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injection of antiserum would neutralize this inhibition (14).
The present paper reports the results of an investigation

of the effects of tumor vaccine preparations on resistance
against iv. and s.c. tumor challenge during progressive
tumor growth, after surgical cure, and during declining
immune resistance following complete tumor removal.

MATERIALS AND METHODS

Animals. All animals used were 10- to 12-week-old female
C3H/He mice born and kept under pathogen-free condi
tions.

Tumors. The mammary carcinoma had arisen sponta
neously in a multiparous C3H!He mouse. It had been tested
for transplantability and immunogenicity in syngeneic fe
male mice and then kept stored in liquid nitrogen. It was
reintroduced into syngeneic mice to be used in these exper
iments in the 2nd and 3rd transplant generations.

The fibrosarcoma had been induced in a female C3H!He
mouse by s.c. methylcholanthrene implant. It had been
tested for transplantability and immunogenicity in synge
neic mice and was used in these experiments in the 8th to
10th transplant generations.

Tumor Implantation. Implantation, s.c., of 1-mm pieces
of living tumor tissue was used to initiate tumor growth for
immunization. In all of the experiments reported here, sen
sitization procedures were done on the right side of the
animal, and s.c. challenge implantations were done on the
left side. The single cell suspensions used for live cell
challenge or killed cell inoculations were prepared from
solid tumor tissue by a mechanical technique described in
previous publications (11, 13).

Tumor cells to be used as killed vaccine preparations
were inactivated by exposure to 5000 R of X-radiation and
were judged 100% dead by trypan blue staining.

Statistical Analyses. Differences in the level of immune
resistance are described in terms of differences in tumor
incidence and in terms of differences in the amount of
tumor growth following challenge. For comparison of tu
mor growth, Student's t test was used.
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RESULTS

Resistance against Pulmonary, i.p., and s.c. Tumor
Growth. Table 1 presents the results of a preliminary study
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SUMMARY

The effects of syngeneic tumor vaccine preparations on
resistance against s.c. and pulmonary implants of a sponta
neous C3H mouse mammary carcinoma have been corn
pared during progressive primary tumor growth, after surgi
cal cure, and during declining immune resistance following
complete tumor removal.

Concomitant antitumor immunity reached a higher level
of effectiveness in the lungs than in s.c. tissue. The con
comitant immune resistance in the lungs also remained
effective longer than did s.c. resistance, which was the first
to decline under the increasing antigen burden of a growing
tumor implant.

Resistance to challenge recovered quickly after the corn
plete removal of a large tumor burden, but recovery was
impeded if killed tumor tissue was reinjected too soon after
tumor removal. If injections of killed tumor tissue were
given 7 days after tumor removal, the completed recovery
was not affected. If injections of killed tumor tissue were
given 30 days after tumor removal, immune resistance to
challenge, at this time much declined, was stimulated.

INTRODUCTION

Previously reported studies have presented evidence that
antitumom immune influences are not equally effective in all
parts of the sensitized rnurine tumor host. Tumor cells
implanted in the lungs via iv. injections grew less fre
quently than did tumor cells implanted s.c., and tumor cells
implanted in the liver via portal vein injections grew even
less frequently than did tumor cells in the lungs (12, 15).
Passive immunization with antiturnor serum was found to
protect against iv. challenge but not against s.c. challenge
(12).

Other studies have shown that a specific impairment of
antitumor immune protection was associated with exces
sive tumor burden and that recovery of immune protection
followed soon after complete excision of a large antigenic
tumor (7â€”il, 18). The postsurgical recovery could be in
hibited by injections of tumor antigen, but the additional
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58/70(83%)

56/70(80%)
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1.79(100%)
0.89(45%)

1.81(91%)

1.99(100%)
5.48(57%)

9.69(100%)
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Table1
Estimatesof mammarycarcinoma growth in sensitizedand in normal unsensitizedC3Hfemalemice given implants i.v., i.p. , or s.c.
Live sensitizing tumors were implanted s.c. in the right flank and excised at an averagesize of 10 mm, 4 days before challenge.

a The tumor incidence for mice challenged s.c. means the number of tumors per number of implants (2/mouse), and the average tumor

growth s.c. is expressedin mm.Theaveragetumor growth in the lungsand in the peritoneumis expressedin valuesfromO to 3 (seetext).
Theaveragegrowth valuesfor each individualgroup werederivedbydividing the sumof valuesbythe numberof tumor-positivemice (s.c.
by the number of implants that grew).

b The average growth values for the sums were derived by dividing the sums of values by the number of mice (s.c. by the number of

implants).The averagegrowth in sensitizedmice is also expressedas a percentagevalueof the averagegrowth found in normal control
mice. Only the average growth values are evaluated statistically. Each group sensitized against the mammary carcinoma differed
significantly from their unsensitizednormal control group.

CMC, mammarycarcinoma; FS, fibrosarcoma.
d Numbers in parentheses, average tumor growth.

to determine the number of viable tumor cells needed to
establish pulmonary, i.p., and s.c. growth in all unsensi
tized control animals and to compare, after immunization,
the relative immune resistance to tumor growth attained by
these implantation sites. The mice were sensitized with s.c.
implants of living tumor tissue that were excised at an
average size of 10 mm after a period of growth of 30 days for
the mammary carcinoma and 2i days for the faster growing
fibrosarcoma. The implants were removed 4 days before the
challenge injections.

Table 1 represents the combined data from several similar
tests, 2 separate tests where the animals were challenged
i.v., i.p., or s.c. and 1 additional test where the mice were
only challenged i.v. The experiments were terminated from
19 to 22 days after challenge for the animals challenged iv.
or i.p. and after 31 to 34 days fonthe animals challenged s.c.
The incidence of tumors at the s.c. injections sites was
checked at weekly intervals, and their sizes were measured
with calipers and recorded from the time they became pal
pable. Each experiment was terminated when more than i
mouse in any group became cachectic because of progres
sive s.c. tumor growth. The mean values/group at the last
recording of tumor sizes are presented in the tables. Fre
quent palpation to detect the development of i.p. growth
and examination for signs of dyspnea or unhealthy appear
ance determined the termination time for the animals chal
lenged i.p. or i.v. This procedure was used for each experi
ment in this investigation. The animals were killed by as
phyxiation in 100% CO2gas, and the lungs and peritoneum
wereexaminedfortheextentof tumorgrowth.Following
injections of tumor cells into the tail vein, tumor growth was
found almost exclusively in the lungs. To describe the

amount of tumor growing in the lungs and in the penito
neum, where accurate measurements were not practical,
values from 0 to 3 were given according to the number and
size of growths found at autopsy. The values were deter
mined at blind readings and derived according to the fob
bowing grading system: 0 = no tumor growth found by gross
examination; 1 = 1 to 5 tumors from 1 to 2 mm in size and!
on 1 tumor not more than 4 mm in size; 2 = more than 5
tumors from 1 to 2 mm and/or up to 5 tumors not more than
4 mm in size; 3 = multiple tumors larger than 4 mm (solitary
large tumors were never seen; they were invariably part of
massive tumor growth).

The results presented in Table 1 show that the challenge
dose of 3.3 x 10@viable tumor cells was suitable for testing
specific resistance against the mammary carcinoma in mice
challenged iv. or i.p. because this number of cells was just
adequate to produce growth in all normal, unsensitized
mice and constituted neither an excessive nor an insuffi
cient challenge dose. The expression of specific resistance
in sensitized mice challenged iv. or i.p. would therefore not
be overwhelmed bythe size ofthe inoculum, and any reduc
tion of growth in sensitized mice could be related to the
immune status of the host. For the same reasons, the dose
of 1 x 10@viable tumor cells, which produced s.c. growth in
95% of the unsensitized mice, was considered suitable for
s.c. challenge.

The data further show that the sensitized mice had ac
quired a particularly high degree of resistance to tumor
growth in the lungs. The penitoneal cavity of sensitized mice
appeared to be less resistant than the lungs, and the s.c.
site expressed the least resistance. This relationship was
apparent at the optimum challenge doses of 3.3 x 10@cells
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Effect of growing mammary carcinoma on the resistance of the host to iv. and s.c. mammary carcinoma challenge

Live sensitizing tumors were implanted s.c. in the right flank and excised, after various periods of growth, 3 days
after challenge.ChallengeAv.

tumor Rejection
Challenge No. of mice growth response

Group Status of host route with tumorâ€•(mm)b1

MCd removed Day 13, at 3.5 mm iv. 14/15 1 .80 21
2 MC removedDay 13,at3.5mm s.c. 26/30 9.80 11
3 MC removedDay16, at 4 mm iv. 5/15 0.47 80
4 MC removed Day 16, at 4 mm s.c. 17/30 6.13 45
5 MC removedDay22, at 6 mm iv. 3/15 0.20 91
6 MC removed Day 22, at 6 mm s.c. 13/30 4.93 55
7 MC removed Day 28, at 9 mm iv. 2/20 0.10 96
8 MC removed Day 28, at 9 mm s.c. 19/40 5.55 50
9 MC removed Day 37, at 15 mm iv. 5/20 0.30 87

10 MC removed Day 37, at 15 mm s.c. 31/40 8.73 21
11 MCremovedDay4l,atl8mm iv. 11/15 1.20 48
12 MC removedDay 41,at18 mm s.c. 23/30 9.00 19
13 Unsensitized iv. 35/35 2.29 0
14 Unsensitized s.c. 64/70 11.06 9

Stimulation or Inhibition of Tumor Immunity

challenge implants were always made 3 days before the
sensitizing tumors were removed. Each group received -
either 1 x i0@cells injected s.c. at the left shoulder and at
the left hip or 3.3 x 10@cells injected iv.

Table 2 represents the combined data from several similar
tests. The figures for groups 1 to 6, 11, and 12 are the
resultsof3 separatetests,thefiguresforgroups7 to10are
the results of 2 separate tests, and the figures for the unsen
sitized control groups are the combined data from 5 tests.
Chart 1 presents the data from Table 2 in graphic form.

The results show that resistance to challenge was detect
able after a sensitization period of 10 days and was fully
developed in about 2 weeks. Fully immunized animals chal
benged iv. were able to reduce by 96% the amount of tumor
growth found in the lungs of unsensitized control animals,
compared to a maximum reduction of only 55% in sensi
tized animals challenged s.c. The results also show that the
antitumor resistance in the lungs remained effective longer
than did the s.c. resistance, before declining with the in
creasing tumor load.

By tracing the 2 curves of Chart 1 on a piece of paper
covering an area of the graph from Day 5 to Day 45 and from
0 to 100% and then cutting out and weighing the areas
under the curves, an idea of the relative effectiveness of s.c.
and pulmonary resistance to challenge was derived for the
period from primary tumor onset to terminal disease. The
averageof severalsuch estimatesgave the valuefors.c.
immune resistance as 31.3% and the value for pulmonary
resistance as 65% of the total area.

Effects of Injections of Killed Mammary Carcinoma Cells
on Resistance to i.v. and s.c. Challenge. The last expeni

Table 2

i.v. and i.p. and 1 x 10@cells s.c. and also in the relative
reductions in the sums of tumor takes and in the average
tumor growth.

The i.p. challenge site was chosen as a compromise
between all 3 sites (i.v., i.p., and s.c.) to test whether the
resistance was specific for the immunizing mammary carci
noma. While i.p. challenge gave a less sensitive test than
did i.v. challenge, it was more sensitive than s.c. challenge,
and i.p. injections were also more convenient to perform
thanwere i.v.injections.

The specificity of the resistance against the mammary
carcinoma was indicated by the lack of cross-reacting im
munityinmice pretreatedwiththefibrosarcoma.

Pulmonary and s.c. Immune Resistance with Progres
siveTumorGrowth.Thephenomenonofspecificimpair;
ment of immune resistance by excess tumor antigen and the
recovery of resistance following tumor-curative therapy
have been described in previous publications (7-11, 18).
Circulating excess tumor antigens have been found to be a
cause of declining resistance to tumor growth, while anti
bodies promote recovery by neutralizing excess free anti
gen (14). In the experiment described here, we have investi
gated and compared, as the sensitizing tumors grew larger,
the ability of mice to resist the growth of tumor cells im
planted in the lungs with the ability to resist s.c. tumor
growth.

The mice were sensitized with s.c. implants of living
pieces of mammary carcinoma tissue, which were excised
after various predetermined periods of growth. The level of
resistance in the various groups were tested by iv. or s.c.
challenge implants of living tumor cells in suspension. The

a The tumor incidence for mice challenged s.c. means the number of tumors per number of implants (2/mouse).

b The average tumor growth in the lungs is expressed in values from 0 to 3 (see text). The average values for each

group were derived by dividing the sums of valuesby the number of mice (s.c. by the number of implants).
C These values represent the percentage difference between the average growth in sensitized mice and the average

growth in tumor-positive normal control mice (averagefor s.c. positive sites, 12.1 mm). The values were used to
construct Chart 1.

d MC, mammary carcinoma.
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ChallengeAverage

tuRejectionChallengeNo.
of micemorgrowthresponseGroupTreatment

of hostroutewithtumorsâ€•(mm?(%@1MC'

removed Day 29, at 10 mm, challenge Day30iv.5/200.25902MC
removed Day 29, at 10 mm, challenge Day 30; killedMCiv.7/200.4084cells

injected Days29, 31, 33,353MC
removed Day 29, at 10 mm, challenge Day30s.c.23/405.30484MC
removedDay29,at 10mm,challengeDay30;killedMCs.c.29/406.7334cells

injectedDays29,31,33,355MC
removed Day 36, at 14 mm, challenge Day37i.v.2/100.20926MC
removedDay36,at 14mm, challengeDay37; killedMCi.v.4/100.4084cells

injected Days36, 38, 40,427MC
removedDay36, at 14 mm,challengeDay37s.c.1 1/205.10508MC
removed Day 36, at 14 mm, challenge Day 37; killedMCs.c.15/207.4027cells

injected Days36, 38, 40,429MC
removed Day 30, at 10 mm, challenge Day37iv.3/100.308810MC
removed Day 30, at 10 mm, challenge Day 37; killedMCi.v.2/100.3088cells

injected Days36, 38, 40,4211MC
removedDay30, at 10 mm,challengeDay37s.c.10/204.605512MC
removedDay3O,at 10mm,challengeDay37;killedMCs.c.11/204.4057cells

injected Days36, 38, 40,4213MC
removed Day 30, at 10 mm, challenge Day60iv.7/200.607614MC
removed Day 30, at 10 mm, challenge Day 60; killedMCiv.3/200.2590cells

injectedDays59,61,63,6515MC
removed Day 30, at 10 mm, challenge Day60s.c.27/407.033116MC
removedDay30,at 10mm, challengeDay60; killedMCs.c.21/405.3847cells

injected Days59, 61, 63,6517Unsensitizedi.v.30/302.53018Unsensitizeds.c.57/6010.175
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ment was designed to test and to compare the effects of
killed tumor cells, injected at progressive stages of the
immune response,on immune resistancetotumor growth

in the lungs and on immune resistance to tumor growth s.c.
The procedures in this experiment were essentially the
same as previously described, with the exception, that the
sensitizing tumors were removed before challenge, and 10
mg of killed mammary carcinoma cells were injected s.c. on
the day before challenge and 1, 3, and 5 days thereafter.

The results presented in Table 3 are combined from 3
separatetests.The figuresforGroups 1to4 and 13to16are
the results of 2 repeated but identical tests, the figures for
Groups 5 to 12 are the result of a single test, and the figures
for the unsensitized control groups are the combined data
from 3 tests. The information from Table 3 is presented
graphically in Chart 2, together with the curves taken from
Chart 1 to show the effects of attempted immunotherapy at
different stages of the disease and at different times after
tumor excision against the background of the development
and decline of immune resistance associated with progres
sive tumor growth.

The results show that injections of killed mammary carci
noma cells on Days 29, 31, 33, and 35, when surgery was
performed on Day 29 and challenge on Day 30, prevented
the recovery of resistance to s.c. challenge. Immune resist
ance to i.v. challenge was moderately depressed by the

Table3

100

80

60

40

20
.@

o@@@ 1@ @0 2@@ @5@

DAYS AFTER TUMOR IMPLANTATION

Chart 1. The development and decline of immune resistance in the lungs
(iv.) and s.c under the influence of a progressively growing s.c. mammary
carcinoma. For detailed data, see Table 2.

.b.)

L

â€˜4
â€˜4

â€˜4
â€˜4

â€” ,,J,/:'@ Tumor s'ze (mm )

Effect of injection of killed mammarycarcinoma cells on resistanceto iv. and s.c. mammarycarcinoma challenge
Live sensitizing tumors were implanteds.c. in the right flank and excised after various periods of growth and at various times before

challenge.

a The tumor incidence for mice challenged s.c. means the number of tumors over the number of implants (2/mouse).

b Average tumor growth in the lungs is expressed in values from 0 to 3 (see text). The average values for each group were derived by

dividing the sums of values by the number of mice (s.c. bythe number of implants).
C The values represent the percentage difference between the average growth in sensitized mice and the average growth in tumor

positive normal control mice (average for s.c. positive sites, 10.7 mm). The values were used to construct Chart 2. The following groups
differ significantly: Group 3 versus Group 4; Group 7 versusGroup 8; Group 13versus Group 14; Group 15versus Group 16.

d MC, mammary carcinoma.
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Stimulation or Inhibition of Tumor Immunity
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Chart 2. The effects oftumorvaccine in
oculations on immune resistance in the
lungs (iv.) and s.c. during progressive tu
mor growth, after surgical cure, and during
declining immune resistance in cured mice.
For detailed data, see Table 3. MC, mam
maq carcinoma.

10 20 30@ 40

DAYSAFTER TUMORIMPLANTATION
50 60

same treatment. Injections of killed mammary carcinoma
cells on Days 36, 38, 40, and 42 prevented full recovery of
resistance to s.c. challenge if the large sensitizing tumor
had been removed the day before challenge but had no
adverse effect if surgery had been performed 7 days before
challenge. The same treatment had a moderately negative
effect with iv. challenge on the day after tumor removal and
no adverse effect with iv. challenge 7 days after surgery.
Thirty days after tumor excision, the immune resistance was
found to have declined, and at this time, injections of killed
mammary carcinoma cells significantly boosted the resist
ance to s.c. and iv. challenge.

DISCUSSION

Previous work has shown that immunological factors are
among the many that determine whether disseminated tu
mon cells may establish metastatic growth (1, 3-6, 12, 15,
17). Experiments with passive immunization and intravas
cular challenge in mice have indicated that humoral rn
mune factors may be primarily or particularly effective
against tumor cells disseminating via the vascular system
(12, 14) and that impairment of immune protection by iatro
genic (16) or disease-related (2, 11, 14) factors could pro
mote the establishment and growth of disseminated tumor
cells. The maintenance of antitumor immunity requires per
sistent and adequate antigenic stimulus, and resistance to
challenge declines under the influence of excess free anti
gen as well as with inadequate antigen (11).

The results of the present investigation show that antitu
mor resistance was perceptible in mammary tumor hosts
while the sensitizing tumor was still quite small (Chart 1;
Table 2) and that the resistance was more effective against
tumor cells lodged in the lungs after iv. injection than
against tumor cells implanted s.c. One possible explanation
for this may be that systemic immune resistance factors are
encountered immediately and more abundantly by tumor
cells injected intravascularly. Other, local immune factors

must, however, also be involved in resistance to dissemi
nated tumor cells, because previous studies have found a
wide difference in the acquired resistance of different on
gans and tissues reached by intraarterial implantation (12).

The impairment of antitumor resistance that was associ
ated with excessive tumor burden (Chart 1; Table 2) and that
could be maintained by reinjections of killed tumor tissue
soon after tumor removal (Chart 2; Table 3) was more evi
dent when the level of resistance was tested with s.c. chal
lenge than when the challenge implantation of tumor cells
was made iv. Possible mechanisms for the specific depres
sion of antitumor resistance by residual or reinjected tumor
tissuehave been discussedina previousreport(8).The
presentresultsindicatethat,aswellasbeingmore effective
at the peak of immunity, the resistance in the lungs was also
more persistent, compared to s.c. resistance, in the face of
impairment by excessive tumor burden.

The presence of excess free tumor antigen in a tumor
host may well be the most significant negative factor in
immune resistance to tumor growth because it may impair
the ability of the host to resist at a critical time, such as the
time of implantation of disseminated tumor cells. Thus a
condition may develop, where, analogous to presulfonam
ide bobar pneumonia, the parasitic-neoplastic mass has
grown large enough to shed excessive amounts of antigenic
matter into the circulation, resulting in systemic neutmabiza
tion of immune resistance factors, both cellular and hu
moral, with a corresponding loss of effective resistance to
tumor growth.

The immune resistance recovered fully following surgical
cure of a large tumor and was then refractory to further
impairment by reinjections of killed tumor tissue. This was
seen when tumor tissue injections and the challenge oc
curred 1 week after tumor removal. The same injections of
killed tumor cells would boost the immune resistance if
given, along with the challenge, 1 month after tumor me
moval, a time of declining, antigen-deprived immune resist
ance (Chart 2; Table 3).

The conditions and results discussed in the preceding
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paragraphs may have clinical relevance in cases where an
immunogenic tumor is likely to have been disseminated and
where iatnogenic on tumor-related impairment of existing
immune resistance could permit metastases to become es
tablished. Limitation or progression of neoplastic disease
may also, at times, be in tenuous balance under conditions
where immunity onother homeostatic mechanisms may me
strain growth without obliterating it (dormancy). Residual
micnofoci of antigenic tumor cells may have the growth
potential to overcome a declining level of immune resist
ance, while not representing a sufficient quantity of antigen
to maintain immunity. Such a balance may persist for a long
time and may conceivably be supported by periodic admin
istrations of killed, stoned tumor tissue but may also be
disturbed by many influences. Accordingly, such a balance
may in some cases be a vulnerable and decisive factor in the
control of disseminating neoplastic disease.
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