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Modification of Tumor Regression by Immunologie Means1
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The implications of possible interactions between cancer
chemotherapy and tumor immunity have become increasingly
apparent in recent years due to the recognition that many
antineoplastic agents also inhibit immunologie responses (6)
and that, both in mice (10, 24) and in humans (8,9), primary
tumors have antigenic characteristics not present in normal
tissues. Thus, reduced therapeutic effects may occur if
anticancer drugs inhibit the host response to the tumor (27).
Conversely, the possibility was considered that improved
therapeutic effects may be achieved by means of treatments
acting in synergism with the defenses of the host directed
against the target tumor (12, 13, 15). In order to pursue a
critical approach in experimental cancer chemotherapy, it
seems important, therefore, to study model systems capable of
providing information on the contribution of immunity to the
therapeutic effects of drugs.

Investigations performed in this laboratory have been aimed
towards the elucidation of the relationships between the
effects of drugs on experimental tumors and the responses of
the host directed against these tumors. Although attempts
with autochthonous neoplasms have not yet led to the
development of suitable model systems, considerable evidence
has been accumulated utilizing Sarcoma 180 (S-180) and
leukemia L1210 (LI 210) implanted in Swiss HalCR and
DBA/2 mice respectively. Criticisms can be raised against the
use of either of these systems because long transplantable
tumors have antigenic characteristics which usually represent
mostly nonspecific transplantation antigens rather than truly
tumor-specific antigens. Nevertheless, the host response to
either S-180 or L1210 is relatively inefficient since, in the
absence of chemotherapy, it does not prevent the progressive
growth of the implanted tumor and the consequent death of
the host. Thus, in the mouse strains used, the growth capacity
of these tumor grafts is great enough to overcome the
immunologie reaction of the host. Within this frame of
reference both S-180 and L1210 provide model systems which
can be usefully applied to studies of the relationships between
the antitumor effects of drugs and those of relatively
inefficient immunologie responses.

Studies with Sarcoma 180

Sarcoma 180 is a so-called nonspecific transplantable tumor
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which "takes" in 100% of Swiss HalCR female mice and is

rejected in 0â€”25% of them. This incidence of regression is

greatly increased by therapeutic treatments affecting the
tumor selectively, namely by treatments which do not impair
significantly the defenses of the host directed against the
tumor. Thus, complete regression of S-180 after initial growth,
occurs in 40-80% of Swiss mice fed a vitamin B6-deficient

diet for prolonged periods of time (12, 18) or treated with
6-mercaptopurine (6-MP) (1) or with kethoxal-bis-thiosemi-
carbazone and related bisthiosemicarbazones (19, 20).
Evidence obtained in this laboratory demonstrated that, in
each of these cases, the immunologie response of the host is
responsible for the therapeutically induced tumor regressions
observed (2-4, 12). These studies also indicated that the

therapeutic effects could be altered by modifications of the
immunologie response of the host. The data obtained with
6-MP (3â€”5)are shown as an example (Chart 1).

The incidence of tumor regression caused by 6-MP in
sham-thymectomized mice was of the same order as that
found by others in intact animals (1), and it was significantly
greater than that observed in untreated controls or in treated
mice which have been thymectomized at birth. The fact that
the incidence of regression was reduced in neonatally
thymectomized mice indicates that the regressions of S-180
seemingly caused by 6-MP are really brought about by
immunologie responses of the host elicited by the tumor. The
specificity of these responses was demonstrated in experiments
showing that the incidence of therapeutically induced tumor
regressions is reduced by treatments with frozen-thawed
homogenates (FTH) of S-180 (Chart 1) but not by treatments
with similarly prepared homogenates of Walker carcino-
sarcoma 256 (4). The prevention of the regression of S-180 by
FTH treatments was not due to the induction of tolerance but
rather to active immunologie enhancement. In fact, a similar
prevention was obtained by the passive administration of
hyperimmune serum (Chart 1), or of serum from mice injected
with FTH, in which the tumor was growing progressively (4).
It is of interest that the incidence of S-180 regression
following treatment with 6-MP was increased in splenec-
tomized mice. In view of the effects of active and passive
enhancement, and of the fact that the spleen is a major site of
humoral antibody production in the mouse (23), it is
reasonable to assume that the increased incidence of S-180
regression seen in splenectomized mice treated with 6-MP is
related to a reduced enhancing antibody response elicited by
the tumor in these animals.

As a whole, the data shown in Chart 1 indicate that the
regressions of S-180 in Swiss mice treated with therapeutic

DECEMBER 1969 2345

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/29/12/2345/2385141/cr0290122345.pdf by guest on 19 M

ay 2023



E. Mihich

100-.It

80-UJ|

60-ÃŒUp

40-v.

51
20-

0 -(

NO)- NO. OFMICEBU1(tn

(VT(47)1

J [ 1]GMPmkd
0 25 25 O 5O 50 0T

T(4P
(H4)(Ã§a'Ã®1(UP)t25

25 25 0 2525MODFYWG

Non, SHAMTHYX (4,,,, (fan, FTH Nop, NS HS HS Norn SHAMSPLEXTREATMENT
200mg0.3ml 02ml 03ml

Chart 1. Incidence of 6-mercaptopurine (6-MP)-induced regression of
S-l 80 in Swiss HalCR female mice following treatments which modify
the immunologie response of the host. For complete details of the
studies summarized see References 3-5. The experiments were con
tinued until all the surviving mice were free of tumors (10-12 weeks).
Each point represents the incidence of regression for the number of
mice in parentheses; the vertical bars indicate the 95% confidence limits
of these values. The abbreviations are as follows: mkd, mg/kg/day given
i.p. once daily for 7 days starting the day after s.c. tumor implantation;
THYX, neonatal thymectomy performed within 5 days from birth;
FTH, cell-free homogenate of S-l 80, frozen-thawed 3 times, which was
administered alternatively s.c. and i.p. 3 times a week for 2 weeks, the
last injection being given about 2 weeks prior to tumor implantation
(the total amount of FTH injected into each mouse corresponded to
200 mg S-l80 tissue); NS, serum from normal Swiss mice (0.3 ml was
injected i.p. to each mouse about 4 hours prior to tumor implantation);
HS, hyperimmune serum obtained from mice in which S-l 80 had
regressed 3 times, once following therapeutic treatments and twice
upon successive transplantation (HS was inoculated i.p. at the doses
indicated about 4 hours prior to tumor implantation); SPLEX,
splenectomy performed about 2 weeks prior to tumor implantation;
SHAM, sham-operations performed similarly to the corresponding
organ ablations.

doses of 6-MP are brought about by immunologie defenses of
the host. The incidence of these regressions can be modified
by treatments altering the balance between immunologie
enhancement of tumor growth and immunologie rejection of
tumor graft. The possibility that the therapeutic effects of
6-MP are due in part to an inhibition of the humoral antibody
reaction responsible for tumor enhancement has not been
explored.

Studies with Leukemia LI210

Leukemia L1210 is strictly a DBA/2-specific tumor in the
sense that it grows progressively only in DBA/2 mice and in F,
hybrids or backcrosses derived from them. Inoculation of as
few as 10 leukemic cells is lethal to 100% of the mice of this
strain (15). Immunologie responses against L1210 have been
demonstrated with or without the aid of chemotherapy in
(BALB/cAn X DBA/2)F, hybrid (CDBA) (7), in (C57BL/6 X
DBA/2) F! hybrid (BOFJ mice (26), and in backcrossed
[(DBA X C3H)F! X DBA] mice (25). In these backcrossed

mice the immunity obtained by pretreatment with irradiated
LI210 cells was relatively weak since it could be demonstrated
only in animals challenged with 10 cells or less. The basis for
these responses has not yet been clarified.

Immunity against L1210 could be recently demonstrated in
this laboratory with the aid of chemotherapy in the very
DBA/2 sublines in which the tumor was thought to be
compatible on the basis of transplantability tests (16). In
studies on the antileukemic action of bisguanylhydrazones,
50-day cures of DBA/2Ha-DD female mice were observed after
combined treatments with 4,4'-diacetyl-diphenyl-urea-

bisguanylhydrazone (DDUG) and arabinosylcytosine (ara-C)
(15,17). At appropriate doses, the incidence of these cures was
higher than 50% in DBA/2Ha-DD mice, less than 20% in
DBA/2J mice, and less than 10% in DBA/2Cr mice (Table 1).
Although the DBA/2Ha mouse sublines have been kept
separated from other DBA/2 mouse sublines since 1943 (for
details see Ref. 17), and consequently LI 210 originated in 1948
in a different subline of the DBA/2 mouse (11), all the DBA/2
mouse sublines share the major H-2d histocompatibility
characteristics, and in each of them L1210 grows progressively
upon implantation of 10 cells or less. Nevertheless, since
50-day "cures" were obtained in DBA/2 mice by chemo-

therapeutic means, and their incidence was different in the 3
mouse sublines tested, it is obvious that minor histocompati
bility differences have arisen among these sublines in the
course of many generations.

Table 1

50-day survivors"

MousesublimDBA/2Ha-DD

DBA/2J
DBA/2CrNo./total68/119

15/92
1/19%57

165

Curative effects of 4,4'-diacetyl-diphenyl-urea-bis-guanylhydrazone

(DDUG) and arabinosylcytosine (ara-C) in DBA/2 female mice bearing
leukemia LI210.

uCounted from the day of i.p. inoculation of 1 X IO6 L1210 cells.
DDUG (30 mg/kg/day) and ara-C (10 mg/kg/day) were given i.p. in
combination once daily for 6 days starting the day after tumor
inoculation.

Immunologie reactions of the host were responsible for the
curative effects observed because (a) only prolongation of
survival without cures was seen in preirradiated animals, (b)
the "cured" mice were resistant to reinoculation of
successively increased numbers (1 X IO3 to 10 X IO6) of live

LI 210 cells, and (c) this state of resistance could be
transferred to mice previously not exposed to LI 210 by the
inoculation of either serum or spleen cells from the
chemotherapeutically "cured" animals (16).

It is likely that the response of DBA/2Ha-DD mice against
L1210 is elicited in part by antigenic characteristics which are
not LI 210 specific but are similar to those present in tissues of
other DBA/2 mouse sublines. This conclusion is based upon
the following set of observations: (a) reciprocal skin grafts
between DBA/2Ha-DD and DBA/2J mice are rejected (16); (Z>)
accelerated rejection of DBA/2J skin occurs in DBA/2Ha-DD
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mice previously "cured" of L1210 (16); (c) DBA/2Ha-DD

mice which rejected DBA/2J or DBA/2Cr skin are resistant to
the inoculation of 1 X IO3 live L1210 cells (16); (d)
DBA/2Ha-DD mice immune to LI 210 are also resistant to the
inoculation of 1 X IO6 live cells from other DBA/2 leukemias,

namely P288, P388, and L5178Y, whereas they are killed
following s.c. inoculation of 1 X 10s cells from spontaneous

mammary tumors of the DBA/2Ha-DD mouse (unpublished
results). Since reciprocal skin grafts between DBA/2J and
DBA/iCr mice survive indefinitely (16), the slightly higher
incidence of "cures" seen in DBA/2J mice bearing L1210 (see

Table 1) cannot be readily ascribed to antigenic characteristics
foreign to these mice and possibly shared by LI210 and
DBA/2Cr cells.

The fact that DDUG and ara-C induce 50-day "cures" must

be correlated with the immunosuppressive action of these
drugs (16, 21). Indeed, both DDUG and ara-C prolonged the
survival of reciprocal skin grafts between DBA/2Ha-DD and
DBA/2J mice and reduced their own therapeutic effects
against LI 210 when given to DBA/2Ha-DD mice before tumor
transplantation (16).

In view of the apparent paradox illustrated by the
antileukemic synergism between 2 immunosuppressive drugs
and relatively inefficient immunologie responses, it was of
interest to see whether synergism is also evident between these
drugs and passive or adoptive immunity. The data shown in
Table 2 clearly indicate that in DBA/2Cr mice DDUG and
ara-C cause a much higher incidence of 50-day "cures" when

given in combination with serum or spleen cells from
DBA/2Ha-DD mice immune to L1210 than when given
without any immunologie transfer. About 50% of the cured
DBA/2Cr mice were then resistant to the successive inocula
tion of increasing numbers of live L1210 cells (1 X IO3 to 1 X
IO6). This finding should be correlated with the fact that the

DBA/2Cr mouse subline seems to be the least reactive to
LI 210 (Table 1).

The evidence considered in the preceding paragraphs in
dicates that the 50-day "cures" of DBA/2 mice inoculated

with L1210 are due to the synergistic action of effective drugs
and the immunologie responses of the host to foreign antigens

present on the leukemic cells. The question whether all or only
some of these antigens are not specific for L1210 is relatively
unimportant in comparison with the basic notion that in each
of the DBA/2 sublines tested the immunogenicity of the
leukemia is weak and/or the leukemia becomes generalized and
kills the host before the immunologie response becomes
effective. Obviously, this argument is most valid in the case of
the DBA/2J and DBA/2Cr mouse sublines in which LI 210
seems least immunogenic as judged by the lower incidence of
cures observed after chemotherapy.

Therapeutic synergisms between drugs and host defenses, if
not recognized, may lead to unrealistic interpretations of the
chemotherapeutic effectiveness of such drugs. This possiblity
is illustrated by the examples presented in Charts 2 and 3.

As shown on the left part of Chart 2, combined treatments
with ara-C and isoquinoline-5-carboxaldehyde thiosemicar-
bazone (IQ-1) are much more effective than treatments with
corresponding doses of each of these 2 drugs in prolonging the
survival of DBA/2Ha-DD mice inoculated with LI210. In fact,
according to accepted chemotherapeutic criteria, these 2 drugs
would appear to act synergistically against LI 210. In preir-
radiated mice, however, this synergism was not evident (see
right part of Chart 2), and the 2 compounds had at best only
additive effects. This observation suggests that the immuno
logie response of nonirradiated DBA/2Ha-DD mice to LI210
participated in determining the overall therapeutic effects of
ara-C and IQ-1, making it appear that the 2 drugs might have
synergistic actions, possibly based upon inhibitions at different
metabolic sites in the target cells.

The experiments summarized in Chart 3 indicate that, in
DBA/2Ha-DD mice, a subline of L1210 resistant to methylgly-
oxal-bis-guanylhydrazone (L1210/CH3-G) is much more sen
sitive than the parent line to treatment with low doses of
ara-C. At first this observation seemed to be an example of the
so-called collateral sensitivity of resistant cells to another drug.
ara-C had similar effects against both L1210 and
L1210/CH3-G in preirradiated animals, however. This finding
suggests that the apparent greater sensitivity of L1210/CH3-G
to ara-C in nonirradiated DBA/2Ha-DD mice is related to the
greater immunogenicity of the resistant tumor line. The

Table 2

Drug treatment" Transfer*

50-day survivors0

No. /total <j

NoneDDUG
+ara-CNoneDDUG

+ara-CNoneDDUG

+ ara-CNoneNoneSerumSerumSpleen
cellsSpleen

cells0/191/190/1422/342/1419/46050651441

Synergism between chemotherapy and passive or adoptive immunity against
Leukemia L1210 inDBA/2 Crfemale mice. DDUG, 4,4'-Diacetyl-diphenyl-urea-bis-

guanylhydrazone.
"DOUG (15 mg/kg/day) and ara-C (10 mg/kg/day) were given i.p. once daily for 6

days starting the day after the i.p. inoculation of IO3 cells.
Â»Serumand cells obtained from DBA/2Ha-DD mice immune to L1210 10-15 days

after last i.p. challenge with IO7 L1210 cells; 0.2 ml of serum and 50 X IO6 spleen
cells were given i.p. to each mouse 4 hours before the inoculation of LI210.
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Chart 3. Effects of arabinosy Icytosine (ara-C) against leukemia L1210
and a variant resistant to methylglyoxal-bis-guanylhydrazone
(L1210/CH3-G). ara-C was injected i.p. once a day for 6 days at the
daily dose of 5 mg/kg, starting the day after the i.p. inoculation of 1 X
10 leukemic cells. Total-body irradiation was administered the day
before tumor implantation by means of a General Electric Maxitron
machine, model 250. The dose indicated was calculated in roentgens
per mouse, in air, and was given at 250 kvP and 30 ma. A filter of 0.5
mm copper and 1.0 mm aluminum was used. The subline L1210/CH3-G
was developed in this laboratory in 1965 (14).

question whether this increase of immunogenicity is specif
ically related to the development of resistance to
CH3-G deserves further study.

Concluding Remarks

The results discussed in the preceeding paragraphs lead to the
formulation of several general conclusions, (p) Antitumor
agents may cause curative effects which are the result of
synergistic actions of the drugs themselves and the immuno
logie responses of the host. This synergism may occur also
with drugs capable of exerting immunosuppressive activity, (b)
The effectiveness of chemotherapeutic treatments may be
altered either in a favorable or in an unfavorable direction by a
modification of the immunologie responses of the host, (c)
The development of resistance to a drug may be accompanied
by an increase in tumor immunogenicity. (d) In studies with
transplantable tumors it would be erroneous to exclude the
possibility that host defenses contribute to the antitumor
effects of drugs simply because the tumor is presumed to be
compatible in the host used on the basis of transplantation
tests, (e) Immunogenetic drifts may occur not only during
successive transplantation of a tumor, but also within separate
colonies of inbred animals. Consequently, minor histocompati-
bility differences between tumor and host may exist to various
degrees even when the same tumor is implanted in inbred
mice, of presumably the same strain, obtained from different
sources. These differences may be at the basis of apparent
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differences in therapeutic effectiveness of antitumor drugs
observed under such conditions.

In both the S-180 and the LI 210 systems, it was apparent

that antitumor drugs with immunosuppressive activity can
exert curative effects which are the result of synergistic actions
between these compounds and the immunologie responses of
the host. A relevant question in this respect is whether the
synergism observed represents the concurrent or the sequential
action of drugs and immunity. At this time it is difficult to
postulate a reasonable answer to such a question. In the case
of an agent like 6-MP, it seems possible that the synergism is
based upon a concurrent action of drug and immunity. In
experiments other than those discussed above, 6-MP did not
inhibit the defenses of the host responsible for the regression
of S-180 in vitamin B6-deficient Swiss mice when given at
therapeutic doses either prior to or after tumor implantation
(E. Mihich, I. Bross, R. M. Mihich, and C. A. Nichol. A Model
System for Detecting Drug Impairment of Antitumor Host
Defenses. Cancer Res., submitted for publication). Thus, a
selective antitumor action may be exerted by the drug without
significant inhibition of transplantation immunity. Moreover,
since the curative effects of 6-MP were reduced by immuno
logie enhancement (Chart 1), the possibility might be con
sidered that 6-MP reduces the humoral response to S-180 cells
in a manner similar to its effects on the response of Swiss mice
to sheep red cells (22). Such a reduction may lead to decreased
immunologie enhancement and, as a consequence, to relative
increases of the cellular defenses involved in allograft rejection.
Should this hypothesis be correct, 6-MP would actually impair
a transplantable tumor like S-180 because of its concurrent
antitumor and immunosuppressant actions.

ara-C caused a reduction in the incidence of therapeutically
induced cures of DBA/2 mice bearing LI 210 when given prior
to tumor inoculation (16). In such a case, the possibility seems
more likely that the synergism with the immunologie response
of the host is based upon sequential rather than concurrent
actions. Indeed, at the end of effective therapy, when
presumably relatively few viable cells are left in the animal, the
balance between tumor and host is probably different from
that existing when even very small tumor inocula are first
administered to a new host. It seems possible that during
treatment with certain antiproliferative drugs, the phenomena
leading to sensitization of the immunologie system proceed
relatively undisturbed and result in a more efficient host
response upon cessation of therapy. Therefore, depending
upon the drug and the condition examined, both concurrent
and sequential effects of drugs and immunity should be
contemplated as possible bases for the synergisms observed.

The results obtained with S-180 indicate that it is possible to
modify the therapeutic effectiveness of a drug by altering the
balance between immunologie responses of the host acting in
opposite directions with respect to tumor growth. The
prevention of the curative effects of 6-MP by active and
passive enhancement, and the increased effectiveness of the
drug in splenectomized mice, both suggest that antagonistic
relationships may occur between immunologie enhancement
and chemotherapy. Should this phenomenon occur in man as a
result of immunotherapy, it might reduce the effectiveness of
chemotherapy. In such a case, immunosuppressive treatments

with anticancer agents may become of therapeutic signifi
cance.

The results obtained with LI 210 indicate the need for a
better understanding of the experimental tumor systems
commonly used in chemotherapy, with particular reference to
the possible contribution of the immunologie response of the
host to the therapeutic effects seen. In chemotherapeutic
studies utilizing rapidly growing transplantable tumors, the
possibility cannot be excluded that an immunologie response
contributes to the effects of drugs merely because the tumor is
considered compatible on the basis of its viability upon
transplantation of very small numbers of cells. Differences in
the effectiveness of the host response to a tumor in separate
sublines of the same mouse strain may become evident only as
a result of an alteration of the balance between tumor and
host caused by effective drugs. Indeed, as the examples
described in Charts 2 and 3 indicate, the therapeutic effects of
a drug can be correctly evaluated only if the role of the
immunologie response is taken into appropriate consideration.

Although the concepts outlined in the preceding discussion
may not be entirely applicable to experimental systems
utilizing autochthonous tumors, they should be of value in the
design and interpretation of chemotherapeutic studies per
formed with model systems based upon transplantable tumors.
This may be particularly so under conditions in which the
histocompatibility differences between tumor and host are
minor, and may not be readily recognized in the absence of
chemotherapy. Indeed, the data discussed indicate both the
limitations and the possible advantages of the use, in
experimental chemotherapy, of tumor-host systems based
upon seemingly compatible transplantable tumors. These
systems may have definite limitations related to the possibility
that unrecognized host defenses contribute to the therapeutic
effects seen. Thus the effectiveness of a drug may be
overestimated. Conversely, the awareness that a host response
becomes effective against the tumor as a consequence of drug
treatment leads to the recognition of the selectivity of
antitumor action of such a drug.
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