Biochemical Pharmacology, Vol. 32, No. 11, pp. 1689-1691. 1983.
Printed in Great Britain.

0006-2952/83 $3.00 + .00
© 1983 Pergamon Press Lid.

WARFARIN INHIBITS BOTH PROCOAGULANT ACTIVITY
AND METASTATIC CAPACITY OF LEWIS LUNG
CARCINOMA CELLS

ROLE OF VITAMIN K DEFICIENCY

Mario Corucct, FEDERICA DELAINI, GERMANA DE BELLIS ViTTI, DANIELA LOCATI,
ANDREINA PoGGI, NicoLA SEMERARO and MARIA BENEDETTA DONATI*

Laboratory for Haemostasis and Thrombosis Research, Istituto di Ricerche Farmacologiche ‘Mario
Negri’, Via Eritrea, 62-20157 Milan, Italy

(Received 9 August 1982; accepted 18 November 1982)

Abstract—Chronic vitamin K deficiency, either dietary or pharmacologically induced with warfarin.
depressed significantly the growth of lung secondaries in a spontaneously metastasizing murine tumor,
the Lewis Lung Carcinoma. This effect was associated with a marked depression of the procoagulant
activity of cancer cells, which could contribute to fibrin deposition around the tumor. Cellular anti-
coagulation may thus be an important mechanism in the antimetastatic effect of warfarin.

Blood clotting at the tumor-host interface has been
suggested as playing a role in tumor dissemination
and metastasis [1, 2]. Fibrin deposited around some
experimental tumors has indeed been considered as
a physical barrier protecting the cells from their
host’s immunological rejection, and as a natural sub-
strate which stimulates tumor vascularization [3].
Similar protective mechanisms have been proposed
to operate when tumor cells adhere to the endo-
thelium of capillaries in target organs or tissues where
tumor secondaries later grow. Fibrin layers have in
fact been observed surrounding tumor cells attached
to the endothelium [4].

Several types of cancer procoagulants have been
described, which could contribute to fibrin depo-
sition around tumor cells {2, 5-8]. In some experi-
mental models, the amount of fibrin deposited has
been found to correlate with the tumor cells’ pro-
coagulant activity [9].

On the basis of these observations, itis conceivable
that, at least in some experimental models, inhibition
of cancer procoagulant activity might be associated
with reduction of metastatic growth.

We have studied here the Lewis Lung Carcinoma
(3LL), a tumor which, upon i.m. implantation in
syngeneic hosts, grows locally and gives spontaneous
metastases selectively to the lungs [10]. Cells from
this tumor and its metastatic nodules have a peculiar
procoagulant activity which has been identified by
clotting and amidolytic assays as a factor X activator
[8,11]. We report here that, in mice bearing the
3LL, vitamin K deficiency depresses both cancer cell
procoagulant activity and lung metastasis growth.

MATERIALS AND METHODS

Tumor and animals. The tumor studied was the
Lewis Lung Carcinoma (3LL) originated sponta-
neously in the lungs of a C57B1/6] mouse which,
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upon i.m. implantation to syngeneic hosts, gives
spontaneous metastases selectively to the lungs [10].
Cells (1 x 10°%/mouse) from 3LL were injected in the
hind leg of C57B1/6] mice. Primary tumor and
metastasis growth were assessed 23 days after
implantation as described [10].

Treatment schedules. Three groups of C5781/6]
mice (60 animals per group) were used and two
different experimental conditions of vitamin K
deficiency were studied. To the first group of animals
racemic warfarin (Coumadin, Endo Laboratories,
Garden City, NJ, U.S.A.) was given in drinking
water (from day 7 to death) with the following treat-
ment schedule: a loading dose of 7.5 mg/l. during
the first 24 hr, then maintenance doses of 1.5-
2mg/l., depending on the Thrombotest values [12].
In the second group, vitamin K deficiency was
induced by feeding animals a vitamin K deficient diet
[13] starting 7 days before tumor cell implantation.
Preliminary ad hoc expts had shown that treatment
with the diet for 15 days was required to achieve a
level of anticoagulation similar to that obtained with
the warfarin schedule used. The third group received
tap water and normal laboratory chow. Subgroups
(30 animals) of each of the three treatment groups
were given vitamin K; (Farmitalia-Carlo Erba,
Milan, Italy) in drinking water (20 mg/1.) from the
beginning of the pharmacological or dietary treat-
ment (or the day of tumor implantation in untreated
animals) until scheduled death. Treatment in each
group was monitored by measuring the plasma pro-
thrombin complex activity (Thrombotest) [12]. A
last group (20 animals) was treated from day 7 to
death with heparin (Liquemine, Roche, Basle,
Switzerland) at a dosage (50 IU/kg b.w. twice daily
i.p.) which prolonged the activated partial throm-
boplastin time of 2-3-fold the control values.

Prothrombin complex concentrate (PCC). Pro-
thrombin complex concentrate (PCC) was prepared
from C57B1/6J mouse plasma drawn into plastic
syringes by intracardiac puncture and collected on
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K-oxalate (0.25% final concentration). Platelet-
poor-plasma pooled from 300 mice was adsorbed
onto BaSO, and, subsequently, eluted as described
[14]. The material so obtained was filtered and
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- g |® S &~ = |>g thrombin complex without correcting cancer cell
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— E E e h= gulant activity or the metastatic potential of the cells.
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metastatic capacity of tumor cells. Indeed, vitamin
K deficiency, either dietarily or pharmacologically
induced by warfarin, significantly depressed lung
metastasis growth.

The antimetastatic activity of warfarin appears to
be due to vitamin K antagonism rather than to any
direct effect of this drug on tumor cell properties.
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Table 2. Effect of replacement of prothrombin complex factors on 3LL cell procoagulant

activity
Thrombotest Cancer cell procoagulant activity
(sec) (arbitrary units)

Control 2513 118 £ 6.3
Control

+ PCC 2105 113+ 5.6
Warfarin >180 16+1.1
Warfarin

+ PCC 27.1x1.4 18 +0.9
Vit. K deficient >180 2123
Vit. K deficient

+ PCC 284+ 1.8 18x2.1

Means + S.E. of six values per group.

A similar mechanism had previously been suggested
for the antimetastatic activity of phenprocoumon in
the same experimental system [16]. The mechanism
by which vitamin K deficiency exerts its antimeta-
static activity is not defined. Vitamin K is required
for post-ribosomal carboxylation of giutamic acid
residues in different proteins, to form the structural
moiety responsible for their specific calcium binding
activity. Among these proteins, the four clotting
factors of the prothrombin complex have first been
identified. However, plasma anticoagulation result-
ing from impaired synthesis of these factors does not
necessarily account for the antimetastatic effect of
vitamin K deficiency. Hypocoagulability induced by
other means (heparin or defibrinating enzymes) does
not affect the metastatic behaviour of the same cells
[17]. It is of interest in this context that vitamin K
deficiency reduced not only the metastatic potential
but also the procoagulant activity of the same cancer
cells. This was not due to low plasma levels of vitamin
K dependent clotting factors, since administration
of mouse prothrombin complex concentrate nor-
malized the activity of plasma prothrombin complex
without correcting cancer cell procoagulant activity.

Fibrin deposition in the tumor cell microenviron-
ment is likely to be a local phenomenon rather than
the result of systemic activation of clotting [18]; the
inhibition of cancer cell procoagulant activity (cel-
lular anticoagulation) could, thus, be more important
in this context than depression of circulating clotting
factors (plasmatic anticoagulation).

In view of the proposed role of fibrin in tumor
dissemination, the data reported here could offer
fresh clues to the antimetastatic effect peculiar to
warfarin, not shared by other anticoagulants. These
data may be also of interest in view of the current
debate about clinical use of warfarin in human can-
cer; warfarin treatment has indeed been recently
reported, in a controlled clinical trial, to significantly
prolong the survival of patients with small cell car-
cinoma of the lung and to delay the appearance of
disease progression [19].
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