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A Factor X-Activating Cysteine Protease

from Malignant Tissue

STUARTG. GORDONand BARBARAA. CROSS,Department of Medicine, University of
Colorado Health Sciences Center, Denver, Colorado 80262

A B S T RA C T A proteolytic procoagulant has been
identified in extracts of human and animal tumors and
in cultured malignant cells. It directly activated Factor
X but its similarity to other Factor X-activating serine
proteases was not clear. This study describes work done
to determine whether this enzyme, cancer procoagu-
lant, is a serine or cysteine protease. Purified cancer
procoagulant from rabbit V2 carcinoma was bound to
a p-chloromercurialbenzoate-agarose affinity column
and was eluted with dithiothreitol. The initiation of
recalcified, citrated plasma coagulation activity by can-
cer procoagulant was inhibited by 5 mMdiisopropyl-
fluorophosphate, 1 mMphenylmethylsulfonylfluoride,
0.1 mMHgCl2, and 1 mMiodoacetamide. Activity was
restored in the diisopropylfluorophosphate-, phenyl-
methylsulfonylfluoride-, and HgCl2-inhibited samples
by 5 mMdithiothreitol; iodoacetamide inhibition was
irreversible. Russell's viper venom, a control Factor X-
activating serine protease, was not inhibited by either
0.1 mMHgCl2 or 1 mMiodoacetamide. The direct acti-
vation of Factor Xby cancer procoagulant in a two-stage
assay was inhibited by diisopropylfluorophosphate and
iodoacetamide. Diisopropylfluorophosphate inhibits
serine proteases, and an undefined impurity in most
commercial preparations inhibits cysteine proteases.
Hydrolysis of diisopropylfluorophosphate with CuS04
and imidazole virtually eliminated inhibition of throm-
bin, but cancer procoagulant inhibition remained com-
plete, suggesting that cancer procoagulant was in-
hibited by the undefined impurity. These results
suggest that cancer procoagulant is a cysteine endo-
peptidase, which distinguishes it from other coagula-
tion factors including tissue factor. This and other data
suggest that neoplastic cells produce this unique cys-
teine protease which may initiate blood coagulation.

INTRODUCTION
Factor X is the point of confluence of the intrinsic and
extrinsic pathways in the coagulation cascade. Factor X

Received for publication 6 October 1980 and in revised
form 8 January 1981.

is converted to its activated form (Factor Xa) by the
proteolytic removal of an activation glycopeptide with
a molecular weight of -11,000 (1, 2). This activa-
tion can be facilitated by either Factors IXa and VIII,
Factor VIIa and tissue factor, the autolytic conversion
by Factor Xa, or by an enzyme in the venom of Vipera
Russelli (Russell's viper venom) (1-4). The active
component within all of these Factor X-activating
systems is a serine protease (1-5). In addition,
Factor X can be activated by other serine proteases
such as trypsin (1, 2, 6), cathepsin C (7), and the plant
cysteine protease, papain (8).

Increased vascular thrombosis and the deposition of
fibrin associated with malignant disease led us to look
for an abnormal coagulation factor associated with neo-
plastic tissue. A proteolytic enzyme, cancer pro-
coagulant, has been purified from rabbit V2 carcinoma
and some of its physical, chemical, and enzymatic
properties have been determined.' In addition,
cancer procoagulant activity has been identified in
extracts of several human malignant tumors (9) and in
cultured malignant cells2 (10-13): This enzyme is
inhibited by diisopropylfluorophosphate (DFP)3 and
initiates coagulation in the absence of Factor VII
by directly activating Factor X (14). Thus, we assumed
that cancer procoagulant was a $erine protease,
similar to the other enzymes that activate Factor X.
These studies provide data which indicate that
cancer procoagulant is not a serine protease but is a
cysteine protease.

METHODS
Materials. A 0.5-M stock solution of DFP (Aldrich,

Chemical Co., Milwaukee, Wis.) was prepared in dry iso-

1 Gordon, Stuart G. Manuscript submitted for publication.
2 Gordon, Stuart G., and B. Lewis. Manuscript submitted

for publication.
3Abbreviations used in this paper: DFP, diisopropyl-

fluorophosphate; DTT, dithiothreitol; MES, 2[N-morpholine]-
ethane sulfonic acid; PCMB, p-chloromercurialbenzoate-
agarose; PMSF, phenylmethylsulfonylfluoride.
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propanol and diluted 1: 100 in the sample to facilitate
inhibition. A stock solution of 0.01 MHgCl2 was prepared in
water and added to samples in a 1:100 ratio to a final con-
centration of 0.1 mM. A stock solution of 0.1 M phenyl-
methylsulfonylfluoride (PMSF) (Sigma Chemical Co., St.
Louis, Mo.) was prepared in dry dioxane and added to samples
in a 1:100 ratio to a final concentration of 1 mM. A 1 x 20-cm
p-chloromercurialbenzoate-agarose (PCMB) (Bio-Rad Labo-
ratories, Richmond, Calif.) affinity column was prepared in
20 mM2[N-morpholino]ethane sulfonic acid (MES) buffer
(pH 6.8) to test the efficiency of cancer procoagulant
binding and for the fractionation of the protease.

Citrated bovine and human plasma were obtained fresh
and prepared as described previously (14) for use in the single-
stage recalcified coagulation time assay. Pure bovine Factor X
was kindly provided by Dr. Earl Davie and used in the two-
stage clotting assay as described previously (14). Russell's
viper venom (Sigma Chemical Co.) was used as a control
Factor X-activating serine protease. Partially purified bovine
thrombin (Parke Davis and Co., Detroit, Mich.) was diluted
to 0.1 U/ml in 10 mMveronal-buffered saline (pH 7.6).

Methods. General: Cancer procoagulant was purified from
rabbit V2 carcinoma tumor tissue.4 Briefly, tumor tissue was
removed surgically before the animal's death, extracted in
three changes of 20 mMveronal buffer (pH 7.8) for 3 h each,
and the pooled extracts were concentrated about 10-fold over a
PM-10 ultrafiltration membrane. The concentrated extract
was applied to a benzamidine affinity chromatography
column, unbound protein was washed from the column with
10 mMveronal buffer (pH 7.9) containing 1 mMEDTAand
50 mMNaCl, and the bound protein was eluted with 1.0 M
propionic acid. After neutralizing the propionic acid with
NaOH, the sample was concentrated on a PM-10 ultrafiltra-
tion membrane, dialyzed, and applied to a 1.5-agarose gel
filtration column. The high molecular weight, included pro-
tein peak containing the procoagulant activity was reapplied
to a benzamidine affinity resin, the unbound protein was
washed from the column with 10 mMveronal buffer, adsorbed
protein was eluted with 0.1% Triton X-100, and then the
bound protein was eluted with 0.5 M propionic acid. After
neutralizing and removing the propionic acid by dialysis,
the concentrated sample was applied to a phenyl-Sepharose
hydrophobic affinity column and the purified procoagulant
was eluted with 10% dimethyl sulfoxide. The purified pro-
coagulant sample was homogeneous by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. At each step of the
purification the procoagulant activity was assayed by meas-
uring the recalcified coagulation time of citrated plasma (14)
and its protein concentration with a modified Lowry method
(15). Its sensitivity to DFP and its activity in Factor VII-
depleted bovine plasma (14, 16) were determined.

Affinity chromatography on PCMBresin. PCMBaffinity
resin was equilibrated in 25 mMMESbuffer (pH 6.8), packed
in a 1 x 10-cm column and run at a flow rate of 1 ml/min.
About 1.0 ml of a sample eluted from the second benzamidine
affinity column was applied to the PCMBaffinity resin in 20
mMveronal buffer (pH 7.7) and washed onto the column with
40 ml of MESbuffer (pH 6.8), 40 ml of 1 M urea and 1%
Tween 20 in MESbuffer, 20 ml MESbuffer to clear the urea
and Tween from the column, 35 ml of 0.1 mMdithiothreitol
(DTT), 35 ml of 5 mMDTT, 35 ml of 10 mMDTT, and
finally 35 ml of 100 mMDTT to strip the column of residual
protein. Protein eluted from the column was continuously
monitored at 280 nm with an ISCO model UA-5 absorption
monitor (Instrumentation Specialties Co., Lincoln, Neb.).

4 Gordon, Stuart G. Manuscript submitted for publication.

The protein peaks were collected separately and concen-
trated -10-fold on a PM-10 ultrafiltration membrane and
dialyzed against MES buffer to remove the DTT. These
samples were assayed for protein and procoagulant activity
as described above.

Inhibition studies. Samples purified by the method de-
scribed above and those obtained from the PCMBaffinity
column were tested for their inhibition by 5 mMDFP, 1 mM
PMSF, 1 mMiodoacetamide, and 0.1 mMHgCl2. In each case,
samples of cancer procoagulant were assayed for procoagulant
activity by measuring the single-stage recalcification clotting
time of citrated human plasma with a fibrometer. The percent
decrease in the clotting time of samples containing cancer
procoagulant or controls compared to the appropriate 25 mM
MESbuffer blank was used to quantify coagulant activity.
Russell's viper venom was used as a coagulation control and as
a Factor X-activating serine protease control. Portions of the
samples and controls were treated with the appropriate in-
hibitors, incubated for 30 min at 37°C, and reassayed for
procoagulant activity. Portions of each sample were made 5
mMwith DTT, incubated overnight at 5°C, dialyzed for 3 h
against two changes of 25 mMMESbuffer, and reassayed for
procoagulant activity to determine if the inhibition had been
effectively reversed by the reducing agent. In all studies, the
activity of the untreated samples was compared with the same
sample after inhibition and reactivation by a paired t-test
analysis.

To determine whether cancer procoagulant was inhibited by
DFPor by the conjectured impurity of DFP, samples of DFP
were treated with cupric ion and imidazole to catalyze the
hydrolysis of DFP(17) and tested for their inhibitory capacity
at various times during the hydrolysis reaction (18). A solution
of 25 mMCuSO4and 25 mMimidazole was prepared in water,
adjusted to pH 7.6 with 1 N NaOH, and made 10 mMDFPby
the addition of 0.5 M DFP in isopropanol. The reaction
mixture was incubated at 37°C for 2 h with constant stirring.
Samples (0.2 ml) of the reaction mixture were taken at 0, 60,
and 120 min, pH was adjusted to 7.6, and 20 ,ul of 250 mM
EDTAwas added to stop the hydrolysis of DFP. A sample
(0.1 ml) of thrombin or cancer procoagulant was mixed with
an equal volume of the EDTA-treated reaction mixture, in-
cubated for 30 min at 37°C, and assayed by measuring the
recalcified clotting time as described above. Control thrombin,
cancer procoagulant and buffer blank samples were mixed
with the same amounts of CuSO4, imidazole, and EDTA, but
containing isopropanol without DFP to determine the effect
of these ingredients on the clotting assay.

The direct activation of Factor X. A two-stage coagulation
assay was used, as described previously (14), to confirm that
the protein eluted from the PCMBcolumn and sensitive to
the inhibitors could directly activate Factor X. In brief, puri-
fied bovine Factor X was incubated with either cancer pro-
coagulant or Russell's viper venom in the first stage of the
clotting assay. Samples were removed from the first stage and
added to Factor VII- and Factor X-deficient bovine plasma
(Sigma Chemical Co.) and the recalcified clotting time of the
second stage was measured with a fibrometer. Both inhibited
and uninhibited samples were assayed for their ability di-
rectly to activate Factor X. The results are expressed as the
normalized clotting time of the second stage of the assay.

RESULTS

PCMB-affinity chromatography. A partially puri-
fied V2 carcinoma extract sample containing cancer
procoagulant was applied to the PCMBaffinity column
(Fig. 1). Protein was eluted in each of the six washes.

1666 S. G. Gordon and B. A. Cross
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FIGURE 1 An elution profile of the PCMBchromatography column. A partially purified rabbit V2
carcinoma extract was applied to the affinity column. The column was eluted with 40 ml of 25 mM
MESBuffer (pH 6.8), 40 ml of 1 Murea and 1%Tween 20 in 25 mMMESbuffer; urea and Tween
20 were washed off the column with 20 ml of MESbuffer; and the bound protein was eluted with
35 ml of 0.1 mMDTT, 35 ml of 5 mMDTT, 35 ml of 10 mMDTT, and 35 ml of 100 mMDTT.
Eluted protein ( ) was monitored by reading absorption at 280 nm and procoagulant activity
(.. ) was assayed by measuring the recalcification clotting time of normal citrated human plasma.

A small amount of procoagulant activity was eluted in
0.1 mMDTT with the major peak of activity in the 5
mMeluate.

Inhibition studies. Studies of the inhibition char-
acteristics of purified cancer procoagulant were per-
formed in an effort to determine whether it was a serine
or cysteine protease. Purified cancer procoagulant was
treated with 5 mMDFP, 1 mMPMSF, 0.1 mMHgCl2,
and 1 mMiodoacetamide. The inhibited samples were
assayed for procoagulant activity (Table I). Treatment
of the inhibited enzyme with 5 mMDTT effectively
reactivated samples inhibited with DFP, PMSF, and
HgCl2. lodoacetamide inhibition was irreversible.
Russell's viper venom, the control Factor X-activating
serine protease, was treated with 0.1 mMHgCl2 and
1 mMiodoacetamide. It was not inhibited by either
HgCl2 or iodoacetamide.

To determine whether iodoacetamide treatment
might denature cancer procoagulant rather than block
its active site, a PMSF-treated sample was made 1 mM
with iodoacetamide and then treated with 5 mMDTT,
dialyzed, and analyzed for activity. There was no
procoagulant activity after treatment with PMSF or
after iodoacetamide treatment, but full activity was re-
covered after reductive DTT reactivation. A similar
double inhibition was performed to determine whether
DFPand iodoacetamide reacted at the same site on the
enzyme. A DFP-inhibited sample was made 1 mMwith
iodoacetamide and then reactivated with 5 mMDTT.
There was no clotting activity after DFP and iodo-
acetamide treatment but reactivation with DTT fa-
cilitated recovery of full activity, whereas the inhibition

of the control cancer procoagulant sample, treated with
iodoacetamide alone, was irreversible.

Cupric ion and imidazole catalyze the hydrolysis of
DFPwith the release of hydrofluoric acid (17); in these
experiments the decrease in pH confirmed that the
reaction was proceeding. In four experiments, the clot-
ting time of the untreated thrombin control and the
purified cancer procoagulant sample was 112±4 and
130±8 s, respectively, after normalizing the results to a
200-s blank time. Thrombin and cancer procoagulant
were treated with the DFP hydrolysis mixture im-
mediately after it was prepared (0 min) and after 60 and
120 min incubations at 37°C. Thrombin activity de-
creased to 9±6% of its original clotting activity after re-
acting with the 0-min DFPhydrolyzate (Fig. 2). After
treatment with the 60- and 120-min DFPhydrolyzate,
thrombin activity was about 50 and 92% of its original
level, respectively. In contrast, cancer procoagulant ac-
tivity was almost completely inhibited after treatment
with 0-, 60-, and 120-min DFP hydrolyzate. These
results suggest that the inhibitor of thrombin was
hydrolyzed by the CuSO4-imidazole reaction, whereas
the cancer procoagulant inhibitor was not destroyed
under these conditions.

To confirm that the procoagulant activity blocked by
the inhibitors was activating Factor X as previously
described (10), a two-stage clotting assay was per-
formed. Both DFP and iodoacetamide effectively in-
hibited the activation of Factor X by cancer pro-
coagulant in the first stage of the assay (Fig. 3).
lodoacetamide did not affect the activity of the
Russell's viper venom control as expected.

A Factor X-activating Cysteine Protease from Malignant Tissue
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TABLE I
The Effect of Various Inhibitors on the Coagulation Activity of Russell's

Viper Venom and Purified Cancer Procoagulant

Clotting time
Mean

n Untreated Treated difference P Inhibited

s ~~~~~~~%
Cancer procoagulant

DFP
inhibited 7 175±3 201±4 26±1 <0.005 100
reactivated 3 181±2 168±6 -13±6 NS 0

PMSF
inhibited 6 175±4 207±10 32±11 <0.025 100
reactivated 5 171±3 167±7 -4±8 NS 0

HgCl2
inhibited 6 168±5 204+5 36±2 <0.005 100
reactivated 5 172±4 176+7 4±4 NS 14

IA
inhibited 8 172±4 200±2 28+5 <0.005 100
reactivated 3 166+9 202±8 36+4 <0.005 100

Russell's viper venom
HgCl2

inhibited 3 159+11 160+5 1+14 NS 0
IA

inhibited 5 157±6 146±15 -11+18 NS 0

Samples were made 5 mMDFP, 1 mMPMSF, 0.1 mMmercuric chloride (HgCl2),
or 1 mMiodoacetamide (IA) and incubated for 30 min at 37°C. To reactivate the
inhibited coagulant activity, portions of the samples were made 5 mMDTT, in-
cubated at 5°C overnight, and dialyzed for 3 h against 25 mMMESbuffer (pH 6.8).
The untreated samples, inhibitor-treated samples, and reactivated samples were
assayed for activity by measuring the recalcified clotting time of normal citrated
human plasma. The results are expressed as the mean clotting time of (n) untreated
and treated samples±SEM normalized to a blank clotting time of 200 s. The mean
difference±SE of the difference between the activities of the untreated sample
and its inhibited or reactivated counterpart was compared to a paired t test. The
relative change in activity after inhibition and reactivation is expressed as a percent
inhibition.

DISCUSSION

Recently, cancer procoagulant was purified and some
of its physicochemical characteristics were deter-
mined (14). It is a proteolytic enzyme that is in-
hibited by DFP, facilitates clotting of Factor VII-
depleted plasma, and initiates coagulation by directly
activating Factor X in the coagulation cascade. Until
recently, it was assumed that cancer procoagulant was a
serine protease because it was inhibited by 5 mMDFP,
there was effective binding of cancer procoagulant to a
benzamidine-Sepharose affinity column, and it mimicked
the behavior of other coagulation serine proteases
(Factors IXa and VIla and the Factor X-activating
protease in Russell's viper venom) that are known to
activate Factor X (1-5). However, during studies to
determine the optimum conditions for the release of
tritium-labeled activation peptide from 3H-Factor X
(19) by cancer procoagulant, the optimum pH for the

activation of Factor X was found to be -6.5.5 Since
serine proteases are more active between pH 7 and 9
(20), and cysteine proteases (thiol and sulfhydryl
proteases) are more active between pH 5 and 7 (20,21),
this observation suggested that cancer procoagulant
might be a cysteine protease. This led us to study the
effect of specific inhibitors on cancer procoagulant
activity in an effort to determine whether cancer pro-
coagulant was a serine or cysteine protease.

Cysteine proteases are inhibited by PCMBand will
bind to a PCMBligand linked to agarose (22, 23). The
reasonably specific nature of the binding of cysteine
proteases to a PCMB-agarose affinity column provides
evidence suggesting that cancer procoagulant may be a
cysteine protease. Free sulfydryl groups on other pro-
teins will bind to a PCMBaffinity resin (24, 25), but
the specificity and avidity of this binding may be less

5 Manuscript in preparation.
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FIGURE 2 Effect of DFPhydrolysis on the inhibition of throm-
bin and cancer procoagulant. Equimolar amounts of CuSO4
and imidazole (25 mM) were incubated with 10 mMDFP at
370C for 2 h to catalyze the hydrolysis of DFP to diisopropyl-
phosphate and HF. Samples (0.2 ml) of the hydrolyzate were
removed immediately after preparing the reaction mixture
(O min) and after 60 and 120 min, and the reaction was stopped
with 20 p,l of 250 mMEDTA. Thrombin ( . ) or cancer
procoagulant ( ) samples (0.1 ml) were mixed with 0.1 ml of
the hydrolyzate, incubated for 30 min at 37°C, and assayed
by measuring the clotting time of recalcified citrated plasma.
The results are expressed as the mean percent of activity
in the initial, untreated thrombin or cancer procoagulant
sample+SEM (n = 4).

than when the active site of an enzyme recognizes the
PCMB ligand. The results demonstrate that cancer
procoagulant binds to the PCMBaffinity resin and is
not eluted by 1 Murea and 1%Tween 20 with the other
adsorbed proteins and is effectly removed with DTT,
properties that are consistent with the concept that can-
cer procoagulant may be a cysteine protease.

One of the effective ways to distinguish between
serine and cysteine proteases is to inactivate them
selectively by means of specific inhibitors (20,21). DFP
and PMSFare well-known irreversible inhibitors of
serine proteases (20,26,27); PMSFis a less effective in-
hibitor of cysteine proteases, and is reversible (20, 21,
28); and the DFP inhibition of cysteine proteases is
controversial, as discussed below. Iodoacetamide and
mercury are more specific inhibitors for cysteine
proteases and are less effective or even ineffective for
the inhibition of serine proteases (20-22). Cancer pro-
coagulant was inhibited by all four inhibitors, and the
inhibition by DFP, PMSF, and mercury was reversed
by reductive removal of the inhibitors. Inhibition by
iodoacetamide was irreversible. To determine whether
the inhibition by iodoacetamide might be altering the
protein by means other than of active site inhibition
(e.g., by facilitating a conformational change by
reacting with nonactive site sulfhydryl groups), cancer
procoagulant was first inhibited by PMSFto block the
active site, and then the inhibited cancer procoagulant
was reacted with iodoacetamide. After reductive
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FIGURE 3 The direct activation of Factor X by cancer pro-
coagulant and Russell's viper venom in a two-stage coagula-
tion assay. The first stage of the assay contains 0.2 gg of
purified bovine Factor X in 0.5 ml of 50 mMTris-HCl
buffer (pH 7.5) containing 5 mMCaCl2 and 0.15 M NaCl, 3
,ug crude rabbit brain cephalin in 20 ,ul saline and either 5 ng
of purified cancer procoagulant (A - - A) or 1 pg of Russell's
viper venom control (A A). To determine the amount of
Factor Xa generated, timed samples (100 /Al) of the first stage
reaction mixture were mixed with 100 ,tl of Factor VII- and
Factor X-depleted bovine plasma and 100 ,ul of 20 mMCaCl2
and the clotting time of the second stage was measured with a
fibrometer. To determine the effect of the inhibitor on the
direct activation of Factor X, samples of the Russell's viper
venom and cancer procoagulant were treated with 1 mM
iodoacetamide (0). Cancer procoagulant was adjusted to
contain 5 mMDFP (x), the treated samples were incubated
for 30 min at 37°C and assayed in the two-stage clotting
assay. The clotting activity of the second stage is expressed
as the normalized clotting time (seconds) of the Russell's
viper venom and cancer procoagulant samples.

removal of the PMSF from the active site of cancer
procoagulant, all its activity was recovered, suggesting
the iodoacetamide was not causing inactivation by
reacting with other sites on the proteolyic enzyme. A
similar study in which DFP inhibition effectively
blocked the ability of iodoacetamide to inhibit can-
cer procoagulant activity irreversibly suggests that
DFPand iodoacetamide are reacting at the same site, or
at closely adjacent sites in the enzyme.

Several investigators have examined the DFP in-
hibition of plant cysteine proteases, such as bromelain
(29-31), ficin (18), papain (32, 33), and chymopapain
(34, 35). Although there is disagreement, the studies
generally conclude that commercial DFP inhibits
cysteine proteases but that the inhibition of the ac-
tive site sulfhydryl is due to an undefined impurity
in most commercial preparations. Purified DFP phos-
phorylates serine (18, 35) or tyrosine (31, 32) is residual
in these proteins without inhibiting their protease ac-

A Factor X-activating Cysteine Protease from Malignant Tissue
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tivity (18, 30-32, 35), and the DFP impurity ir-
reversibly inhibits the active site sulfhydryl (18, 31).
Since the evidence presented here suggested cancer
procoagulant was a cysteine protease, it seemed likely
that the inhibition by DFP, a consistent and re-
producible observation (9, 10, 14), was probably due to
impurities in the commercial DFP preparations that
were employed. To confirm this hypothesis, DFPwas
catalytically hydrolyzed to diisopropylphosphate and
hydrofluoric acid. The conjectured DFPimpurity is not
hydrolyzed under these conditions, so that during the
course of the reaction inhibition of serine proteases
should decrease while inhibition of cysteine proteases
should remain unchanged (18). Inhibition of thrombin
activity was almost complete when treated with the
initial (0 min) DFP hydrolyzate mixture, but after 2 h
the DFPhydrolyzate had lost virtually all of its ability
to inhibit the clotting activity of this serine protease. In
contrast, the inhibition of cancer procoagulant by the
DFP hydrolyzate remained unchanged during the 2 h
hydrolysis of DFP. Thus, all the data are consistent
with the hypothesis that cancer procoagulant is a cys-
teine protease and its inhibition by DFP is due to an
impurity in the Aldrich DFPused in this research.

DFP inhibition of cancer procoagulant activity was
reversed by reductive reactivation with DTT. Although
other investigators suggest that inhibition of cysteine
proteases by the DFP impurity is essentially irrevers-
ible (18, 29, 31), their data show partial (-10%) re-
activation of bromelain with 5 mM cysteine (29)
and about 40% reactivation of ficin with 0.25 M cys-
teine (18). Our use of DTT, a more potent reducing
agent than cysteine, different reactivation conditions,
and the differences in the cysteine proteases may
account for our more effective reactivation of DFP-
inhibited cancer procoagulant.

Russell's viper venom standard was used to compare
the effect of these inhibitors on a serine protease
that activates Factor X in a well-characterized manner
(27,36-38). Mercury (0.1 mM)had little or no effect on
the procoagulant activity of Russell's viper venom,
which is consistent with the observations of others
(38); and 1 mMiodoacetamide seemed to stimulate
the activity of Russell's viper venom. Thus, there was a
clear distinction between the effect of these inhibitors
on the activity of cancer procoagulant and the serine
protease in Russell's viper venom. These data strongly
suggest that cancer procoagulant is a cysteine pro-
tease, but unequivocal evidence from an amino acid
analysis demonstrating a chemically modified active
site cysteine must await the purification of milligram
amounts of the enzyme.

Several groups have suggested that malignant cells
produce higher levels and possibly different types of
cysteine proteases than normal cells (39,40). Evidence
from several laboratories has suggested that malignant

cells produce higher levels of "thromboplastic" coagu-
lation factors than normal cells (41-43), but clear
definition of these factors has been difficult to obtain.
Although there is evidence that suggests that malignant
cells produce an abnormal coagulation activity that is
not associated with normal cells (9-13),6 it has not been
clear whether this is a known coagulation factor or
whether it is something unique to the malignant state.
This study suggests that a cysteine protease extracted
from rabbit V2 carcinoma activates Factor X, an ob-
servation that distinguishes it from other coagulation
enzymes.
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