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ABSTRACT

Cells troni lymph nodes (LN) draining progressively growing tumors
can differentiate into immune effector cells upon in vitro stimulation with
anti-CD3 monoclonal antibodies followed by interleukin-2. The adoptive
transfer of these activated LN cells to tumor-bearing mice mediates potent
tumor-specific therapeutic effects. In this study, we sought to further
characterize the antitumor efficacy and specificity mediated by the anti-
CD3/IL-2 activated tumor-draining LN cells against heterologous clones

derived from the murine MCA 106 sarcoma. Ten clones of divergent
characteristics with regard to morphology, in vivo growth rate, ability to
establish pulmonary mÃ©tastases, M1K class I (H-2) antigen expression,
susceptibility to lysis by allogeneic cytotoxic T-lymphocytes, as well as
sensitivity to doxorubicin were selected and analyzed. In adoptive immu-

notherapy experiments, pulmonary mÃ©tastasesderived from each clone
were found to be sensitive to the therapeutic effects of activated cells
derived from LN draining the parental MCA 106 tumor. The antigenic
cross-reactivity was evident from the observation that activated cells from

LN draining each of the individual tumor clones were capable of mediat
ing the regression of parental tumor mÃ©tastases.The specificity of the
antitumor reactivities mediated by LN cells draining MCA 106 clones was
demonstrated by a lack of in vivo efficacy against mÃ©tastasesderived from
the antigenically distinct MCA 205 sarcoma. Additionally, selected clones
were tested for their ability to stimulate draining LN against other cloned
tumors or used as targets for therapy with activated LN cells draining
different clones. In all 29 adoptive immunotherapy experiments, there was
complete cross-reactivity between different MCA 106 tumor clones. These
findings suggest that the MCA 106 tumor-specific antigen(s) that stimu
lates draining LN in vivo and recognized by the anti-CD3/IL-2 activated

cells is present on most if not all tumor cells. However, in the absence of
a demonstrably resistant tumor clone, a very highly polymorphic antigen
with many cross-reactive, but distinct epitopes might be operative and

attributable to these observations.

INTRODUCTION

Considerable evidence indicates that the heterogeneity of tumor
cells is one of the major factors contributing to chemothcrapeutic
failures in the treatment of human cancer (1, 2). Similarly, intratumor
antigenic heterogeneity has been proposed as a potential mechanism
for resistance to immunotherapy. Using a panel of mAb,1 heteroge

neity of serologically defined tumor-associated antigens expressed on

tumor cells at different anatomic locations as well as within the same
tumor has been demonstrated in surgical specimens from patients with
melanoma (3, 4). The heterogeneous expression of tumor antigens
defined by reactivities with autologous CTL clones has also been
described (5-#). Data derived from animal studies using immunogenic

tumors have established the emergence of antigen-negative tumor

variants as one mechanism of escape from immune recognition and
destruction (9-11). These studies suggest that a single neoplastic

lesion can express multiple antigens differentially present on tumor
clones and recognized by distinct CTL effector cells. However, the
described antigenic heterogeneity reflects particular antigens that are
recognizable by available immunological probes, and its biological
significance is not clear. While these observations suggest that the
adoptive immunotherapy with a single T-ccll clone might not be

effective because of the absence of the antigen on many tumor cells,
studies in animals have clearly demonstrated the therapeutic efficacy
of cloned immune T-cells in eliminating the parental tumors that

presumably contain heterogeneous cells (12, 13). The identification of
functional tumor rejection antigens shared by all tumor cells will be an
important aspect in the development of effective immunotherapy.

Recently, our laboratory has identified and characterized a novel
procedure with which tumor-draining LN cells could be activated to

acquire antitumor effector function. The activation involves the stimu
lation of draining LN cells with anti-CD3 mAb for 2 days followed by
culture in low concentrations (10 units/ml) of IL-2 for 3 days (14, 15).
The anti-CD3/IL-2 activation stimulates T-cell proliferation, and the

resulting cells demonstrate potent antitumor effects when transferred
into tumor-bearing animals. Although the mode of anti-CD3 activa
tion is polyclonal toward all T-cells, the activated cells mediate tumor-

specific therapeutic effects. Phenotypic and mechanistic analyses of
these immunologically active cells revealed characteristics distinct
from many other described antitumor effector cells such as TIL and
cells generated by in vivo immunization (15, 16). These observations
suggest a novel mechanism of cell-mediated tumor regression that has

not been described previously. It is therefore conceivable that TSA
recognized by the anti-CD3/IL-2 activated cells represents a distinct

class of target molecules, and their distribution on tumor cells has not
been defined.

In this study, cloned tumor cells were isolated from the weakly
immunogenic murine MCA 106 sarcoma. We selected 10 tumor
clones based on their distinct morphology, as well as biological and
Â¡mmunological characteristics for the assessment of their immunoge-
nicity and their susceptibility to the in vivo antitumor effects of anti-
CD3/IL-2 activated LN cells. Since cells activated by this novel

method are not cytotoxic to the tumor target cells in vitro in a standard
4-h cytotoxicity assay (16), adoptive immunotherapy protocols were

used to determine the presence of functional antigens on individual
tumor clones.
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MATERIALS AND METHODS

Mice. Female C57BL/6 (hereafter referred to as B6) and DBA/2 mice
purchased from The Jackson laboratory (Bar Harbor. ME) were maintained in
a specific-pathogen-frce environment. They were used for experiments at the

age of 10 weeks or older.
Tumors. The MCA 106 fibrosarcoma is a 3-methylcholanthrcnc-induced

tumor of B6 origin (17). It has been maintained in vivo by serial s.o.. trans
plantation of tumor cells cryopreserved at early passages. Another similarly
induced fibrosarcoma. MCA 205. of the B6 mouse was kindly provided by Dr.
James C. Yang (National Cancer Institute, NIH. Bethesda, MD) ( 18). The MCA
205 sarcoma served as control for specificity studies.
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Tumor cell suspensions were prepared from solid tumors by enzymatic
digestion in 40 ml of HBSS (Gihco, Grand Island, NY) containing 40 mg of
collagenase, 4 mg of DNase, and 100 units of hyaluronidase (Sigma Chemical

Co., St. Louis, MO) for 3 h at room temperature. The digested cell mixtures
were filtered through a nylon mesh (no. 100 Nytex; TETRO, Inc., Briarcliff
Manor, NY), and washed twice with HBSS for i.v. or s.c. inoculations.

Reagents and mAb. Human recombinant IL-2 was kindly provided from
the Cetus Corp. (Emeryville, CA), and had a specific activity of 6 to 8 X IO6

Cetus units/mg protein. In our assay, 1 Cetus unit is equivalent to 2 to 3 units
of the standard of the Biological Response Modifiers Program of the National
Cancer Institute. In this report, Cetus units were expressed in all experiments.
Doxorubicin was purchased from Sigma.

The 145-2C11 hybridoma producing hamster IgG mAb directed against the

CD3e chain of the murine T-cell antigen receptor/CD3 complex was kindly

provided by Dr. Jeffrey A. Bluestone, University of Chicago, Chicago. IL (19).
The anti-CD3 antibody was produced in ascites form and partially purified by

ammonium sulfate (50%) precipitation. The murine class I MHC mAb B345
(anti-H2 Dh) and B896 (anti-H2 Kb) were gifts from Dr. David H. Sachs

(National Cancer Institute, NIH). Fluorescein isothiocyanate-labeled goat anti-

mouse immunoglobulin was purchased from Cappel (Organon Teknika Corp.,
Durham, NC).

Cloning of Tumor Cells. After establishing primary culture from in vivo
passaged MCA IOft tumor, tumor cells were cloned by the limiting dilution
method in CM. CM consisted of RPMI 1640 supplemented with 10% heat-

inactivated fetal calf serum, 0.1 ITIMnonessential amino acids, 1 JUMsodium
pyruvate, 2 mw freshly prepared L-glutamine, 100 fig/ml streptomycin, 100

units/ml penicillin, 50 fig/ml gentamicin, 0.5 ng/ml Fungizone (all from
Gibco, Grand Island, NY), and 5 X 10~5 M 2-mercaptoethanol (Sigma). The

cloning procedure was repeated once more, and tumor clones were maintained
in vitro for up to 6 months.

Characterization of Cloned MCA 106 Tumor Cells. Tumor clones used
for the current study were initially selected based on their morphology and in
vitro growth rate. These tumor clones were then assessed for their ability to

grow in vivo as solid tumors or pulmonary mÃ©tastasesfollowing s.c. or i.V.
administration into B6 mice, respectively. The expression of class I MHC
molecules on the tumor clones was determined by indirect immunofluores-
cence with H-2h specific mAb. The susceptibility of the tumor clones to the
cytotoxic effects of allogeneic CTL was assessed by the 4-h 5'Cr-release assay
as described previously (15). Briefly, target cells (5 X 10'') were labeled with
5lCr (Na51CrO4, 50 Â¿iCi;New England Nuclear, Boston, MA) at 37Â°Cfor l h
and washed 3 times in CM. Target cells (IO4) were mixed with various numbers
of effector cells in a volume of 0.2 ml in CM and incubated at 37Â°Cfor 4 h.

The supernatant was collected (Titertek Collecting System; Flow Laboratories,
McLean. VA) and counted in a gamma counter. The percentage of lysis was
calculated as follows:

T(experimental cpm - spontaneous cpm) 1

[ (maximum cpm - spontaneous cpm) J

Allogeneic CTL were generated in one-way mixed lymphocyte culture in
which 4 X 10'' DBA/2 (H-2d) responder spleen cells were cultured for 4 days
in 2 ml of CM with 2 x 10" irradiated (3000 R) B6 (H-2h) stimulator spleen

cells. Lymphokine-activaled killer cells used as control cytotoxic effector cells
were generated by culturing B6 spleen cells (4 X IO6 in 2 ml of CM) for 3 days

in the presence of KKK)units/ml IL-2. Another characteristic of the cloned
tumor cells examined was their sensitivity to the cytotoxic effects of doxoru-
bicin. In this assay, cloned tumor cells were plated in 24-well plates (2 X
lOVwell) in 2 ml of CM in the presence of graded concentrations (0.2-5

Hg/ml) of doxorubicin. After 2 days of culture, viable cells were counted. For
the current study, 10 tumor clones were selected and each of them demon
strated distinct characteristics.

Preparation of Tumor-draining LN and in Vitro Anti-CD3/IL-2 Activa
tion. B6 mice were inoculated with IO6of cloned tumor cells s.c. in 0.05 ml

HBSS in the flank. In vivo passaged parental MCA 106 tumor cells were also
used in many experiments as controls. Routinely, after 12 to 14 days of tumor
growth when s.c. tumors reached 6 to 8 mm in diameter, draining inguinal LN
were harvested sterilely. Single cell suspensions were prepared mechanically
by teasing the LN with needles and then pressing with the blunt end of a 10-ml

plastic syringe in HBSS.

The LN cells were stimulated by the anti-CD3/IL-2 method, which was
similar to the procedure described previously (14-16). Briefly, 4 X IO6cells in

2 ml of CM containing 1 ng/ml anti-CD3 mAb were incubated in 24-well

plates. Alternatively, LN cells were activated in wells that had been previously
coated with anti-CD3 mAb. Immobilization of the anti-CD3 was carried out by
first coating the wells with 100 /ig/ml protein A solution (Sigma) at 4Â°C

overnight followed by dispensing 0.3 ml (2 fig/ml) antibody dilution for 4 h at
4Â°C.Unbound antibody was washed away with phosphate-buffered saline
before using. After 2 days of incubation at 37Â°Cin a 5% CO; atmosphere, cells
were harvested, washed, and further cultured at 4-6 x 10s cells/well in 2 ml

of CM containing 10 units/ml of IL-2 for 3 days. Vigorous cell proliferation
occurred during this period of time, resulting in a 3- to 6-fold increase in cell
numbers. The anti-CD3/IL-2-activated cells were harvested and resuspended in

HBSS for adoptive immunotherapy.
Adoptive Immunotherapy Protocol. The antitumor effects of anti-CD3/

IL-2-activated cells were assessed in adoptive immunotherapy. B6 mice were
inoculated i.v. with 8 to 10 X IO5 parental or cloned tumor cells suspended in

1.0 ml of HBSS to establish experimental pulmonary mÃ©tastases.Since some
cloned tumor cells grown in vitro failed to establish sufficient numbers of
mÃ©tastases(see Table 1), these tumor cells were allowed to pass once in vivo
as s.c. solid tumors, and single cells prepared from the solid tumor were used
to initiate pulmonary metastatic growth. Three to 4 days later, 1 to 1.2 X IO7

anti-CD3/IL-2 activated cells were given i.v. through the tail vein. Mice re
ceived cells were also treated i.p. with IL-2 (15,000 units in 0.5 ml HBSS)

twice daily for 4 days. On days 21 to 28, all mice were randomized and
sacrificed, and pulmonary mÃ©tastaseswere enumerated as described previously
(20). In our experience, the largest number of metastatic nodules that could be
reliably counted was 250, and therefore this number was assigned to those
lungs having equal or greater than 250 mÃ©tastases.The significance of the
differences in metastatic tumor numbers between experimental groups was
analyzed by the Wilcoxon rank-sum test (21).

Flow Cytometry. Analysis of H-2 antigen expression on cloned tumor cells

was carried out by indirect immunofluorescence; 500,000 cells in each sample
were incubated for 45 min at 4Â°Cwith 20 n\ of culture supernatant containing

appropriate mAb. Bound antibodies were detected by staining with 20 ;xl of
fluorescein isothiocyanate-labeled goat anti-murine immunoglobulin for 30
min at 4Â°C.Stained cells were analyzed by a FACScan flow microfluorometer

(Becton Dickinson, Sunnyvale, CA). Fluorescence profiles were generated by
analyzing 10,000 cells and displayed as linear increase in fluorescent intensity
versus cell numbers.

RESULTS

Characterization of MCA 106 Tumor Clones. Table 1 briefly
summarizes the characteristics of the 10 MCA 106 tumor clones we
studied. Morphologically, they may be categorized into 3 distinct
groups. C3, C4, and C8 were characterized by epithelial-like appear

ance, and cells were relatively small in size. Cl, C6, and C9 were
large cells displaying fibroblast-like morphology. Another group of

clones including C2, C5, C7, and CIO were intermediate in size and
shape.

The expression of H-2 antigen on tumor clones was analyzed by
flow cytometry with both anti-H-2Kh (B896) and anti-H-2Dh (B345)

mAb. Judging by the fluorescent intensity, CIO expressed the highest
density of H-2 antigen on the cell surface, while C3, C5, and the

parental MCA 106 cells had moderate expression. C4, C7, and C8
were low expressors with a few weakly stained cells. No H-2 antigen

expression was detected on Cl, C2, C6, and C9. The fluorescent
profiles of H-2Kh stained cells are depicted in Fig. 1. Since staining
with H-2Dh showed the identical patterns, the results are not pre

sented. Although many clones did not have demonstrable H-2 mol
ecules on the cell surface, H-2-negative clones reexpressed the anti

gens after only one in vivo passage as solid s.c. tumors. Similar in vivo
reexpression of H-2 antigens on tumor cells has been observed pre

viously (22, 23). Apparently, there was a deficiency in transcription
and/or translation of the H-2 gene during in vitro growth of these

cloned cells.
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ANTITUMOR REACTIVITY OF ANTI-CD3/IL-2 ACTIVATED CELLS

Table 1 Summary of characteristics of MCA Â¡06tumor dones"

In vivogrowth''DesignationClC2C3C4CSChC7CSC9CIOParentMorphologyLarge,

fibroblastIntermediateSmall,

epithelialSmall,
epithelialIntermediateLarge,

fibroblastIntermediateSmall,

epithelialLarge,
fibroblastIntermediateHeterogeneouss.c.

tumorFastFastSelf-regressFastFastFastSlowFastFastSlowFastPulmonarymÃ©tastases*186

(52)9(5)6(6)37(21)234(17)26(9)1(1)3(3)>2503(2)>250H-2

expressionNegativeNegativeIntermediateLowIntermediateNegativeLowLowNegativeHighIntermediate%
lysis toallogeneicCTLat

100:12<MO20-40>4020-10>4020-Â«)20-4(1>40<20>40<20Sensitivity
todoxorubicinHighLowHighLowHighHighHighLowLowHighLow

" For details, see Figs. 1â€”>.
h Injection of IO6 cells, s.c. or i.V.
' Average number of mÃ©tastases(SEM) from 3 to 5 mice/group.

The in vivo growth rates of the 10 tumor clones varied greatly.
Inoculation of B6 mice s.c. with 1 X 10'' tumor clone cells led to the

Cl C4

C6

s

C7 C8

C9 cÃe Parent

Fluorescent intensity
Fig. 1. Flow cytometric analysis of H-2 Dh antigen expession on cloned MCA 106

tumor cells. Cloned tumor cells were stained by indirect immunofluorescence. A total of
10,000 cells were analyzed in each frame.

16-

14-

12-

10-

C1

C2

C3

C4

C5

ce
C7

ca

Ce

CIO

Fig. 2. Growth curve of MCA 106 tumor clones. B6 mice were inoculated s.c. with 10''

tumor cells in the umbilical abdomen, and the tumor growth was assessed by the mea
surement of tumor size in the longitudinal diameter twice a week.

progressive tumor growth in 9 of the 10 clones (Fig. 2). While C7 and
CIO grew slowly, Cl, C2, C4, C5, C6, C8, and C9 appeared to be
more progressive. C3 was a regressor clone because after an initial
growth, the tumor regressed. The regressor phenotype was not
changed even if 1 X IO7 C3 cells were used for inoculation.

The ability of i.v. inoculated MCA 106 cloned tumor cells coloniz
ing in the lung to establish mÃ©tastasesalso varied between different
clones (Table 1). For example, 1 X IO6 cells of clones C2, C3, C7, C8,

and CIO produced only few (< 10) pulmonary metastatic nodules after
i.v. injections, while the parental MCA 106 cell line and Cl, C5, and
C9 were able to induce sufficient numbers of mÃ©tastases(&186).
However, clones (with the exception of C3) that failed to establish
pulmonary mÃ©tastasescould become highly tumorigenic for growth in
the lung after a single s.c. passage in vivo. Therefore, in adoptive
immunotherapy experiments with these clones, s.c. growing tumors
were used to induce large numbers of pulmonary mÃ©tastases.

With regard to susceptibility to lysis by allogeneic CTL, the MCA
106 clones displayed a broad range of sensitivity that appears to
correlate with their H-2 antigen expressions (Fig. 3). CIO expressed
the highest level of H-2 antigens and was found to be most sensitive
to allogeneic CTL, and the most resistant clone was the H-2 negative

C9 (Fig. 1). All clones were subjected to the cytotoxic effects of the
nonspecific lymphokine-activated killer cells, with 70 to 90% lysis at

an effectortarget ratio of 100:1 (data not shown).
Finally, the divergence of these 10 MCA 106 tumor clones was

revealed by their heterogeneous sensitivities to the anticancer drug.

n-\

so-

so-

20-

10-

o-

C1

C2

C3

C4

ca
ce
C7

ce
ce
cÃo

0.8:1 4:1 20:1 100:1

Effector : target ratio

Fig. 3. Susceptibility of MCA 106 tumor clones to lysis by allogenic CTL. Allogenic
CTL were generated by incubating normal spleen cells of DBA/2 mice (H-2J) with
irradiated B6 (H-2h) spleen cells for 4 days. The percent cytolysis was calculated as
described in "Materials and Methods."
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ANTITUMOR REACTIVITY OF ANTI-CTO/IL-2 ACTIVATED CELLS

doxoruhicin (Fig. 4). C3, C7, and CIO were relatively sensitive,
whereas C2, C4, and C9 were more resistant to the cytotoxic effects
of doxorubicin in vitro.

Based on these studies, it is clear that the 10 clones selected rep
resented a panel of characteristically distinct tumor cells. It is, there
fore, reasonable to assume that antigenic heterogeneity in the MCA
106 tumor would likely be revealed. On the other hand, failure to
demonstrate antigenic heterogeneity in these 10 tumor clones would
suggest the presence of either shared TSAor a family of cross-reacting

antigens or epitopes differentially expressed on the tumor clones.
Susceptibility of Cloned Tumor Cells to the Therapeutic Effects

of Anti-CD3/IL-2 Activated Cells from LN Draining the Parental

MCA 106 Tumor. LN cells draining the MCA 106 tumor could be
stimulated /;/ vitro with anti-CD3 followed by IL-2 to differentiate into
antitumor effector T-cells (14, 15). These activated effector cells were

used for adoptive immunothcrapy of pulmonary mÃ©tastasesderived
from each of the MCA 106 tumor clones. Since many cultured clone
cells failed to establish sufficient numbers of pulmonary mÃ©tastases
after i.v. inoculation (Table 1), these tumor clones were passed in vivo
once as s.c. tumors and used for initiating pulmonary mÃ©tastases.
These included C2, C4, C6, C7, C8, and CIO. C3 was not tested
because of its regressor phenotype in vivo. The results summarized in
Table 2 are a compilation of four independent adoptive immuno-

therapy experiments. Cl, C2, C4, and C8 were tested in one experi
ment. C6 and CIO as well as C7 and C9 were tested in 2 independent
experiments, whereas C5 was examined in a separate experiment.
However, each experiment always included a control where pulmo
nary mÃ©tastasesfrom the parental MCA 106 tumor were treated with
the effector cells. To support the survival and/or function of the
transferred cells /'/; rivo, IL-2 (15,000 units, twice daily) was given i.p.

to each mouse for 4 days. This dose of IL-2 when administered alone

was not therapeutically effective. From the results of Table 2, it is
clear that activated effector cells from LN draining the parental MCA
106 tumor were capable of mediating the reductions of pulmonary
mÃ©tastasesderived from all cloned tumor cells tested. These results
also indicate that each clone was derived from the parental tumor.

Susceptibility of Parental MCA 106 Pulmonary MÃ©tastasesto
the Therapeutic Effects of Activated Cells from LN Draining In
dividual Tumor Clones and Specificity of the Adoptive Immuno-
therapy. In an attempt to examine whether cross-reacting TSA was
present on different cloned tumor cells, we initiated s.c. tumor growth
with cloned cells and 12 days later, draining LN were harvested and
activated by the anti-CD3/IL-2 procedure. These effector cells were

Table 2 Adoptive irnrnunoilierapy of pulmonary mÃ©tastasesderived from MCA 1()6
tumor clones with effector cells generated from LN draining the parental

MCA 106 tumor"

Mean no. nf pulmonary mÃ©tastases(SEM) treated with:

O
01

60

90

40-

30

20-

10-

C1

C2

C3

C4

CB

C6

C7

C8

C9

CIO

.1 10

Doxorubicin concentration (ng/ml)
Fig. 4. Sensitivity of MCA 106 tumor clones to doxoruhicin. MCA 106 climed tumor

cells were cultured in the presenceof various concentrations of doxoruhicin for 2 days.
The numher of viable cells recovered was calculated as percentagesof control cells that
were cultured in the absenceof the drug.

MÃ©tastasesderivedfrom:ParentClC2C4C5C6C7C8C9CIONotreatment237(7)201

(17)232(13)>250>250161

(28)186(37)>250>250>250IL-2

only*215(11)108

(46)132(36)154

(32)8(1(12)105

(25)12"
(43)>250>250>250Cells

+IL-2'2(1)002(1)1(1)KD9(9)1(1)6(3)2(0)

" Inguinal LN cells from mice bearing s.c. MCA 106 parent tumor for 12 days were

activated with 1 /ig/ml anti-CD3 mAb for 2 days followed by culture in 10 units/ml of
IL-2 for 3 days. These cells (1.2 X IO7) were transferred i.v. to mice with 3-day
pulmonary mÃ©tastasesestablished by i.v. injection of 10(>MCA 106 tumor clones.

h IL-2 ( 15.(HH)units) was given i.p. twice a day for 4 days starting on the day of cell

transfer.
'Significantly different from groups with no treatment or treated with IL-2 only.

Two-sided I' value of <0.(I5 by the Wilcoxon rank-sum tesi.

tested against pulmonary mÃ©tastasesof the parental MCA 106 tumor.
The procedure of adoptive immunotherapy was, in general, the same
as that outlined in Table 2 experiments, and the results presented in
Table 3 are a summary of 4 independent experiments. Again, as a
control, LN draining the parental tumor was also tested in each ex
periment. Somewhat unexpectedly, LN draining all 10 individual
clones could be activated to express effector functions in mediating
the regression of mÃ©tastasesof the parental tumor. Activated C3
draining LN cells appeared to be least effective. This could be due to
the fact that C3 failed to grow progressively as s.c. tumor, and there
fore the draining LN were inadequately stimulated. We, therefore,
used an excessive number of C3 tumor cells (IO7) for stimulation of

the draining LN in vivo. Although this tumor inoculum failed to grow
progressively, anti-CD3/IL-2 activated draining LN cells demon

strated potent antitumor effects against the parental tumor. The trans
fer of 1.2 X IO7 activated cells in conjunction with IL-2 treatment was

able to reduce pulmonary mÃ©tastasesto an average of 26/mouse from
average numbers of 245/mouse and 195/mouse in groups without
treatment or treated with IL-2 only, respectively. These results thus
suggest that there exists common TSA or some members of cross-

reacting antigens on each of the cloned tumor cells. During tumor
growth, the antigens are immunologically functional, since they are
capable of sensitizing tumor-draining LN for effector cell generation.

Despite the polyclonal nature of anti-CD3 stimulated T-cell activa
tion, our previous studies have demonstrated the specificity of anti-

tumor effects mediated by the activated LN cells (14, 15). This speci
ficity reflects the tumor that stimulated the draining LN. We,
therefore, examined the immunological specificity of adoptive immu
notherapy mediated by some of the activated, clone-stimulated drain
ing LN cells against pulmonary mÃ©tastasesderived from the antigeni-

cally distinct MCA 205 sarcoma. Six randomly selected MCA 106
clones including C3, C5, C6, C7, C9, and CIO were used to stimulate
draining LN in rivo. For each of the LN cells tested, the antitumor
reactivity was specific against the MCA 106 tumor. No reactivity was
found when MCA 205 tumor-bearing mice were treated with these
cells (Table 3). Clearly, similar to the parental MCA 106-induced
immune response, all the cloned tumor cells tested stimulated tumor-

specific reactivity. Thus, the antigen(s) present on the cloned tumor
cells is tumor-specific, as we originally described (14, 15).

Antigenic Cross-reactivity between Individual MCA 106
Clones. The ability of clone-stimulated draining LN cells to mediate
the regression of the parental MCA 106 tumor might reflect a "by
stander" killing of minor proportions of tumor cells that did not
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Table 3 Therapeutic efficacy and specificity of adoptive immunotherapy of parent MCA 106 mÃ©tastaseswith activated cells from LN draining individual MCA 106 climes

Mean no. of pulmonary mÃ©tastases(StM)Source

of drainingLNParentMCA

106ClC2C3C4CSC6C7C8C9C1Ãœ

MCA 205No

treatment>25018(1

(26)180(26)>2501X0(26)>2SO>25U>250>250>250>250

>205MCA

106 treatedwith1L-2

only"243(8)13Â»

(37)138(37)>250138(37)>250243

(8)>250221

(30)>25()243

(8)
>250:

MCA 205 treatedwith:Cells*

+IL-23(3)c2,(1>C0103(17)'0'23

(7)'1(1)'10(4)'Oc6

(3)'4
(4)<

>250No

treatment>250>250>250>250>250>250

>250IL-2

only>250>250>250245

(5)213(20)>250

213 (20)Culls

Â» II2248(3)>250188(20)248

(2)234(10)198(24)

t(l)r

" IL-2 ( 15,(KMIunits) was given i.p. twice a day for 4 days starting on the day of cell transfer.
'' Inguinal LN cells from mice bearing individual cloned MCA 106 or 205 tumorvs.c. lor 12 days were activated with 1 //:' ml anti-CD3 niAb for 2 days followed by culture m

10 units/ml of IL-2 for 3 days. These cells (1.2 X IO7) were transferred i.v. to mice with 3-day pulmonary mÃ©tastasesestablished by i.v. injection of 10" parental MCA IOft tumor
cells or 3 x io5 MCA 205 tumor cells.

' Significantly different from groups with no treatment or treated with IL-2 only. Two-sided P value of <0.05 by the Wilcoxon rank-sum test.

express the antigen. We. therefore, tested in adoptive immunotherapy,
some cloned tumor cells with respect to their ability to stimulate LN
as well as their susceptibility to the antitumor effects of LN cells
stimulated by other tumor clones. Since it is practically not feasible to
test cross-reactivities between all 10 clones, we chose C9 for a de
tailed study because this clone did not express detectable H-2 antigen

in vitro, grew rapidly, and was capable of inducing a good number of
pulmonary mÃ©tastaseswithout in vivo passage. Table 4 summarizes
the results of 4 independent experiments in which anti-CD3/IL-2

activated C9 draining LN cells were used to treat pulmonary mÃ©tas
tases derived from all MCA 106 clones except C3, which could not
grow in vivo. Experiments in Table 5 tested the susceptibility of
established C9 pulmonary mÃ©tastasesto the antitumor effects of ac
tivated LN cells draining individual MCA 106 clones. Without excep
tion, a complete cross-reactivity was observed. To confirm these re

sults, randomly selected clones were tested for their ability to
stimulate LN effector cells as well as for their susceptibility to activate
LN cells stimulated by other clones. For example, LN cells draining
C3, C5, C6, and C7 were transferred to mice bearing CIO mÃ©tastases,
and LN cells draining CIO have been tested against C6 mÃ©tastases.
These results are summarized in Table 6. Again, in every adoptive
immunotherapy experiment, LN draining different MCA 106 clones
had antitumor reactivities against mÃ©tastasesestablished from a vari
ety of MCA 106 clones. It should be emphasized that we have not
obtained results in any experiment performed suggesting the existence
of functionally distinct TSA. Therefore, our results strongly support

Table 4 Adaptive immunotlterapy of mela.sla.ses derived frtirn MCA /r>6 Iunior clones
with activated LN cells draining MCA luti C'9"

Mean no. of pulmonary mÃ©tastases (SliM) treated with:

MÃ©tastasesderivedfrom:ClC2C4CSC6C7CSC9CIONotreatment>250159(30)132(13)>250>250170(21)240

(9)201
(5)248(2)IL-2

only*200

(24)120(8)128(12)>250239(10)157(14)>250173(30)249(1)Cells

+IL-2'001(1)10(9)KD1(1)3(3)7(7)5(3)

" Inguinal LN cells from mice bearing MCA 106 C9 tumors s.c. for 12 days were

activated by I jig/ml anti-CD3 mAb for 2 days followed by culture in 10 units/ml of IL-2
for 3 days. These cells (1.2 x 1Ãœ7)were transferred i.v. to mice with 3-day pulmonary
mÃ©tastasesestablished by injection of 10" MCA 106 tumor clones.

* IL-2 (15.000 units) was given i.p. twice a day for 4 days starting on the day of cell

transfer.
' Significantly different from groups with no treatment or treated with IL-2 only.

Two-sided /' value of <0.05 by the Wilcoxon rank-sum test.

the notion that the tumor antigens recognized by the activated draining
LN cells are present singly or multiply on most if not all tumor cells.

DISCUSSION

Adoptive immunotherapy of cancer with sensitized lymphocytes
has received considerable attention as a new therapeutic approach in
recent years. One of the prerequisites for successful adoptive immu
notherapy is the ability to identify and isolate tumor-sensitized lym

phocytes from cancer patients. In this regard, the use of preclinical
animal tumor models has helped establish necessary principles and
methodology that can be extrapolated for the generation of effector
cells from humans for clinical use. The development of recent clinical
trials utilizing TIL has served as an example of the significance of
preclinical studies demonstrating the existence of tumor-reactive lym
phocytes in tumor-bearing animals that can be expanded in vitro for

therapeutic purposes (24, 25).
In our laboratory, other sources of tumor-reactive lymphocytes in

mice with progressive tumor growth have been identified. Our previ
ous studies demonstrated that LN draining a growing tumor contained
tumor-sensitized T-cells. Although lacking an overt antitumor reactiv
ity, these T-lymphocytes could be stimulated in vitro with tumor cells
in the presence of IL-2 to acquire effector cell function (26, 27).

More recently, we have developed another in vitro method by which
tumor-draining LN cells could differentiate into effector cells by se
quential stimulation with anti-CD3 and IL-2 (14-16). This method

Table 5 Adoptive itnniunotlierapy of mÃ©tastasesderived from MCA 1()6 C'y with

activated /.A/ cells draining individual cloned MCA 106 tumors"

Mean no. of pulmonary mÃ©tastases (SKM) treated with:

Source of DrainingLNClC2C304CSC6C7C8C9CIONotreatment236(10)236(10)236(10)236(10)>250138(27)138(27)138(27)201

(5)138
(27)IL-2

only"204

(24)204
(24)204
(24)204
(24)237(11)142(13)142(13)142(13)173(30)142(13)Cells*

+IL-2C2(2)Ml)KD1(1)01(1)1(1)1(1)7(7)2(1)

a Inguinal LN cells from mice hearing individual cloned MCA 106 tumors s.c. tor 12

days were activated with 1 Â¿xg/mlanti-CI)3 mAb tor 2 days followed by culture in 10
units/ml of IL-2 for 3 days. 'Illese cells (1.2 x IO7) were transferred i.v. to mice with

3-day pulmonary mÃ©tastasesestablished by i.v. injection of 10<lMCA 106 C4 tumor cells
* IL-2 (15.000 units) vsas given i.p. twice a day for 4 days starting on the day of cell

transfer.
4 Significantly different from groups with no treatment or treated with IL-2 only.

Two-sided /J value of <0.05 by the Wilcoxon rank-sum test.
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Table 6 Examples of anligenic eross-reacti\:ity between MCA 106 clones Ãlemoitslraleil h\Â°titloptire immuiiollterupv"

Mean no. of pulmonary mÃ©tastases (SEM) treated with:

Source of drainingLNC3C3C3C3C3C3C5C6C7CIOMÃ©tastases derivedfromClC2C4C5C8CIOCIOCIOCIOC6No treatment>250233

(10)177
(13)>250>250>25()>250>250241

(10)>25()\L-2h133

(12)150
(12)105
(18)80

(12)247
(3)>250>250>250>250>250Cells

+IL-2C1(1)0ii014(7)3(2)5(3)000

" Inguinal LN cells from mice hearing tumor clones for 12 days were activated with I /ig/ml anti-CD3 mAh for 2 days followed by culture in 10 units/ml of IL-2 for 3 days. These
cells (1.2 X IO7) were transferred i.v. to mice with 3-day pulmonary mÃ©tastasesestablished by i.v. injection of 10" MCA 106 tumor clones.

ft IL-2 (I5,(KXI units) was given i.p. twice a day for 4 days.
1 Significantly different from groups with no treatment or treated with IL-2 only. Two-sided /' value of <0.05 by the Wilcoxon rank-sum test.

offers the advantage of T-cell activation in the absence of specific

antigens previously provided hy the use of irradiated tumor cells and
thus can more readily he extrapolated for clinical applications. Since
anti-CD3 is known to have polyclonal reactivity toward all T-cells, the
activation procedure is predisposed to the generation of T-lympho-

cytes with irrelevant specificity. However, in adoptive immunotherapy
experiments, the anti-CD3/IL-2 activated LN cells mediated tumor-

specific effects, and the specificity was apparently determined in vivo
by the tumor that stimulated the draining LN (14, 15). Analyses of
the T-cell phenotype and cellular mechanisms associated with antitu-
mor effects of anti-CD3/IL-2 activated cells revealed the requirement
of collaborations between CD4 * and CDS ' effector cells, which is in
contrast to CD8+ cells normally associated with the antitumor reac

tivity of TIL (16, 28). Perhaps the most distinctive characteristic of
these effector cells compared to TIL is the complete lack of in vitro
cytotoxicity against the tumor cells (15). These observations clearly
demonstrate that the novel anti-CD3/IL-2 activation defines an im

mune reaction different from previously described mechanisms of
antitumor responses, and the biological and functional characteristics
of the antigen(s) recognized by anti-CD3/IL-2 stimulated effector

cells is poorly understood.
In the current study, we attempted to examine the heterogeneity of

the expression of immunologically functional TSA on MCA 106 tu
mor cells with particular reference to those recognized by the anti-
CD3/IL-2 activated draining LN cells. A variety of studies have dem
onstrated the antigenic heterogeneity of tumor cells (3-8). This

heterogeneity has been identified by phenotyping of cloned tumor
cells with mAb as well as by their susceptibility to lysis by antitumor
CTL clones. These demonstrations have theoretical significance be
cause many investigators believe that analogous to drug resistance,
differential antigen expression may facilitate the escape of tumor
subpopulations from immune recognition and destruction. However,
serologically defined tumor-associated antigens are distinct from an

tigens recognized by the cellular immune response that requires pre
sentation in conjunction with MHC molecules. Furthermore, suscep
tibility to lysis by effector cells has not been directly correlated with
the presence or absence of surface antigens assayed. Recently, it was
demonstrated that some CDS * T-lymphocytcs from TIL and tumor-

draining LN mediated the regression of established tumors in the
absence of in vitro tumor cytotoxic activity (28, 29). These findings
raise concerns as to the in vivo biological significance of antigens
detected by in vitro assays. Because of these concerns and because of
the noncytolytic nature of the anti-CD3/IL-2 activated cells, we per

formed our analysis exclusively by the in vivo adoptive transfer ex
periments.

A large number of MCA 106 tumor clones were initially isolated by
the limiting dilution technique. However, detailed characterization
based on selected immunological and biological properties excluded

many clones with similar characteristics, so that every tumor clone
selected for this study was different from one another in some aspects
and was unique. Using the 10 selected tumor clones, a total of more
than 100 in vivo adoptive immunotherapy experiments were per
formed including the 62 such experiments reported in this paper for
the analyses of immunogenicity and cross-reactivity. The presence of

a common biologically active antigen(s) on heterogeneous clones of
tumor cells was first revealed in Table 3 experiments, in which LN
cells stimulated by each individual tumor clone had antitumor reac
tivity to eradicate mÃ©tastasesderived from the parental MCA 106
tumor. However, the presence of such reactive antigen(s) on every
MCA 106 tumor cell cannot be concluded with absolute certainty
because antigen-negative tumor cells might be eliminated by a "by
stander" killing mechanism in vivo (30, 31). The strongest evidence

of the presence of a cross-reacting antigen(s) comes from experimen
tal results (Tables 4, 5, and 6) that tumor clone-stimulated, in vitro-

activated LN cells were effective in therapy of tumors derived from
other clones. In fact, we have not seen any result suggesting a non-
cross-reactivity between any 2 clones. However, these in vivo func

tional studies do not yield information on the chemical structures of
the MCA 106 TSA, nor do they provide insights into effector mecha
nisms in vivo.

Because of the small sample size, it is difficult to draw an un
equivocal conclusion of the ubiquitous presence of TSA on all tumor
cells. Statistically, even if a much larger (i.e., a 100) number of
clones were studied that would not be practically feasible, the absence
of a demonstrable antigen-negative cell could not provide conclusive

evidence that all tumor cells express the antigen. Perhaps the most
important conclusion that can be drawn from this study is that the
MCA 106 TSA is present on many tumor cells despite their very
different biological characteristics. Our results also suggest that the
antigen(s) recognized by the anti-CD3/IL-2 activated effector cells is

phenotypically stable and functioned in vivo as target molecules for
immunotherapy.
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