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Abstract: The production of plasminogen activators (PA) is
associated with the neoplastic transformation of many
types of cells. A number of the phenotypic changes
associated with transformation are dependent, at least in
part, upon the generation of plasmin by the PA secreted
by these cells. One of these changes, the loss of intra-
cellular actin-containing cables in neoplastic cells, can
be correlated with the level of extracellular proteases.
Moreover, these same proteases can cause the disappear-
ance of actin-containing cables in normal cells when sup-
plied exogenously. Therefore, plasmin acting from the
external side of the plasma membrane appears to be cap-
able of causing the dissolution of these intracellular
structures, The control of PA synthesis in two cell
types, chick embryo fibroblasts infected with a temper-
ature-sensitive mutant of Rous sarcoma virus and human
embryonic lung cells, has been examined. Induction of PA
requires both RNA and protein synthesis. Deinduction of
PA also requires a new RNA and, perhaps, protein to be
made. If the synthesis of this RNA is inhibited, PA pro-
duction can continue for many hours under conditions that
are normally non-permissive.

INTRODUC TION
The association between increased fibrinolysis and onco-
genic transformation has been demonstrated to occur in cul-

tured fibroblasts from a number of different species (1-7).
The increased fibrinolysis observed is the result of the
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activation of the zymogen plasminogen to its active form,
plasmin, and the subsequent digestion of fibrinogen by plas-
min (8). Plasminogen is a normal component of plasma and
serum. The activation of plasminogen to plasmin is catalyzed
by a second protease, plasminogen activator, that is produced
by the transformed cells., The proteolytic nature of the
activation can be demonstrated by monitoring the conversion
of the single chain protein plasminogen to the two-chain
enzyme plasmin by means of polyacrylamide gels (9). The
plasminogen activators (PA) produced by malignant cells are
active serine proteases with a trypsin-like specificity.

They can be inhibited by DFP as well as other agents that re-
act with proteases of this type. The PA produced by trans-
formed cells of different animal species have molecular
weights ranging from 45,000 for the enzyme from Rous sarcoma
virus-transformed chick embryo fibroblasts to 72,000 for the
PA from human melanoma cells (3,10).

A variety of experiments have indicated that the observed
increasein production of PA by these cells is the result of
transformation. Most normal fibroblasts have low levels of
PA, but after transformation by oncogenic viruses or chem-
icals, the amount of PA increases dramatically (Table 1). A
few nonmalignant cells, however, produce significant quanti-
ties of PA. These include human embryonic lung cells, human
embryonic kidney cells, granular cells, activated macrophages
and granulocytes (3,11,12). The increase in PA is not the
result of viral infection since only transforming viruses in-
duce the synthesis of PA (1); cytocidal or temperate viruses
do not induce such increases. Finally, cells infected with a
mutant of RSV, which is temperature-sensitive for transforma-
tion, produce PA at the permissive temperature but not at the
restrictive temperature (Fig. 1) (13). Thus, the production
of PA appears to be a concommitant of transformation when
fibroblasts are examined.

The production of PA has also been demonstrated to be
related to the phenotype of the transformed cells. The abil-
ity of transformed cells to grow in agar (5,14), to migrate
from the edge of a wound (15), and to express certain morpho-
logical changes (2,14,16) all appear to be dependent, at
least in part, on the generation of plasmin. These observa-
tions, coupled with the reports that proteases may stimulate
cell division (17-21) as well as alter the agglutinability of
normal cells (22,23), indicate that the production of PA may
have a significant effect on the in vitro properties of neo-
plastic cells.
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TABIE 1

Fibrinolytic activities of normal and transformed cells

Radioactivity
released into
growth medium

Cell type (% of total)
CEF 1.4
CEF-SR RSV 36.2
CEF-RAVS0 1.4
HEF 1.k
HEF-SVLO 31.0
MEF " 0.8
MEF-MSV" 70.0
HuEF 5.3
HuEL 5.4
Osteosarcoma’ L 5
Melanoma 7.8
REF 5.1
REF-SV12 7.20
REF-SV9 61.5

The data were compiled from several papers and show the
different fibrinolytic activities of cells or conditioned
medium. Those experiments marked with an * represent the
activities found in serum-free medium collected from the de-
signated cell type. All other experiments were performed by
plating cells directly onto 25I-fibrin films and measuring
the release of '25I. The abbreviations are: CEF, chick
embryo fibroblast; CEV-SR RSV, chick embryo fibroblasts
transformed by the Schmidt Ruppin strain of Rous sarcoma
virus; CEF-RAV50, chick embryo fibroblasts infected with
avian leukosis virus; HEF, hamster embryo fibroblasts; HEF-
SVhO, hamster embryo fibroblasts transformed by SvVi0; MEF,
mouse embryo fibroblasts; MEF-MSV, mouse embryo fibroblasts
transformed by murine sarcoma virus; HuEF, human embryo

265



D. B. RIFKIN AND R. POLLACK

fibroblasts; REF-SV12, a clone rat embryo fibroblast trans-
formed by SVLO; REF-SV9, a second clone of rat embryo fibro-
blasts transformed by SV4O. Data taken from references 1, 2,
3, and 5.

Infracellular levels of
16 Plosminogen activator
in CEF infected with T5-68

cpm x 10-3

2 3 4 5 6 7 8
Hours after temperature shift

Fig. 1.. Intracellular levels of PA in
chick embryo fibroblasts infected with RSV
ts 68. Chick embryo fibroblasts infected
with RSV ts 68 were grown either at 41 or
36°C for at least one week, then trypsinized
and plated at the appropriate temperature
one day before initiation of the experiment.
At zero time, the medium was removed from
the cultures and replaced with fresh medium
that had been warmed to the appropriate
temperature; the cultures were then placed
either at 36 or 41°C. At the indicated times,
the medium was removed and the cells washed,
scraped and centrifuged. The cell pellets
were assayed for PA as described (13). —9,
2641°C, RSV ts 68; W—@ L1556°C, RSV ts 68;
0, CEF, 41 or 36°C; [J, RSV-SR-A, 41 or 36°C.

In this paper we have described experiments concerning
two aspects of our studies on PA: the relationship between
PA synthesis and intracellular actin organization as visual-
ized by the use of antibodies to actin, and the mechanism of
control of PA synthesis in normal and malignant cells.
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PIASMINOGEN ACTIVATOR AND CELL STRUCTURE

In an earlier report, a series of clones of SVLO-trans-
formed rat embryo fibroblasts (REF) were described (5).
These clones varied over a tenfold range in their production
of PA and produced between 40 and 300 times as much PA as did
primary REF. When primary REF, cells from SVRE 12 (a clone
that produces small amounts of PA), and cells from SVRE 9 (a
clone that produces large amounts of PA) were examined by an
indirect immunofluorescence procedure using anti-actin anti-
body, striking differences were apparent in the distribution
and amount of actin-containing cables (Fig. 2) (24). The
nontransformed cells (REF) exhibited many actin-containing
cables. Conversely, SVRE 9 cells contained few actin-contain-
ing cables but did show a diffuse intracellular fluorescence.
SVRE 12 cells had fewer actin-containing cables than REF
cells but had considerably more structured actin than the
SVRE 9 cells. Thus, there was an inverse correlation between
the amount of PA synthesized by cells from each of these
clones and the amount of polymerized actin they contained.

In most of the phenomena that have been examined, the
effect of PA has been indirect and medlated through plasmin
formation rather than directly through the action of PA.
However, to produce significant levels of plasmin under tis-
sue culture conditions, it is necessary to use a serum that
is low in protease inhibitors and that contains a plasminogen
easily activated by the PA produced. The studies illustrated
in Fig. 2a-c¢ employed fetal bovine serum which contains large
amounts of protease inhibitors and a plasminogen poorly activ-
ated by rat PA. If the cells were grown in the presence of
fetal bovine serum supplemented with dog serum, a serum that
allows high levels of plasmin formation with rat PA, and the
three cell types examined for the presence of actin-contain-
ing cables, a striking effect was detected (Fig. 2d-f). The
REFs showed no difference in actin-containing cables depend-
ent upon the serum supplement; cables were present under
both conditions. Likewise, SVRE 9 cells exhibited little
change in the amount of actin-containing cables as a func-
tion of the serum type. These two observations are consist-
ent with the extremely low level of PA synthesis by REFs and
the high level of synthesis of PA by SVRE 9. 1In the latter
case, it is assumed that even in the presence of fetal calf
serum enough plasmin is formed to dissociate the actin-con-
taining cables. However, the SVRE 12 cells, which contained
actin-containing cables when grown in the presence of fetal
calf serum, were now found to be practically devoid of actin-
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Fig. 2. Effect of serum species on actin cables in SVhO-transformed and
untransformed rat embryo cells. All cells plated on coverslips in Dulbecco's
medium plus 10% fetal calf serum (a,b,c) or Dulbecco's medium plus 2.5% fetal
calf serum plus 7.5% dog serum {d,e,f). The cell types examined were normal
rat embryo cells (&,d), SVRE 9, (b,e), and SVRE12 (c,f).
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containing cables (Fig. 2). This can be explained by the
higher fibrinolytic activity generated by these cells under
these conditions.

These results are in agreement with the hypothesis that
plasmin may be responsible for the loss of actin-containing
cables in transformed cells producing PA. This hypothesis
predicts that the actin-containing cables in normal REFs
should be sensitive to externally supplied plasmin. This was
tested by incubating rat embryo cells with plasmin generated
from the combination of purified dog plasminogen plus uro-
kinase, a PA purified from human urine. Cells were then
scored for the presence or absence of cables as a function of
time after the addition of plasmin (24k)., In cells exposed to
plasmin there was a rapid loss of actin-containing cables
within the first three hours (Fig. 3). Neither dog plasmin-
ogen nor urokinase by themselves had any effect on the

Cells containing actin cables (%)

Fig. 3. Effect of proteases on actin-contain-
ing cables in REF. Rat embryo fibroblasts plated on
coverslips were incubated with 1.5 ug/ml of purified
dog plasminogen and 25 ug/ml of human urokinase. At
the indicated times, coverslips were removed, the
cells stained for actin-containing cables, and the
percentage of cells with actin-containing cables was
computed, ¢—@. A control set of cultures received
no protease, O0—0O. The proteolytic activity in a
second set of plasmin-treated cultures was stopped by
the addition of serum, #&--&A A fourth set of cultures
was treated with trypsin (2 ug/ml), A--- A.
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percentage of cells seen to have actin-containing cables.
Similar results were obtained if the cells were exposed to
purified trypsin rather than plasmin. Two other proteases,
chymotrypsin and thrombin, were also able to dissociate actin-
containing cables but much less efficiently than either plas-
min or trypsin (24). If the activity of plasmin was arrested
by the addition of fetal calf serum to the cultures, there

was a subsequent reappearance of actin-containing cables ind-
icating that the cells retained the ability to polymerize
actin (2L).

Thus, it appears that extracellular proteases can affect
the internal structure of cells in culture. It is interest-
ing to speculate on the general role that such proteolytic
activities may play in the normal shape changes seen in
mitosis. It is also of some interest to ask how such enzymes,
presumably acting externally to the plasma membrane, are able
to affect internal structures.

CONTROL OF PA SYNTHESIS

To study the control of PA synthesis, we chose to examine
the macromolecular requirements for PA production in chick
embryo fibroblasts infected with a mutant of Rous sarcoma
virus temperature-sensitive for transformation (25). Earlier
studies had shown that cells infected with viruses of this
type produced PA at the permissive temperature, 560, but not
at the restrictive temperature, 41° (1). In Fig. 1 are shown
the results of an experiment employing CEF-TS 68 cells shifted
from either permissive to restrictive or restrictive to per-
missive temperatures and assayed for intracellular PA. 1In
cells shifted from 41° to 560, the enzyme appeared rapidly
and could first be detected between 2-3 hours. This initial
production of PA could be prevented by the inclusion of in-
hibitors of RNA and protein synthesis in the culture medium
at the time of temperature shift (13).

The deinduction of PA synthesis upon shift of cells from
36° to L41° was extremely rapid, with a half time of less than
one hour (Fig. 1). This was unexpected since earlier experi-
ments had indicated that PA was the product of a cellular
gene and would not be expected to be temperature-sensitive in
these cells. Experiments (not illustrated) indicated that,
indeed, the PA produced by CEF-TS68 was not significantly
temperature-labile (13). However, a striking result was ob-
served when the effects of inhibitors of macromolecule syn-
thesis on PA deinduction were examined. Although the
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inhibition of protein synthesis by the addition of cyclohex-
imide at the time of temperature shift resulted in the accel-
erated loss of PA activity, the inhibition of DNA-dependent
RNA synthesis by the addition of actinomycin protected
against the loss of PA activity (Fig. 4). Cells shifted to
the restrictive temperature in the presence of actinomycin
contained high levels of PA for periods up to 18 hours, at
which time the state of the cells had deteriorated to such a
degree that the experiment was terminated.

I25I

10

cpmx 10-3
[+2]

2 3 4 5 ¢
Hours after temperature shift

Fig. 4. The effect of inhibitors of
macromolecule synthesis on PA levels in
chick embryo fibroblasts infected with ts
68. Chick embryo fibroblasts infected with
ts 68 were grown at 36°C. At zero time, the
culture medium was removed and replaced with
medium warmed to 41°C. One third of the cul-
tures received medium containing actinomycin
(1 ug/ml); one third, medium containing
cycloheximide (20 pug/ml); and one third,
medium alone (controls). The cultures were
then placed at 41°C, and at the appropriate
times, the cells were scraped and assayed for
PA as described in the text. @—@, control;
&—A, actinomycin (1 ug/ml); 0—0, cyclohex-
imide (20 pg/ml).

The nature of the requirement for the inhibition of RNA

synthesis to prevent deinduction was added at progressively
later times after the temperature shift and the final level
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of PA observed (Table 2). The ultimate steady state value of
PA was dependent upon the time of addition of the drug. If
the actinomycin was added later than two hours after the
temperature shift, there was little retention of PA. These
results also demonstrate that the ability of these cells to
synthesize PA cannot be recovered at 41° if RMA synthesis is
inhibited too late after temperature shift.

TABIE 2

Protective effect of actinomycin on PA synthesis as a
function of time of addition after temperature shift

Time of addition

of actinomycin Final level of PA
(hr) (% control at O time)
0 75
1 39
2 2k
- 9.8

Chick embryo fibroblasts infected with TS68 were
grown at 369, At the initiation of the experiment,
cultures were shifted to 41°. At the times indicated,
actinomycin (1 pg/ml) was added to the cultures. Eight
hours after the initiation of the experiment, the cul-
tures were scraped and assayed for PA.

In the second experiment, the question asked was whether
the requirement for the inhibition of RNA synthesis upon
temperature shift was continuous or transitory. In this ex-
periment, the drug 5-bromotubercidin (BuTu) was used in place
of actinomycin. Earlier experiments had indicated that BuTu,
like actinomycin, inhibited DNA-dependent RNA synthesis but,
unlike actinomycin, the effect of BuTu was reversible (25).
Thus, in cultures of CEF-TS68 shifted to 41° in the presence
of BuTu (Fig. 5), PA synthesis was observed to continue. In
comparison cultures, the BuTu was removed 2 or 5 hours after
the shift to 41° had taken place. The level of PA immediate-
ly fell coincidental with the resumption of RNA synthesis.
Thus, it appears that the continuous suppression of RNA syn-
thesis is required to permit the production of PA at the non-
permissive temperature.
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cpm x 10-3

2 3 4 5 6 7 8 7 10
Hours after temperature shift

Fig. 5. The reversible effect of bromotuber-
cidin. Cultures of chick embryo fibroblasts in-
fected with TS68 were treated precisely as described
in the experiments illustrated in Fig. 1. However,
at 2 and 5 hours after the Lemperature shift, the
bromotubercidin was removed from some sets of cul-
tures and replaced with normal medium. @—@, Control;
0—0, bramotubercidin (10 pg/ml); @---0O, bromo-
tubercidin washed out at 2 hr; A---A , bromotubercidin
washed out at 5 hr.

The maintenance of high levels of PA in cells held at the
nonpermissive temperature in the presence of actinomycin
could represent either de novo enzyme synthesis or the reten-
tion of enzyme synthes1zed at 36 Since, as yet, techniques
are not available to measure directly de novo synthesis of PA,
we have attempted to demonstrate continued enzyme synthesis
by several indirect methods. For example, if protein synthe-
sis is inhibited by the addition of drugs such as cyclohex-
imide to cultures previously treated with actinomyecin at the
time of temperature shift, there is an immediate loss of PA
activity (results not shown) (13). The decrease in PA is co-
incident with the inhibition of protein synthesis. A second
approach to the question of de novo enzyme synthesis is
illustrated in Table 3. Cells infected with TS68 were shift-
ed fram 36° to 41° in the presence of both actinomyein and
cycloheximide. After the intracellular PA content had fallen
to less than 10% of the initial value, the cycloheximide was
removed and protein synthesis allowed to resume. A rapid in-
crease in the intracellular content of PA was then observed.
Thus, cells containing low levels of PA were able to re-
establish high levels of PA upon the reinitiation of protein
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TABIE 3

Reversibility of cycloheximide inhibition of PA synthesis

PA (% of actino-

Conditions at 41° mycin treated)
Actinomycin at time of shift 100
No drug at time of shift 5
Actinomycin + cycloheximide at time of shift 16

Actinomycin + cycloheximide at time of
shift; cycloheximide removed at 2 hr. 98

Chick embryo fibroblasts infected with TS68 and grown at
36° were shifted to 41° and the drugs indicated were added to
replicate cultures. Actinomycin was used at 1 ug/ml and
cycloheximide at 2 ug/ml. At the end of 8 hr, all cultures
were sScraped and the amounts of PA determined.

synthesis. Finally, an experiment was performed to measure
both the intracellular and extracellular levels of PA in con-
trol and actinomycin-treated cultures after shift from 3%6° to
41° (Table 4). Cultures that had received actinomycin con-
tinued to secrete PA into the culture medium at linear rates
for periods up to 16 hours while simultaneously retaining
high intracellular levels of PA. In control, nondrug-treated
cultures, the extracellular level initially rose sharply but
then leveled off in concert with the decrease in intracellul-
ar PA. The retention of a high intracellular level of PA
with the continued secretion of PA into the culture medium,
as well as the results from the other experiments, is most
easily interpreted as the result of continued synthesis of PA
at 41°, However, proof of de novo synthesis will require the
isolation of enzyme biosynthetically labeled with radioiso-
topes added to the culture after the temperature shift.

Although the synthesis of a new RNA appeared to be re-
quired for deinduction of PA upon temperature shift, the
question of whether a similar requirement existed for protein
synthesis during deinduction remained unanswered. This was
approached in the following manner. Cells (CEF-TS68) were
shifted from %6° to 41° in the presence of cycloheximide.

RNA synthesis was allowed to take place under these conditions
for 4 hours. The cultures were then washed free of cyclchex-
imide to permit the resumption of protein synthesis and ex-
posed to actinomycin to inhibit RNA synthesis. If RNA
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TABIE 4

Intra- and extracellular levels of PA

PA (% of actinomycin
Additions treated)

A. Intracellular activity

- % hr 12.9

6 hr 10.2

16 hr 10.3
Actinomycin (1 pg/ml) 3 hr 100
6 hr 100
16 hr 100

PA activity cpm x 107
B. Extracellular activity

- 3 hr 7.4

6 hr 10.2

16 hr 12.0

Actinomycin % hr 10.4
6 hr 17.6

16 hr 30.4

Chick embryo fibroblasts infected with TS68 and grown at
36° were shifted to 41°. Actinomycin (1 ug/ml) was added to
half the cultures. At the times indicated, cultures were
scraped and assayed for PA. To assay extracellular activity
the medium was removed from one set of cultures and assayed
for PA.

synthesis by itself was sufficient for deinduction, there
should have been no resumption of PA activity. If both pro-
tein and RNA synthesis were required, then PA content should
have increased. Table 5 shows that PA level did increase
under these conditions, a result consistent with an assumed
requirement for both RNA and protein synthesis for PA dein-
duction. This result also implies that the new RNA synthe-
sized must turn over rapidly since it has little effect once
protein synthesis is reinitiated in the absence of continued
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RNA synthesis.
TABIE 5

Requirement for protein synthesis for PA deinduction

PA (% of actino-

Additions mycin treated)
- 5

Actinomycin (1 ug/ml) 100

Cycloheximide (2 ug/ml) 10

Cycloheximide (2 pg/ml); remove
cycloheximide at 4 hr and re-
place by actinomycin (1 ug/ml) o2

Chick embryo fibroblasts infected with TS68 and incubated
at 36° were shifted to 41° in the presence of the indicated
drugs. After 4 hr at 419, the cycloheximide was removed from
one culture and replaced by actinomycin. At the end of & hr,
the cultures were scraped and assayed for PA.

Results similar to these have been observed when the de-
induction of several enzymes found in eukaryotic cells has
been perturbed by the addition of drugs such as actinomycin
(27). Tomkins has presented a model to explain these observ-
ations in which deinduction of the enzyme in question requires
the synthesis of a new species of RNA (28). The presence of
actinomycin at the time of shift from permissive to restrict-
ive conditions prevents the synthesis of this RNA and thus
the production of enzyme continues from a stable mRNA. The
exact mechanism by which this RNA initiates deinduction has
not been elucidated, nor has the RNA been isolated.

Our results are entirely consistent with this model. Tt
should be noted, however, that Tomkins's proposal has been
criticized by several workers (29) and that alternative
models can be proposed which fit the data equally well (see
Discussion). The resolution of this problem will require a
more careful analysis, including the isolation of the con-
trolling molecules.

A normal cell found to produce PA is the human embryonic

lung cell (HUEL) (3). These cells generate PA at rates com-
parable to those seen by malignant cells. When HuEL cells
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are exposed to corticosteroids, there is a rapid inhibition
of PA synthesis (Table 6). Steroids of other classes are not

TABIE 6

Effect of steroids on PA synthesis in human
embryonic lung cells

Activity
Steroid addition (% of control)
- 100
Dexamethasone 10.90
Fludrocortisone 9.7
Hydrocortisone 7.9
Corticosterone 17.7
Prednisolone 25.4
Cortisone 41.2
Progesterone 69.4
4_Androsten-3,7-dione 75.3
Testosterone 96.5

Human embryonic lung cells plated at 5 x 107
cells per 60-mm dish were exposed to the indic-
ated hormones (10-6 M) overnight. The next day
the cells were scraped and assayed for PA.

effective. The ability of corticosteroids to cause the de-
induction of PA in HuEL cells is of potential medical inter-
est because of the proposed involvement of both corticoster-
oid levels and the fibrinolytic system in respiratory disease
syndrome (RDS) (30). Children with this disease have an im-
paired fibrinolytic system that manifests itself by the in-
ability of the infant to remove the fibrin-containing hyaline
membrane that forms in their lungs at birth. This may be due
to a lack of plasminogen resulting from premature conversion
of plasminogen to plasmin by the PA from HuEL cells. The low
levels of corticosteroids in children with RDS suggest that
abnormal PA production may occur in these infants (31). The
reported beneficial effects of corticosteroid therapy in pre-
venting RDS is consistent with this hypothesis. More experi-
ments are necessary, however, to document this proposed
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relationship between the PA from HuEL and RDS.

The ability to modulate with corticosteroids PA produc-
tion in these cells has permitted an analysis of PA deinduc-
tion in this system and a comparison with that seen in CEF-
TS68 cells upon temperature shift. No deinduction was ob-
served when actinomycin was added at the same time as dexa-
methasone (Fig. 6). This effect has also been observed with

@—@ Conirol
A—A Dex 10°M
O—0O Dex 10°M +ACT D (17/mi)

:::><::::'______________5
o

Percent of trypsin counts removed

—_— .

T T T T =T ml

4 [:] 12 16 20 24
Time (hr)

Fig. 6. Effect of dexamethasone on PA synthesis
by human embryonic lung cells Human embryonic lung
cells were incubated with 107° M dexamethasone,A——-A,
10™°© M dexamethasone + actinomycin (1 ug/ml), 0—0, or
Eagle's medium alone, 6—=®. At the indicated times,
cells were scraped and assayed for PA.

PA deinduction by corticosteroids in other cell systems (32,
33). Other experiments have indicated that the requirements
for PA deinduction in HuEL cells are similar to those found
for CEF-TS68 with one exception. There appears to be no re-
quirement for protein synthesis to initiate deinduction. This
may indicate an intrinsic difference in the two cell types, or
it may be due to the less responsible nature of the deinduct-
ive process in HuEL cells.

CONCLUSION

In this paper we have attempted to demonstrate how the
production of a particular component of the fibrinolytic sys-
tem may be implicated in the etiology of diverse pathological
conditions. The biological role of PA appears to be exten-
sive, with possible involvement in processes such as ovulation,
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cell growth, cell shape, neoplasia, as well as hemostasis.
Thus, the study of PA in these various processes promises to
yield information concerning the basic nature of a number of
biological phenomena.
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DISCUSSION

H. NEURATH: Thank you for this wvery interesting
presentation. Dr. Eunice Woo and myself, as well as Buchanan
and his coworkers, have in addition to a plasminogen
activator demonstrated a direct hydroalinic agent. Have you
found this in any of your cultures?

D.B. RIFKIN: We have not found such an activity. 1Imn all the
experiments described, we have always run controls showing
that in the absence of plasminogen, there is no fibrinolysis.
While we have not detected such an activity, plasminogen
independent activity is not precluded by these experiments.
As you know, such an activity has been found in leukocytes, so
it is quite possible we just don't detect it with our assay.

G. KOCH: I want to make a comment regarding your interesting
observation on the disappearance or inhibition of formation
of active-fibers in cells upon exposure to enzymes. We have
reported that exposure of tissue culture cells for
proteolytic enzymes—trypsin or pronase-results in a rapid but
reversible inhibition of protein synthesis. This inhibition
is caused by glycopeptides released from the cell membrane by
the action of proteolytic enzymes.

Fisher, in my laboratory, has isolated the active glyco-
peptide. It inhibits protein synthesis both in intact tissue
culture cells and in cell free extracts.

We have developed a method to determine the relative
translational efficiencies of individual RNA species under
conditions of reduced rates of polypeptide chain initiation.
The mRNA coding for actin possesses - in several different
cell lines - a very low translational efficiency, that is,
interference with polypeptide chain initiation results in a
preferential inhibition of actin synthesis. We might specu-
late one direct correlation between exposure of cells to
proteolytic enzymes and the inhibition of actin synthesis.
Have you studied actin synthesis in your system under the
influence of proteolytic enzymes?
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D.B. RIFKIN: We have looked at the synthesis of actin. As I
stated, the amount of fluorescence in the normal and trans-
formed cells, or in the normal cells before or after protease
treatment, appears to be the same. We would like to determine
if protein synthesis is required for the repolymerization of
actin in normal cells treated with protease.

W. TROLL: We have been working with Dexamethasome effects on
levels of plasminogen activities. Arthur Kessler in my
labgratory, has shown that the cytosol of cells treated with
10 ‘M dexamethasone inhibited plasminogen activator in
cytosol of untreated cells. Thus, one of the actions of this
hormone appears. to be the elaboration of a protease inhibitor
capable of inhibiting plasminogen activator. The induction
an inhibitor could explain some of the actinomycin D's induc-—
tion effects in that actinomycin D may prevent the synthesis
of such an inhibitor.

D.B. RIFKIN: I forgot to mention, for your benefit, that
other models of deinduction will fit the data. One reason why
I do not favor an inhibitor model is that this type of
actinomycin protective effect seems to be so frequent in
enzyme de-induction, that one would have to propose an inhi-
bitor for every enzyme, and that seems, to my mind, a little
sloppy. However, when such an inhibitor is purified and shown
to be a cell product, that will provide persuasive evidence
for the role of an intracellular inhibitor in regulation.

J.M. BUCHANAN: Does the appearance or disappearance of cable
depend upon the shape of the cell? For example, with
flattened elongated cells, do you see cables as they become
rounded out. Secondly, have you studied the formation or the
disappearance of cables in the absence of plasminogen?

D.B. RIFKIN: The answer to the first question is that shape
does not seem to be important unless one deals with round
cells. A dividing cell has no cables, but elongated cells
seen in cultures of normal chick fibroblasts seem to show the
same kind of actin-containing cables that I showed here.

J.M. BUCHANAN: 1Is that an answer? The transformed cell for
the most part would be a rounded type cell, and this would be
the predominant shape of the cell.

D.B. RIFKIN: Well, that is not always true. When one gets a

very round cell obviously you cannot do the experiment,
because there are no cables. But there are Rous-transformed
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cells that we have examined - which are not round and refrac-
tal, but which synthesize infection virus, and make plasmino-
gen activator; they also have decreased cables. I won't say
they have no cables, they have many fewer than the normal
chick embryo fibroblast. In the cells which I showed, SV RE9
we only excluded round cells which we presumed were dividing.
These cells which are malignant, as judged by tumor formation
in the nude mouse, aren't the classic round refractile cells.

The answer to your second question is that in the absence
of plasminogen we do not see an increase in structured actin
in the SV9 cells, that is the cell line which under normal
conditions shows very few actin cables. The loss of cables
can not be entirely the result of proteases acting from
without.

J.M. BUCHANAN: O.K. But turn the question around, do you see
a decrease in the cables in your temperature shift experiment
with your TS 68?

D.B. RIFKIN: We haven't done that yet.

M. ROULEAU: You mentioned earlier that the plasminogen acti-
vation is produced not only by cultured cells but also by
solid tumors. How do you detect the presence of the plasmino-
gen activator in solid tumors?

D.B. RIFKIN: We have done this several different ways.
We've taken intact tumors and homogenized them. We have faken
the tumors trypsinized them, and plated the cells on I-
fibrin. We have also taken tumors, trypsinized them, and then
passaged the cells to select against cells like macrophages
which shouldn't passage.

M. ROULEAU: You have shown that the production of the plas-

minogen activator is affected by steroids. Since among the

solid tumors you have analyzed and characterized as being

producers of the plasminogen activator, some are hormone-de-

pendent tumors, did you check the effect of castration on the
production of the plasminogen activator by these tumors?

D.B. RIFKIN: No.

R.R. RICKLES: Do non-adherent mononuclear cells, that is
lymphocytes, have plasminogen activator?
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D.B. RIFKIN: That's something else I should have mentioned.
Most of the white cells don't seem to make plasminogen
activator, lymphocytes don't make it, and most cells from
leukemias appear to be negative, except for leukemias like
monocytic leukemia where you have macrophage precursor. But
the lymphocyte purcursors seem to be negative.
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