
cellular kinases including tyrosine kinases. Both of these agents
profoundly inhibited A431-induced RBC cytolysis. However,
they significantly inhibited A431 protein synthesis as well. The
protein synthesis inhibitor cycloheximide also inhibited cyto-
lysis. The effect of tyrosine kinase inhibitors on growth factor-
stimulated A431 cells is to cause inhibition of cell growth and
division. Inhibition of protein synthesis after a period of hours
would be expected as a result. Therefore it is difficult to estab-
lish whether the inhibition of protein synthesis or other cellular
activities by protein kinase inhibitors is responsible for the
inhibition of cytotoxicity or whether the inhibition of phospho-
rylation is responsible for this effect. However, 1,10-phenan-
throline profoundly inhibited A431 protein synthesis while
stimulating cytotoxicity. This suggests that inhibition of protein
synthesis need not be the mechanism of inhibition of cytotox-
icity.

Cell membranes prepared from EGF-treated A431 cells were
cytolytic for RBC as we have reported for other cancer cells (9-
12). The A431 cell membrane-induced RBC cytotoxicity was
inhibited by leupeptin as predicted by experiments with whole
A431 cells. 1,10-Phenanthroline did not stimulate membrane-
induced RBC cytolysis, demonstrating that the effect of the
chelator required intact cells despite the fact that the drug
profoundly inhibits protein synthesis. This supports the hy-
pothesis that 1,10-phenanthroline acts through the activation
and relocalization of cellular proteases on or to the cell mem-
brane in intact cells as discussed below.

In the gelatin substrate-containing polyacrylamide gel elec-
trophoresis assay for proteases, we have demonstrated that
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A431 cells contain hydrophobic membrane-bound proteases. %
The proteases were activated by metal chelators and were 3
inhibited by leupeptin which parallels with the results obtained

with the whole cells and with serum-free medium. These results
suggest that these proteases may be novel enzymes, either
cysteine proteases or trypsin-like serine proteases, which are 3
activated by metal chelators, are active at neutral pH, and are
responsible for A431-induced RBC cytolysis.

The amplified EGF receptors in the A431 cells appear to 6
control the expression of the RBC cytolytic activity and prote-
olytic activity of the cells. It is interesting to speculate that the 7
increase in intracellular free calcium ions that is caused by
growth factor receptor activation might activate and/or relocate 8
cellular proteases on and to the cell membrane. This hypothesis
would fit the observation that direct tumor cell-target cell
contact appears to be essential for RBC cytolysis to occur, as 9
well as a requirement for whole A431 cells to obtain the
stimulatory effect of 1,10-phenanthroline. 10.

Thus, it appears that EGF stimulation of protease activity
and RBC cytolysis is a characteristic activation of A431 cells.

To our knowledge no other cell line expresses increased prote- 11
olytic/cytolytic activity in response to EGF. Furthermore, A431
cells which have been previously deprived of EGF are not 12.
cytolytic (release index of approximately 17%). Treatment with
EGF increases the cytolytic activity (release index of 51%). 3.
Further evidence is provided in recent literature where NIH
3T3 cells cloned with the EGF receptor gene (21) (an analogous 14.
situation of A431-amplified EGF receptor gene) are rendered
cytolytic upon treatment with physiological concentrations of !5
EGF (release index increases from 20.7 + 1.7% to 73.4 +
9.1%). The parental cell type which exhibits only an EGF 16.
growth response causes an RBC release index 0f 9.22 +2.53%.*
EGEF, therefore, appears to regulate both A431 cell divisionand 17.
protease activity. Studies to ascertain whether the cellular pro-
teases are substrates for the EGF receptor tyrosine or nonty- ;g
rosine kinases stimulated by the EGF receptor (for example,
protein kinase C) are in progress. 19.
REFERENCES 20.
1. Heldin, C-H., and Westermark, B. Growth factors: mechanism of action and 3],
relation to oncogenes. Cell, 37: 9-20, 1984.

4 Unpublished results.

184

Goustin, A. S., Leof, E. B., Shipley, G. D., and Moses, H. L. Growth factors
and cancer. Cancer Res., 46: 1015-1029, 1986.

. Stoscheck, C. M., and King, L. E., Jr. Role of epidermal growth factor in

carcinogenesis. Cancer Res., 46: 1030-1037, 1986.

. Wrann, M. M., and Fox, C. F. Identification of epidermal growth factor

receptors in a hyperproducing human epidermoid cell line. J. Biol. Chem.,
254: 8083-8086, 1979.

. Cohen, S., Carpenter, G., and King, L., Jr. Epidermal growth factor-receptor

protein kinase interactions. Co-purification of receptor and epidermal growth
factor-enhanced phosphorylation activity. J. Biol. Chem., 255: 4834-4842,
1980.

. King, L. E., Jr., Carpenter, G., and Cohen, S. Characterization by electro-

phoresis of epidermal growth factor stimulated phosphorylation using A-431
membranes. Biochemistry, /9: 1524-1528, 1980.

. Ushiro, H., and Cohen, S. Identification of phosphotyrosine as a product of

epidermal growth factor-activated protein kinase in A431 cell membranes. J.
Biol. Chem., 255: 8363-8365, 1980.

. Kawamoto, T., Sato, J. D., Polikoff, J., Sato, G. H., and Mendelsohn, J.

Growth stimulation of A431 cells by epidermal growth factor: identification
of high-affinity receptors for epidermal growth factor by an anti-receptor
monoclonal antibody. Proc. Natl. Acad. Sci. USA, 80: 1337-1341, 1983.

. DiStefano, J. F., Beck, G., Lane, B., and Zucker, S. Role of tumor cell

membrane-bound serine proteases in tumor-induced target cytolysis. Cancer
Res., 42: 207-218, 1982.

DiStefano, J. F., Zucker, S., Lane, B., Mehling, K. A., Seitz, P. M., and
Beck, G. Analysis of the cell membrane proteolytic enzymes of the B16
melanoma and their role in target cell destruction. Cancer Invest., 4: 403-
420, 1986.

DiStefano, J. F. Role of proteases in red blood cell target cell destruction by
cells transformed by Rous sarcoma virus mutants. Cancer Res., 46: 1114-
1119, 1986.

DiStefano, J. F., Cotto, C. A., Lane, B., and Hagag, N. Oncogene ras p21
and v-src pp60 transformed cells exhibit altered expression of proteases.
Cancer Invest., in press, 1988.

Bordier, C. Separation of integral membrane proteins in Triton X-114s
solution. J. Biol. Chem., 256: 1604-1607, 1981.

Richert, N., Davies, P. J. A, Jay, G., and Pasten, I. Inhibition of the
transformation-specific kinases in ASV-transformed cells by N-a-tosyl-L-
lysine chloromethyl ketone. Cell, /8: 369-374, 1979.

Kupfer, A., Gani, V., Jiminez, J. S., and Shaltiel, S. Affinity labelling of the
cyclic AMP-dependent protein kinases by N-a-tosyl-L-lysine chloromethyl
ketone. Proc. Natl. Acad. Sci. USA, 76: 3073-3077, 1979.

Ralph, R. K., Smart, J., Wojcik, S. J., and McQuillan, J. Inhibition of mouse
mastocytoma protein kinases by amiloride. Biochem. Biophys. Res. Com-
mun., 104: 1054-1059, 1982.

Holand, R., Woodgett, J. R., and Hardie, D. G. Evidence that amiloride
antagonizes insulin-stimulated protein phosphorylation by inhibiting protein
kinase activity. FEBS Lett., 154: 269-273, 1983.

Davis, R. J., and Czech, M. P. Amiloride directly inhibits growth factor
receptor tyrosine kinase activity. J. Biol. Chem., 260: 2543-2551, 1985.
Slamon, D. J., Clark, G. M., Wong, S. G., Levine, W. J., Ullrich, A., and
McGuire, W. L. Human breast cancer: correlation of relapse and survival
with amplification of the HER-2/neu oncogene. Science (Wash. DC), 235:
177-182, 1987.

Cline, M. J., Battifora, H., and Yokota, J. Proto-oncogene abnormalities in
human breast cancer: correlations with anantomic features and clinical course
of disease. J. Clin. Oncol., 5: 999-1006, 1987.

Velu, T. J., Beguinot, L., Vass, W. C., Willingham, M. C., Melino, G. T.,
Pastan, 1., and Lowy, D. R. Epidermal growth factor-dependent transfor-
mation by a human EGF receptor proto-oncogene. Science (Wash. DC), 238:
1408-1410, 1987.

Downloaded from cancerres.aacrjournals.org on January 26, 2022. © 1989 American Association for Cancer

Research.


http://cancerres.aacrjournals.org/

AAC American Association
for Cancer Research

Cancer Research

The Journal of Cancer Research (1916-1930) | The American Journal of Cancer (1931-1940)

Role of Epidermal Growth Factor in the Expression of A431
Cancer Cell Protease and Red Blood Cell Cytotoxicity

John F. DiStefano, Cindy Anne Cotto, Bernard Lane, et al.
Cancer Res 1989;49:179-184.

Updated version  Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/49/1/179

E-mail alerts  Sign up to receive free email-alerts related to this article or journal.

Reprints and  To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Subscriptions Department at pubs@aacr.org.

Permissions  To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/49/1/179.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on January 26, 2022. © 1989 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/content/49/1/179
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/49/1/179
http://cancerres.aacrjournals.org/

