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Abs t rac t - -The  MS-2 tumor behaved like human spontaneous tumor: slow and 
progressive growth, extensive dissemination, high capacity to metastasize to the lung and 
low ant{genicitf. The chemotherapeutic sensitivity of MS-2 sarcoma and the anti- 
metastatic activity of some clinically active antineoplastic drugs administered alone or 
in combination, or in sulgical-adjuvant chemotherapy studies were investigated. 
Significant inhibition of tumor growth was obtained with: melphalan (ME'), 
cyclophosphamide (CY), B67V'U, adriamycin (AD ), daunorubicin (DR) and bleomycin 
(BL). M E  and B C N U  showed activity in reducing the percentage of mice with 
metastatic activity of some clinically active antineoplastic drugs administered alone or 
tumors in conjunction with su,goy drastically reduced the number of mice with lung 

loci. This treatment was found to be more eJfective on pulmona~ metastases than was 
surgery and single-drug therapy. The antimetastatic activity of adjuvant chemotherapy 
with AD plus ICRF-159 supplied at different times with respect to su,gery was also 
examined. A synergistic eJfect was observed on lung metastases when the treatment was 
performed beJbre the surge~; when the combined lreatment was performed after the surgery, a 
lower synergistic effect was jbund. 

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

INTRAVENOUS implantation to induce artificial 
metastases cannot be regarded in a strict sense 
as an appropriate model for lung metastases 
[1, 2]. Some spontaneously metastasizing tu- 
mors have been used in a variety of experi- 
ments designed to study the antimetastatic 
properties of antitumor drugs applied as single 
agents, or in combination chemotherapy with 
or without surgery: Lewis lung carcinoma [3, 
4], B16 melanocarcinoma [5], mammary 
adenocarcinoma [6] and other tumors [7]. 

We have described a cell line, referred to as 
MS-2, established in vitro in our laboratory [8, 
9], and the biologic characterization of the 
MS-2 tumor produced in BALB/c mice by 
transplant of in v i t ro-cuhivated  MS-2 cells [10, 
11]. The MS-2 tumor was histologically cla- 
ssified as a malignant sarcoma. The neop- 
lasma behaved like human spontaneous tu- 

mors: slow and progressive growth, extensive 
dissemination, high capacity to metastasize to 
the lung [11], and low antigenicity [10]. 

The objectives of this study were to exa- 
mine the chemotherapeutic sensitivity of MS-2 
sarcoma and the antimetastatic activity of 
some clinically active antineoplastic drugs ad- 
ministered alone or in combination, or in 
surgical-adjuvant chemotherapy studies, in or- 
der to find out whether or not this experimen- 
tal model could have any predictive value as 
a secondary screen for agents against solid 
tumors. 

MATERIALS AND M E T H O D S  

Animals 

All the animals used throughout these ex- 
periments were 6-8-week-old syngeneic 
BALB/c mice, obtained from Charles River 
Breeding Laboratories, Calco, Italy. 

Accep ted  25 O c t o b e r  1978. 
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Z u m o l  

The MS-2 tumor was maintained by serial 
intramuscular (i.m.) passages of a tumor cell 
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homogenate into the right hind leg. For 
chemotherapy experiments tumors t)om donor 
mice were removed under sterile conditions 10 
days after implantation and placed into a 
Petri dish in 199 medium. The cell suspension 
obtained by Potter homogenization was 
passed through gauze. The cell number was 
counted in a hemocytometer after staining 
with Tiirk solution in order to eliminate red 
blood cells, then injected i.m. into the right 
hind leg (105 cells/mouse). Tumor growth and 
median survival times ,,'ere calculated as de- 
scribed by Geran et al. [12]. For antimetas- 
tatic activity experiments, the suspension was 
injected into the foot-pad (106 cells/mouse). 

Surgical tumor removal 

The surgical removal of the tumor was 
carried out as previously described [11]. 
Animals were anesthetized with sodic thiopen- 
thal (Farmotal, Farmitalia, Milano, Italy). 
The tumor-bearing foot and leg were washed 
with 95'}i) alcohol. Surgical sterile natural 
thread was used to tie the t~moral artery and 
adjacent blood vessels. The muscle and femur 
were cut out with sterile scissors, (the pop- 
liteal lymphnodes were included in the line of 
amputation) and the wound was closed with 
metal wound clips. Surgical removal rcsulted 
in less than 10~!0 mortality; no primary tumor 
recurrence or bacterial infections were 
observed. 

Ass(~,jbr metaslasis deteclion 

Mice were killcd by cervical dislocation, the 
lungs were removed aseptically, minced, in- 
serted into a syringe with a small amount (0.5 
0.6ml) of 199 medium, and injected sub- 
cutaneously (s.c.) into syngeneic normal 
BALB/c mice. The lungs of each animal were 
bioassayed individually. Mice were observed 
tbr 100 120 days after tissue implantation. 
The tumor growth after s.c. implant of lungs 
was the criterion for the presence of lung 
metastatic foci. 

D rugs 

Drugs were prepared at a concentration 
such that the dose could be given in a volume 
of 10ml/kg body weight. The vehicles em- 
ployed are reported in the Results section. 
The tbllowing drugs were used: methotrexate 
(M'FX), bleomycin (BL), vincristine (VCR), 
5-flourouracil (5-FU), melphalan (ME), 1,3- 
bis(2-chloroethyl)- 1-nitrosourea (BCNU), cvc- 
lophosphamide (CY), adriamycin (AD), 
daunorubicin (1)R), and ICRF-159. MTX, 

BL, VCR, 5-FU, ME, BCNU and CY were 
supplied by Dr. H. Wood, Division of Cancer 

• Treatment, National Cancer Institute, USA. 
AD and DR were supplied by Farmitalia, 
Milano, Italy. ICRF-159 was generously sup- 
plied by Dr. H. Hellmann, Imperial Cancer 
Research Fund, London, England. The drugs 
were administered intraperitoneally (i.p.) ex- 
cept tbr 1)R and AD, which were injected 
intravenously (i.v.) according to different 
schedules. 

Statistical analysis 

Statistical significance was evaluated by 
means of Student /-test or by the Mussett test 
I13]. 

RESULTS 

Effectiveness o/" single-dr~Lg chemotherapy against 
i.m. MS-2 sarcoma 

The schedules of treatment and the results 
of the chemotherapy tests of single-drug 
chemotherapy against i.m. MS-2 sarcoma arc 
summarized in Table 1. Signiticant inhibition 
of tumor growth was obtained with ME 
{which was probably toxic at the higher 
10mg/kg dose tested), BCNU, VCR and BL 
at all the doses tested. Of these drugs, only BL 
at the dose of 50mg/kg also produced a 
significant increase of survival time. On mice 
bearing MS-2 sarcoma treated with CY ad- 
ministered i.v. or i.p., a marked therapeutic 
response was evident against both early di- 
sease or advanced tumor (in the group treated 
at 14th and 16th day afimr tumor implant). A 
statistically significant reduction of {he tumor 
growth and an increase of lit~ span were 
observed. 

The antitumor activity of AD was de- 
pendent on the dose and the schedule of 
treatment adopted. When treatment `*'as star- 
ted at the 1st or at the 6th day aRer the 
tumor injection and given cvcry 3rd day, AI) 
at the doses of 3.5 4mg/kg siguificantly re- 
duced the tumor growth and increased the life 
span. When treatment was started at thc first 
day and given on a weekly schedule, thc dose 
of ,1 mg/kg `*'as inactive, the dose of 6.6 mg/kg 
was the optimal dose, and the dose of 
10mg/kg strongly reduced the tumor growth 
but did not enhame the mice liti: span, 
presumably becausc of toxic ctt'ccts. DR ad- 
ministered according to these three dittkrent 
schedules was less active than AD. ICRF-159 
did not show any therapeutic etI~'ct on tUlnOr 
growth and on liti" span of tumor-bcari,~ 
mice. NfFX and 5-FU administered at \'or\ 
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high doses (one toxic and the lower p robab ly  
subtoxic) slightly al tered the pa t te rn  of  tumor  
growth.  

Antimetastatic activity of single-drug chemotherapy 

'Fable 2 reports the da ta  on ant imetas ta t ic  
activity of  single-drug chemothe rapy  in mice 

Effect of su~Nical-adjuvant two-drug combination 
chemotherapy against lung metastases of MS-2 
sarcoma 

Response da ta  from surg ica l -ad juvant  
chemothe rapy  experiments  done with AD plus 
CY are summar ized  in 'Fable 3. Th e  experi- 
ments were carried out  on MS-2 tumor-  
bear ing mice in which the surgical ampu-  

Table 2. Effectiveness of single-drug chemotherapy on pulmonary metastases 
in mice bearing i.m. MS-2 sarcoma 

No. of animals with tumor 
Dose % Mice with 

Drug* (mg/kg/day) No. of mice inoculated~ metastases+ + 

22/22 100 
MTX 15.0 15/15 100 

25.0 10/10 100 
- -  20/20 100 
5-FU 45.0 20/21 95.2 

65.0 N.D.§ - -  
20/20 100 

ME 7.0 19/20 95.0 
10.0 12/19 63.111 

20/20 100 
BCNU 10.0 19/21 90.4 

17.0 9/21 42,811 
- -  22/22 100 
BL 40.0 17/18 94.4 

50.0 17/20 85.0 
22/22 100 

VCR 0.5 18/19 94.7 
1.0 13/17 76.4 

*The drugs were administered i.p. at days 3, 7 and 10 after the tumor 
implant and dissolved in the vehicles reported in 'Fable 1. 

tBioassay carried out at the 14th day after tumor cell implant into the foot 
pad. 

+lIP<0.01 as evaluated bv Mussett test. 
§Not done. 

bear ing i.m. XlS-2 ,arcoma.  The  drugs were 
administered at days 3, 7 and 10 after the 
tumor  implant ;  the lungs were bioassayed 
four days after the last t reatment .  At 
the dose of  17mg/kg  B C N U  was active in 
reducing the percentage  of mice with lung 
metastat ic foci (9/21 = 42.8°o ; P < 0.01 ). 
M T X ,  5-FU, BL and V C R  were inactive. 
ME at the dose of 10mg/kg was also active in 
reducing the percentage  of  animals with pul- 
mona ry  metastases (12/19=63.1CI;o; P < 0 . 0 1 ) .  
M E  and B C NU,  which were previously shown 
to be active in reducing the tumor  growth 
('Fable 1), also significantly reduced the per- 
centage of  mice bear ing lung metastases. T h e  
other  compounds  tested, which did not alter 
the tumor  growth,  did not show anv effect 
against the metastasizing ability ol  this tumor.  

tation of the tumor-bear ing  leg was performed 
13 days after implant ,  when 100~'o of  control  
mice had a l ready developed p u lm o n a ry  met- 
astases [11]. Th e  drugs were adminis tered i.v. 
or i.p. at 7, 11, 14 and 19 days after the 
footpad injection of MS-2 tumor  cells. At start 
of  t rea tment  the tumor  was palpable.  Th e  
lung bioassay was carried out  7 days after the 
last t reatment .  AD (4mg/kg  i.v.) slightly in- 
hibited the percentage of  mice with lung 
metastases. At the dose of 60 mg/kg, CY ad- 
ministered i.p. was more  active than AD 
( 7 / 1 4 = 5 0 % ;  P<O.O1).  In mice t reated with 
two-drug combinat ion  chemotherapy ,  the per- 
centage of  animals with metastat ic loci in the 
lung was strongly reduced (1 /15=6 .6" , , :  1' 
<0 .01) .  

'Fable 4 shows the da ta  of the antimetas-  
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Table 4. 

Table 3. Effect oJ surgery plus adriamycin and cyclophosphamide 
combination chemotherapy on lung metastases of MS-2 sarcoma in 

BALB/c mice* 

Lung metastases evaluation]' 

No. of" animals with tumor 
Dose 

Drug~" tmg/kg/day) No. of mice inoculated % 

- -  15/15 100 
AD 4 11/15 73.3 
CY 60 7/14 50.0§ 
AD+CY 4+60 1/15 6.6§ 

*Surgery carried out at 13th day after tumor implant. 
+Treatment at days 7, 11, 14, 19; AD was administered i.v.; CY was 

administered i.p. a few minutes after AD. 
++Bioassay evaluation carried out at the 23rd day after tumor cell 
implant into fi)ot pad. 

§P<0.01 as evaluated by Mussen test. 

Effectiveness of surgical-adjuvant two-drug combination chemotherapy against lung metastases o J MS-2 
sarcoma. DiJferent activity with respect to time of surge,y* 

Drug 

Lung metastases evaluation+ 

No. of animals with tumor 
Days of Dose 

treatment tmg/kg/day) No. of mice inoculated % 

- -  10/11 90.9 
ICRF-159 1, 4, 7 50 11/1 l 100.0 
AD 4 6/8 75.0{ 
AD + ICRF-159 4 + 5/) 1/10 10.0§ 
- -  1 1 / I  1 100 
ICRF-159 15, 18, 21 50 7/7 100 
AD 4 11/12 91.6 
AD + ICRF-159 4 + 50 4/10 40.011 
- -  1 1 / 1 1  100 
ICRF-159 1, 4, 7, 15, 18, 21 50 10/11 90.9 
AD 4 6/11 54.0 
AD + I CRF- 159 4 + 50 5/9 55.0 

*Surgery carried out at the 13th day after tumor cell implant into the foot pad. lIP<0.05 §P<0.01 as evaluated 
by Mussett test. 

]By bioassay carried out at the 20th day after tumor celt implant in the group treated betbre the surgery and at 
the 26th day after tumor cell implant in the group treated after, or belbre and alter tumor cell implant. 

{P<0.05 between group treated with AD and group treated with AD plus ICRF-159. 

ta t ic  ac t iv i ty  of  a d j u v a n t  c h e m o t h e r a p y ,  wi th  
A D  plus I C R F - 1 5 9  supp l i ed  at  d i f fe rent  t imes 
wi th  respect  to surgery.  I C R F - 1 5 9  d id  no t  
show a n y  a n t i m e t a s t a t i c  ac t iv i ty  g iven  as a 
s ingle agen t  at the dose of 5 0 m g / k g  i.p. 
T r e a t m e n t  wi th  A D  a lone  after  su rgery  was 
i nac t i ve ;  t r e a t m e n t  befbre,  or before a n d  after  
su rgery  r e d u c e d  the p e r c e n t a g e  of  mice  wi th  
l u n g  metastases ,  b u t  this r e d u c t i o n  was no t  
s ta t i s t ica l ly  s ignif icant .  A synergis t ic  effect of  

A D  wi th  I C R F - 1 5 9  was observed  on  l u n g  
metas tases  w h e n  the t r e a t m e n t  was pe r fo rme d  

before the surgery  ( 1 / 1 0 = 1 0 ' ~ , ;  P < 0 . 0 1 ) .  
Low e r  synergis t ic  effect was found  w h e n  the 
c o m b i n e d  t r e a t m e n t  was p e r t b r m e d  after  sur- 
gery  (4 /10=40 ' I~) ;  P < 0 . 0 5 ) .  W h e n  the com-  
b i n e d  t r e a t m e n t  was p e r t b r m e d  betore  a nd  
a l te r  surgery,  a lower  ac t iv i ty  was observed.  

D I S C U S S I O N  

Severa l  types of" systems have  b e e n  em-  
p loyed  in  c a n c e r  research tbr the e v a l u a t i o n  
a n d  de ta i l ed  i nves t i ga t i on  of a n t i t u m o r  
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agents: spontaneous tumors [14, 15], first- 
generation transplants of spontaneous tumors 
[16], transplanted tumors [7, 10, 17], 
carcinogen-induced tumors [18, 19] and pri- 
mary virus-induced tumors [20, 21]. Although 
in the last 10 years considerable effort has 
been made to develop new tumor systems, 
there is a definite need to find animal tumors 
that might serve as biological mc,~dels and 
chemotherapeutic predictors of solid metasta- 
sized tumors in man. A selection and develop- 
ment of new anticancer drugs, or investigation 
of different schedules and strategies against 
cancer could be better achieved by adopting 
such models. 

The MS-2 sarcoma, on the basis of the 
properties previously described [9-11], could 
be considered interesting in this respect. We 
have examined the chemotherapeutic effect of 
some clinically active antineoplastic drugs ad- 
ministered alone or in combination against 
the MS-2 sarcoma. In addition, surgical- 
adjuvant chemotherapy experiments perfor- 
med with one or two drugs were done to 
determine the relative effectiveness of clini- 
cally important drugs on spontaneous metas- 
tases of lung. 

The MS-2 tumor, transplanted i.m., was 
sensitive to the alkylating agents ME, CY and 
BCNU, to the intercalating agents AD and 
DR, and to BL, which produces ruptures into 
DNA [22]. However, only CY, BL, AD, and 
DR gave a significant increase of the life span 
of tumor-bearing mice. AD and CY were 
markedly effective; treatment of mice with 
CY resulted in a marked therapeutic response 
against both early disease and advanced tu- 
mor. The activity of CY against MS-2 tumor, 
similarly to that observed in the K-MSV non- 
producing tumor described by Ikawa et al. 
[23], was greater than that of BCNU. In 
parallel, Carter [24] suggested that many 
human solid tumors may be more responsive 
to the treatment with CY than to treatment 
with BCNU. The MS-2 tumor proved to be 
less sensitive to the treatment with the phase- 
specific drugs M T X  and VCR, the cycle- 
specific 5-FU, and refractory to the chelating 
agent ICRF-159. The low activity of cell 
cycle non-specific agents can be attributed to 
the slow growth of MS-2 sarcoma; it is pos- 
sible that drugs active also on non-dividing 
cells can affect the cell population of such a 
tumor. In particular, AD activity is in accor- 
dance with the in vitro effect observed on 
plateau-phase cells [25]. Our experience with 
MTX,  5-FU and VCR was too limited to 
make a definite assessment of low effectiveness 

of these agents against MS-2 tumor. ICRF- 
159 was certainly inactive, since we h a w  
tested it on various schedules, utilizing various 
doses (Giuliani, unpublished data). 

The effectiveness against pulmonary metas- 
tases of some drugs was also examined. In this 
regard, of the seven drugs tested ME and 
BCNU showed activity in reducing the per- 
centage of mice with metastatic lung foci. 
These two alkylating agents administered to 
mice bearing MS-2 sarcoma reduced the tu- 
mor growth as well. It can be therefore 
supposed that the reduction of the primary 
tumor mass decreased the metastases by mi- 
nimizing the shedding of tumor cells [26]. 

The relative success of surgical-adjuvant 
chemotherapy in the treatment of cancer has 
increased the efforts to use drugs in com- 
bination with surgery. It is of great interest to 
have data on the surgical-adjuvant chem- 
otherapy from many animal tumor-systems as 
discussed by Gottlieb et al. [27]. The effective- 
ness of surgical-adjuvant chemotherapy against 
pulmonary metastases must be evaluated 
in animal models where each aspect of metas- 
tases formation is physiological; in this respect 
the i.v. implantation of tumor cells can be 
regarded as a model for primary lung cancer 
[28]. 

Many authors have already demonstrated a 
therapeutic synergism between AD and CY 
both in animal tumors [29, 30], and in hu- 
man tumors [31, 32]. Using the MS-2 solid 
tumor model, combination chemotherapy 
with AD-CY on advanced tumors in con- 
junction with surgery drastically reduced the 
number of mice with lung foci. This com- 
bination was found to be more effective on 
pulmonary metastases than was surgery and 
single-drug therapy. 

We have also examined the effectiveness of 
surgical adjuvant two-drug combination 
chemotherapy with adriamycin plus ICRF- 
159. The adjuvant chemotherapy performed 
early in the course of the disease and before 
surgery resulted in a lower number of mice 
with lung metastases. This observation is com- 
patible with the antimetastatic effect 
of ICRF-159 due not to direct killing of 
metastatic cells, but rather to the changes in 
the vasculature that prevents the entry of the 
tumor cells from the primary tumor into the 
circulation [33], or to inhibition of blood 
coagulation, or an antiproteolytic effect. This 
rational supports an explantation for the ob- 
served effect. We can therefore say that AD 
and ICRF-159 combination treatment leads 
to "explained therapeutic synergism" [34]. 
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The higher activity of AD when administered 
before rather  than after surgery was also 
observed against a highly metastasizing mam-  
mary  carc inoma [35]. Adjuvant  chem- 
o therapy with AD plus ICRF-159  performed 
after the surgery was slightly effective. This 
probably  occurred because of the high num-  
ber of  metastatic foci at the start of  chemothe-  
rapeutic treatment.  It  cannot  be excluded 

that AD reduced the size of the lung metas- 
tases; further titration studies should be car- 
ried out in order to answer this question. A 
reduct ion in the size of  lung metastases could 
be, in fact, of clinical relevance. 
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