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Abstract--Anticoagulation of syngeneic C57BL mice with the coumarin derivative 
phenprocoumon at various time intervals before and after the intravenous injection of 
Lewis Lung carcinoma cells reduced the number of tumour colonies in the lung. The 
results suggested that this effect was independent of the alteration of the clotting 
mechanism of the host. Restoration of blood coagulability by administration of human 
factor IX complex did not abolish the antimetastatic effects of coumarin medication. 
Since diet induced vitamin K deficiency appeared to be equally effective in reducing lung 
tumour colonies, it was concluded that coumarins did not act directly on the tumour cell, 
but that the antimetastatic effect was mediated by the drug induced vitamin K 
deficiency. A hypothesis of the possible mode of action is presented. 

I N T R O D U C T I O N  

U LTRASTRUCTURAL studies have demon- 
strated that intravenously injected tumour 
cells, shortly after their arrest in lung capil- 
laries, are surrounded by a fibrin and plate- 
let thrombus, which disappears within a 
few hours of its tormation [1, 2]. This earlv 
clot formation around embolic tumoar cells 
was considered to be of pathogenic impor- 
tance in the process of metastasis tormation 
ti"om blood-borne cancer cells [3]. 
Consequently, drugs interfering with blood 
coagulation have to be active during the early 
stages after tumour cell challenge if they are 
counteracting the development of lung tu- 
mour colonies. Various anticoagulants such as 
heparin, ancrod and coumarin-derivatives 
have been shown to reduce the number of 
lung colonies after intravenous tumour cell 
injection in numerous experimental systems, 
supporting the importance of fibrin formation 
in the initial stage of haematogenous metas- 
tases [4]. 
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There is, however, experimental evidence 
that other pharmacological actions of some of 
the anticoagulants--independent of their in- 
tluence on blood coagulation--might be re- 
sponsible tor the ettect on tumour dissemi- 
nation [4]. The purpose of the present in- 
vestigations was to further elucidate the me- 
chanism of the antimetastatic effects of cou- 
marins in a syngeneic tumour system. In 
order to compare these results with previous 
data [5-7] the Lewis Lung carcinoma (3LL) 
was used. The antimetastatic action of phen- 
procoumon (Marcoumar ®) was investigated by 
means of various treatment schedules. In ad- 
dition, substitution of impaired clotting factors 
and dietary vitamin K deficiency was 
investigated. 

MATERIALS AND METHODS 

Animals 

Inbred C57BL/Rij male mice were used 
throughout the experiments I -VI  and 
C57BL/6J-Han inbred males were used in the 
experiments V I I - I X .  Comparison of results is 
justified, since no biologic differences have 
been shown between the two strains. The 
weight range was 17-22g. The animals xvcre 
housed in macrolon cages and received stan- 
dard laboratory diet and watter ad libitum 
unless changes were made corresponding to 
the experiments (see over). 
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The Lewis Lung carcinoma (3LL), ori- 
ginally derived from a spontaneous lung car- 
cinonm in a C57BL mouse in 197)1, was 
ol)tained li'oln Prol: K. Karrer (I'nivcrsity of 
Vimma) and maintained by sul)cutaneous ilu- 
l)lants of al)isro,:inmtelv 5>: 1() ~ tUlnour cells 
into syngencic C57BI, mice, with passage 
every 11- days. 'FImmm" cell suspensions were 
prepared by exposing non-necrotic tumour 
fragments to a trypsin solution (Trypsin 
NBCO 0.25",,) according to the lnethod pre- 
viously described [7]. The tinal \'iable tulnour 
cell number to be injected wzts 1)ascd on Eosin 
negative cells, tMls were injeeted in sterile, 
pyrogcn-li'ce saline. 

Antic,,a~ulati,m 

Phenprocoumon (Marcoumar u, Hoffmann-  
l,a Ix ,chc Ba~h') was administered in an 
ilfitizll &~se of 2.Smg/kg body weight in- 
tvzlln'rit~me;tlly ; the control animals received 
the same volume of saline. This was followed 
by a continuous oral ctosc added to tilt' drink- 
ing water in concentrations ranging from 
2 to 5mg/1. Anticoagulation was moni- 
tored by the Thrombotest method: 0.003 ml of 
tail vein blood was added to 0."3 ml 
Thrombotest reagent (Nycgaard, Oslo) and 
the clotting time was recorded automaticalh. 
at 37(2. The mean \'ahle in 35 untreated, 
heahhy control animals was '~9sec (S.I). 3 
sec). The therapeutic range of anti- 
coagulation was considered to be a 
Thrombotest-clotting time of 250-400 sec. 
To nlonitor the Throml)otest-clotting time in 
the experilnents, two to Ibm" animals fi'om 
each test group were used in ahernating se- 
quence, in order to prevent excess I)lood loss. 

Factor IX complex 

Phenprocoumon treated anilnals with a 
prolongation of the 'I'hrombotest-clotting time 
to 400 sec wcre sul)stitutcd by the intravenous 
injection of human factor IX complex 
(Konyne",  Cutter Labs, Bcrkely) containing 
the vitamin K depcndcnt clotting lixctors II, 
VII,  IX and X. One unit Konync"  c o l  
responded to the clotting factor activity of 
lml  normal human plasma. 'Fhc animals 
were injected intravenously with 2.5 units of 
Konyne ",/ani hal Another group was injected 
with the same alnount of inactivated 
Konyne " which was preparcd by incubation 
of the solution for 10 min at 56°C. This pro- 
cedure resulted in a complete destruction of 
the clotting activity of the factor IX complex. 

l'itamin tf  deficiency 

Vitamin K deticiency with prolongation of 
the animals Thrombotest-clotting time to the 
therapeutic range (250 400sec) was induced 
by a semisynthetic, vitamin K dcticient diet 
(Altromin". C 1020) containing 2g of neo- 
mycin per kg dry tbod. In addition, the 
animals were housed in coprophagy prevent- 
ing cages. The corresponding control diets 
contained 20 mg l)er kg dr \  food vitamin K I 
(Konakion, Hottinann La Roche, Basle). 

Lm~f coloni, assar 

Alter sacriticing the animals with ether, 
the number of lung colonies was evaluated by 
staining the lung through the trachea with 
12 ',, Indian ink according to We>:lcr [8]. The 
total number of macroscopically visible no- 
dules on the surface of all lung lobes were 
recorded. Autopsies were performed on all 
animals to establish extrapuhnonary tumour 
growth. 

E ~ perimental design 

The treatment schedules with phen- 
procoumon, Konyne (R) and vitamin K deficient 
diet, as well as the blood coagulability of the 
treated animals at the time of tumour ceil 
injection are shown in 'Fable 1. The day of 
the intravenous tumour cell challenge is de- 
signated day 0. Control animals to experi- 
lnent IX (vitamin K deficiency) were ted the 
vitalnin K containing diet. 

Statistical evaluation 

The statistical analysis of the number of 
lung colonies in control and treated groups 
was perlbrmed with the U-test for two ran- 
dora variables according to Wilcoxon, Mann 
and Whitney. 

RESULTS 

'File injection of 2.5 units Konync " into ,5 
anticoagulated animals (Thrombotest-clotting 
time 400sec) reduced the Thrombotest- 
clotting time back to normal values over a 
period of approximately 4hr  (Fig. 1). The 
injection of inactivated Konyne ~ did not alter 
the phenprocoumon-induced prolongation of 
the clotting time. 

'Fhe results of tile effects of various treat- 
men) schedules on the formation of lung 
tumour colonies in treated and control ani- 
mals are summarized in Table 1. The in- 
travenous injection of tumour cells into 
phenprocoumon anticoagulated animals 
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Fig. l. Effect of intravenous injection of 2.5 units human 
factor I X  complex (Konyne !~') on Thrombotest clotting time of 

phenprocoumon anticoagulated mice (n =5). 

resulted in a significant reduction of  the num- 
ber of lung colonies (groups I and II). If 
phenprocoumon treatment was started at the 
time of tumour cell challenge, at which time 
the animals were not anticoagulated, the re- 
duction of the number of  tumour colonies was 
still significant (groups III and IV). 
Beginning of the treatment as late as 4 days 
after tumour cell injection was able to di- 
minish lung colony formation significantly 
(groups V and VI). Restoration of  the 
phenprocoumon-induced clotting defect by 
human t~tctor IX complex prior to tumour cell 
injection, did not influence the colony re- 
duction (group VII) ,  likewise the injection of  
inactivated Konyne '~: did not abolish the ef- 
fect of  phenprocoumon (group VIII) .  
Vitamin K deficiency alone was equally effec- 
tive in reducing the number of  lung tumour 
colonies (group IX). In none of the groups 
extrapulmonary tumour growth was noted at 
autopsy. 

D I S C U S S I O N  

Coumarin anticoagulation was found to be 
effective in reducing the number of  lung 
colonies after intravenous tumour cell chal- 
lenge [9-13] as well as the number of spon- 
taneous metastases from experimental solid 
tumours [5, 9, 11, 14, 15]. 

Although antithrombotic effects were con- 
sidered to be the main mode of action, other 
drug effects could not be ruled out. In some 
experimental systems a discrepancy between 
effects of different anticoagulants on tumour 
spread suggested a unique pharmacological 
property of the coumarins, not directly related 
to deceleration of blood coagulability [6]. 
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The present experiments confirm earlier 
data: effective nontoxic anticoagulation [5] at 
the time of tumour cell challenge significantly 
reduced the number of lung colonies (group 
I). It is, however, remarkable that coumarin 
administration until day 10 after tumour in- 
jection further reduced the number of colonies 
if compared to short-term treatment (group 
II). If  phenprocoumon was given at the time 
of tumour cell challenge (groups III  and IV) 
or even two to four days later (groups V and 
VI) there was also a significant reduction of 
lung colonies. In these last cxperiments tu-  

mour cells were injected into animals which 
had no clotting defect at the time of injection. 
Thus the explanation of the antimetastatic 
effects of phenprocoumon by inhibited blood 
coagulability at the early stage alter tumour 
cell arrest becomes questionable. In further 
experiments it was demonstrated (groups VII  
and VI I I )  that restoration of blood coagul- 
ability of phenprocoumon treated animals by 
human factor IX complex did not abolish the 
antimetastatic effects. It is unlikely that anti- 
coagulation exerts its effect at any time after 
tumour cell challenge, since all treatment 
schedules, although not overlapping, were 
equally effective in reducing hmg colonies. 
Unless one assumes two completely dill;went 
modes of coumarin action on metastatic tu- 
mour growth, our data suggest that anti- 
coagulation was not the main mechanism by 
which the reduction of lung colonies was 
brought about. 

Alternatively, a direct effect of the drug 
could be discussed. However, diet induced 
vitamin K deficiency (group IX) had similar 
antimetastatic effects to coumarin induced vi- 
tamin K deficiency. These observations sug- 
gest that the effects of coumarin anticoagu- 
lation are mediated by vitamin K deficiency. 

This interpretation of the present data is in 
agreement with the results of Brown [12] who 
found that the administration of vitamin K to 
warfarin anticoagulated animals promptly 
abolished the antimetastatic effect of this 
treatment. In the rabbit ear chamber it was 
tbund that warfarin anticoagulation inhibited 
turnout cell locomotion; whereas the injection 
of vitamin K into the aninqal restored loco- 
motion back to normal [16]. 

In conclusion, some experimental data 
would support the role of vitamin K de- 
ficiency in the antimetastatic effects of cou- 
tnarin anticoagulation. Recent investigations 
using the spontaneously metastasising Lewis 
lung carcinoma have confirmed the metastases 
inhibiting action of vitamin K deficiency in 
long-term experiments [6]. '['he explanation 
for this phenomenon remains, however specu- 
lative. Vitamin K is required in a postribo- 
somal synthetic step for carboxylation of glu- 
tamic acid to ?-carboxyglutainic acid [17]. 
The 7-carboxyglutamic acid containing clot- 
ting factors have strong calcium and phospho- 
lipid binding capacities which are responsible 
Ibr the specific action of these enzymes within 
the clotting mechanism [18]. However, other 
pi'oteins containing 7-carboxyglutamic acid 
with hitherto unknown biologic function have 
recently been identified [19]. Since the re- 
duced clotting activity appears to be of minor 
importance in the antimetastatic effects of 
vitamin K deficiency, it is conceivable that 
other vitamin K dependent structures are 
responsible for the mode of action. Analogous 
with the physico-chemical properties of the 
vitamin K dependent clotting factors, the 
absence of calcium and phospholipid binding 
proteins could possibly alter some tumour 
characteristics, or the host's response to the 
tumour. 

REFERENCES 

1. 1). S. ,]ONES, A. C. WAI,I~ACE and E. E. FRASER, Sequence of {'vents in 
experimental metastases of Walker 256 tumor: light, immunofluorescent and 
electron microscopic observations. ,7. nat. Cancer h~.rt. 46, 493 (1971). 

2. W. F. SINDELAR, T. S. TRALKA and A. S. KETCHAM, Electron microscopic 
observations on tbrmation of pulmonary metastases..7-surg. Res. 18, 137 
(t975). 

3. S. WOOD, ,JR., Mechanisms of establishment of tumor metastases. In 
Pathobiolow Annual. (Edited by H. L. Ioachim). New York (1971). 

4. P. HnX;ARD and R. D. 'FHORNES, Anticoagulants in the treatment of cancer. 
Europ. 07. Cancer 12, 755 (1976). 

5. P. HILGARD, H. SCHULTE, G. WETZlG, G. SCHMITT and C. G. SCnMIDT, Oral 
anticoagulation in the treatment of a spontaneously mctastasising murine 
lumour (3LL). Brit j .  Cancer 35, 78 (1977). 

G. I ). HILt;Am), l:,>:l)Crilnental vitamin K deficienc\ and spontaneous mctast,ls¢'~. 
B~il. ,7. Cam~'J 35, t~91 (1977}. 



Mechanism of Lung Tumour Colony Reduction 187 

7. B. MAAT, Extrapulmonary colony formation after intravenous injection of 
tumour cells into heparin treated animals. Brit. J. Cancer 37, 369 (1978). 

8. H. WEXLER, Accurate identification of experimental pulmonary metastases, j .  
nat. Cancer Inst. 36, 641 (1965). 

9. S. WOOD, JR., E. D. HOLYOKE and J. H. YARDLEY, An experimental study of 
the influence of adrenal steroids, growth hormone and anticoagulants on 
pulmonary metastasis formation in mice. Proc. Amer. Ass. Cancer Res. 2, 157 
(1956). 

10. D. AGOSTINO and E. E. CLIFFTON, Anticoagulants and the development of 
pulmonary metastases. Arch. Surg. 84, 449 (1962). 

11. J. M. BROWN, A study of the mechanism by which anticoagulation with 
warfarin inhibits blood-borne metastases. Cancer Res. 33, 1217 (1973). 

12. L. M. VAN PUTTEN, L. K. J. KRAM, H. H. C. VAN DIERENDONCK, T. SMINK 
and M. FuzY, Enhancement by drugs of metastatic lung nodule formation 
after intravenous turnour cell injection. Int. j .  Cancer 15, 588 (1975). 

13. A. POGGI, L. MUSSONI, L. KORNBLIHTT, E. BALLABIO, G. DEGAETANO and M. 
B. DONATI, Warfarin enantiomers, anticoagulation, and experimental tumour 
metastasis. Lancet i, 163 (1978). 

14. B. HAGMAR, Effect of heparin, e-aminocaproic acid and coumarin on tumour 
growth and spontaneous metastasis formation. Path. Europ. 3, 622 (1968). 

15. H. C. HoovER, JR., D. JONES and A. S. KETCHAM, The optimal level of 
anticoagulation for decreasing experimental metastases. Surgery 79, 625 (1976). 

16. R . D .  TnORNES, D. W. EDLOW and S. WOOD, jm,  Inhibition of locomotion of 
cancer cells in vivo by anticoagulant therapy. I. Effects of sodium warfarin on 
V2 cancer cells, granulocytes, lymphocytes and macrophages in rabbits. Johns 
Hopk. med. J. 123, 305 (1968). 

17. J. A. SADOWSKI, C. T. Es~os and J. W. SUTTEE, Vitamin K-dependent 
carboxylase. Requirements of the rat liver microsomal enzyme system. J. biol. 
Chem. 251, 2770 (1976). 

18. G. L. NELSESTUEN, Role of 7-carboxyglutamic acid. An unusual protein 
transition required for the calcium-dependent binding of prothrombin to 
phospholipid. J. biol. Chem. 251, 5648 (1976). 

19. J. STENFLO and J. w. SUTTIE, Vitamin K-dependent formation of 7- 
carboxyglutamic acid. Ann. Rev. Biochem. 46, 157 (1977). 


