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ABSTRACT

Progressive growth of the P815 mastocytoma as an ascites in either
normal or immunodepressed, semisyngeneic B6D21-, mice resulted in the
outgrowth of tumor cells resistant to lysis in vitro by tumor-specific
cytotoxic T-lymphocytes (CTLs). Additional testing in vitro showed that
late ascites tumor cells also developed a progressive decline in suscepti
bility to lysis by alloreactive CTLs. The decline in susceptibility to lysis
by tumor-specific CTLs was not the result of the loss of tumor-associated
antigens, since late tumor cells had the capacity to inhibit the lysis of
early, log-phase growth P81S cells in a cold-target inhibition assay.
Further studies showed that later, CTL-resistant tumor cells regained
susceptibility to CTL lysis if they were incubated for 24 h in vitro.
Studies of susceptibility to in vivo immune mechanisms demonstrated
that late tumor cells were as susceptible as early tumor cells to adoptive
immunotherapy with spleen cells taken from mice immunized against the
early tumors. Taken together, these studies suggest that the resistance
of late tumor cells to in vitro lysis by CTLs is a reversible phenomenon
that may have no relevance to the expression of antitumor immunity in
viro.

INTRODUCTION

One of the more controversial issues regarding the progres
sive growth of immunogenic. chemically induced tumors of
mice is the problem of discerning the relative importance of
inadequate host immunity and tumor heterogeneity in the es
cape of a tumor from immunological rejection.

With regard to host immunity, there is evidence which dem
onstrates that mice develop, in concert with the progressive
growth of an immunogenic tumor, suppressor T-cells that
down-regulate a concomitant antitumor immune response be
fore the response develops sufficiently to cause tumor regression
(1). Studies in which the kineticsof the generation of suppressor
cells were followed by passive transfer experiments revealed
that acquisition of suppressor cells in the spleens of tumor-
bearing mice coincided with the progressive loss of effector cells
(2). It was found that the cells which down-regulate the immune
response against the Meth A fibrosarcoma (2) and the P815
mastocytoma (3) are Lyl+2~ T-cells which prevent the genera
tion of Lyl"2+ T-cells that express antitumor immunity. These

suppressor T-cells have been shown to act in a specific fashion
in that they can only suppress an immune response against the
tumor which induced their generation (4). Taken together, these
findings suggest that the escape of immunogenic tumors from
immunologically mediated regression may be the result of the
acquisition of specific T-cell suppressors of antitumor immu
nity.
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On the other hand, the escape of immunogenic tumors from
immunological rejection has also been attributed to the phe-
notypic heterogeneity that appears to be an inherent character
istic of many tumors. As originally postulated by Nowell (5),
tumor growth results in increased genetic instability of tumor
cells leading to phenotypic variability for numerous biological
characteristics including antigenicity. In this connection, stud
ies with several different experimental tumors of known im-
munogenicity have documented the outgrowth, in normal ini
munocompetent mice, of tumor cells that were antigenically
different from tumor cells used to initiate the original tumor
(6-9). Furthermore, these studies suggest that this was the
result of T-cells exerting strong selective pressure leading to
the survival and outgrowth of cells that expressed less, fewer,
or no TATA4 in common with the original tumor. The prepon
derance of evidence for antigen-loss variants in these studies
was based on in vitro assays of tumor cell susceptibility to lysis
by CTLs generated against the original tumor. However, be
cause a definitive role for CTLs in tumor rejection has not been
demonstrated, the relevance of CTL-defined antigen-loss var
iants in the escape of tumors from in vivo rejection remains to
be established.

Studies of the progressive growth of the P815 mastocytoma
in this institute have indicated that, following partial tumor
rejection by the concomitant antitumor response, i.d. tumor
growth resumes as a result of the generation of specific sup
pressor T-cells (10, 11). However, other laboratories have ex
plained the regrowth of a P815 ascites tumor in terms of the
existence of CTL-resistant, antigen-loss variants of the P815
which grew out after most of the tumor cells have been de
stroyed (8, 9). The present study was designed (a) to determine
whether during the i.p. growth of a P815 ascites, a concomitant
antitumor immune response develops, and if there is an out
growth of P815 tumor cells that are resistant to lysis by tumor-
specific CTLs generated against cells of the early tumor, (b) to
determine, if CTL-resistant cells are present, whether their
outgrowth results from immunological selection for antigen-
loss variants, and (c) the additional purpose of determining if
CTL-resistant P815 cells become dominant, whether they are
also resistant to anti-P815 immunity in vivo. It will be shown
that during progressive growth of the P815 as an ascites in the
peritoneal cavity of either normal or immunodepressed mice,
tumor cells emerge that are less susceptible to in vitro cell-
mediated lysis than are the original cells used to initiate the
tumor. However, it will also be shown that this resistance to
lysis is a rapidly reversible phenomenon that may not be rele
vant to the mechanism of escape of the tumor in vivo.

MATERIALS AND METHODS

Mice. B6D2F, (C57BL/6 x DBA/2) mice and AB6F, (A x C57BL/
6), 8-10 weeks old. were supplied by the Trudeau Institute Animal

4The abbreviations used are: TATA, tumor-associated transplantation antigen;
CTL, cytotoxic T-lymphocyte; TXB. T-cell-deficient mouse; PBS, pH 7.0 phos
phate-buffered saline; FBS. fetal bovine serum: HS. horse serum: HBSS. Hank's

balanced salt solution; MOPS, morpholinopropanesulfonicacid: i.d., intradermal.
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Breeding Facility. These mice were free of known pathogens, as evi
denced by the result of routine testing for the presence of pathogenic
bacteria, Mycoplasma, and viruses (mouse virus profile 80-211; Micro
biological Associates, Bethesda, YID).

T-Cell Deficiency. Mice were rendered T-cell deficient by thymec-
tomy at 5 weeks of age, followed in 1 week by 1000 rads of whole-body
7-irradiation from a 137Cssource. Immediately following irradiation,
the mice were reconstituted with 2 x IO7syngeneic bone marrow cells.

The thymectomized, irradiated, bone marrow reconstituted (TXB) mice
were rested at least 4 weeks before use.

Tumors. The P815 mastocytoma, syngeneic in DBA/2 mice, was
originally obtained from Dr. Virgina Evans, Tissue Culture Section,
National Cancer Institute. The L5178Y lymphoma was obtained from
Dr. Frederick Wheelock, Hahnemann Medical College (Philadelphia,
PA). Both tumors are passaged weekly in B6D2F, mice as i.p. ascites.
A new passage is initiated every 3 months from tumor stocks that are
cryopreserved over liquid nitrogen in RPMI 1640 (Gibco, Grand Island,
NY) supplemented with 20% fetal bovine serum (Gibco) and 10%
dimethyl sulfoxide (Mallinckrodt, Inc., St. Louis. MO). For implanta
tion, tumor cells were harvested from peritoneal ascites in sterile PBS
containing 10 units/ml heparin. Cells were washed and resuspended to
the appropriate concentration in PBS.

Immune T-Cells. Anti-PS 15 effector cells were obtained from the
draining lymph nodes of B6D2F, mice immunized 8 or 9 days previ
ously by i.d. implantation of 2 x 10* P815 cells, freshly harvested

during log phase growth from the peritoneal cavity of tumor passage
mice, and admixed in PBS with 50 ^g of Corynebacterium parvum.
Previous studies at this Institute have shown that the cytolytic cells
present on days 9 and 10 in the draining lymph node of animals
immunized using this protocol are Thy 1*, Lyt 2+cytotoxic lymphocytes
(12-14). C. parvum was supplied by the Trudeau Institute. Anti-//-^
effector cells were obtained from draining lymph node of AB6F|
(H-2"*) mice 7 or 8 days after i.d. implantation of 2 x IO6L5178Y (H-
2*)cells. Effector cells were prepared by mincing lymph nodes in RPMI

1640 containing 1% HS (Sterile Systems. Logan, UT) plus 10 mM
MOPS (Sigma Chemical Co., St. Louis, MO), and pressing the pieces
through a fine mesh, stainless steel screen. The lymph node cells were
washed once and resuspended at a concentration of 10 viable cells/ml
in RPMI-1640 containing 10% HS plus MOPS.

Cell-mediated Cytotoxicity Assay. P815 ascites tumor cells, freshly
harvested from the peritoneal cavities of B6D2F| mice, were used as
target cells. Cells (IO6) were labeled for l h at 37Â°Cin an atmosphere
of 5% CO2 in air with 100 MCi of "Cr (CJS.ll; Amersham Corp.,

Arlington Heights, IL) in RPMI 1640 medium containing 10% HS.
The assay was performed in quadruplicate in 96-well round-bottom
plates (No. 3797; Costar, Cambridge, MA) at an effectortarget ratios
of 100:1 or 50:1 using lymph node cells and 1045iCr-labeled target cells

in 200 n\ of medium. Controls included labeled target cells incubated
in medium alone (spontaneous release), and labeled target cells incu
bated in 0.1 % Triton X-100 (maximum release). After 6 h of incubation
in an atmosphere of 5% CO2 in air, 50-/jl samples were harvested from
each well and counted on a 1282 Compugamma gamma counter (LK.B
Instruments, Inc., Gaithersburg, MD). The percentage of specific 5lCr

release was calculated as

[(Experimental cpm - spontaneous cpm)
(Maximum cpm â€”spontaneous cpm)] x 100

Cold Target Inhibition Assay. The ability of unlabeled tumor cells to
inhibit cell-mediated lysis of log-phase growth P815 was determined by
adding IO4, 4 x IO4, 8 x 10", or 1.6 x 10s unlabeled tumor cells to
microtiter wells containing IO4"Cr-Iabeled P815 target cells and IO6
lymph node cells containing P815-specific CTLs. Unlabeled log-phase
P815 cells were used as positive controls, and unlabeled LSI78Y
thymoma cells were used both as a specificity control and as a control
for nonspecific inhibition due to crowding.

In Vivo Antitumor Immunity. B6D2F, mice were immunized for use
as donors of anti-PS 15 immune spleen cells by i.d. implantation on the
belly of 2-2.5 x 10* P815 ascites cells admixed with 100 Mg of C.

parvum. The PS 15 ascites cells used for immunization were taken from
tumors in log-phase growth in the peritoneal cavity of B6D2Fi mice 3-

5 days after i.p. implantation of 3 x IO5P815 cells. Injection (i.d.) of a
tumor cell-C. parvum admixture results in an initial 8- to 10-day period
of tumor growth followed in most animals by complete tumor regres
sion in approximately 2 weeks (12).

The ability of spleen cells from immunized mice to transfer immunity
to appropriate tumor-bearing recipients was determined with spleen
cells harvested 30 days after immunization. Donor spleens were asep-
tically harvested, minced into small pieces, and pressed through fine
mesh, stainless steel screens. The resultant single cell suspensions were
washed once with Hanks' balanced salt solution containing 1% fetal
bovine serum, and resuspended in Hanks' balanced salt solution to the

equivalent per ml of the number of cells obtained from 1.5 spleens.
TXB mice that had received an i.d. implant of IO6cells on the belly 4

days previously were infused via a lateral tail vein with 1.5 spleen
equivalents of immune or normal spleen cells. Tumor growth was
followed by measuring two perpendicular diameters of the tumor and
plotting the mean diameter against time.

Radiolabeling and Autoradiography. The proportion of dividing tu
mor cells in freshly harvested ascites tumors and ascites tumors incu
bated in vitro for 24 h was determined by autoradiography of cells
exposed to a 20-min pulse of [3H]thymidine. Tumor cells were washed
and resuspended at IO6cells/ml in RPMI 1640 containing 1% HS, 10
mM MOPS, and I pCi [3H]thymidine/ml (TRA-120; specific activity,
5.0 Ci/mmol; Amersham). Following incubation at 37Â°Cat 5% CO2 in

air for 20 min, cell suspensions were immediately used to make cyto-
smears that were prepared with a Cytospin 2 centrifuge (Shandon
Southern Instruments, Inc., Sewickly, PA). The cytosmears were air-
dried, fixed with absolute methanol. and coated with NTB2 autoradi-
ographic emulsion diluted 1:3 with distilled HO. The coated slides
were air-dried and exposed for 1 week at -20Â°C (15). The untomeli

ograms were developed according to the manufacturers instructions
(16) and stained with Giemsa to estimate the proportion of cycling
cells.

Enumerating Ascites Tumor Cells. Normal and irradiated (700 rads)
B6D2Fi mice were given an i.p. implant of 10' P815 cells on day 0,
and at 3-day intervals, groups of five mice were sacrificed to enumerate
the content of tumor cells. Thirty min prior to sacrifice, each mouse
was given an i.p. injection of 1 ml PBS containing 107-108 heat-killed

Listeria monocytogenes to physiologically label macrophages. The mice
were killed by cervical dislocation, and the peritoneal cavities were
injected with 10 ml PBS containing 10 units/ml heparin to harvest
peritoneal cells. Viable cells were estimated using trypan blue exclusion.
Cytosmears made from appropriately diluted ascites samples were first
stained by the Graham-Knoll method (17) to label peroxidase positive
cells and then with Wright-Giemsa Quick Stain (Diff-Quik; American
Scientific Products. McGraw Park. IL). Total tumor burden was cal
culated from a knowledge of the total number of cells in the peritoneal
cavity and the percentage of tumor cells on cytosmears. Tumor cells
were identified based on morphology, peroxidase negativity, and ab
sence of ingested L. monocytogenes. At least 500 cells were counted on
duplicate slide.

Statistical Analysis. To determine the statistical significance of the
comparative susceptibility of early and late PS 15 ascites tumors to in
vitro cell-mediated lysis the data were analyzed using the Wilcoxon
Matched-Pairs Signed-Rank Test (18).

RESULTS

Lack of Effect on Growth of a P815 Ascites by Immunodepres-
sion. The growth of 10' P815 tumor cells implanted into the

peritoneal cavity of normal mice or mice immunosuppressed
by exposure to 700 rads of -y-irradiation is shown in Fig. 1. It

can be seen that irradiation 2 days before tumor implantation
resulted in a measurable decline in the number of host cells
recovered from tumor-bearing mice. However, irradiation did
not affect the number of tumor cells recoverable in that the
tumor grew in a similarly progressive fashion in both groups of
mice. Observation of over 80 animals gave no evidence for a
partial rejection of an ascites P815 tumor by normal mice that
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Table 1 Susceptibility of early and late osciles tumor cells to lysis by tumor-specific and H-2d-specific CTLs

% specificMCrrelease"Log

phase*

Experimentcontrol1

25.742
12.443
21.894
16.635
51.136
16.2415.661

37.472
13.983
40.014
14.775
35.116
25.637
48.338
20.449

43.1212

day, 700
rads25.7517.2516.5215.6130.6820.3129.2640.3923.8842.6016.7(11

day)37.0316.7038.4913.9459.0216

day,
12-day normal 700rads34.4615.8821.6117.3934.1425.924.7042.2520.6039.9Tumor-specific

CTLs'12.618.069.6910.4328.1322.7310.28H-2"-specific

CTU25.2013.8431.6213.10

(11 day)13.8038.3736.5613.2553.7226.739.2731.536.4444.9516-day

normal12.998.2916.547.8035.1514.4416.9825.3222.6235.412.0432.3312.1834.9312.3341.9718-daynormal20.237.0811.

06(17-day)7.0035.7418.0311.6233.4412.2839.0511.9026.759.7435.3416.8633.40LSI

78Y
controlNot

done00003.451.026.9011.8532.1211.6218.264.3224.7618.9144.65

Â°The specific release of "Cr following a 6-h incubation of labeled target cells with CTLs. All experiments with the exception of 6 and 7 with tumor-specific CTLs
and 8 and 9 with //-Â¿'-specific CTLs were done at an effectortarget ratio of 50:1 ; the other experiments were done at 100:1. Each data point represents the mean of
quadruplicate samples. The percentage of specific release was calculated as described in "Materials and Methods." The spontaneous "Cr release usually ranged from
4-9% of maximum release, and rarely exceeded 10%. There was no consistent relationship between the spontaneous"Cr release and the time of tumor cell harvest.
The coefficient of variation (SD/mean) for the experimental data used to calculate the percentage of specific "Cr release usually fell between 0.1 and 0.2.

* P815 mastocytoma target cells were harvested from the peritoneal cavity of normal or 700-rad irradiated female B6D2F, mice at the days indicated. Tumors were
established by implantation of IO3cells. Log phase control P815 tumor cells were harvested from the peritoneal cavity of female B6D2F, mice used to passage the
tumors on a weekly basis by implantation of 3 x 10* cells. The L5178Y lymphoma cells used as specificity controls were harvested during log phase growth from the
peritoneal cavity of female B6D2F, mice given an implant of 3 x 10* cell.

c Tumor-specific CTLs were harvested from the draining lymph nodes of B6D2F, mice immunized i.d. 8 or 9 days previously with 2 x 10' P815 cells admixed with
50 Â»igC. partum. //-Â¿'-specific CTLs were harvested from the draining lymph nodes of AB6F, mice immunized i.d. 7 or 8 days previously with 2 x 10' L5178Y
lymphoma cells. CTLs used in each experiment were freshly harvested on the day the experiment was performed. Therefore, the activity of the effector cells was
variable between experiments, and thus data from separate experiments could not be pooled.

Table 2 Comparison of the susceptibility of early ana late osciles tumors lo CTL lysis
Differences in susceptibility between pairs of tumor cells expressed as a percentage of reduction inlysis"ExperimentTumor-specific

CTLsc1234567T

statistic'' (n =7)P//-Â¿''-specific

CTLs'123456789T

statistic'' (n = 8 or9)PLPC*:12day,700

R-0.04-38.822.76.140.3-25.1-86.811NS'-7.8-70.8-6.5-13.1-5.534.820.431.8-36.918NSLPC:
12-daynormal-33.9-27.71.3-4.633.2-59.5-58.35NS-12.8-47.40.311.3-9.3ND24.435.224.616NSLPC:16day.700

R51.035.255.737.345.0-40.034.44Â£0.04632.71.021.06.623.963.834.868.5-4.2-2Â£0.025LPC:
16-daynormal49.533.424.454.231.311.1-8.41sO.02532.4-61.811.518.57.952.527.739.72.7-9NSLPC:18-daynormal21.443.149.557.930.1-11.025.81Â£0.02510.812.22.419.423.862.026.917.522.50Â£0.00112

day,700R:
16 day,700R51.053.342.733.28.3-11.964.92Â£0.02537.642.025.817.427.844.518.153.823.80<0.00112-day,normal:16-daynormal62.347.823.555.1-2.944.231.51Â«0.02540.1-9.811.38.115.7ND4.56.921.9-4Â£0.02512-daynormal:18-daynormal41.355.448.859.7-4.730.453.1IÂ£0.02520.940.42.19.230.3ND3.3-27.237.8-5S0.034*

The percentage of reduction in lysis was calculated for each pair of tumors using theformulai

/% specific"Cr release (Tumor 1) - %specific "Cr release (Tumor 2)

% specific Cr release (Tumor 1)

* LPC, log phase control.
' Tumor-specific CTLs were harvested from the draining lymph nodes of B6D2F, mice immunized i.d. 8 or 9 days previously with 2 x 10' P815 cells admixed with

50 fig C. pantum. //-Â¿'-specific CTLs were harvested from the draining lymph nodes of AB6F, mice immunized i.d. 7 or 8 days previously with 2 x IO6 L5178Y

lymphoma cells. CTLs used in each experiment were freshly harvested on the day the experiment was performed.
* For each pair of tumors the Wilcoxon Matched-Pair Signed-Rank Test was used to determine the significance of the percentage of reduction in lysis values. The

/ statistic was calculated using the data from all experiments in which the pair of tumors was compared. A P of less than 0.05 was taken to indicate that the two
tumors within the pair differed significantly Â¡ntheir susceptibility to CTL lysis.

' NS, not significant.
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0 â€”0 LOG PHASE P815
Â« Â«18 DAY P815
â€¢â€”â€¢16 DAY P815
vâ€”Â»L517BY CONTROL

8:1 16:1

51
COLD TARGETS :Cr- LABELED TARGETS

Fig. 3. Cold-target inhibition of lysis of early, log phase growth P8I5 by log
phase or late P8I5 ascites tumor cells. Unlabeled (cold) targets were added to
"Cr-labeled cells at the ratios indicated. The percentage of specific MCr release

at a ratio of 0:1 represents the lysis of labeled log phase P81S target cells in the
absence of unlabeled, cold targets.

that expression of CTL-recognized antigens by early and late
P815 ascites cells was the same.

Reduced Susceptibility to Cell-mediated Lysis Associated with
a Decreased Proportion of Tumor Cells in Cycle. In view of the
above findings, it was reasoned that the decline in susceptibility
to lysis of tumor cells later in tumor growth may be due to
changes in cell metabolism rather than changes in antigen
expression. In this regard, it has been demonstrated that the
susceptibility of some cell lines to antibody-dependent, comple
ment-mediated lysis (19-21) or cell-mediated lysis is cell cycle
dependent (22, 23).

Table 3 contains the results of three independent experiments
that measured both susceptibility to CTL lysis and the propor
tion of cells incorporating [3H]thymidine in the same tumor

cell populations from early (day 12) or late (days 16 and 18)
ascites tumors, immediately after harvest and then again after
24 h incubation in vitro. Examination of the data in the first
column of Table 3 reveals that within each individual experi

ment, the percentage of cells incorporating [3H]thymidine in

freshly harvested ascites tumors was much greater in early
tumor cell populations (log phase control) than in late popula
tions. However, the next column shows that incubation of fresh
tumor cells for 24 h in vitro results in roughly equivalent levels
of label incorporation between early and late cells.

Similarly, the percentage of specific 5lCr release of tumor
cells exposed to tumor-specific CTLs was greater within each
experiment for fresh log phase growth cells than for fresh late
tumor cells. One exception to this finding was the 16-day tumor
cells in Table 3, experiment 2, which were as susceptible to
CTL-mediated lysis as were the log phase controls; however,
the percentage of cells incorporating [3H]thymidine (Table 3,

Column 1) was high in both populations. Nonetheless, the last
column demonstrates that within each replicate experiment,
susceptibility to lysis of early and late tumor cells became
equivalent after the tumor cells were incubated for 24 h in vitro
and then tested for susceptibility to lysis using fresh, tumor-
specific CTL. It should be pointed out that for each experiment
the data in Table 3, Column 3 cannot be compared directly to
the data in Table 3, Column 4 because different CTL effector
populations were used at each time point. Thus, the late tumor
cells reversed from a state of relative insusceptibility to lysis by
CTLs to a susceptible state after 24 h in culture, and this
increase in susceptibility was associated with increased
[3H]thymidine incorporation.

Susceptibility of Early and Late P815 Ascites Cells to in Vivo
Rejection by Passively Transferred Tumor-sensitized T-Cells.
Previous studies have revealed that T-cells harvested from the
spleens of mice immunized with an admixture of C. parvum
and P815 tumor cells can mediate, upon adoptive transfer into
I cell deficient recipient mice, the regression of an established
P815 tumor in TXB recipients (12). It was reasoned, therefore,
that if selection for antigen-loss cells was the cause of progres
sive growth of P815 ascites tumors, then passively transferred
tumor-sensitized T-cells should fail to cause the rejection of a
tumor initiated by implanting tumor cells from late tumors.
Fig. 4 shows the results of experiments in which immune spleen
cells from immunized donors were passively transferred to TXB
recipients bearing a 4-day P81S tumor initiated with either
early (days 6, 9, and 11) or late (days 16 and 18) P81S ascites

Table 3 DNA labeling ana susceptibility to cell-mediated lysis of ascites tumor cells

Tumortargets0Experiment

1
Log phase control
today
18dayExperiment

2
Log phase control
16 day
18dayExperiment

3
Log phase control
16 day
18 day%

labeledcells'Ascites

tumor4

1.69 Â±3.60
10.59 Â±4.07
9.54 Â±2.3949.83

Â±2.06
37.81 Â±5.78
17.73Â±4.1333.37

Â±2.67
10.60 Â±1.07
19.67 Â±10.8224-h

cultured
tumor61.32

Â±2.64
53.69 Â±1.54
5 1.63Â±5.8869.52

Â±0.94
67.71 Â±6.00
51.09Â±8.6566.13

Â±1.77
50.90 Â±9.88
47.01 Â±8.13%

specificAscites

tumor
cells42.37

Â±7.05
31.08 Â±5.59
19.02 Â±4.572

1.96 Â±3.75
21.79 Â±1.39
11.44 +6.6427.05

Â±4.88
20.27 Â±5.32
13.40 Â±7.76"Cr

releaseÂ»24-h

cultured
tumorcells'*32.69

Â±1.27
30.99 Â±3.42
29.52 Â±5.2933.80

Â±1.30
28.45 Â±14.94
25.34 Â±5.3012.37

Â±3.16
12.54 Â±2.94
9.90 Â±1.95

" The percentage of labeled cells in autoradiograms of tumor cells exposed to a 20-min pulse of [3H]thymidine. Data points are mean Â±SD of the percentage of

labeled target cells counted in at least 200 cells on duplicate slides.
'' The specific release of "Cr following a 6-h incubation of labeled target cells with lymph node cells from B6D2F, mice immunized i.d. 8 or 9 days previously with

2x10* log phase P815 cells admixed with 50 nv.C. parvum. The effectortarget cell ratio was 100:1. The effector cells used in specific release assays of 24-h cultured
targets were freshly harvested on the day of assay. Data points are mean Â±SD of the percentage of specific "Cr release from target cells harvested from three separate

mice.
c P8I5 mastocytoma target cells were harvested from the peritoneal cavity of three normal female B6D2Fi mice/group on the days of tumor growth indicated.

Tumors were established by implantation of IO3cells.
d Target cells harvested from 24-h cultures of ascites tumor cells incubated in RPMI 1640 plus 10% HS at 37'C in 5% COj.
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Fig. 4. The results of the passive transfer of spleen cells from normal mice
(right) or mice immunized against log phase P8IS ascites tumor cells (left) into
TXB recipients challenged 4 days previously with 10* P815 ascites tumor cells
from normal or 700 rad-irradiated mice. P815 cells taken at log phase from mice
used to passage the tumor served as controls. |, day of spleen cell infusion. EXPT,
experiment.

tumor cells. It can be seen that immune spleen cells were equally
capable of causing regression of tumors initiated by either early
or late ascites tumor cells harvested from either immunocom-
petent or immunosuppressed (700 rads) mice. The same result
was obtained in three independent replicates of these experi

ments.

DISCUSSION

It is clear from the results of the present study that the
progressive growth of P815 ascites tumors in semisyngeneic
B6D2F, mice is accompanied by a loss of susceptibility of
tumor cells to lysis in vitro by tumor-specific CTLs. This finding
is in complete agreement with that of Biddison and Palmer (8),
who used the P815Y tumor subline growing as an ascites in
syngeneic DBA/2 mice. However, additional experimentation
in this study has shown that loss of susceptibility to lysis by
CTLs in vitro does not imply that late tumor cells have the
capacity to escape immunological rejection in vivo. In this
regard, it is important to point out that while tumor-specific
CTLs have been demonstrated in many models of tumor im
munity, no formal evidence exists which conclusively links them
to tumor destruction in vivo (24). Therefore, changes in the
quantitative expression of tumor cell antigens as detected by in
vitro CTL assays may have little relevance to the susceptibility
of the same cells to destruction by immune mechanisms in vivo.
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Furthermore, since tumor cells can express multiple tumor-
associated transplantation antigens (25), those antigens recog
nized in CTL assays may be neither necessary nor sufficient for
in vivo tumor rejection.

The finding that cells from late tumors, growing in either
immunosuppressed or normal mice, lost susceptibility to in
vitro CTL lysis, strongly suggests that concomitant antitumor
immunity is not acting as a major selective force for the out
growth of CTL-resistant tumor cells during progressive tumor
growth. The additional finding that cells from late tumors from
either immunosuppressed or normal mice also lost susceptibil
ity to lysis by alloreactive CTLs suggests that the loss of
susceptibility to cytolysis is metabolically determined. This is
supported by the finding that the reduced susceptibility to CTL
lysis by P815 cells from days 16 and 18 ascites was not associ
ated with a loss of the capacity to inhibit the lysis of 51Cr-
labeled tumor cells from early ascites tumors by CTLs in cold-
target inhibition assays (Fig. 3), thus indicating that expression
of the CTL-recognized tumor antigens is retained.

It is known from the results of others (26-28) that a loss of
susceptibility to CTL- and antibody-mediated, complement-
dependent lysis of tumor cells during progressive growth is not
limited to the P815 mastocytoma. Studies in other laboratories
have shown that tumor cell susceptibility to complement and
CTL-mediated lysis is reversible. Thus, implantation of the
LPC-1 plasmacytoma into the peritoneal cavity of histocom-
patible, euthymic, BALB/c mice, was found to result in the
progressive loss of susceptibility of cells of the tumor to lysis
by CTLs specific for either major or minor histocompatibility
antigens, or for trinitrophenyl-modified tumor antigens (26).
This loss of susceptibility to lysis was associated with a reduc
tion in tumor cell proliferation (26-28) and was regained when
the tumor cells were transplanted into naive mice, or placed in
tissue culture. Because restoration of susceptibility to lysis
occurred when LPC-1 cells were put into nude mice or tissue
culture, it was suggested that it was not a result of immunose-
lection for preexisting variants (27).

Again, cells of the L5178Y thymoma, when in a nonprolifer-
ative tumor-dormant state, show reduced susceptibility to an
tibody-mediated lysis, compared to proliferating cells (29). Sus
ceptibility to lysis was restored when the dormant L5178Y cells
were induced to proliferate by implantation into the peritoneal
cavity of normal mice, or when cultured in vitro. It was sug
gested that dormancy of the LSI78Y tumor depends on cells
of the tumor entering the G0 stage of the cell cycle.

In agreement with the aforementioned studies, we also found
that CTL-resistant tumor cells can revert to a more susceptible
state upon in vitro cultivation, and that reversion to suscepti
bility to lysis was associated with the return of the cells to cycle.
Therefore, it seems reasonable to propose that the reduced
susceptibility of late ascites P815 tumor cells to CTL-mediated
lysis in this study resulted from their arrest in cell cycle and the
accompanying cellular changes in metabolic and membrane
properties. Cell cycle arrest is a well-documented phenomenon
in tumor cell biology (30) that has recently been used to explain
the entrance of tumors into the dormant state (31). It might be
argued, based on previous studies by others (32, 33) using
alloreactive CTLs to test the cell cycle dependence of P815
susceptibility to lysis, that susceptibility is independent of the
stage of cell cycle. However, those studies used P815 harvested
from tissue culture (33) or during exponential growth in mice
(32). Therefore, it is highly unlikely that many of their target
cells were in a noncycling state.

The results of this study do not agree with the findings of
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others (9) indicating that stable antigen-loss variants are gen
erated during progressive growth of a P815 ascites tumor. On
the contrary, our findings strongly suggest that immunoselec-
tion for CTL-resistant tumor cells is not frequently involved in
the progressive growth of the P815 tumor in a normal immu-
nocompetent host. Indeed, recent studies in this laboratory have
shown that the immunogenicity of the P815 mastocytoma and
of the Meth A fibrosarcoma is extremely stable in that sublines
of each tumor passed separately at different locations for 10
years retained expression of the same TATA (34).
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