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ABSTRACT

The influence of gangliosides on tumor growth and frequency of
metastastis in vivo as well as on growth and motility of neoplastic cells
in vitro was tested utilizing human and rodent cell populations. In mice
receiving injections of a ganglioside mixture twice daily the tumor volume,
the number of spontaneous mÃ©tastasesper animal, and the number of
mice with metastasis was approximately double that of controls. Prein-
cubation of neoplastic cells with the ganglioside mixture doubled the
number of metastatic foci in the lungs of mice receiving the cells by i.v.
injection. Addition of a ganglioside mixture to the culture medium en
hanced motility of neoplastic cells about 3-fold. This finding was similar
to that observed for capillary endothelium. The presence of gangliosides
in the culture media for a 48-h incubation period about doubled the
number of neoplastic cells as compared to controls; the same was observed
for capillary endothelium. The data are interpreted to indicate that
gangliosides improve growth and mobilization of capillary endothelium
and neoplastic cells. Both events may concur in enhancing tumor growth
in vivo, the first by improving angiogenesis, the second by direct action
on the neoplastic cell population.

INTRODUCTION

The formation of a solid tumor by a neoplastic cell population
requires production of new vessels by the host. Angiogenesis in
the adult organism can descriptively be divided into several
steps, and the mobilization of capillary endothelium is one of
the first (1).

In the past we observed that preincubation of capillary en
dothelium with gangliosides substantially enhanced migration
of these cells in vitro, particularly when fibronectin and heparin
were present in the culture medium (2). Moreover, the proba
bility that gangliosides had an important influence on angio
genesis in vivo was suggested by two other observations: (a)
rabbit corneas stimulated by angiogenesis effectors became
richer in sialic acid than did contralateral corneas that had not
been stimulated or had been treated with nonangiogenic sub
stances, and (b) capillary endothelium preincubated with a
mixture of gangliosides bound a quantitity of fibronectin double
that of controls (2). Thus, an increment of ganglioside concen
tration on the capillary endothelium could probably enhance
cell motility and stimulate angiogenesis in vivo.If this assump
tion is correct, one would expect gangliosides to favor tumor
growth which in part depends on the formation of new vessels
by the host.

To test this possibility we evaluated (a) the in vivoeffects of
gangliosides on primary tumor growth, (b) the influence of
gangliosides on growth and motility of neoplastic cells in cul
ture, and (c) the consequence of ganglioside treatment of the
tumor bearing host on spontaneous and induced metastasis.
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MATERIALS AND METHODS
Animals. Inbred C57BL/6N male mice, 8 weeks old, 20-22 g at the

start of the experiments were supplied by Charles River Italy (Callo,
Italy). They were housed in rooms controlled for temperature, light
cycles (12 h light: 12 h dark) and humidity, fed a pelletized diet (A.
Rieper, Bolzano, Italy), and allowed tap water ad libitum. The athymic
mice were NIH-BALB/c-nu/nu, 8-10 weeks old at the start of the
experiment; they were kept according to guidelines of the National
Research Council (3).

Reagents. The ganglioside mixtures were derived from two sources:
(a) the mixture from Fidia S.p.A. (Abano Terme, Padova, Italy) was
composed of monosialo ((...,,) 21%, disialo Â«.,,,,) 40%, disialo (GDlb)
16%, and trisialo (GTib) 19%; (b) the purified mixture from Supelco,
Inc. (Bellafonte, PA) was composed of GMi = 20%, GDI. = 35%, GDib
= 10%, GT,, = 30%, and GM2plus GD3plus Go = 5%.

The commercial preparations were controlled by thin layer chroma-
tography and the percentages of components in the mixtures were
checked by column chromatography.

The gangliosides were dissolved in PBS3 and injected i.p. at a dose
according to the experiment, l'tirinoti (.,,,, was obtained from Supleco

and was labeled with tritium (0.52 nCi/ug) by New England Nuclear
Research Product, (Boston, MA).

Cell Lines and Culture Conditions. Human colon carcinoma LS-174T,
human melanoma A-375, and human mammary carcinoma MCF-7
were received from Dr. J. Schlom (National Cancer Institute, NIH,
Bethesda, MD). Mouse Lewis lung carcinoma (3LL) and mouse mela
noma B16/BL6 (4) were obtained from the National Cancer Institute-
Frederick Cancer Research Facility (Frederick, MD). Mouse Rous
Sarcoma 180 was purchased from American Type Culture Collection
(Rockville, MD). Mouse fibrosarcoma (MN5) was obtained from the
Mario Negri Institute (Milan, Italy). Rat mammary carcinoma MNU2
was developed in our laboratory (5). Bovine capillary endothelial cells
clone G2 (BACE-G2) was isolated from bovine adrenal glands as
previously described (6).

Tumor lines LS174-T, A-375, MCF-7, MN5, and Sarcoma 180 were
grown in T75 Falcon flasks (Falcon Labware, Oxnard, CA). The culture
medium consisted of DM EM (Gibco, Grand Island, NY) plus 10% CS
(Hyclone Laboratories, Inc., Logan, UT). The tumor lines 3LL and
B16/BL6 were grown in RPMI 1640 (Gibco) plus 10% heat inactivated
fetal calf serum (Hyclone).

The tumor lines MN5, Sarcoma 180, and B16/BL6 were passaged
in vitro twice a week at a ratio of 1:20; LS-174T, A375, MCF7, and
3LL were passaged once a week at a ratio of 1:3. BACE G2 was grown
onto gelatinized (2% w/v) T75 Falcon flasks and passaged weekly at a
ratio of 1:3. The culture medium consisted of DMEM plus 10% CS
mixed 1:1 with conditioned medium from Rous Sarcoma 180.

Tumor Transplants. Cell cultures at 70-80% confluency were washed
twice with PBS solution without Ca2* and Mg2* and exposed to trypsin
(0.05% in PBS) for 10 min at 37Â°C.The cells were removed by gentle

pipetting and transferred to a conical tube (Costar, Cambridge, MA)
containing DMEM plus 10% CS. The cells were washed twice in PBS
by centrifugation at 700 rpm for 10 min at 4'C, counted, and checked

for viability (>95% by trypan blue dye exclusion). Tumor cells were
diluted from these suspensions to the required final concentration and
transplanted in the s.c. tissue of the lumbar region or in the right
gastrocnemius. When the tumors reached the size of about 4 g the host
was killed, the tumor was weighed, and mÃ©tastaseson the surface of

3The abbreviations used are: PBS, phosphate-buffered saline; DMEM, Dul-
becco's modified Eagle's medium; CS, calf serum.
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Table 1 Effect of ganglioside mixture on tumor growth
Injections were started on day 0 and terminated on day 6 (50 mg/kg twice daily i.p.). Statistical significance of results was evaluated by Dunnet's test.

TumorLS174TMNU3LLHostBALB/c

athymic

BALB/cathymicBALB/c

athymicC75BLSite

oftransplantS.c.
tissue of inter-

scapular region
S.c. tissue of lumbar
regionsS.c.

tissue of inter-
scapularregionS.c.

tissue of inter-
scapular regionNo.

of cells
injected1

xIO61

x10'5x

10Â«1

x 10'Treatment

(No. ofanimals)Saline

(20); ganglioside
mixture (20)

Saline (20); ganglioside
mixture(20)Saline

(20); ganglioside
mixture(20)Saline

(20); ganglioside
mixture (20)Time

of tumor
removal(days)30

30
30
3040

402828Tumor

wt(mg)867
Â±128Â°

1,564 Â±485*

1,120 Â±240
2,580 Â±666*4,

153 Â±697
8,658 Â±1,009e1,440

Â±330
4,870 Â±1,030*4

Mean Â±SD.*
P < 0.05.

CP<0.0\.

Table 2 Effectofgangliosidemixtureon tumorgrowth
Injections were started on day 10 and terminated on day 16 (50 mg/kg, twice daily i.p.). Note the difference in the initial number of cells transplanted and the final

tumor weight. Statistical significance of results was evaluated by Dunnet's test.

TumorMN5MN5B16/BL6B16/BL6Host"C57BLC57BLC57BLC57BLNo.
of cells

injected1
x10*1

xIO31

x10*1

x IO3Treatment

(No. ofanimals)Saline

(15)ganglioside
mixture(15)Saline

(15)ganglioside
mixture(15)Saline

(15)ganglioside
mixture(15)Saline

(15)ganglioside
mixture (15)Time

of tumor
removal(days)3030606030303535Tumor wt(mg)6,900

Â±1,200*9,150

Â±1,520 (notsignificant)7,100Â±
1,5501
2,790 Â±2,340e5,050

Â±6804,900
Â±1,375 (notsignificant)1,230

Â±4402,610
Â±610''

* I.m. implantation (gastrocnemious) for all transplants.
*Mean Â±SD.
CP<0.0\.
d P < 0.05.

the lungs were counted under a dissecting microscope (7).
Ganglioside Treatment. Gangliosides were injected i.p. in PBS solu

tion 50 mg/kg, twice daily (at 9 a.m.and 3 p.m.) for 6 days. Injections
started either the same day of tumor transplantation or later when the
tumor was palpable (about 5 mm diameter). The controls received
saline solution under equal conditions.

Preincubation of neoplastic cells with gangliosides (5 x IO6cells in
0.5 ml DMEM plus 1% CS) was carried out for 3 h, at 37Â°Cand 10%

CO2 in polypropylene conical tubes (Costar). After incubation cells
were resuspended in 5 ml DMEM plus 1% CS and washed twice by
centrifugation at 700 rpm for 10 min at 4Â°C.Cells were then diluted in
DMEM plus 0.2% bovine serum albumin (3 x 105/200 u\). This number

of cells was routinely used in each migration assay.
The metastatic potential of tumor cells after ganglioside treatment

as above was tested in vivo by tail vein injection (IO4 or 10s cells

suspended in 0.5 ml PBS). Two to 3 weeks after injection, depending
on the tumor, the superficial lung colonies were counted using a
dissecting microscope (7).

Migration Assay. The Boyden chamber procedure was used to eval
uate tumor cell migration (8). Cells were seeded on the upper surface
of a polyvinyl pyrrolidone-free filter, 13 mm diameter, 5.0- or 8.0-Mm
pore size according to tumor type (Nuclepore Corp., Pleasanton, CA).
The filters were precoated with collagen type I (Collaborative Research,
Waltham, MA) (2). The lower compartment of the Boyden chamber
was filled with 40 Â¿tlof DMEM plus 0.2% bovine serum albumin.

The migration assay was carried out for 8 h at 37"C in a 10% COj

atmosphere. The filter was then removed, fixed in 10% formalin in
buffer phosphate, and stained with Wright's solution. The tumor cells

on the upper surface of the filter were removed with a swab, and the
cells that had migrated across the filter were counted on the lower
surface. Data reported represent the total number of cells found in 10
different fields for each filter at x400. Each test was run in triplicate.

Growth in Vitro. Trypsinized tumor cells recovered from T75 flasks
were resuspended in 10 ml of DMEM plus 10% CS and washed twice
by centrifugation at 700 rpm for IO min, at 4" C. The final pellet was

resuspended in the appropriate culture medium and diluted to a con
centration of 104/ml.

Tumor cells were then seeded into 24-well plates (Costar) and left to
adhere overnight at 37Â°Cand 10% CO2. The following day, the medium

was substituted with medium containing different concentrations of
ganglioside mixture. The cells were incubated for 48 h, detached by
trypsinization, and counted. The number of cells reported represents
the mean of at least three replicates for each experiment that was
repeated three times.

The influence of ganglioside mixture on BACE-G2 cell growth was
tested following the same procedure.

RESULTS

Effect of Gangliosides on Growth of Primary Tumors. Neo
plastic cell populations of human, rat, and murine origin were
implanted in the suitable hosts. Each animal received injections
of the ganglioside mixture twice a day for 6 days. In one group,
injections started approximately 3 h after tumor transplantation
and in another group at day 10 when the tumor was palpable.
Control animals prepared simultaneously received equal
amounts of saline.

Tables 1 and 2 show that tumors grew larger in ganglioside-
treated versus untreated hosts. This was observed in homo- and
heterotransplants alike. In ganglioside-treated animals the in
crements of the tumor growth rate was particularly evident
during the first part of the growth curve. Fig. 1 illustrates an
example of the growth curves of MN5 and B16/BL6 tumors
treated with the ganglioside mixture from days 10 to 16 after
transplantation.

The number of neoplastic cells initially transplanted is an
important parameter that influences the final results. In order
to see the enhancement of tumor growth after ganglioside
treatment it was necessary to start with a small inoculum, i.e.,
a number of neoplastic cells that produced about 70% takes
(Table 1). Large inocula of actively growing cell populations
produced large tumors very rapidly in both treated and un-
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Fig. I. Growth curves of BI6/BL6 melanoma and MN5 fibrosarcoma with or
without ganglioside Â«/,>treatment. Tumor diameters were measured by caliper
twice a week. Measurements were started when tumor volume permitted a good
evaluation of diameters (day 27 for B16/BL6 and day 30 for MN5). Tumor cells
were injected into the gastrocnemius at 1 X 10' for BI6/BL6 and 5 x IO3 for

MN5. Ganglioside mixture (MIX.) was given i.p. twice daily, 50 mg/kg, starting
at day 10 after transplantation. The range of tumor weight variations within each
group was about 20%. Tumor weights were calculated from tumor diameters as

Tumor weight =
(Minor diameter)2 x major diameter

treated hosts; therefore, the differences in the final size at the
removal time were minimized.

Effect of Gangliosides on Growth of Metastasis. In the first
experiment, number and frequency of lung mÃ©tastaseswere
evaluated in mice bearing tumors growing s.c. The primary
tumors were obtained with small inocula (about 70% takes),
and the animals were sacrificed when the tumor was about 4 g.
Injections of gangliosides were started when the tumor reached
a size of about 5 mm and was easily palpable.

Ganglioside treatment enhanced both the number of lung
mÃ©tastasesper mouse and the number of mice with mÃ©tastases.
This was observed in all three metastasizing tumors tested
(Table 3).

In the second experiment the effect of preincubation with
gangliosides on metastasizing capacity was tested for neoplastic
cells injected into the tail vein. Pretreatment with gangliosides
enhanced the number of lung mÃ©tastasesfor all three cell
populations tested (Table 4). Several concentrations of the
ganglioside mixture were tried for the incubation step, but Table
4 reports only the data obtained with the concentration optimal
for each tumor.

Effect of Gangliosides on Migration of Neoplastic Cells. In
previous work we had observed that ganglioside pretreatment
enhanced motility of bovine capillary endothelium (2). As an
approach to explain the effect of gangliosides on neoplastic
growth in vivo the influence of ganglioside pretreatment on
motility of human and rodent tumor cells was tested in a Boyden
chamber assay.

In the first experiment the binding of 3HGT1 to human and
murine tumor lines was evaluated. As has been previously
shown (2) the motility of capillary endothelium is strongly
influenced by the binding of cell surface gangliosides to fibro-
nectin. GTi was selected for the binding assay with neoplastic
cells because of its high mobilizing capacity of capillary endo
thelium (2). GTI was bound by the three neoplastic cell lines in
a substantial amount, and the time-incorporation curve was
quite similar for all of them (Fig. 2) and also similar to that
found for the bovine capillary endothelium (2).

In the second experiment the influence of the ganglioside
mixture was tested on the migration of human and murine
tumor lines. Addition of the ganglioside mixture to the assay
medium enhanced migration of all neoplastic cells tested (Table
5). The increment was as high as that observed for the capillary
endothelium (2). However, the presence of fibronectin on the
migration filter did not improve motility of neoplastic cells as
it did for capillary endothelium (not shown in Table 5). The
experiment on migration was repeated utilizing neoplastic cells
preincubated first with gangliosides and then transferred in the
Boyden chamber. Results comparable to those shown in Table
5 were obtained.

Effect of Gangliosides on Growth of Endothelial and Neoplas
tic Cells in Vitro. The influence of a ganglioside mixture on cell
growth in vitro was tested as an approach to assess whether the
increment of tumor volume observed in vivo could depend on a
growth stimulatory property of gangliosides on the endothelium
and/or the neoplastic cell populations.

The number of capillary endothelial cells was doubled during
a 48-h incubation period when gangliosides were present in the
culture media at a concentration between 25 and 100 Â¿Â¿M.
Higher or lower concentrations had little or no effect (Table 6).

Addition of gangliosides to the medium at 25 JIMconcentra
tion doubled the number of two neoplastic cell populations
(MN5 and 3LL) over a 48-h culture period. In contrast the

Table 3 Effect of ganglioside mixture on spontaneous metastasis by primary tumors
Ganglioside mixtures were injected i.p.; injection started when the tumor was about 5 mm diameter, each dose SOmg/kg, twice daily for 6 days.

Tumor03LLB16/BL6MN5HosttreatmentSaline

GangliosidemixtureSaline

GangliosidemixtureSaline

Ganglioside mixtureTime

of sacrifice
(days)28

2828

2842

42No.

of lung me
tastasis/mouse02

Â±y.Â»2.3

Â±2
4.4Â±38.4

Â±3
16.7 Â±IaNo.

of mice with
metastasis/total0/6

4/106/20

19/205/10

9/10F*0.110.0010.013
" Number of cells injected at the time of transplantation was I x 10*.
* Fisher's exact probability test.
0 Mean Â±SD.
'' Statistical evaluation was by Mann-Whitney test: /' < 0.05, as compared to saline treatments.
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Table 4 Effectof in vitropreincubationwitha gangliosidemixtureon
metastasizingcapacityofneoplasticcells

Table 5 Effectof gangliosideson the migrationof human and murine
tumor lines testedin Boydenchambers

Preincubationwithout or
with gangliosidemixture

Tumor (MM)" No. ofmetastasis3LLMN5BI6/BL6None12.5None25.0None

100.027

Â±12*55
Â±23C2Â±

16.2Â±3'7Â±4

12.3Â±4'Time

of sacri
fice(days)1414282814

14
" Three h of preincubationin DMEM plus 1%CS. Cells(1X 105)wereinjected

into the tail veinof each animal, 10 mice per group.
* Mean Â±SD.
' /' < 0.05, as compared to no preincubation with gangliosides. Statistical

evaluationwas by Mann-WhitneyU test.

CPM

BOUND
xlO3

300-

250-

200-

150

100-

50-

^ LS-174T

â€¢ B16BL6

â€¢ MN5

10 1 3 6 18

HOURS OF INCUBATION

Fig. 2. Bindingof 3HGT1 to human and murine tumor lines.Neoplasticcells
(5 x Iff) in 0.5 ml DMEM plus 1%CS were incubatedat 37'C in 10%CO, in
the presenceof HGT1, 10 Ã•Â»M(specificactivity,0.5 MCi/Mg).Then the cellswere
washed three times with DMEM plus 0.2% bovine serum albumin and the
radioactivitywasevaluated.Bindingvariedbetween5 and 10%of the total 3HGT1
added.

B16/BL6 line showed no change in growth rate regardless of
the ganglioside concentration in the medium (Table 6). A
doubling of the cell population by ganglioside treatment was
obtained for MN5 and 3LL neoplastic lines at a dose much
smaller than that necessary for capillary endothelium. More
over higher doses (200 Â¿Â¿M)were inhibitory for 3LL and B16/
BL6.

The relationship between number of cells in the well and the
ganglioside concentrations in the medium is important. For
instance, SOUMfinal ganglioside concentration are stimulatory
for IO4 neoplastic cells but inhibitory for IO3 cells (data not

shown).

DISCUSSION

The objective of this work was to evaluate the influence of a
ganglioside mixture on the growth of primary tumors and their
metastasis in vivo. The rationale was based on the observation

Tumor line
testedMCF-7A-375LS174T3LLMN5Sarcoma

180AdditionMedium

GangliosidemixtureMedium

GangliosidemixtureMedium

GangliosidemixtureMedium

GangliosidemixtureMedium

GangliosidemixtureMedium

GangliosidemixtureGanglioside

Mixture
dosage(MM)0

1000

10001000

250

50050Filter

coating:
collagentype I
(cellsmigrated

Â±SD)"10Â±3

70 Â±14*58

Â±9
224 Â±16*49

Â±5
165Â±19*26

Â±5
95 Â±13Â»7Â±2

24Â±6'36

Â±9
111Â±16*

"Values represent cells counted in 10 different fields at X400 for triplicate
experiments.Statisticalevaluationwas by Students t test.

*P < 0.01, as compared to mediumalone.
' P < 0.05, as comparedto medium alone.

Table 6 Effectofgangliosideson thegrowthof endothelialand
neoplasticcellsin vitro

Gangliosides
concentration

(MM)in the
mediaNone2001005025None2001005025None2001005025None2001005025Tumor

line No. of cells
tested x10*Â±SDBACEGj

2.3Â±0.13.7
Â±0.35.4
Â±0.6"5.5

Â±0.1"2.1
Â±0.1BI6/BL6

31.3 Â±0.914.0
Â±0.1"30.2

Â±1.533.3
Â±2.333.1

Â±0.6MN5

5.9 Â±0.27.8
Â±0.16.6
Â±0.710.6
Â±0.3"10.3
Â±0.8"3LL

10.4Â±0.85.6
Â±0.4"11.6
+0.720.1

Â±0.3"26.4
Â±1.1"

"!'â€¢-.0.05, as comparedto no addition of gangliosides.Statisticalevaluation
wasby Student's / test.

that gangliosides enhanced motility of capillary endothelium in
vitro and could therefore improve the new formation of vessels
i/i vivo, a necessary event for tumor growth. Results showed
that (a) ganglioside administration to tumor bearing hosts
increased the volume of homo- and heterotransplanted primary
tumors as well as the number and frequency of mÃ©tastases,and
(b) addition of a ganglioside mixture to in vitro cultures of
endothelial and neoplastic cells enhanced cell motility and
growth rate.

An important condition to be observed for optimal results in
vivowas the utilization of small inocula (=70% takes) for tumor
transplants which prolongs latency and magnifies the ganglio
side effect.

There are at least three reasons that can be adduced to justify
the growth stimulation of primary and metastatic tumors by a
ganglioside mixture: (a) the possible improvement of neovas-
cularization within the tumor transplant or the metastatic em-
bolus. Indeed gangliosides favor mobilization (2) and growth
(Tables 1 and 2) of capillary endothelium in vitro, and these
were the observations that prompted our experiments in vivo;
(b) an in vivo stimulation of neoplastic cell growth and motility
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similar to that produced by gangliosides in vitro under appro
priate conditions (Tables 5 and 6); and (c) a depression of host
immunological competence caused by gangliosides (9, 10). Re
garding this last point one must keep in mind that the growth
increment was also observed when the gangliosides were in
jected after the tumors were palpable, i.e., when the immuno
logical response of the host had been largely overcome by the
tumor itself without any treatment of the host.

We do not have direct evidence to sustain that any one of the
three possibilities is the determinant event in the growth stim
ulation by the ganglioside mixture. Neoplastically transformed
cell lines (11, 12) and naturally occurring solid tumors (13, 14)
have been reported to have altered patterns of neutral glyco-
lipids and/or gangliosides, particularly in the plasma mem
brane. These observations have been interpreted mostly as an
indication that a change in the glycolipid pattern of the cell
surface may be, at least in part, responsible for the differences
in growth and motility of neoplastic versus normal cell popu
lations. Treatment with gangliosides may indeed produce a
change in the glycolipid pattern of the cell surface.

Two observations have suggested that one can modify the
glycolipid pattern of cell populations: cultured cells derive their
lipid from serum (IS), and glycolipids added to cell cultures
can be incorporated into the cell membrane (16). As could be
expected, the biological responses to an induced change of
ganglioside pattern in vitro was found to be quite different for
different cell populations. In some a reduction of growth rate
and saturation density was observed (16,17). In others ganglio
sides like GM3 and GMi were equally well incorporated by
hamster fibroblasts (BHK), but only GM3-fed cells showed a
significant growth inhibition (18). GMi specifically inhibited
growth of mouse 3T3 cells (19) but had no inhibitory effect on
mouse neuroblastoma cells where it promoted neuritogenesis
(20). At this time one can say that the multiformity of responses
that gangliosides may elicit from different cell populations
make the correlation between in vitro and in vivo effects very
difficult to predict.

Under our experimental conditions the addition of a ganglio
side mixture to culture media substantially improved motility
(2) and growth of capillary endothelium as well as mobilization
of all neoplastic cell lines tested. Growth stimulation was ob
served in two of three neoplastic populations. When the same
mixture was injected into tumor bearing hosts homo- and
heterotransplanted tumors showed an increment in growth
(volume and weight increase) and in frequency and number of
mÃ©tastases.Whether these results were due to promotion of
angiogenesis via an enhancement of endothelial cell motility
and growth and/or a direct growth stimulation on the neoplastic
cells remains an open question.

Since the incidence of lung metastasis was found to correlate
directly with the size of the primary tumor (21) it is possible
that the increased incidence of metastasis in ganglioside-treated
mice also depends on the larger size of the primary transplants.
Larger tumors release a higher number of cells into circulation
(22) thus increasing the probability of metastasis, particularly
under a treatment that may enhance the sialic acid content of
the cell outer membrane, a condition known to favor metasta-
sizing capacity (16, 23). Despite the difficulty of assessing the

role that any one of the events mentioned may have, the fact
remains that ganglioside treatment of tumor bearing hosts
enhanced growth and metastasizing capacity of several neo
plastic cell populations of human and murine origin.
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