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Tumors exprenjls specific antigens which 
stimulate bath humoral and cellular immunity 
in the host (1-3). Tumor regression or pro- 
tection from tumor cell challenge in vivo has 
been attributed to the cellular a m  of the 
stimulated immunity (4-6). Moreover, 
lymphocytes from tumar-bearing animals 
and human patients have a specific cytotoxic 
effect on cultivated tumor cells from the 
same individual (7, 8) .  Progressive tumor 
growth in individuals wilth strong cellular im- 
munity to their tumors has been attributed 
to specific inhibitory factors in their serum. 
These specific inhibitory faators may include 
enhancing antibodies (9) ,  immune complexes 
( l o ) ,  or soluble tumor antigens (1 1) .  De- 
pendiag upon the !relative importance of the 
specific blocking fmtms, tulmar immimity 
could be blocked at  the tumor cell level (anti- 
bodies or immune complexes) or at  the im- 
mune lymphocyte level (immune complexes 
or soluble tumor antigens). 

The pulrpolse of this study was (1) to 
develop a model in the mouse whereby tumor 
immunity to melanomas can be studied and 
(2) to investigate the relationship between 
humoral and cellulalr immunity to protection 
from development of the melanoma t u>mor. 

Materials and Methods. Melanoma cells. 
A melanoma clell line, designated P51, was 
derived in 1968 from a transplantable B16 
m u s e  melanoma (12) and has been main- 
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ltained by serial subculture in our laboratory 
since then (13, 14). Cultures were grown at  
37" in medium 199 supplemented with 10% 
fetal calif serum (Grand Island Biological 
Co., Grand Island, N.Y.). 

Immunity to  P51 ceUs. Groups of  C57BL/6 
mice were immunized subcutaneously in each 
footpad and the nape of the neck witth 2 
X lo7 killed (frozen amd thawed in PBS) 
P51 cells in 0.5 ml complete Frezlnd's adju- 
vant. Control mice were limmunized with 0.5 
ml colmplete Freund's adjuvant alone. Anti- 
melomma antibody was detected by c h r m -  
ium release from labeled P51 cells as pre- 
viously descrilbed by others ( 15, 16). Briefly, 
250 pCi 51Cr, specific activity, 0.2-0.3 mCi/ 
rnmole (Squibb, Detroit, Michigan) were 
added to approximately 5 X lo6 P51 cells 
(log phase) in 10 ml medium 199 with 20% 
heated (56" for 30 min) fetal calf serum. 
After 30 min at  37", the mediulm was replaced 
with 2 ml 10.2 5 % itrypsin-Eagle's solution 
( 17). After 5-10 min at  37", the labeled cells 
were harvested, washed 3 times, incubated at  
4" for 30 min, washed again, and resuspended 
in medium 199. To lo5 cells in 0.1 ml medium 
199 were added 0.1 ml test serum and 0.1 
ml rabbit complement. The reaction tubes 
were then inculbated 60 min at  37" with 
agitation and centrifuged at SOOg, and the 
supernatant fluid was collected and counted 
in a 1 MEV window (Packard Auto Gamma 
Counter). The amount of 51Cr released from 
5 freeze-thaw cycles of labeled cells in dis- 
tilled water was regalrded as maxilmum; back- 
ground release was the 61Cr released from 
cells incubated with normal selrulm. When 
51Cr release exceeded 2070 of background 
release, tlhe reactions were positive; when less 
than lo%, the reactions were negative. 

Cell-lmediaited im,munity in mice w a  
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evaluated by indirect migration inihilbition. 
For thils assay lo6 P51 cells or mouse L 
cells were incubated with 3 X lo6 mouse 
lymph node cells firom un,tmted or im- 
munized animals for 48 hr at 37' in meddum 
199. The culture supernatainhs were tested 
far infiibitory action on guinea pig peritoneal 
exudative cells ( 18). Less than 20% macro- 
phage migration inhibltilm wais considered 
negative, more thran 40% positive. 

Passive transfer. Peri toned exudative cells 
were collected in three 2-ml washes of the 
abdominal cavity with Hanks' balanced salt 
solution, anld pooled: and centrifuged at 15Og 
for 15 min. Suprasicapular, axiFEary, tracheal, 
inguinal, and mesenteric lymph nodes as well 
as spleens were dismcted from the animals, 
trimmed and minced, and the cells expressed 
through a stainless steel screen. Cells from 
each cell source were pooled separately, and 
the tatal cells of a wrticulair cell source from 
10 donor mice were injected intraperitoneally 
into 3 recipient animals. At either 48 hr or 16 
days after cell1 transfer, recipient m' ice were 
challenged with various doses of vialble P51 
tumor cells and carefully observed for 20 
days; observaitioas during this period were 
recorded. The animals were then sacrificed 
and each tumor was dissected and its weight 
recorded. 

Results. Tumor growth. To determine the 
dose of P51 cells for subsequent testing, 
melanomas were produced by the sub- 
cutmeou~s injection of lo5, 5 X lo5, lo6, or 
5 X lo6 live cells suspended in 0.1 ml phos- 
phate buffered saline ilnto five 6-week-old 
C57BL/6 male mice. Wlhen lo6 cells were 
used, all tiumors were palpable from the 10th 

to the 12th day anld visible by the 14th to 
15th day after injeation. On the 20th day, 
the tumolrs were about 2 an in diameter and 
weighed 2.5 & 0.37 g. When the number of 
P51 cells was less than 1(06 inconsistlent re- 
sults were tained. Therefwe, 1 O6 viable 
cells were used in most subsequent inmula- 
f%iOrlS. 

Immunity to P51 cells. The effect of a 
singlie immuniizatiion on tumor growth and 
weight a t  20 days was compared in unitrat&, 
adjuvant-treated, and immunized mice (10 
animals/group) . Fourteen days after being 
inoculated witih lo6 viablle P51 cells, 10 of 
the unltreated animals, 9 of bhe 10 adjuvant- 
treated animals, but no imlmunized animals 
had visible tulmors (Table I). By 20 days, 
visiblle tulmors were ~ b s e ~ e d  in 9 of the 10 
immunized animals. Despite the delayed 
tumor growth in immunized mice, mean 
tumlor weights at 20 days did not show a 
significant differenlce between the contlrol and 
immunized groupis. Although all adjuvant- 
treated andmals developed visible tumors at 
about the salme time a's the untreated group, 
their tumor weight at  20 days wm s,ignifi- 
canlbly less ( p  < 0.05, Table I) than that of 
the othm groups. Humoral m d  cellular im- 
munity was allso mlestsu,red in these mice. No 
matiter what bheir treatment schedules, all 
animalis with tumors weighing more than 3 g 
developed detmtalble tumor spmific an15My. 
Furthemore, animals in the immunized group 
with tumors lies than 3 g also developed 
detectaible levels of antibody. When tumor 
weight was less than 1 g, however, antibody 
was not found (TabEe 11). 

Cellular immunity in th'ese groups was 

TABLE I. Tumolr Growth in Untreated Mice and Mice Immunized with Melanoma Cells. 

Fractian of mice with visible tumors o n  day: 

Group" 10 14 17 20 Tumor weight (g) at day 20 

Untreated 0/10 10/10 10/10 10/1'0 2.7 k 0.73b 
Adjuvant alone 0/10 9/10 10/10 10/10 1.9 -+ 0.78 
Immunized 0/10 0/10 5/10 9/10 2.3 -t. 1.3 

~~ 

" untreated = mice held for  30 days befoTe inoculation with melanorma cells; Adjuvant alone 
= mice immunized with 0.2 ml eomplete Freund's adjuvant and inoculated 30 days later with 
lo6 viable melanorma cells; Immunized = mice immunized with 2 X lo7 killed melanoma cells in 
0.2 ml complete Freund's adjuvant aad inoculated 30 days later with 10' viable melanoma odk% 

* Mean -1- SD. 
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TABLE 11. Humoral and Cellular Immunity in Untreated and Immunized Mice After Mel- 
anoma Cell Challenge. 

Fraction of mice 
Tumor weight with detectable Migration Antibody 

Groupa ( g )  at day 20 antibody inhibition* titero 

Untreated 1-2 
2-3 
> 3  

Adjuvant alone 1-2 
2-3 
>3  

Actively immunized <I 
1-2 
2-3 
>3 

Passive transfer <2 
recipients 2-3 

> 3  

a Untreated = mice held for 30 days before inoculation with melanoma cells; Adjuvant alniie 
=mice h u n i z e d  with 0.2 ml complete Freund's adjuvant and inoculated 30 days later with 
10' viable melanoma cells; Immunized = mice immunized with 2 X 10" killed melanomn cclls in 
0.2 ml complete Freund's adjuvant and inoculated 30 days later with 10' viable melanoma cells. 

Reciprocal of highest serum dilution that gave significant chromium release in microcyto- 
* 20% inhibition was not significant ; 50% was significant; ND = not done. 

toxicity test. 

a m y d  by indirect migration inhibition. 
Migration inhibition wits always less than 
20% in untreated or adjuvant-treated ani- 
malls but greater than 50% in immunized 
animals (Table 11). Culture supernarbant 
fluids from animals immune to P51 cells and 
tested with mouse L cells also exhibited l e s  
than 20% migration inhibition. 

Passive transfer of tumor immunity. The 
lack of significant tumor protection in im- 
munized animals may result from competi- 
tion between humoral and cellular immunity. 
To test this hypothesis, we carried out pas- 
sive transfer experiments, Peritoneal exuda- 
tive cells, lymph node cells, and spleen cells 
were harvested from immunized donors, 
washed, and transferred to previously un- 
treated mice. Recipient animals were chal- 
lenged (1) with log viable P51 cells 2 days 
after cell transfer, ( 2 )  with lo6 viable cells 
16 days after cell transfer, and (3) with 5 
x 10s-107 viable P51 cells 2 days after cell 
transfer. Progressive tumor growth and 
tumor weight at  280 days after injection with 
the P51 cells were recorded. The mean tumor 

weight in nonimmune control animals was 
2.7 t 0.73 g ;  in all animals receiving peri- 
toneal exudative, lymph node, and spleen 
cells from immunized mice and challenged 
2 days later with lo6 P51 cells, it was 0.4 
t 0.26 g (Table 111). Recipient animals re- 
ceiving cell transfers from the above groups 
of immunized mice but challenged wtth lo6 
P51 cells 16 days after cell transfer showed 
some protection, but the results were less 
consistent. In  this group the recipients of 
peritoneal exudative cells demonstrated the 
best protective immunity (mean tumor 
weight 0.5 t 0.57 g) .  When cell-recipient 
animals were challenged 2 days after trans- 
fer with 5 x 106-107 P51 cells, protection 
was most notable a t  14 days after challenge: 
Only one of 18 animals compared with 10/10 
controls had a visible tumor. However, at day 
20 all animals had visible tumors and only 
the animals that had received peritoneal exu- 
dative cells showed a statistically significant 
difference in mean tumor weight from that 
of control animals ( p  < 0.01) (Table 111). 

Discussion. Although ilmonunieakion of mice 
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TABLE 111. Tumor Growth in Mice Receiving Cell Transfers. 

Fraction of mice with visible tumors 
on day: 

Tumor weight (g) 
Group" Cell sourceb 1'0 14 1 7  20 at day 20 

Early challenge None 
PE 
LN 
SP 

Late challenge P E  
L N  
SP 

Early challenge None 
(large dose) PE 

LN 
SP 

2.7 f 0.73" 
0.33 k 0.15 
0.50 f 0.416 
0.35 f 0.15 

0.50 f 0.57 
2.1 f 2.1 
1.8 & 0.95 

4.6 f 0.54 
2.4 2 0.72 
5.0 f 0.73 
4.0 f 0.357 

a Early challenge = Mice inoculated with lo@ viable melanoma c e h  2 day8 after receiving im- 
mune cells from donors. Late challenge = Mice inoculated with 10e viable melanoma cells 16 
days after receiving immune cells from donors. Early challenge (large dose) = Mice inoculated 
with 5 X 106-107 viable melanolma cells 2 days after receiving immune cells from donom 

PE = peritoneal exudate cells; LN = lymph node cells; SP = spleen cells. 
Mean f SD. 

with P51 lcds stimulated bolth humoral and 
cellular immunity (Table 11), it did not pro- 
teat these miimals from tumor cell challenge 
30 days Eater. The mean tumor weights of un- 
treated and 'immunized lmioe 20 days after 
melanoma challenge were not statistically dif- 
ferent (Table I ) .  However, there seamed to 
be a dirlect rellstionshiip between tumor size 
and mti-P51 antibody. Animals with tumors 
greater bhan 3 g always developed detect- 
able anbi-PS 1 antibody. Thuis, anltiitumor an- 
6ibody may have a tumor-enhancing func- 
tion; suich enhancement has been deslcribed 
(by others in vitro (9) and in vivo (19).  
These observations suggest that humloral an- 
tibody 'may interfere wilth cellmediated im- 
munity directed against the P51 melanoma. 
Competition \between humoral and cellular 
immunity for tumor cell detenminan&s has 
been suggested as a mechanism that favors 
tu rns  suirvival (20). To test this hypothesis 
in &is alnimal model, we carried out passive 
transfer expeniments. Animals receiving cell 
translfers (peritoneal exudate, lymph node, 
aind spleen) from immunized mice and chal- 
lenged with P51 tumor cells 2 days after 
tranlsfer showod not only a retarded rate of 
tumor development but also signifilcantly re- 

duced Ituimor weights than contmls (Table 
111). On the other hand, when recipient ani- 
mals were challenged with P51 cells 16 days 
)after cell tramfer, only the recipi1ent.s of im- 
mune peritoneal exudate lcellts showed a sig- 
nificant reduction in tumor development. In  
ladd,iition, the peritoneal cells were more ef- 
fective than lymph node or spleen cells when 
larger #doses of P51 ceIIs were used to chl-  
lenge recipient mice (Table 111). Tihis may 
reflect the comparative efficienlcy of our har- 
vesting procedures, the timing of the cell col- 
lection from immunized donors, or Ithe di- 
vemity of Ithe peritmw.al cell population it- 
self. 

In  all experiments, mice were observed up 
to 20 days after tumor lcell challenge. Protec- 
tion from tulmor cell challenge was measured 
by tulmor appeamnlce and Itumm weight at 
20 days. Although some animals were com- 
pletely protected from detmtable tuimm 
growth at 14 days, by 20 days all animals 
had some tuimor development which suggests 
that long observation periods are vital in ex- 
periments on tumor ilmmlunity. Although com- 
plete tumor pmteotion can be observed in 
short periods, the differmces between test 
and control g1mup.s at later time periods may 
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not be so evident. 
In Ithis model, tumor survival or control 

utrirnartely d’epends on a balance between 
humioral and cellular immunity. The passive 
transfer experiments favor cellular immunity 
aind result in a significant degree of tumor 
protmtiion in tlhe recipient animals. However, 
the inicornplete protection may reflect the 
transfer of immunoglobulin-producing cells 
or antibody bound to the tiransferred cells. 
To avoid the tamfer  of antibody or immune 
glabulin-producing cells, passive transfer ex- 
periments with tumor-spmific transfer factor 
isolated from immune cells are in progress. 
Since tumor-specific transfer factor sholuld 
confer only a cellular ilmmunity ( 2  1) , com- 
plete tumor protection may be possible. 

Summary. C57BL mice immunized with 
cultured B16 melanoma cells developed both 
humoral and cellular limmunity to melanoma 
antigens bult were not resistfmt to melanolma 
cell challenge. Spleen, ‘lymph node, and 
peritoneal exudative cells from hmunized 
mice, however, passively transferred melanoma 
immuniity to noma1 milce. Recipient mice 
were melanoma resistant if challenged with 
tumor cellls 2 days, rather than 16 days, after 
adoptive transfer. Peritoneal exudative cells 
were more effeotive in the cell transfer ex- 
peniments than the spleen or lymph node 
cells. Antimelanoma antibody was detected 
in unimunized mice with large tumors and 
all immunized mice. In  unimmunized mice 
antimelanoma antibody appeared to be 
as.sJac.ilated with progressive tumor growth. 
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