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cells were able to reduce the time of coagulation when they
were incubated with human plasma. In comparison to spleen
cells, 3LL and BL6 tumor cells showed higher procoagulant
activity in murine plasma, but no differences were found be-
tween these cells in human plasma. The differences in the
procoagulant activity of murine tumor and spleen cells in ho-
mologous versus heterologous plasma make murine plasma
more appropriate for studies of the effect of plasma coagulation
on the cytotoxic activity of normal or IL-2 activated murine
spleen cells.

In the first set of experiments, the cytotoxic activity of spleen
cells of nude mice was tested against YAC-1 lymphoma cells
preincubated with murine plasma or serum. Our data as well
as previously published results (15) indicated that murine
plasma or serum at relatively high concentrations (1:5-1:10
dilutions) could be toxic for effector or target cells. Therefore,
we utilized in our experiments murine plasma and serum at
final dilutions between 1:20 and 1:80. Indeed in such concen-
trations of murine serum, no significant changes in the cytotox-
icity of NK cells were observed (Fig. 1). In contrast, plasma
(dilutions, 1:20-1:40) substantially inhibited the cytotoxic ef-
fect of NK cells. The cytotoxicity of NK cells in the presence
of plasma at a dilution of 1:20 was inhibited by 80% (Fig. 1).

In order to extend these findings to other tumor cell lines we
attempted to utilize BL6 melanoma and 3LL cells. However,
BL6 and 3LL tumor cells were resistant to cytotoxic action of
normal spleen cells in the 4-h *'Cr release assay. After 3 days
in culture with IL-2 (1000 units/ml) spleen cells became highly
cytotoxic for a variety of tumor cell lines including BL6 and
3LL cells. Therefore, in the next series of experiments, the
cytotoxic activity of LAK cells against these cells was tested in
the presence of murine plasma or serum.

When BL6 melanoma cells were admixed with LAK cells in
the presence of murine serum (final dilutions, 1:20-1:160) no
changes in the cytotoxicity of LAK cells were found (Fig. 2). In
contrast mixing of the target and effector cells in the presence
of plasma (dilutions, 1:20 or 1:40) was associated with signifi-
cant protection of the tumor cells.

Usually at the higher concentration of plasma (dilution, 1:10)
a large fibrin clot was formed and in this case tumor cells were
completely protected from the cytotoxic action of the LAK
cells. Whereas partial protection of the tumor cells was associ-
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Fig. 1. Cytotoxic activity of spleen cells of nude mice in the presence of murine
plasma and serum. YAC-1 lymphoma cells were incubated for 30 min at 37°C
with murine plasma or serum at various dilutions (1:20-1:80). After incubation,
normal spleen cells from nude mice were added at an effector:target ratio of
100:1. The cytotoxic activity of the spleen cells was evaluated in a 4-h >'Cr release
assay in the presence of murine plasma (O) or serum (®). Bars, SD.
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Fig. 2. Effect of murine plasma on the cytotoxic activity of LAK cells against
BL6 melanoma cells. BL6 melanoma cells were mixed with plasma or serum and
30 min later LAK cells were added at an effector:target ratio of 50:1. After 4 h
of incubation at 37°C, the cytotoxic activity of LAK cells were evaluated. Plasma
(O) and serum (@) were used at final dilutions of 1:20-1:160. Bars, SD.
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Fig. 3. Fibrin clot formation and inhibition of the cytotoxic activity of LAK
cells. BL6 melanoma (A) or 3LL lung carcinoma cells (B) were mixed with plasma
and 30 min later LAK cells were added. After 4 h of incubation at 37°C, cytotoxic
effects of LAK cells and percentage of radiolabeled tumor cells trapped in the
clot were evaluated. Cytotoxic activity of LAK cells against BL6 (4) and 3LL
cells (B) was tested at effector:target ratios of 50:1 and 20:1, respectively. Bars,
SD.

ated with smaller sizes of fibrin clot. Since the fibrin clot
contained radiolabeled tumor cells, the level of clotting could
be evaluated by measurement of its radioactivity. Indeed, the
size of the fibrin clot was found to parallel the number of the
radioactive tumor cells trapped and total clot radioactivity.
Plotting the level of the LAK cytotoxicity and fibrin clotting of
radiolabeled tumor cells revealed an inverse correlation between
these two parameters (Fig. 34). At plasma dilutions of 1:80 or
1:160, no clotting was detected and the cytotoxicity of LAK
cells against BL6 melanoma cells was not inhibited. With an
increase in the concentration of plasma (dilutions, 1:20 or 1:40),
the number of cells trapped in the clot substantially increased
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and this was associated with a decrease in the cytotoxicity
exerted by LAK cells (Fig. 34).

Similarly, 3LL tumor cells were first mixed with plasma and
incubated for 30 min before LAK cells were added. The cyto-
toxicity of these LAK cells against 3LL tumor cells decreased
with increased concentrations of plasma and increased fibrin
clotting (Fig. 3B). The maximum clotting and inhibition of
cytotoxicity was found at a plasma dilution of 1:20 (Fig. 3B).

When 3LL, plasma, and LAK cells were mixed simultane-
ously, fibrin formation was observed at 1:20-1:80 plasma dilu-
tions (Fig. 4). In parallel the cytotoxicity was substantially
inhibited. In all of these experiments, serum in contrast to the
plasma at dilutions of 1:20-1:80 did not affect the cytotoxicity
of the LAK cells.

Since plasma contains various biologically active substances
which can be activated by the triggering of the hemostatic
cascade and might affect cytotoxicity by LAK cells, it was of
interest to evaluate the role of some of the major components
of fibrin formation. Therefore, the cytotoxic assay was per-
formed in the presence of fibrinogen and thrombin. Thrombin
could convert fibrinogen into fibrin. The fibrinogen was used
at a constant concentration (1 mg/ml), whereas different doses
of thrombin were tested (Fig. 5). The preventive effect of fibrin
deposition on the target tumor cells was studied when the
fibrinogen and thrombin were preincubated with BL6 or 3LL
tumor cells for 20 min, and then the LAK effector cells were
added. It was assumed that fibrin deposition around the effector
cells also could prevent them from destroying target tumor
cells. To test this hypothesis, fibrinogen and thrombin were
incubated first with LAK cells for 20 min before radiolabeled
tumor cells were added. In some groups, the target and effector
cells were simultaneously mixed with fibrinogen and thrombin
(Fig. 5).

Inhibition of cytotoxicity of LAK cells against BL6 or 3LL
tumor was observed at low doses of thrombin (0.006-0.012
unit/ml) and persisted with the higher concentrations of throm-
bin (up to 0.2 unit/ml). All of these doses of thrombin were
sufficient to induce clotting 40-60% of tumor cells, as deter-
mined by calculation of the level of tumor cell radioactivity
trapped in the clot (data not shown). The level of fibrin coagu-
lation could be substantially increased by increasing the concen-
tration of fibrinogen above 1 mg/ml (data not shown).

Inhibition of cytotoxicity was observed in situations where
fibrin formation was initiated either around the tumor target
cells or around LAK effector cells. Similarly, the cytotoxicity
of LAK cells was abrogated when both target and effector cells
were trapped in the fibrin clot (Fig. 5). In some experiments
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Fig. 4. Cytotoxic activity of LAK cells and fibrin clot formation after simul-
taneously mixing effector and target cells in plasma. 3LL tumor cells (5 X 10%)
were mixed simultaneously with LAK cells at an effector:target ratio of 50:1 in
the presence of murine plasma (dilutions, 1:20-1:60). After 4 h of incubation at
37°C, cytotoxic effects of LAK cells and percentage of radiolabeled tumor cells
trapped in the clot were evaluated. Bars, SD.
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Fig. 5. Effect of fibrinogen and thrombin on cytotoxic activity of LAK cells.
In A, BL6 melanoma cells (2.5 % 10*) were mixed with fibrinogen (1 mg/ml),
thrombin, and LAK cells at an effector:target ratio of 50:1. In B, 3LL tumor cells
(2.5 % 10*) were mixed with fibrinogen (1 mg/ml), thrombin, and LAK cells at
an effector:target ratio of 50:1. Radiolabeled tumor cells, fibrinogen, thrombin,
and LAK cells were mixed simultaneously (O), or tumor cells were incubated with
fibrinogen and thrombin for 20 min and then LAK cells were added (A), or LAK
cells were preincubated with fibrinogen and thrombin for 20 min and then
radiolabeled tumor cells were added (OJ). Percentage of cytotoxicity was deter-
mined in a 4-h 5'Cr release assay. Bars, SD.

more profound inhibition of cytotoxicity was observed when
tumor cells were first mixed with fibrogen and thrombin (Fig.
5A). In other experiments the most efficient protection was
found when LAK cells were trapped in the clot and target cells
were added later (Fig. 5B). However, from results of repetitive
experiments it appeared that the level of tumor cell protection
were similar regardless of the sequence of exposure of the target
or effector cells to plasma or fibrinogen and thrombin.

These data demonstrate that fibrin deposition can protect
tumor cells from destruction by cytotoxic effector cells. One
would then predict that by blocking fibrin formation, the cyto-
toxicity by the effector cells could be completely restored. To
investigate this, the effect of heparin on the coagulation and
cytotoxicity of LAK cells was studied (Table 2). Tumor cells,
fibrinogen, thrombin, and LAK cells were mixed in various
orders and the cytotoxic effects of LAK cells in the presence of
heparin (2 units/ml) was studied. In the absence of fibrinogen
and thrombin, LAK cells had strong cytotoxic effects against
BL6 and 3LL tumor cells. Admixing tumor and LAK cells with
fibrinogen (1 mg/ml) and thrombin (0.1 unit/ml), in any of the
chosen combinations, resulted in the fibrin formation and sub-
stantial inhibition of the cytotoxicity by LAK cells (Table 2).
However, adding as little as 2 units/ml of heparin was sufficient
to prevent fibrin formation and made tumor cells vulnerable to
the cytotoxic action of LAK cells. Heparin alone did not show
any direct effect on the cytotoxicity of LAK cells. Coagulation
and inhibition of cytotoxicity were observed only when fibrin-
ogen and thrombin were mixed together. No coagulation and
no effect of tumor cell destruction by LAK cells were found
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when fibrinogen or thrombin were mixed separately with target
and effector cells (Table 2).

Inhibition of LAK cells cytotoxicity by fibrin could be due to
the prevention of close contact between target and effector cells
or affecting the lytic phase of the cytotoxicity of the effector
cells. To clarify these mechanisms the effect of fibrin coagula-
tion on the ability of the effector LAK cells to bind 3LL tumor
target cells was investigated in the presence of murine plasma
or serum at a final dilution of 1:20 (Table 3). When fluorescein
deacetate labeled LAK cells were mixed with nonlabeled 3LL
tumor cells in the presence of plasma, fibrin coagulation oc-
curred. Analysis of the cell pellet under UV microscope revealed
that very few of effector cells were able to bind target cells
(0.7%) and no conjugates between target and effector cells in
the fibrin clot were found. However, when fibrin coagulation

Table 2 Prevention of coagulation and restoration of the cytotoxic activity of

LAK cells by heparin
% of cytotoxici
Heparin  Fibrin co- __u_
Group® treatment  agulation BL6 cells 3LL cells
(TC + LAK) - =t 54.7 32.3
+ - 51.3 34.8
(TC + Fb + Thr) + LAK - + 8.0 5.5
+ - 61.5 28.3
(TC + Fb + Thr + LAK) - + 18.9 5.9
+ - 57.1 31.2
(LAK + Fb + Thr) + TC - + 13.6 84
+ - 53.7 329
(TC + Fb) + LAK - - 56.3 38.7
(TC + Thr) + LAK - - 52.3 348

@ Radiolabeled BL6 or 3LL tumor cells (2.5 X 10*) and LAK cells (12.5 x 10%)
were admixed with fibrinogen (1 mg/ml) and thrombin (0.1 unit/ml). In some
groups fibrinogen (Fb) and thrombin (Thr) were admixed with tumor cells (TC)
and 20 min later LAK cells were added. In some groups the sequence of mixing
was opposite or the cell components were mixed simultaneously. The components
included in parentheses were mixed first and components outside of the paren-
theses were added 20 min later. Heparin was added at a final concentration of 2
units/ml. After 4 h of incubation, the level of released radioactivity was measured.
Differences in cytotoxicity of greater than 10% were significant (P < 0.05).

-, no coagulation; +, fibrin coagulation.

Table 3 Effect of fibrin coagulation on the formation of effector-target cell
conjugates
3LL tumor cells (2 X 10%) were mixed with 2 X 10° LAK cells labeled with
fluorescein deacetate in the presence of murine plasma or serum (final dilution,
1:20). In one group heparin (2 units/ml) was added. Cells were incubated 15 min
and centrifuged, and the numbers of fluorescing (effector) cells binding to nonflu-
orescing (target) cells were determined under a UV microscope.

No. of effector-target conjugates % of
Groups No. of effector cells conjugates
3LL + LAK + plasma 2/302 0.7
3LL + LAK + plasma + 58/279 20.8
heparin
3LL + LAK + serum 54/272 19.9

Table 4 Cytotoxicity of LAK cells exposed with the target cells before or after
fibrin coagulation
S!Cr-labeled BL6 melanoma cells were mixed with plasma or serum 30 min
before or simultaneously with adding of LAK cells. In some groups, plasma or
serum were added 15-120 min after exposition of tumor and LAK cells. In all
groups final dilutions of plasma or serum was 1:20. The effector:target ratio was
10:1. The cytotoxic effect of LAK cells was evaluated after 4 h of incubation. The
differences between groups in more than 10% were found significant (P < 0.05).

% of cytotoxicity at following times of mixing
plasma with target and effector cells

was prevented by adding heparin (2 units/ml), 20.8% of the
fluorescent effector cells was found conjugated with the target
cell. Similar percentages of conjugates were formed when effec-
tor and target cells were mixed in the presence of serum (Table
3). Prevention of the conjugate formation was observed when
plasma was preincubated with tumor cells or effector cells (data
not shown). Thus, these data indicate that fibrin deposition
around the target and/or effector cells prevent their close con-
tact and prevent cytotoxic effect of LAK cells.

Binding of the effector cells to the target usually takes place
during the first 5-10 min of their contact (14). It is of interest,
by adding the plasma after target-effector conjugation occurred,
to analyze the effect of fibrin coagulation on the cytotoxicity of
LAK cells. For these purposes plasma was added at different
intervals (15-120 min) after tumor and LAK cells were allowed
to contact (Table 4). When fibrin coagulation around the tumor
cells occurred before LAK cells were added, substantial reduc-
tion of the cytotoxic effect of LAK cells was observed. Signifi-
cant inhibition (about 50%) was found when plasma was si-
multaneously mixed with target and effector cells. However,
addition of plasma 15 min or later after effector target cell
contact did not affect LAK cell cytotoxicity. Admixing serum
at any time point did not influence the cytotoxicity of LAK
cells (Table 4).

Thus, these data demonstrate that fibrin coagulation could
protect tumor cells from destruction by the cytotoxic effector
cells. Fibrin inhibited the cytotoxic activity of the effector cells
by affecting binding rather than the lytic phase of LAK cell
cytotoxicity.

DISCUSSION

Investigations of mechanisms of interaction of tumor cells
with hemostatic factors and the immune system could be im-
portant for understanding the process of metastatic spread as
well as the mechanisms of the antimetastatic effects of antico-
agulant drugs. Numerous experimental data indicate that the
formation of thrombotic emboli composed of platelets, fibrin,
and tumor cells was observed almost immediately after admin-
istration of tumor cells into the vascular system (7-9). Four h
later about 84% of tumor cells arrested in the capillaries and
arterioles of the lungs were incorporated into platelet-fibrin clot
which substantially diminished in 24 h and completely disap-
peared 48 h after tumor cell inoculation (7-9). Fibrin deposition
around tumor cells at this time period could be crucial for their
survival. Indeed results of i.v. inoculation of the radiolabeled
tumor cells indicate that more than 90-99% of inoculated
tumor cells could be eliminated in the first 24 h (1). At the time
of disappearance of pulmonary thrombi vast majorities of sur-
vived tumor cells accomplished their extravasation (8). The rate
of elimination of the radiolabeled tumor cells in the extravas-
cular space substantially reduced and the numbers of surviving
radiolabeled cells did not substantially change 2-10 days fol-
lowing tumor cell inoculation (1). Previously we demonstrated
that elimination of i.v. inoculated radiolabeled B16 melanoma
cells could be significantly increased in mice treated with hep-
arin or warfarin (11, 12). This effect was observed only in the
presence of functionally active NK cells since in mice with
depressed NK cell function prevention of blood coagulation by
anticoagulants did not increase tumor cell destruction in the

=30 0 15 30 60 120
Groups min min min @ min min  min lungs. Although stimulation of NK cell activity by polyino-
BLG6 + LAK + plasma  10.8 312 59.1 594 582 6138 sinic-polycytidilic acid increased tumor cell elimination and
BL6 + LAK + serum  59.0 603 606 598 586 63.1 inhibited metastasis formation, the antimetastatic effect of the
BL6 + LAK 61.0 stimulated NK cells was not optimal. Their efficiency further
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increased when blood coagulation was prevented by pretreat-
ment of mice with heparin or warfarin (11, 12). Antimetastatic
activity of adoptively transferred spleen NK cells could also be
potentiated by prevention of fibrin deposition around tumor
cells during their hematogenic spread in the NK reconstituted
recipients (12).

These data suggest that fibrin clot could serve as a protective
shield which helps tumor cells to escape immune destruction
in the blood. Anticoagulant drugs prevent fibrin coating of
tumor cells and thus make them more vulnerable to the cyto-
toxicity of effector cells (11, 12).

In the present study, analysis of the in vitro cytotoxic activity
of NK and LAK cells against a variety of murine tumor cells in
the presence of whole plasma revealed that fibrin coagulation
could protect tumor cells from destruction by NK or LAK cells.
The level of inhibition of cytotoxicity paralleled the level of
fibrin clotting induced by tumor cells. In contrast, serum did
not affect the cytotoxicity of NK or LAK cells. LAK cell
cytotoxicity was also prevented when the effector cells were
trapped into the fibrin clot. Thus, fibrin deposition around
either target or effector cells can increase the chance of tumor
cells to escape destruction by the cytotoxic cells. This conclu-
sion was also supported by the experiments in which inhibition
of the cytotoxicity was observed when fibrinogen and thrombin
instead of whole plasma were used indicating that fibrin for-
mation rather than non-coagulation-related effects were respon-
sible for this inhibition. Tumor cell protection was observed
only when fibrinogen was converted by thrombin into fibrin.
No effect on tumor cell lysis was found when fibrinogen or
thrombin was used separately.

The importance of fibrin clot formation for tumor cell pro-
tection was supported by experiments in which heparin pre-
vented fibrin coagulation. Under these conditions, tumor cells
were efficiently killed by LAK cells. The direct effect of heparin
(2 units/ml) on the effector cells could be excluded by the fact
that either in the presence or absence of fibrinogen and throm-
bin, heparin did not affect the level of LAK cytotoxic activity.
Heparin in the dose selected also had no detectable direct
cytotoxic effect on target cells.

The protection of tumor cells from the cytotoxic activity of
NK or LAK cells by fibrin could be explained by physical
segregation and interference with the binding of target and
effector cells. Indeed, when fluorescein-labeled LAK cells were
used, conjugate formation with tumor cells in the presence of
fibrin was prevented.

We have found that tumor cell protection was observed only
when fibrin coagulation occurred before formation of target-
effector conjugates. Indeed the cytotoxicity of LAK cells was
inhibited when plasma was added to tumor cells before LAK
cells or simultaneously mixing with target and effector cells.
However, when plasma was added to the mixture of tumor and
effector cells after 15 min of their contact, plasma coagulation
did not affect LAK cell cytotoxicity against BL6 melanoma
cells. Failure of fibrin coagulation to inhibit LAK cell cytotox-
icity when the tumor-effector conjugates were formed could
further support the assumption that fibrin mediated inhibition
of LAK cell cytotoxicity was due to the ability of fibrin gel to
prevent the intimate contact of target and effector cells rather
than by affecting the lytic phase of LAK cytotoxicity.

Thus, the data obtained indicate that fibrin coating of tumor
or effector cells could help tumor cells to escape immune
destruction in the blood. These findings shed new light on and
could help to better understand the biological significance of
interaction of the hemostatic and immune system during tumor
metastasis formation and the mechanism for the antimetastatic
effects of anticoagulant drugs. These data might have broader
significance and help to understand the role of fibrin deposition
around locally growing primary tumors. It was demonstrated
that fibrin gel matrix is a regular stromal component of both
autochthonous and transplantable tumors which developed as
a result of extravascular leakage of plasma from tumor micro-
vasculature (16, 17). It is considered that fibrin deposition
around the tumor could help it to escape immune destruction
(16). Our in vitro test of the ability of fibrin to block the
cytotoxicity of effector cells could support this possibility.
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