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SUMMARY

The influence of the immune status of C3Hf/Bu mice on the
effectiveness of local irradiation of a transplanted, methyl-
cholanthrene-induced fibrosarcoma was studied. The numbers
of tumor cells that transplanted the tumor into one-half of the
recipients were 3.0X104, 2.9X102, and 5.7 X 10s for

normal, immunodepressed, or immunized recipients, respec
tively. A tumor reached 12 mm in diameter more quickly
when transplanted into immunized recipients than when
transplanted into control animals. Also, the radiation dose that
controlled one-half of the treated 12-mm tumors was about
1000 rads higher in immunized than in normal recipients. //;
vitro studies showed that lymphoid cells from tumorous mice
were effective in inhibiting colony formation by fibrosarcoma
cells. The degree of inhibition of colony formation by the
lymphocytes decreased according to the size of tumor borne
by the lymphocytes donor. Also, lymphocytes collected from
tumor-bearing donors were less effective if the donor had been
immunized prior to transplantation. The most effective
lymphoid cells came from preimmunized but non-tumor-
bearing donors. Serum from tumorous but not from
immunized mice contained blocking antibodies, i.e., abolished
inhibition of colony growth by lymphoid cells.

INTRODUCTION

Immunogenetic differences between tumor and host,
integrity of the host reticuloendothelial system, and the
number of tumor cells present are considered decisive for the
status of the tumor-host relationship at any particular time
during tumor growth (5). Exposure of an immunologically
competent organism to the tumor antigens may lead to
increased resistance to subsequent transplant of the tumor (6,
16, 21). Appropriate pretreatment of recipients, on the other
hand, may sharply reduce the effectiveness of the host defense
mechanism and may result in accelerated growth of the
transplanted tumor rather than in its rejection (3, 4, 14).
Several factors were described as important in determining the
resistance of a host tumor transplantation. Prolonged time
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intervals between pretreatment with killed tumor cells and
challenge with viable tumor cells (3), an increased quantity of
growing tumor (1, 7), or an additional injection of killed
tumor cells in a tumor-bearing host (32) decreased host
resistance to tumor.

The cell-mediated mechanism occupies a predominant role
in suppression of the establishment or growth of an antigenic
tumor (15,20, 23). In the presence of complement, circulating
antibodies can destroy cells containing sensitizing antigen. It is
well established that tumors as well as other cells carrying
foreign antigens may be protected from the destructive action
of specifically sensitized lymphoid cells by enhancing or
blocking antibodies (9â€”12, 19, 30). Immunological reaction of
the host against tumor is thus a complex interaction of several
factors. Evaluation and identification of the role of each of
these components of immunological reaction in a test animal is
rather difficult. In vitro techniques, which feature confronta
tion of lymphoid cells and/or sera from a tumor-bearing donor
with tumor cells as the target, are varied and much studied. A
sensitive and quantitative in vitro method, in which cell
viability is used as the end point, is the colony-inhibition
technique (8). By testing the efficacy of lymphoid cells and of
sera and a combination of sera and lymphoid cells from a
tumorous donor in inhibiting colony formation, one may
quantitatively assess the time-course role of different fractions
of the immune response (9).

The influence of the immune status of C3Hf/Bu mice on the
response of a transplanted, methylcholanthrene-induced
fibrosarcoma to local irradiation of tumors of different sizes is
the object of the investigation presented in this paper. The
immune status of the recipient was either normal, stimulated
(by injection of irradiated tumor cells), or depressed (400 rads
whole-body irradiation) prior to tumor transplantation. For
the in vivo studies, TDS04 and TCDSO assays for tumors 2 and

12 mm in diameter have been performed. With the use of
colony-inhibition techniques, the reactivities of lymphoid cells
and sera from C3Hf/Bu mice of various immunological status
have been assayed against the tumor cells in vitro.

MATERIALS AND METHODS

Experimental Animals. Male C3Hf/Bu mice from our
specific pathogen-free colony were used. The animals were
about 12 weeks old at the beginning of an experiment.

"The abbreviations used are: TDS0. number of tumor cells that
transplant the tumor into one-half of the recipients; TCDSO, radiation
dose that controls one-half of the treated tumors.
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Tumor. The tumor was a fibrosarcoma, induced in a young
C3H/He female mouse by an injection of 1 mg of
methylcholanthrene (in peanut oil) into the s.c. tissue of the
flank (29). First- to 3rd-generation transplant tissue is kept in
a liquid nitrogen refrigerator. For performance of an
experiment, freshly excised 4th-generation transplant tissue
was used.

Tumor Cell Suspension. A modification of the technique
described earlier (24) was used. The grossly intact pieces of
4th-generation tumor isotransplant were minced, and the mash
was poured into a beaker with Solution A (8.0 g NaCl, 0.4 g
KC1, 1.0 g glucose, and 0.35 g NaHC03 in 1000 ml of water).
After 5 min on ice, the supernatant, which contained mostly
suspended cells, was removed and passed through a Swinney
filter into test tubes. These cells were centrifuged at 700 X g
for 5 min. The supernatant was then discarded and the pellet
was resuspended. Viable cell counts on the cell suspension
were made by means of the trypan blue exclusion test; about
80% of the tumor cells were scored as viable. Cells were
suspended as single cells, with an occasional clump of 2 to 5
cells.

Tumor Cell Culture. Fibrosarcoma cells have been cultivated
in McCoy's medium (Grand Island Biological Co., Grand

Island, N. Y.) supplemented with 20% fetal calf serum. When
these cultured cells are injected into C3Hf/Bu mice, they grow
and produce a fibrosarcoma. Immunization of recipients by
injection of heavily irradiated tumor cells from in vitro culture
renders the recipients resistant to challenge with cells from
freshly excised tumor and vice versa. Monodispersed
fibrosarcoma cells, obtained from tissue culture bottles by
trypsinization, were plated in 50-mm plastic Petri dishes
(Falcon Plastics Co., Los Angeles, Calif.). Plating efficiency
was about 10 to 12% after 7 days of incubation in a humid
atmosphere containing 5% CO: â€¢¿�

LP59 tumor cells were derived from strain L mouse cells (an
explant of s.c. connective tissue from a C3H mouse) after 2
years of cultivation in vitro. In our laboratory, LP59 cells were
propagated in McCoy's medium supplemented with 20% fetal

calf serum; plating efficiency was about 70 to 80%. The cells
gave rise to sarcoma if injected into a C3Hf/Bu mouse and
induced host specific immune response.

There was no host cross-reactivity against those 2 syngeneic
tumors. Accordingly, sera and/or lymphocytes from fibro-
sarcoma-bearing mice were assayed against LP59 cells for
determination of specificity of their reaction against
fibrosarcoma cells.

Transplantation Techniques. In the TD5 0 assay, appropriate
3-fold dilutions were prepared. The cell doses (ranging from
IO2 to 3 X IO6 cells) were made in 10 M!of Solution A and

injected s.c. in the right hind leg. There were 5 to 10 mice in
each cell dose group. For the TCDSO assays, an inoculum of
2 X IO6 viable tumor cells in 10 M' of Solution A was injected

intracutaneously into the right hind leg if the tumor was to be
irradiated when 2 mm in diameter or s.c. for irradiation of
12-mm tumors. For s.c. implantation of 1-cu mm pieces of
tumor tissue, an incision was made in the skin of the right
flank and a tumor piece was introduced by means of a trocar.
The incision was closed with wound clips.

Surgical Procedures. Removal of implanted tumors was
performed on mice anesthetized with pentobarbital sodium

(Nembutal; Abbott Laboratories, North Chicago, 111.), 0.07
mg/g body weight of mouse. The incision in the skin
surrounding the tumor was made and the tumor was removed
by blunt dissection. Large blood vessels were cauterized and
the incision was closed with wound clips.

Active Immunization Procedures. The details of this
procedure have been described previously (24). Briefly,
recipients were given 3 injections of 2 X IO7 heavily irradiated

fibrosarcoma cells once-a-week. For the 1st dose, cells were
mixed (1:1 ratio) with Freund's complete adjuvant (Difco

Laboratories, Detroit, Mich.) and then injected s.c. into
inguinal and axillary areas. Second and 3rd cell doses (without
the adjuvant) were injected i.p. Immunization was also
achieved by allowing a transplanted tumor to grow for 2 weeks
and then surgically removing it.

Preparation of Sera and Lymphoid Cell Suspension. Donor
mice were exsanguinated by cardiac puncture. Serum was
separated from the clot and kept at -11Â° until used. The

spleen and lymph nodes (axillary, inguinal, brachial, and
cervical) were harvested from those donors. Lymph nodes
and/or spleen were minced in cold tissue culture Medium 199
(Grand Island Biologicals) and forced through a 60 mesh
stainless steel screen. The resultant suspension was washed 3
times and finally diluted to contain IO7 viable (trypan
blue-negative) cells/ml. To eliminate erythrocytes, 1 part of
Dulbecco's balanced salt solution (8.0 g NaCl, 0.2 g KC1, 1.15

g Na2 HP04, 0.2 g K2 H2P04,0. l g CaCl2, and 0. l g Mg C12 in
1000 ml of water) and 5 parts of distilled water were added to
the spleen cell suspension, and 30 sec later 1.3 parts of 5%
NaCl solution were added. After ccntrifugation, the pellet was
washed 1 more time, resuspended in medium, and incubated
for 30 min with heparin (sodium heparin; The Upjohn Co.,
Kalamazoo, Mich.), 40 units/ml, to remove macrophages and
granulocytes, which attach to the glass. The supernatant,
containing mostly lymphocytes, was spun down; and the pellet
was resuspended to obtain IO7 trypan blue-negative cells/ml.

Colony-inhibition Test. The technique used here was
modified slightly from that described by HellstrÃ¶m(8). Tumor
cells were removed from the culture vessel by trypsinization.
To each 50-mm plastic Petri dish were added 3 ml of McCoy's

medium with 20% fetal calf serum; then 800 fibrosarcoma
cells or 150 LP59 cells were plated. The medium was discarded
24 hr later, after the tumor cells had attached. For assay of the
efficacy of lymphocytes to inactivate tumor cells, 0.5 ml of
lymphoid cell suspension (containing 5 X IO6 cells) together

with 0.5 ml of medium were added per dish. After 1 hr, 4 ml
of medium with 20% fetal calf serum were added. After 7 days
of incubation, the medium was poured off; the dishes washed
carefully in 0.9% NaCl solution, and colonies were fixed with
methanol, stained with 0.5% crystal violet, and then counted
under the stereomicroscope at 10X. For determination of
activity of specific serum, into each Petri dish containing
plated tumor cells, 1 ml of 1:4 diluted serum was added. After
1 hr, 4 ml of medium with 20% fetal calf serum were added
and dishes were treated as above. No complement was used in
these assays. The combined action of serum and lymphoid
cells was assayed in the following manner: 0.5 ml of 1:4
diluted serum was put into a Petri dish containing plated
tumor cells: 30 min later 5 X IO6 lymphoid cells in 0.5 ml of

medium were added; 1 hour later 4 ml of medium with 20%
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fetal calf serum were poured into each dish. The dishes were
incubated for 7 days and treated as above.

Radiation Procedures. A 250-kV X-ray machine was used
for whole-body irradiation of mice. Conditions of irradiation
were: 250 kV, 30 ma, filtration 1 mm Al + 0.25 mm Cu;
distance from the source to the target was determined with the
Victoreen chamber. During irradiation, mice were positioned
in sections of a pie-shaped plastic chamber which in turn was
on a rotating platform. Local irradiation of the tumor growing
in the thigh was performed with parallel opposed l37Cs

beams, 3 cm in diameter. Mice were anesthetized with
pentobarbital sodium during local irradiation. The radiation
dose was uniform throughout the irradiated tissue and is
specified in rads administered to the central portion of the
tumor. The error in dose estimation is expected to have a
standard error of 4%, including errors from all causes. Dose
due to scattered radiation was 3% at 0.5 cm from the edge of
the field and 0.3% at 1 cm.

Design of Experiments

In Vivo Studies. A series of TDSO and TCD50 assays
were performed. TD50 represents the number of viable tumor
cells which would be expected, on the average, to produce
progressively growing grafts in 50% of the mice treated by
injection. TCDSO is the radiation dose which, on the average,
achieves local control of one-half of the irradiated tumors.
Three different groups of recipients were used (Chart 1):
Group 1, normal mice; Group 2, mice exposed to whole-body
irradiation of 400 rads 24 hr before tumor challenge; and
Group 3, mice immunized by (Group 3a) 3 injections of
heavily irradiated tumor cells administered 1 week apart, and
challenge with viable tumor cells performed 1 week after the
3rd immunizing dose; (Group 3b) using the immunizing
procedure described for Group 3a, but 1 week after the 3rd
injection of irradiated tumor cells a tumor piece was

implanted, the resultant tumor surgically removed 2 weeks
later, and challenge with viable tumor cells performed on the
day the tumor was removed; and (Group 3c) implanting tumor
pieces only, which were removed 2 weeks later (approximately
12 mm in diameter), and viable tumor cell challenge
performed on the day the tumor was removed.

TD5o assays were performed in all described groups of
recipients. TCD50 assays were performed on recipients of
Groups 1,2, and 3a for tumors of 2 and 12 mm in diameter
and also at 72 hr after implantation of tumor fragments (Chart
2).

In Vitro Studies. Sera and/or lymphoid cells to be
assayed against fibrosarcoma cells in vitro were obtained from
the following donors: normal C3Hf/Bu mice; normal C57BL/6
mice; C3Hf/Bu mice treated by (a) immunizing to tumor by
injection of heavily irradiated fibrosarcoma cells (lymphoid
cells were also assayed against LP59 cells); (b) bearing 2- or
12-mm fibrosarcoma; (e) bearing 2- or 12-mm fibrosarcoma
(these mice had been immunized with heavily irradiated tumor
cells prior to transplantation); (d) immunizing to tumor by
injection of heavily irradiated LP59 tumor cells; and (e)
bearing 12-mm LP59 tumor.

Analysis of Results. The mice were examined once a week
after challenge for the appearance of a tumor at the site of
transplantation or for regrowth of tumor after local
irradiation. A transplant take or tumor recurrence was
followed until the tumor reached about 24 mm in diameter.
The mice were then killed and checked for the presence of
gross mÃ©tastasesin the lungs. Experiments were terminated
120 days after transplantation or local irradiation when all the
surviving mice, with or without local tumor, were killed and
checked for presence of mÃ©tastases.At the completion of an
experiment the proportion of animals showing tumor at the
site of transplantation or local control of tumor at each cell
dose or radiation dose level was tabulated. Logit regression
lines were fitted through the results in each assay. From this
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DAYS OF PROCEDURES
Â¿*Viable Tumor Cells Challenge â€¢¿�Implantation of Tumor Piece

^ Whole Body Irradiation (400rads) Â°2^~Surgical Removalof Growing Tumor

i Injection of 2Â«I07Heavily Irradiated Tumor Cells

Chart 1. Treatment of C3Hf/Bu
recipients and TD5 0 values with 95%
confidence limits after viable fibro
sarcoma cell challenge.
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line, the TD50 or TCD50 value, with 95% confidence limits
was calculated (28).

The results of in vitro assays were determined after 7 days
of cultivation. The colonies in 5 to 10 dishes in each group
were counted and the mean value and standard error were
calculated. The difference in the number of colonies in control
dishes and experiment dishes was expressed as a percentage;
this was used as a measure of the colony inhibition. For
example, if there were 100 colonies in the control dishes and
10 in the experimental dishes, the colony inhibition would be
given as 90%.

RESULTS

In Vivo Studies

Immune Status of Host and Resistance to Challenge with
Tumor Cell. For determination of the role of immunological
status of the C3Hf/Bu host in transplantation of the
fibrosarcoma, 2 series of TDSO assays were performed. The
experimental protocol is presented in Chart 1. As shown, the
TDS o value was sharply dependent on pretreatment of the
recipients. It was about 100 times larger for normal mice than
for irradiated animals, namely, 3 X IO4 and 2.9 X102,

respectively. The TDSO for mice that had been given injections
of heavily irradiated tumor was higher than in controls by a
factor of about 20 (5.7 X 10s versus 3.6 X IO4). If a tumor

about 12 mm in diameter had been surgically removed from
the mice immediately prior to the challenge, the TD50 value
was higher than in controls by a factor of about 10(2.9 X 10s
versus 3.6 X IO4). However, if the mice had been immunized

by 3 injections of heavily irradiated cells, then tumor was
transplanted by fragment, and the resultant tumor was
removed immediately before the TDSO assay was performed,
the TD5 o value was the same as in the controls.

The time necessary for the tumor to reach 12 mm in
diameter, but not 2 mm in diameter, after injection of 2 X IO6

viable tumor cells was dependent on pretreatment of
recipients. As seen in Table 1, the tumor reached 12 mm in
diameter within a shorter interval in preimmunized recipients
than in untreated recipients; the difference is significant
(p < 0.01). Also, tumor growth to 12 mm was slower in mice
that had been whole-body irradiated than in normal or control
mice (p< 0.01).

Immune Status of Host and TCDSO Values. TCD50 value
was determined for tumors 2 mm in diameter (Groups K, L,
and M), 12 mm in diameter (Groups N, O, and P). and for 1-cu
mm tumor fragments irradiated at 72 hr after implantation

(Groups H, I, and J). The plan for the experiment is shown in
Chart 2. The groups of recipients were normal (Groups I, L,
and 0); 400 rads, whole-body irradiated (Groups H, K, and N);
and immunized, 2 X IO7 heavily irradiated tumor cells on
Days -21, -14, and -7 (Groups J, M, and P) before
transplantation with viable cells.

The mice were challenged with the 2X IO6 viable tumor

cells (Groups K, N, L, O, M, and P), or with 1-cu mm pieces of
tumor (Groups H, I, and J) at Day 0.

Two sets of experiments, separated by a period of 1 year,
were performed for each size of tumor. The transplant take
frequencies were 100% for whole-body irradiated or normal
recipients and 99% (184/186) in preimmunized mice.

TCD50 values for 2-mm diameter tumors determined for
Groups K, L, and M were based on 39, 40, and 40 tumors in
Experiment 1 and 58, 55, and 55 tumors in Experiment 2.
Results of these experiments are presented in Table 2. They
clearly show that in mice depressed by whole-body irradiation
higher doses of radiation were required to achieve control of
the tumor. However, there was no significant difference in
TCD50 for tumor growing in normal or preimmunized mice.
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Chart 2. Treatment of C3Hf/Bu mice before transplantation of
fibrosarcoma and local irradiation of 2-and 12-mm tumors or 1-cu mm
tumor pieces 72 hr after implantation.

Table 1
Time in days for tumor to reach 2- or 12-mm diameter after transplantation of 2 X IO6 viable

fibrosarcoma cells in normal and pretreated mice

2 mm 12 mm

C3Hf/Bu recipients Experiment 1 Experiment 2 Experiment 1 Experiment 2

Normal
Whole-body irradiated
Immunized6.3

Â±0.3a
6.1 Â±0.2
6.8 t 0.27.2

Â±0.1
8.1 Â±0.2
7.5 Â±0.215.7t

0.3
16.9Â±0.2
14.1 Â±0.115.6

t 0.3
16.9 Â±0.2
13.5 t 0.3

"Mean i S.E.
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Table 2
TCD 5â€ž¿�values with 957c confidence limits for fibrosarcoma of 2- or 12-mm diameter and for 1-cu mm tumor pieces 72 fir

after implantation, determined on depressed, normal, and preimmunized mice
All values are X IO3.

TCD5 â€ž¿�values with 95T confidence limits for
fibrosarcoma diameter of

Pretreatment
ofrecipientsWhole-bodyirradiatedNone(normal

mice)ImmunizedExperiment1

Ka21

L21

M22

mm3.5

N(3.0...
4.1)4.3(3.9...

4.8)1.7

0(1.0
. . .2.9)3.4(2.7...

4.2)2.3

P(1.9
...2.8)3.5(3.1

...3.8)12

mm5.9

H'(5.1. . .6.8)5.9(5.2

. . .6.8)3.3

I(2.8
. ..4.0)4.0(3.7

. ..4.4)4.5

J(4.0
. . .5.0)4.7(4.0

. . . 5.4)1-cu

mm tumor pieces
irradiated 72 hr

afterimplantation5.4(2.1

...10)3.2(2.2...

4.7)3.7(3.1

...4.5)2.7(2.O..

.3.4)2.3(1.8

. . .3.0)1.3(0.8

. . . 1.9)

' Capital letters indicate groups of mice.

The difference between TCDS 0 values for Experiments 1 and
2 is probably explained by a lack of consistency in measuring
tumors sized approximately 2 mm in diameter during
Experiments 1 and 2.

TCDso values for 12-mm diameter tumors, determined for
Groups N, O, and P, were based on 39, 38, and 40 tumors in
Experiment 1 and 30, 50, and 49 tumors in Experiment 2.
After local irradiation 5 mice (3 in Group N and 2 in Group P)
in Experiment 1 and 7 mice (4 in Group N and 3 in Group O)
in Experiment 2 died before the observation period of 120
days was completed. They did not have local regrowth and
have not been included in the calculation of TCDSO values.
The results of these 2 experiments are presented in Table 2 as
TCDso values with 95% confidence limits. Smaller variation in
determining 12 mm diameter, compared with that of 2 mm,
evidently encourage a high rate of reproducibility in TCDSO
values for Experiments 1 and 2. TCD50 values for the tumors
12 mm in diameter are higher than those for tumors 2 mm in
diameter in the corresponding groups. Clear differences
between TCD5 0 values for normal and for immunized groups
are of particular interest. The TCDSO value for tumors 12 mm
in diameter in mice that were immunized at the time of tumor
transplantation was about 1000 rads higher than for mice that
were normal at the time of challenge. That is, in these
experiments mice that were previously immunized showed
reduced effectiveness of the immunological rejection response
as evidenced by TCD50 values intermediate between normal
and immunodepressed mice.5 Therefore, the response was less

5Present data are different from those obtained earlier in our
laboratory with the same tumor but conventional mice of the same
(C3H/He) strain (27). The obtained value of TCD50 for 8-mm tumor
was about 700 rads. Recent experiments (Tannock, I. F., Suit, H. D.,
and Marshal, N. Vitamin A and the Radiation Response of Experi
mental Tumors. An Immune-mediated Effect. J. Nati. Cancer Inst., 48:
731-741, 1972.) using specific-pathogen-free mice, as in the present
study, indicate preimmunized mice are less reactive than control

effective than that induced by the growth of tumor to the
same size as in previously untreated hosts.

TCD50 values for irradiation of a 1-cu mm fragment at 72
hr after implantation, determined for Groups H, I, and J, were
based on 39, 40, and 40 tumors in Experiment 1 and 38, 36,
and 38 tumors in Experiment 2. The transplant taken,
determined on animals that had not been locally irradiated,
was 100% in recipients off all the groups. The TCD50 value for
those fragments was less in mice that had been immunized
than in controls (Table 2).

In all the groups, mice were killed when the regrowing
tumor diameter reached about 24 mm or at 120 days after
local irradiation. Necropsy with careful inspection of the lungs
was performed on all killed mice and on nearly all mice that
died during the course of the assay. MÃ©tastasesto lungs were
not detectable in any of 306 mice that died or were killed
without evident local tumor, i.e., 0/80 of Groups H, K, and N,
0/114 of Groups I, L, and 0, and 0/112 of Groups J, M, and P.
When tumor recurred locally, the incidence of metastatic
tumor in the lungs at the time the mice were killed was 75% in
preimmunized, 80% in depressed, but only 49% in normal
mice, i.e., 70/94, 80/101, and 57/115, respectively. The
average number of nodules was 4, 6, and 2 for preimmunized,
depressed, and normal mice, respectively. The proportion of
preimmunized mice with mÃ©tastases was twice that for
untreated animals.

Seven mice in the depressed group, 3 in the untreated
group, and 2 in the preimmunized group (Groups N, O, and P)
died during postirradiation regression of local tumor, 2 to 3

tumor-bearing mice; the TCD50 for an 8-mm tumor in preimmunized
mice was about 400 rads higher. Does this mean that specific-pathogen-
free conditions could affect development of immune resistance
response? This problem, i.e.. the influence of bacteria on the
effectiveness of the immune
investigation in our laboratory.

resistance response, is now under
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weeks after local irradiation. All of them had metastatic
nodules in the lungs.

In Vitro Studies

Effect of Serum and Cells from Lymph Nodes and Spleen
from C3Hf/Bu Mice Immunized to Methylcholanthrene-
induced Fibrosarcoma on the Growth of the Tumor Cell
Colonies. The results of the 2 sets of assays are presented in
Table 3. Lymph node cells from immunized donors markedly
reduced the number of colonies; the reduction was about 95%
(15.0 and 3.8 compared with 107.0 and 81.2 colonies,
respectively). Spleen cells were less effective; the reduction
was about 40% (52.9 instead of 85.6 colonies). Serum affected
neither the growth of the colonies nor the effectiveness of the
lymphoid cells.

For examination for specificity of the inhibition, lymphoid
cells from the C3Hf/Bu mice immunized against LP59 tumor
or lymphoid cells from normal C57BL/6 mice (possibility of
allogeneic inhibition) were added to cultures of the
fibrosarcoma cells. Also, lymphoid cells from C3Hf/Bu mice
immunized against fibrosarcoma had been assayed against
LP59 cells. As shown in Table 4, only lymph node cells from
specifically immunized mice induced an inhibition of the
target cell colony growth.

Effect of Sera and Cells from Lymph Nodes and Spleen
from C3Hf/Bu Mice Bearing 2- or 12-mm Fibrosarcoma on the
Growth of the Tumor Cell Colonies. The results presented in
Table 5 show that cells from lymph nodes of mice bearing a
2-mm tumor reduced colony formation for about 71% (32.4
compared with 113.2 colonies). Again, spleen cells were less

effective than were lymph node cells (33%, Le., 69A compared
with 104.3 colonies). Serum from mice with a 2-mm tumor
was without effect, if applied alone, but such sera completely
abolished activity of lymphoid cells. That is, no inhibition of
growth of the tumor cell colonies occurred when serum from
the tumor mice was added to the culture 0.5 hr before
lymphoid cells from the same donor were added.

Cells from lymph nodes and spleen from donors bearing
12-mm tumors effected a colony inhibition of about 51%
(44.6 and 43.0 compared with 92.2 and 87.3) and 35% (55.6
compared with 84.7), respectively (Table 5). Inhibition by
lymphoid cells from mice with 12-mm tumors was therefore
less marked than by lymphoid cells from mice with 2-mm
tumor or from mice immunized by injection of irradiated
tumor cells. Serum alone had no influence on the number of
growing colonies but, again, if applied 0.5 hr before the
lymphoid cells were added, the tumor cell inactivation by the
lymphoid cells was blocked. Serum from normal donors was
without effect.

Specificity of protective (blocking) activity of serum was
tested. As seen from Table 6 sera from C3Hf/Bu mice bearing
LP59 tumor do not protect fibrosarcoma cells from
destructive action by lymphoid cells from mice immunized to
fibrosarcoma. Protective effect of serum is specific as is
destruction of fibrosarcoma cells by lymphoid cells.

Effect of Serum and Cells from Lymph Nodes and Spleen of
C3Hf/Bu Mice Immunized before Challenge with Viable
Fibrosarcoma Cells, Resulting in Growth of the Tumor up to 2
or 12 mm in diameter. One week after the immunizing
procedures were completed (injections of heavily irradiated
tumor cells), C3Hf/Bu mice were given intradermal injections

Table 3
Fibrosarcoma colony growth inhibition by lymphoid cells and sera from

specifically immunized mice

Source of
lymphoid

cellsNoneLymph

nodes
from normal

miceLymph

nodes
from mice
immunized to

fibrosarcomaSpleen

from
normalmiceSpleen

from
mice immunized
to fibrosarcomaSource

of
serumNone

Normal mice
Mice immunized

tofibrosarcomaNone

Normal mice
Mice immunized

tofibrosarcomaNone

Normal mice
Mice immunized

tofibrosarcomaNone

Normal mice
Mice immunized

tofibrosarcomaNone

Normal mice
Mice immunized

to fibrosarcomaNo.

ofcolonies/plateExperiment

1104.6

Â±
108.4Â±
110.6Â±107.0

Â±
106.4Â±
108.6Â±15.0

Â±
16.0 Â±
16.6Â±3.4Â°

4.6
4.34.7

5.1
5.62.3

2.9
2.4Experiment

286.5

Â±1.2
83.0 Â±2.5
83.6 Â±3.481.

2Â±1.4
85.1 Â±1.8
84.6 Â±2.73.8

i 0.6
7.6 Â±1.6
6.9 Â±1.585.6

Â±1.3
84.6 Â±2.2
83.7 Â±2.052.9

Â±1.6
58.0 Â±2.1
52.3 Â±2.0

0 Mean Â±S.E.
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of 2 X IO6 viable tumor cells. The resulted tumor reached 2

mm in diameter at 1 week, when serum and lymphoid cells
were collected. As presented in Table 7 lymph node cells
inhibit the growth by about 58% (41.3 compared with 98.4),
cells from the spleen for about 23% (79.2 compared with
102.7 colonies), and serum completely cancelled the action of
lymphoid cells.

About 2 weeks after injection of 2 X IO6 viable tumor cells

into preimmunized mice, recipients developed 12-mm tumors.
Data in Table 7 indicate inhibition of growth of the tumor cell
colony was less than in previous assays. Namely, lymph node
cells reduced the number of colonies by about 28% (78.0 and
66.0 colonies as compared with 104.6 and 83.9 colonies,
respectively). Inhibition by spleen cells was only 12% (71.6
colonies compared with 84.9 in controls). Here also sera from
tumor donors cancelled the activity of lymphoid cells against
the target.

DISCUSSION

Tumor-specific antigens present in this methylcholan-
threne-induced fibrosarcoma evoke a definite host resistance.
However, this resistance is a complex phenomenon and in
certain respects decreases in effectiveness with growth of

Table 4
Growth of fibrosarcoma cell colonies in the presence of lymphoid cells

from normal syngeneic or allogeneic donors and syngeneic donor
immunized to fibrosarcoma or I.P59 tumor

Source of
lymphoid cells

None

Lymph nodes of
C3Hf/Bu mice
immunized to
fibrosarcoma

Lymph nodes of
normal C3Hf/Bu

Lymph nodes of
normal C57BL/6

Lymph nodes of
C3Hf/Bu mice
immunized with
LP59 tumor

Target cells

Fibrosarcoma
LP59 cells

Fibrosarcoma
LP59 cells

Fibrosarcoma
LP59 cells

Fibrosarcoma
LP59 cells

Fibrosarcoma

No. of
colonies/plate

96.4 Â±2.3Â°
124.6 Â±4.3

6.9 Â±1.3
133.6 + 5.3

98.2 Â±3.7
136.3 Â±4.7

100.2 Â±4.1
143.2 Â±5.0

98.2 Â±4.9

" Mean Â±S.E.

Table 5
b'ibrosarcoma colony growth inhibition by lymphoid cells and sera from mice

bearing 2- or 12-mm tumor

No. of colonies/plate when tumor in donor mice
reacheddiameterSource

of
lymphoid

cellsNoneLymph

nodesfrom
normalmiceLymph

nodesfrom
micebearingfibrosarcoma6Spleen

fromnormal
miceSpleen

frommice
bearingfibrosarcomaSource

of
serumNoneNormal

miceMice
bearingfibrosarcoma6NoneNormal

miceMice
bearingfibrosarcomaNoneNormal

miceMice
bearingfibrosarcomaNoneNormal

miceMice
bearingfibrosarcomaNoneNormal

miceMice
bearingfibrosarcoma2

mm110.4+

3.4a107.8
+4.1106.3
+3.9113.

2Â±5.3116.0+
6.21

10.9 Â±4.932.4

Â±2.636.7
Â±3.1119.4Â±

3.9104.3+

4.1106.2
Â±3.6112.3

Â±4.669.4

Â±3.273.5+
4.1101.

3 Â±3.612Experiment

189.4

+97.2
+92.6
+92.2

Â±90.6
Â±93.4
+44.6

+45.4
+93.4

+2.22.85.13.84.05.02.42.84.4mmExperiment

284.7

Â±1.783.4
Â±2.783.0+

2.987.3+

1.784.5
Â±2.185.4+

2.143.0

Â±2.442.8
Â±2.184.8
Â±1.984.7+

2.183.3
Â±2.085.6+

1.755.6

Â±2.758.7
Â±3.085.6
Â±1.7

" Mean Â±S.E.
Â°Lymphoid cells and serum assayed were from donors bearing fibrosarcoma of the same

size.
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tumor. Comparing normal and preimmunized recipients, the
latter being, however, more resistant to tumor tranplant
(higher TDSO), underwent faster growth of established tumor.
Specifically, prestimulated mice seemed to react differently
than the normal to the increasing quantity of the antigen, i.e.,
the growing transplant. Most likely, this sustained contact
partially abolished the efficacy of an initially established
immune resistance. However, the effectiveness of the host
resistance in its participation in tumor destruction with locally
administered X-radiation remains high during tumor growth up
to a size of about 12 mm in diameter. In these assays, TCD50
value may be considered as the radiation dose at which the
number of surviving tumor cells can just be inactivated by the
immunological rejection response of the host (27). The TCD50
for 2-mm or 12-mm tumor is substantially lower for tumor
growing in normal host than it is in immunodepressed host.
The difference depends on the existence and activity of host
defense mechanisms that can inactivate tumor cells and
thereby reduce the radiation dose required to achieve
complete destruction of the tumor. Accordingly, even if
resistance is diminished during tumor growth, there remains a
considerable residual antitumor reaction. As presented, local
irradiation performed 72 hr after tumor piece implantation
was the most effective in preimmunized recipients (smallest
TCDso), but the TCDSO value was about 1000 rads higher for
12-mm tumor growing in preimmunized recipients than it was
for one in untreated recipients. The changes in TCDSO values
corresponded to changes in TD50 values for various groups of
recipients, indicating a decreasing effectiveness of the
immunity (induced by the series of injections of heavily
irradiated tumor cells) with growth of tumor.

It is well known that the degree of resistance to subsequent
injection of the tumor depends on the time interval between
removal of a growing tumor and viable tumor cell challenge (3,
22, 26, 32). It will be reduced in the presence of a primary
tumor (13, 18, 32) or if additional killed tumor cells are
injected (32). The bigger the tumor at the time of challenge,
the more pronounced is the depression of resistance (1, 32).
Higher degree of resistance was observed if challenge was
performed 4 days after surgical removal than after high-dose
local irradiation, indicating that presence of tumor material is
a critical factor (32). The decrease of resistance appears to be
tumor specific (25, 32); it is more pronounced in antigenically
stronger tumors (32). Results of numerous experiments point
to a depression of immune resistance after a long exposure or
exposure to a large quantity of normal or tumor antigens (1,7,
17, 32). For example, CBA mice bearing a methylcholan-
threne-induced tumor have not been able to develop delayed
reaction to tumor manifested as edema of the footpad 24 hr
after local injection of 4 X IO7 tumor cells; the reaction was,

on the contrary, very pronounced if the tumor had been
surgically removed previously (7). Lymphoid cells from donors
immunized to ovalbumin can transfer a delayed-type reaction
to the antigen into normal recipients; this action was cancelled
by previous incubation of the cells with the antigen (31).
Similarly, a successful transfer of resistance to the ascites
tumor in syngeneic recipients by lymphoid cells from
specifically immunized donors was abolished if the recipient
had been injected i.p. with heavily irradiated tumor cells
(source of the antigen) 24 hr before (33). All these findings

Table 6
Influence of serum from fibrosarcoma or LP59 tumor-bearing mice on

inhibition of fibrosarcoma colony growth by lymphoid cells from
specifically immunized donors

Cells fromlymphnodes
ofC3Hf/BumiceNoneImmunized

tofibrosarcomaSerum

fromC3Hf/Bu
miceNoneBearing

fibrosarcomaBearing
LP59tumorNoneBearing

fibrosarcomaBearing
LP59 tumorNo.

ofcolonies/plate98.3

8.6Â°99.497.39.395.210.21.93.11.73.21.9

Immunized to
LP59 tumor

None
Bearing fibrosarcoma
Bearing LP59 tumor

99.7 Â±2.8
96.4 Â±3.0

101.2 Â±2.1

0 Mean Â±S.E.

indicate a depression of delayed hypersensitivity response in
an abundance of the antigen, i.e., a growing tumor.

According to the results given here, lymphoid cells obtained
from mice immunized to fibrosarcoma were more effective
than those from the spleen. It may be speculated (10) that
lymphocyte population from the spleen include cells
producing blocking antibodies in vitro. However, lymphoid
cells from tumor-bearing mice were less effective, particularly
if animals were immunized prior to transplantation. The
degree of inhibition of colony growth was an inverse function
of the tumor diameter, i.e., was less expressed if the donor of
the lymphoid cells was bearing a 12-mm tumor instead of a
2-mm tumor. These findings are compatible with observations
from other laboratories. For example, peritoneal cells from
BALB/c mice bearing T5 cell line tumor for 4 weeks did not
inhibit growth of the tumor colonies in vitro; cells from the
mice bearing small tumor showed a modest effect of
inhibition, while cells from mice collected 3 weeks after
surgical removal of a large tumor strongly inhibited growth of
colonies (1). Presence of tumor mass in the host reduced its
lymphoid cell activity against tumor cells in vitro. A similar
result was obtained in our studies and was even more
pronounced if the tumor had been growing in preimmunized
recipients. Meanwhile, recently published results indicate that
lymphoid cells from mice bearing methylcholanthrene-induced
fibrosarcoma are as active in inhibiting tumor colonies; the
degree of inhibition remained approximately the same when
the large tumor had developed (10). At the present time, we
are not able to explain the difference between the results of
the 2 groups.

These in vitro data are compatible with the data obtained in
vivo. Table 8 is a summary of pertinent data. For example,
compare Groups 4 and 6. Preimmunized mice were less
reactive to growing tumor. This was true for studies with
either the TD50 or the TCDSO assays; TDSO value, determined
at the day of removal of 12-mm tumor, was smaller for
preimmunized hosts than for normal hosts. The difference in
TCD50 values between 2 mentioned groups also indicates
more pronounced decrease of resistance to the tumor in
preimmunized recipients. According to the data obtained from
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Table 7
Fibrosarcoma colony growth inhibition by lymphoid cells and sera from

preimmunized mice hearing 2- or 12-mm tumor

No. of colonies/plate when tumor in
donor mice reached

Source of
lymphoid

ceUsNoneLymph

nodesfrom
normalmiceSource

of
serumNoneNormal

micePreimmunizedmice

bearing
fibrosarcoma6NoneNormal

micePreimmunizedmice

bearingfibrosarcoma12

mm2

mm99.2

Â±101.3
Â±100.5
Â±98.4

Â±105.
3Â±102.7

Â±2.3Â°3.02.71.92.72.1Experiment

1106.5

Â±106.4Â±106.8

Â±104.6Â±106.6i107.2

Â±2.75.15.15.45.84.7Experiment

284.5

Â±84.
3Â±84.0

Â±83.9

Â±85.
3Â±85.
8 Â±2.11.71.92.11.81.9

Lymph nodes from None 41.3 Â±2.1 78.0 Â±2.5 66.0+2.6
preimmunized Normal mice 44.4 Â±1.9 75.6 Â±2.8 62.6 Â±2.3
mice bearing Preimmunized 109.6 Â±2.4 107.6 Â±4.5 84.7 Â±1.8
fibrosarcomab mice bearing

fibrosarcoma

Spleenfromnormal
miceSpleen

frompreimmunizedmice

bearingfibrosarcomaNoneNormal

micePreimmunizedmice

bearingfibrosarcomaNoneNormal

micePreimmunizedmice

bearingfibrosarcoma102.7t

2.794.4
Â±3.0109.3
Â±2.679.2

Â±2.971.0
Â±1.6109.4
Â±2.784.9

Â±2.183.4
Â±2.184.5

Â±2.471.6

Â±2.273.3
Â±1.884.4
Â±1.9

" Mean Â±S.E.
b

Lymphoid cells and serum assayed were trom donors bearing fibrosarcoma of the same
size.

in vitro experiments, lymphoid cells were less effective against
tumor cells if tumorous donor was preimmunized. All the mice
bearing the tumor possess blocking antibodies in the serum;
this is compatible with data obtained in other systems (10,
U).

Our observation of an increased incidence of lung
mÃ©tastases in preimmunized mice relates to decreased
resistance of the host to the tumor. The finding that mice that
control tumor after local irradiation did not develop lung
mÃ©tastasesis of particular interest.

Accordingly, growing tumor is in competition with the
specific immunological response, but apparently the tumor
acts as a depressor by diminishing the effectiveness of the
cell-mediated response and eliciting production of blocking
antibodies. Solid tumors, which are apparently insensitive to
cytotoxic effect of antibodies, are most subject to
enhancement (2); and enhancing factors are favored by large
quantities of tumor (10). Suggestion about the balance
between resistance, due to cell-mediated immunity, and

enhancement appears satisfactory to withstand the dynamic
changes in susceptibility to tumor (2, 10).

Beside the evidence for decreased specific activity of
lymphoid cells and presence of blocking antibodies in
tumor-bearing organism, a situation in vivo is probably more
complex. Hopefully, further studies will clarify the mecha
nisms of depression of host resistance, i.e., is this an indication
of decreased competence of the individually sensitized
lymphocyte, decrease production of sensitized lymphocytes,
rapid loss of sensitized lymphocytes, or presence of blocking
antibodies?

From a theoretical and practical point of view, it is
important to understand the extent to which tumor growth or
injection of killed tumor tissue interfere with host resistance
to tumor. The decreased resistance, due to antigen
"overexposure," may be relevant in attempting immuno-

therapy against tumors in man. Studies of the time course of
the immunological reaction to tumor appear important in
planning treatment of tumor; immunological status could be
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Table 8
Influence of immune status ofC3Hf/Bu mice on reactivity to fibrosarcoma determined in vivo

by TDsa and TCDSO values and in vitro by colony inhibition

In vivo in vitro

Group123456TreatmentofC3Hf/BumiceNontreatedImmunized"Immunized;transplantedtumor

grewup
to 2mmImmunized;transplantedtumor

grewup
to 12mmTumor

growingup
to 2mmTumor

growingup
to 12 mmTD50values3.5

X10"5.7
X10sNot

done4.0

X 10"bNot

done2.9

X 10s6TCDSOvalues2.3

XIO33.5

XIO34.5

XIO34.7
XIO31.7

XIO33.4
XIO33.3
XIO34.0
X IO3Activity

ofcellsfrom
lymphnodes(%

colonyinhibition)09558287151Blocking

activityofserum
(blockingofinhibition

obtainedby
lymphoidcellsfrom
immunizedmice)NoNoYesYesYesYes

a Immunization performed by 3 injections (2 X 10' heavily irradiated fibrosarcoma cells each), 1 week

apart. One week after immunization was completed, mice were challenged with viable tumor cells or they
were killed to obtain serum and lymphoid cells.

b TD50 assay has been determined at the day of surgical removal of growing tumor.

decisive in eliminating remaining tumor cells after surgery,
radiotherapy, or chemotherapy.
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