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Summary

The role of mononuclear cells in generating procoagulant activ-
ity was examined by incubating Ficoll-Hypaque-separated mono-
nuclear leukocytes with or without mitogens (phytohemagglutinin,
pokeweed mitogen, and concanavalin A). The procoagulant activity
was assayed by a modification of a one-stage plasma recalcification
time. Significant procoagulant activity developed after 24 hr in-
cubation and was dose dependent; mitogens alone had no effect on
the clotting time. The increase in activity was paralleled by the
increase in tritiated thymidine incorporation into replicating DNA.
However, mitomycin C had little inhibitory effect on the develop-
ment of procoagulant activity, whereas thymidine incorporation
was inhibited. The major procoagulant activity was associated
with intact cells and not the conditioned supernatant. The removal
of adherent mononuclear cells (mostly monocytes) by polystyrene
bead columns abolished the procoagulant activity, whereas purifi-
cation of mononuclear leukocyte populations for monocytes mark-
edly increased the activity as compared to purified lymphocytes.
The procoagulant activity was shown to act by the extrinsic limb
of the coagulation sequence because substitution factor VII-defi-
clent plasma for normal plasma resulted in marked depression of
procoagulant activity, whereas factor Vlll-deficient plasma re-
sulted in a clotting time only minimally longer than normal plasma.
Thus, although procoagulant activity in cultures of mononuclear
cells is stimulated by the mitogen reagent, these studies suggest
that the activity may not be the result of the mitogenic effect on
lymphocytes per se. Whether it is a direct effect of the mitogen on
the adherent cell or is an effect of a contaminant of the mitogen
reagent, such as endotoxin, remains to be determined.

Speculation

Fibrin formation is an important component of inflammatory
responses. This study shows that mononuclear leukocytes can be
activated to stimulate the formation of fibrin. This suggests that
mononuclear leukocytes may play a key role in the deposition of
fibrin in inflammatory responses.

Fibrin deposition is an integral event in the inflammation of
immune reactions. Wood and Bick (22) first suggested a role of
fibrin deposition in cell-mediated immune reactions by demon-
strating that anticoagulation suppressed the occular reaction to
tuberculin in sensitized rabbits. Cohen et al. (2) later showed that
delayed hypersensitivity skin test reactions in previously sensitized
guinea pigs were partially inhibited by anticoagulation with hep-
arin; the ability to immunize other animals by cell transfer was
unaffected. In humans, biopsies of delayed hypersensitivity skin
test sites have demonstrated a characteristic intervascular pattern
of fibrin deposition in the reticular dermis which is not seen in
biopsies of nonreactive skin tests (3).
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The mechanism for stimulating the fibrin deposition is not
clear. However, previous work has demonstrated that many types
of tissues, including leukocytes, exhibit procoagulant activity (4,
7, 8, 11, 18, 23). The procoagulant activity is accentuated by prior
incubation of intact cells with endotoxin (4, 8, 18). Rickles et al.
(15), found that phytohemagglutinin stimulation of mononuclear
cell cultures resulted in a significant increase in procoagulant
activity within 24 hr. Inasmuch as phytohemagglutinin is a potent
T-lymphocyte mitogen, this observation can be interpreted as
evidence that stimulated T-lymphocytes can mediate the deposi-
tion of fibrin in delayed hypersensitivity reactions. Therefore, in
this study, we examined the development of procoagulant activity
in mitogen-stimulated mononuclear leukocyte cultures. We pres-
ent evidence to show that the resulting coagulant activity may not
be due to the mitogenic effect of the lectins on lymphocytes per se
but rather the result of activation of a population of adherent
mononuclear cells by mitogen or a contaminating component of
the reagent.

MATERIALS AND METHODS

CELL PREPARATION AND CULTURE

Blood was drawn from normal adult donors and defibrinated
by gently swirling the blood with glass beads (2 to 3 mm in
diameter) in siliconized glass flasks or polycarbonate tubes (Falcon
Plastics, Oxnard, CA). The blood was diluted in buffer or in
medium consisting of Roswell Park Memorial Institute medium
1640 (Grand Island Biological Co., Grand Island, NY) with 20%
heat-inactivated (56°C for 30 min) fetal calf serum (Microbiolog-
ical Associates, Bethesda, MD) and antibiotics (penicillin and
streptomycin, 5000 units and 5000 ug, respectively, per 100 ml, or
gentamycin, 1 mg/100 ml). The diluted blood was applied to a
Ficoll-Hypaque gradient (density, 1.077 g/ml) and centrifuged at
room temperature at 350 X g for 30 min. After two washes, the
cells were resuspended in medium, and the concentration of
mononuclear cells was adjusted to 1 x 10°/ml. The cultures were
incubated in polycarbonate tubes at 37°C in a moist 5% CO;
atmosphere.

Adherent mononuclear cells were removed by incubating mono-
nuclear cells from the Ficoll-Hypaque gradient for 30 min at 37°C
in columns containing divinyl benzene/polystyrene beads as pre-
viously described (21). The nonadherent cells were eluted with
medium.

Purified populations of monocytes were prepared by allowing
the Ficoll-Hypaque prepared cells to adhere to tissue culture flasks
for 30 min at 37°C. The nonadherent cells were removed by
washing five times with normal saline. The adherent monocytes
were detached from the surface for counting by lidocaine treat-
ment essentially as described by Rinehart er al. (17), except that
for these studies 0.5 mM lidocaine was used. The adherent and
nonadherent cells were resuspended in culture media with 10%
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heat-inactivated autologous serum and incubated for 18 hr before
assay for procoagulant activity.

For certain experiments, the cell fraction and the supernatant
were isolated and assayed separately. The cultures were centri-
fuged at 450 X g for 10 min, the supernatant was removed, and
the cells were resuspended in an equal volume of fresh culture
medium and assayed for procoagulant activity. The supernatant
was assayed after recentrifugation (1000 X g for 10 min) to ensure
complete removal of cells. No cells were observed on microscopic
examination of the supernatant.

Lymphocyte subpopulations were enumerated by sheep eryth-
rocyte (E) rosettes for T-lymphocytes and by trypsinized antibody-
coated sheep erythrocytes (EA) rosettes for Fc receptor-bearing
B-lymphocytes (24). The E rosette assay was performed by sus-
pending sheep erythrocytes (SRBC) with an equal volume of cell
suspension and incubating for 5 min at 37°C. The cells were
centrifuged for 5 min at 60 X g and left on ice for one hr before
gently resuspending and counting. EA rosette-forming lympho-
cytes were assayed by mixing the lymphocyte suspension with
trypsinized SRBC coated with a subagglutinating dilution of
rabbit anti-SRBC serum. The cells were centrifuged at 60 X g for
5 min, resuspended, and counted. Cell surface immunoglobulin
was assayed by fluorescence using a direct method with fluores-
cein-conjugated polyvalent goat antihuman immunoglobulin
(Meloy, Springfield, VA).

PROCOAGULANT ACTIVITY ASSAY

The procoagulant activity was assayed by a modification of the
standard one stage plasma recalcification time. One-tenth ml each
of normal plasma (Verify Normal Citrate; General Diagnostics,
Morris Plains, NJ), calcium chloride (0.025 M) and test material
suspended in culture medium were preheated for 3 min at 37°C,
and the clotting time determined on a Fibrometer (BBL, Division
Becton-Dickinson and Co., Cockeysville, MD). In experiments
using purified monocytes, the clotting time was determined on a
Coag-A-Mate Dual Channel Clot Detection Unit (General Di-
agnostics). Clotting times determined by both techniques gave
similar results.

The mean clotting time of normal plasma in the presence of
complete culture medium was 96 sec. The clotting time was found
to be affected by lot-to-lot differences in reagents, by the duration
of the incubation of the complete medium, and possibly by the
presence of residual clotting factors in the fetal calf serum. A
representative lot of complete culture medium was found to have
6% of normal factor X activity and <1% factor V activity. The
activated partial thromboplastin time was >200 sec. To take into
account the variation in the baseline clotting time, a coagulation
index was used to express the data. The coagulation index is the
ratio of the clotting time of test material in culture medium to the
clotting time of culture medium alone. An index of less than one
indicates procoagulant activity, and the smaller the index, the
greater the procoagulant activity. The replicate values generally
agreed within +5%.

TRITIATED THYMIDINE INCORPORATION

The tritiated thymidine incorporation was assayed by incubat-
ing 1 X 10° mononuclear cells in 0.2 ml of complete medium in
individual wells of a Microtiter plate for 5 days. Each well was
then pulsed with 0.4 uCi of tritiated thymidine (New England
Nuclear, Boston, MA) for 6 to 8 hr. The cells were then harvested
by a Multiple Automated Sample Harvestor (Microbiological
Associates), and the filters were counted in a liquid scintillation
counter. Each determination was done in triplicate or quadrupli-
cate.

Inhibition of DNA synthesis was studied by incubating the
cultures with Mitomycin-C (ICN, Cleveland, OH). Preliminary
studies showed that a dose of mitomycin of 10 ug/ml resulted in
complete inhibition of tritiated thymidine incorporation, although
at 1 ug/ml, the thymidine incorporation was twice background,
whereas at 0.1 ug/ml it ranged from nine to 25 times background.

OTHER REAGENTS

Other reagents used were phytohemagglutinin (PHA) (Difco
Laboratories, Detroit, MI), concanavalin A (Con A) (Sigma
Chemical Co., St. Louis, MO), and pokeweed mitogen (PWM)
(Grand Island Biological Co.).

RESULTS

EFFECT OF PHA ON THE DEVELOPMENT OF PROCOAGULANT
ACTIVITY

The procoagulant activity of mononuclear cell populations in-
creased when incubated with PHA (Fig. 1). Mononuclear cells
from 16 normal adult donors were incubated with or without 10
ul PHA per ml for varying periods of time. The effect of the
cultured cells on the clotting time of normal plasma was compared
to the effect of culture medium incubated for the same time
without cells. For most experiments, this comparison was ex-
pressed as a ratio of the clotting time of the cell-containing cultures
to the clotting time of the medium alone and was termed the
coagulation index (Fig. 1, numbers in parentheses). Before incu-
bation, minimal procoagulant activity was observed in the absence
or presence of PHA. By 24 hr incubation, the procoagulant activity
of PHA-stimulated cultures increased significantly. An even
greater difference between the unstimulated and stimulated cul-
tures was observed by 48 hr. Additional incubation for 24 hr did
not further increase the procoagulant activity. The difference was
statistically significant (by paired ¢ test) by 24 hr at a level of P
< 0.005. Disruption of the cells by three cycles of freezing and
thawing before incubation prevented the time-dependent increase
in procoagulant activity.

EFFECT OF PHA DOSE ON PROCOAGULANT ACTIVITY AND DNA
SYNTHESIS

The procoagulant activity of incubated cultures increased with
increasing concentration of PHA (Fig. 2). The cultures from seven
normal donors developed procoagulant activity with a PHA dose
as low as 0.1 ul/10° cells (1 pl/ml) and reached a maximum at 1
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Fig. 1. Increase in procoagulant activity of mitogen-stimulated mono-
nuclear cell culture with time. Cultures of mononuclear cells (1 x 10°/ml)
in Roswell Park Memorial Institute medium 1640 with 20% fetal calf
serum were incubated in the absence or presence of PHA, 10 pl/ml. The
clotting time of culture medium alone and of cell-containing cultures was
measured by a one-stage plasma recalcification time. Most data in this
study were expressed as a coagulation index or the ratio of the clotting
time of cell-containing cultures to the clotting time of culture medium
alone (numbers in parentheses). A significant difference in procoagulant
activity was observed between the unstimulated control cultures and the
PHA-stimulated cultures by 24 or more hr of incubation (P < 0.005).
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pl PHA per 10° cells (10 pl/ml). The difference between the
unstimulated and stimulated cultures for each donor was signifi-
cant by paired ¢ test at P < 0.01. Tritiated thymidine incorporation
was determined on parallel cultures as a measure of lymphocyte
activation by PHA. The-thymidine incorporation increased with
greater doses of PHA and reached a maximum coincident with
maximum procoagulant activity at 1 ul/10° cells.

EFFECT OF OTHER MITOGENS

PWM and Con A also stimulated procoagulant activity (Table
1). The procoagulant activity stimulated by incubation with PWM
was similar in magnitude to that seen with PHA. Con A at low
dose (1 pm/ml) failed to stimulate procoagulant activity, whereas
at a higher dose (10 um/ml), the cultures developed significant
activity.

LOCATION OF PROCOAGULANT ACTIVITY

To determine whether the procoagulant factor is a secreted
product, the supernatants of the incubated mononuclear cell cul-
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Fig. 2. Mitogen dose dependence of the generation of procoagulant
activity. Procoagulant activity of mononuclear cells, expressed as a coag-
ulation index, was determined before incubation (O) and after 48 hr
incubation (@). The difference in procoagulant activity was significant at
a dose of 0.1 ul PHA per 10° cells and greater. The tritiated thymidine
incorporation (+) was measured after 5 days incubation, was expressed as
cpm (X 10°) per culture (2 X 10° mononuclear cells), and was significantly
greater than the control at doses of 0.1 ul PHA per 10° cells or greater.

Table 1. Procoagulant activity of mononuclear leukocyte cell
cultures stimulated by PHA, PWM, and Con A’

Coagulation index

Mitogen No. Ohr 48 hr
None 13 0.88 + 0.02* 0.85 + 0.02
PHA

1 pl/ml 13 0.89 + 0.02 0.64 + 0.04°
10 ul/ml S 0.94 + 0.05 0.72 + 0.03°
PWM
1 um/ml 6 0.90 + 0.02 0.75 + 0.04°
10 pm/ml 6 0.87 + 0.03 0.69 + 0.03°
Con A
1 pm/ml 6 0.87 + 0.02 0.87 + 0.03
10 pum/ml 6 0.89 + 0.03 0.58 x 0.07°

! Incubation conditions were the same as Figure 1. Mitogens without
cells have no effect on clotting time.

?Mean + S.E.

® The procoagulant activity is significantly greater than control unstim-
ulated cultures (P < 0.02 or less).

tures were examined for procoagulant activity. As seen in Figure
3, the procoagulant activity of the cell pellet resuspended in
unconditioned medium was similar to the whole incubation mix-
ture in both the unstimulated and stimulated cultures. The incu-
bated conditioned supernatant of the PHA-stimulated cultures
had significantly less procoagulant activity than the cell pellet (P
< 0.005). A similar comparison of the unstimulated cultures was
not statistically significant.

EFFECT OF MITOMYCIN C ON DNA SYNTHESIS AND
PROCOAGULANT ACTIVITY

The role of DNA synthesis in the development of procoagulant
activity was examined by adding mitomycin C, an inhibitor of
DNA synthesis, to the culture. PHA and mitomycin alone had no
effect on procoagulant activity before incubation (Fig. 44). After
48 hr incubation, procoagulant activity was increased significantly
in both the PHA cultures and in the PHA-mitomycin cultures.
Addition of mitomycin to the unstimulated culture resulted in a
slight increase in procoagulant activity at 48 hr, whereas it slightly
reduced the activity of the mitogen-stimulated culture. Inhibition
of DNA synthesis at the dose of mitomycin used in this study was
confirmed by demonstrating that tritiated thymidine uptake was
reduced to the level of the unstimulated cell culture (Fig. 4B).
Thus, significant procoagulant activity develops in the absence of
DNA synthesis.

REDUCTION OF PROCOAGULANT ACTIVITY BY REMOVAL OF
ADHERENT CELLS

To determine the cell responsible for the development of pro-
coagulant activity, the adherent cells were removed from the
mononuclear cell populations by incubating them in columns of
polystyrene beads. The adherent cell-depleted cell populations
contained 1.5% monocytes compared to 11.5% monocytes in the
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Fig. 3. Location of procoagulant activity of mononuclear cell culture.
Greater activity is present in the cell pellet (C) of the PHA-stimulated
culture than in the supernatant fluid from the same culture (S). (P <
0.005). The procoagulant activity of the whole incubation mixture (C + S)
is similar to the cell pellet (n = 6).
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Fig. 4. Effect of mitomycin on mononuclear cell cultures. A, procoa-
gulant activity. PHA-stimulated cultures with and without mitomycin
treatment exhibited significantly greater procoagulant activity than un-
stimulated cultures (P < 0.025); B, DNA synthesis. Mitomycin (M) resulted
in complete inhibition of tritiated thymidine incorporation of mitogen-
stimulated cultures.

nondepleted cell preparation (Table 2). The adherence step also
reduced to some extent the proportion of EA-rosetting mononu-
clear cells (25.0 to 17.2%) and the proportion of cells that had
receptors for fluorescinated polyvalent goat anti-human immu-
noglobulin (19.8 to 11.0%). The procoagulant activity of the
unstimulated adherent cell-depleted population was less than the
nondepleted cell population. The procoagulant response to PHA
of the adherent cell-depleted population was insignificant com-
pared to the increase seen in nondepleted cell populations. Triti-
ated thymidine incorporation, on the other hand, was not signifi-
cantly altered by depletion of adherent cells.

ENHANCEMENT OF PROCOAGULANT ACTIVITY BY PURIFICATION
OF MONOCYTES

Monocytes were isolated by their adherent properties, and the
activity generated during an 18-hr incubation was compared to
that of the nonadherent or lymphocyte fraction. The proportion
of lymphocytes in the nonadherent population was >95%, whereas
the proportion of monocytes in the adherent fraction as defined
by peroxidase histochemical stain was >90%. Clotting times of the
monocyte-enriched population in each case were significantly less
than those of the lymphocyte-enriched population (Fig. 5). Thus,
depletion of adherent cells reduced the procoagulant activity of
mononuclear leukocyte populations, and enrichment for mono-
cytes increased the activity, suggesting that monocytes play a role
in the expression of leukocyte procoagulant activity.

PROCOAGULANT ACTIVITY ACTS THROUGH THE EXTRINSIC LIMB
OF COAGULATION

If mononuclear leukocyte procoagulant activity acted through
the extrinsic limb of coagulation, the recalcification time using
plasma from patients congenitally deficient in factor VII should
be prolonged, whereas if it acted through the intrinsic limb, the
recalcification time with factor VIII-deficient plasma would be
prolonged. Mononuclear leukocytes from four normal donors

Table 2. Effect of depletion of adherent cells on the procoagulant
activity of mononuclear leukocyte cell cultures

Adherent cell-de-
pleted mononuclear
cell cultures?

Mixed mononuclear
cell cultures'

Coagulation index’ (48 hr)

0 PHA 0.78 + 0.02* 0.90 = 0.01
+ PHA 0.59 £ 0.03 0.85 + 0.03
(3H]Thymidine (cpm X
10y
Unstimulated 1.5+ 05 1.2+ 06
Stimulated 423 £9.0 67.6 £ 12.1
Lymphocyte markers (%
mononuclear cells)®
E rosette 610+ 138 66.0 + 2.6
EA rosette 250 1.6 172 £ 3.4
Surface immunoglobulin 198+ 1.6 110+ 1.0
bearing
Differential (%)’
Neutrophil 1.6 +£0.8 05=x03
Lymphocyte 847129 96.6 + 0.8
Monocyte 115 £ 1.7 1.3+ 06

! Mononuclear leukocytes from Ficoll-Hypaque gradients. (n = 15).

? Adherent mononuclear leukocytes were removed from mixed mono-
nuclear cell populations by polystyrene bead columns (see “Materials and
Methods™) (n = 12).

% Significant procoagulant activity is present in the PHA-stimulated
mixed mononuclear cell cultures ( P < 0.005), whereas insignificant activity
is present in the adherent cell-depleted cultures.

‘Mean + S.E.

5 Difference in [*Hjthymidine incorporation after adherent cell depletion
not significant.

¢ Significantly fewer antibody-coated sheep erythrocyte rosetting and
immunoglobulin-bearing mononuclear leukocytes are present in the ad-
herent cell depleted cultures than in the mixed cell populations (P <
0.025).

’ Giemsa-stained cytocentrifuge preparations. Significantly fewer mon-
ocytes are present in the adherent depleted cultures (P < 0.025).
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Fig. 5. Enhanced procoagulant activity in monocyte-enriched cell pop-
ulations. Adherent and nonadherent populations were resuspended at a
concentration of 1 X 10°/m! and incubated for 18 hr before assay. The
adherent fraction consisted of >90% monocytes (peroxidase-containing
mononuclear cells) and the nonadherent >95% lymphocytes. The recalci-
fication time of the monocyte enriched population was substantially
shorter than the lymphocyte-enriched population.

were partially enriched for monocytes by adherence to glass for 2
hr. The resulting population contained 49.0 + 4.1% monocytes.
The cells were resuspended at a concentration of 5 X 10° mono-
cytes per ml, disrupted by sonication, and assayed. The mean
recalcification time using normal plasma was 84.6 % 6.1 sec,
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whereas the recalcification time with factor VIII-deficient plasma
was 94.1 + 9.4 sec. In contrast, the recalcification time with factor
VIl-deficient plasma was 140.3 + 4.2 sec. This suggests that the
procoagulant activity is acting primarily via the extrinsic limb of
coagulation.

DISCUSSION

It is known that coagulation plays a role in the clinical expres-
sion of immunologic disease. This study was designed to examine
the association of fibrin formation with immunologically mediated
inflammation. We originally postulated that fibrin formation was
the result of T-lymphocyte activation and therefore used in vitro
cultures of mitogen-stimulated mononuclear leukocytes as a model
system. The unexpected observation was that the increase in
procoagulant activity was due to activation of a population of
adherent mononuclear cells and was not due directly to T-lym-
phocytes.

We confirmed the initial observation of Rickles et al. (15) that
PHA, primarily a T-lymphocyte mitogen (9), stimulates procoa-
gulant activity. Other mitogens, including Con A, a T-lymphocyte
mitogen (9), and PWM, a T- and B-lymphocyte mitogen (9), also
stimulated procoagulant activity. The magnitude of the procoa-
gulant activity generated in response to varying doses of PHA
paralleled the incorporation of tritiated thymidine into replicating
DNA. However, mitomycin C in doses sufficient to block DNA
synthesis (1) had only a minimal inhibitory effect on the genera-
tion of procoagulant activity. Furthermore, we found that the
major procoagulant activity was associated with the cells and not
the supernatant, suggesting that it is not due to a lymphokine or
other secreted product of mononuclear cells.

The dissociation of T-lymphocyte activation from procoagulant
activity was confirmed by the demonstration that the development
of procoagulant activity required the presence of the adherent
mononuclear cell population. Depletion of adherent mononuclear
cells (monocytes and some B-lymphocytes) by incubating the cells
in polystyrene bead columns resulted in a significant reduction in
the ability of the cultures to generate procoagulant activity. Triti-
ated thymidine incorporation, however, was unaffected by adher-
ent cell depletion. We also demonstrated that monocyte-enriched
populations had significantly greater activity than lymphocyte-
enriched populations. In a separate study (14), we showed that
neutrophils contain very little procoagulant activity. Rivers et al.
(19) reported the similar observation that endotoxin-stimulated
human monocytes are responsible for the procoagulant activity in
the peripheral blood leukocytes. The role of T-lymphocyte and
monocyte interactions in the development of procoagulant activity
is currently under study.

A recent report by Rickles et al. (16) suggested that the procoa-
gulant activity generated by mitogen stimulation of leukocytes
may be due to endotoxin contamination of the mitogens or other
reagents in the incubation mixture. Their observation could ex-
plain our demonstration of activity even when blastogenesis was
inhibited by mitomycin. This possibility cannot be definitively
evaluated for this study because the specific lots of reagents are
not longer available. However, endotoxin is not the only stimulator
of procoagulant activity. Rotherberger et al. (20) recently dem-
onstrated that purified IgG and antigen-antibody complexes were
capable of stimulating procoagulant activity under conditions in
which endotoxin contamination of the stimulating material was
minimized. The endotoxin-stimulated procoagulant activity could
be differentiated from the activity due to the immunoglobulins on
the basis of different sensitivities of immunoglobulin and endo-
toxin to heat and to polymyxin-B. More studies are needed to
evaluate the precise role of endotoxin and other stimulators in the
generation of procoaguiant activity.

The nature of the procoagulant factor(s) has not been clearly
defined. The assay used in this study is responsive to thrombo-
plastic activity, cephalin-like activity, and anticoagulant activity.
Our studies and the work of other authors have indicated that the
procoagulant factor of endotoxin or PHA-stimulated leukocytes
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act through the extrinsic pathway of the coagulation cascade and
suggests that it is due to tissue thromboplastin on the surface of
the cell (4, 11, 14, 15, 19). The major role of tissue factor is to
combine with factor VII to catalyze the conversion of factor X to
its active form (10). Garg and Niemetz (4) found that the proco-
agulant activity of rabbit leukocytes could be inhibited by using
guinea pig antiserum to tissue factor. Goualt-Heilmann (5) showed
partial immunologic identity between human leukocyte derived
procoagulant factor and purified tissue factor from known sources.

The procoagulant activity of tissue factor was further investi-
gated by Pitlick (13) who showed that addition of Con A to
purified tissue factor apoprotein markedly reduced its procoagu-
lant activity by binding to a carbohydrate residue of the molecule
and making it unable to combine with factor VII. In contrast, we
showed that addition of Con A to the cell culture resulted in a
significant increase in procoagulant activity. We postulate that the
increase in activity is the result of de novo protein synthesis (9) in
the mitogen-stimulated cells. This could result in an amount of
newly synthesized tissue factor which exceeds the binding capacity
of Con A in the culture media. However, further studies will be
needed to confirm this possibility.

The in vivo significance of mononuclear leukocyte-associated
procoagulant activity is a matter of speculation. Inasmuch as
activation of the clotting mechanism by circulating leukocytes
would be undesirable, the procoagulant factor is probably present
in either low concentration or in inactive form. The adherent
mononuclear cells (monocytes) are capable of entering the tissue
in response to inflammatory stimuli. Neutral proteases and other
soluble products are secreted by tissue cells in response to phag-
ocytic (6) or lymphocyte-derived (12) stimuli. Similar stimuli may
cause procoagulant factor production and stimulate the deposition
of fibrin in the inflammatory site. The leukocyte-derived procoa-
gulant factor, therefore, may serve as a means of modulating the
spread of the inflammatory process by stimulating the production
of fibrin barriers.
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