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ABSTRACT

The mechanism(s) through which combination treatment with Adria
mycin and recombinant interleukin 2 (rIL2) affects murine renal cell
carcinoma was investigated. A single dose of Adriamycin (ADM) admin
istered 1 day after implantation of tumor cells s.c. delayed the formation
of tumor and significantly extended the median survival time. About 40%
of the treated mice remained tumor free for more than 6 months. Treating
mice with a similar dose of ADM 12 to 16 days after implantation of
tumor caused complete regression of established tumors within 10 to 12
days in more than 90% of the mice. However, after a transient tumor
free period of 15 to 20 days recurrence of tumor was observed in all
treated mice. In contrast, a regimen that included treating tumor bearing
mice with a single dose of ADM followed by a daily i.p. injection of rlL2
5 x 1(1'units) for 10 days delayed the recurrence of tumors and signifi

cantly prolonged the survival time compared to the median survival time
of mice treated with ADM alone. About 20 to 30% tumor bearing mice
remained tumor free for 4 months following treatment with ADM and
rIL2. Treatment with til.2 alone produced no antitumor response. In
addition, rii 2 itself was not inhibitory for tumor cell growth nor did it
modulate the cytotoxic response of renal cell carcinoma cells to ADM in
vitro. Mice that were cured following treatment with ADM and rIL2
were resistant to a rechallenge with viable tumor cells, and cured mice
also expressed a tumor specific T-cell mediated delayed hypersensitivity
reaction. The immune cells that mediate tumor rejection were identified
as Thy-1.2* T-cells. Taken together, these results indicate that antitumor

activity of combined Adriamycin/rIL2 treatment is at least partly attrib
utable to the production of tumor specific immunity.

INTRODUCTION

The therapeutic efficacy of antitumor agents can be improved
by combination with biological response modifiers and cyto-
kines (1). For example, although IL2' or a-interferon alone has

been used effectively in the treatment of a variety of malignan
cies (2-7), these cytokines and other biological response modi
fiers have been shown to work cooperatively to enhance the
antitumor activity of cytotoxic drugs (8-11). Combined treat
ment with cyclophosphamide and IL2 has also been reported
as effective in treating melanoma patients with advanced disease
and in mice bearing transplantable tumors (12-14). Mice bear
ing advanced renal cell carcinoma treated with a combination
of lymphokine activated killer cells, IL2, and ADM produced
more long term survivors than treatment with any of these
agents either alone or in other combinations (15, 16).

Apart from direct antitumor activity some antineoplastic
agents also profoundly affect the host's immune competence.

While a majority of chemotherapeutic agents are immunosup-
pressive (17-19), certain anticancer drugs have been shown to
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augment several parameters of host immunity in different ex
perimental tumor systems (20-23). In particular ADM has been
shown to increase the cytolytic activity of peritoneal exÃºdate
cells and the production of cytotoxic lymphocytes toward tumor
target cells in vitro (24-27). Enhanced production of IL2 and
cell mediated cytotoxicity after a single dose of ADM has also
been reported in cancer patients (28). We have previously
reported that pretreating mice with ADM enhanced the pro
duction of natural killer cells, the frequency of lymphokine
activated killer cells, and the tumor specific T-cell mediated
inflammatory response of delayed hypersensitivity (29). In this
study using a murine renal cell carcinoma tumor model, we
demonstrate that combined treatment with ADM and IL2 is
therapeutically superior to treatment with ADM or IL2 alone.
The combined treatment produced more long term survivors
and cured 20 to 30% of tumor bearing mice. The increased
therapeutic effect of combined treatment was not due to the
modulation of cytotoxic activity of ADM by IL2. The cured
mice were resistant to a rechallenge with viable tumor cells and
exhibited a tumor specific T-cell mediated inflammatory re
sponse. These findings suggest that combined treatment allows
the development of specific antitumor immunity which is re
sponsible for the increased therapeutic benefit.

MATERIALS AND METHODS

Mice. BALB/c ByJ mice, 8 to 10 weeks old, purchased from The
Jackson Laboratory (Bar Harbor, ME), were used in these experiments.
Mice were kept in microisolator cages and within any given experiment
age and sex matched animals were used.

Tumor. Renca that spontaneously arose as a renal cortical adenocar-
cinoma was provided by Dr. E. Pontes of the Department of Urology,
Cleveland Clinic Foundation. The tumor was maintained in vivo by
passaging 1 to 2 x IO5cells s.c. approximately every third week. Tumor

was also maintained in vitro in complete RPMI 1640 containing 10%
FBS, penicillin (100 units/ml), streptomycin (50 ^g/ml). L-glutamine
(2 mivi), I M sodium pyruvate, 0.1 mM nonessential amino acids (all
ingredients purchased from GIBCO Laboratories, Grand Island, NY)
and 5 x 10~5 M 2-mercaptoethanol (Eastman Organic Chemicals,

Rochester, NY).
Tumor Cell Preparation. Tumors growing s.c. were minced into pieces

(1 to 2 mm) and resuspended in 20 ml of Ca2+ and Mg2+ free Hanks'

balanced salt solution containing 0.1 % collagenase (Cooper Biomedicai,
Inc., Freehold, NJ) and DNase (2 mg/ml). After incubation at 37Â°Cfor

45 min on an orbital shaker (250 rpm), supernatants containing tumor
cells were centrifuged at 300 x g for 10 min. Cells were washed three
times in cold PBS containing 5% FBS. Cell viability determined by
trypan blue dye exclusion method usually ranged from 60 to 80%.

Tumor cells from in vitro monolayers were harvested following
incubation in 4 ml of 0.25% trypsin-0.02% EDTA solution for 4 min
at 37Â°C.Cells were then washed extensively in PBS containing 5%

FBS.
Assay of Delayed Hypersensitivity. The presence of delayed hyper

sensitivity to Renca antigens was detected in a 24-h foot swelling assay.
Mice were lightly anesthetized with ether and right foot pad thickness
was measured with a Mitutoya engineer's micrometer (Schlessinger

Tools, Brooklyn, NY). Animals were then given injections s.c. in the
paw of IO6 irradiated Renca cells in 50 n\ of Hanks' balanced salt

6133

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/22/6133/2445710/cr0510226133.pdf by guest on 19 M

ay 2023



ADRIAMVCIN/1L2 THERAPY

solution. The foot pad thickness was measured again 24 h later and the
difference in 0-h and 24-h measurements was expressed as DH in units
of 1 x IO'3 inches Â±SD.

In Vivo Treatment with Drugs. Mice were treated with ADM (Adria
Laboratories, Columbus, OH) at a dose of 7 to 8 mg/kg i.v. Recombi
nant IL2 (Hoffmann-La Roche Inc., Nutley, NJ) was administered i.p.
at a dose of 5 x IO4units/daily for 10 days.

In Vitro Sensitivity of Renca Cells to Drugs. Tumor cells (10s) were
seeded in 25-cm2 tissue culture flasks containing 5 ml of complete
RPMI 1640 and incubated at 37Â°C.Three days later when cultures

were 30 to 45% confluent (log phase), monolayers were washed once
with PBS and incubated with ADM at concentrations ranging from
0.025 to 0.1 Mg/m' for l h at 37Â°C.Monolayers were subsequently

washed three times with RPMI 1640 and then cultured again for 3
days. For treatment with IL2, monolayers of tumor cells were incubated
continuously in IL2 at concentrations of 100 and 1000 units/ml for 3
days at 37Â°C.Flasks were trypsinized and "viable" cell counts deter

mined in a hemacytometer based on trypan blue dye exclusion. The
number of viable tumor cells recovered from untreated and drug treated
cultures were compared to determine the antitumor effect of ADM or
IL2.

Treatment of Spleen Cells with Antibody and Complement. Selective
depletion of Thy-1.2+ splenic cells was accomplished by treating 17 x
107cells in 0.5 ml RPMI 1640 (1% PCS) with 40 Ml(1:12) of monoclo
nal anti-Thy 1.2 antibody and complement (Becton-Dickinson, Moun
tain View, CA). Following incubation on ice for 1 h, cells were washed
twice and then incubated at 37Â°Cfor 45 min in Low-tox rabbit comple

ment (1:4; Accurate Scientific and Chemical Corp., Westbury, NY).
Cells were then washed and viability was determined by the trypan blue
dye exclusion method. The treatment of spleen cells with anti-Thy-1.2
antibody and complement routinely resulted in >95% depletion of
marker bearing lymphoid cells.

Experimental Protocol. The basic experimental design involved treat
ing mice with injections of 1 to 2 x 10s viable tumor cells s.c. on the

back. Thirteen to 17 days later when tumors were 2 to 4 mm in size
mice were treated with ADM or IL2 or with a combination of the two
agents. Tumor progression and MSTs were determined to compare the
antitumor effects of various treatments. Data presented are from a
representative experiment. Most experimental groups contained six to
eight mice and each experiment was repeated at least twice.

RESULTS

Ant Â¡tumorActivity of ADM and/or IL2. Injection of 1 to 2 x
10s viable Renca cells s.c. into syngeneic hosts produced pal

pable tumors within 10 to 14 days. Tumors grew locally without
metastasizing to the lungs. The median survival time of un
treated control tumor bearing mice ranged between 33 and 40
days. The antitumor effect of treatment with ADM alone was
found to depend on the time of its administration following
implantation of tumor cells. Mice treated with ADM 1 day
after injection of 2 x IO5tumor cells significantly inhibited the

formation of tumors as compared to the untreated control mice.
Further, about 40% of animals treated with ADM were tumor
free up to 10 months following treatment (Fig. 1). To determine
the response of established tumors to ADM, mice were treated
with ADM (7.5 mg/kg) on day 13 following implantation of
tumor cells. Under these conditions, treatment with ADM
caused complete regression of tumors within 10 to 12 days in
all tumor bearing mice. However, after a transient tumor free
period (about 2 to 3 weeks) all mice (100%) showed recurrence
of tumor. Although treatment with ADM alone was not cura
tive, the MST of treated mice (Fig. 1) was significantly longer
(70.0 days) compared to untreated mice (36.0 days) (P< 0.009).

The antitumor effect of treatment with ADM and/or IL2 17
days following implantation of tumor cells was examined next.
Treatment with IL2 (5 x 10" units/day) alone for 10 days

so 6O 7o eo 90 i oo i io 120
Days after Renca Implantation s c

Fig. 1. Effect of Adriamycin on survival of mice implanted with Renca cells.
BALB/c ByJ mice given injections of 2 x 10* viable Renca cells s.c. were left

untreated (â€¢)or were treated with a single dose of Adriamycin I day (A) or 13
days (â€¢)after implantation of tumor cells. The data shown are from a represent
ative experiment performed with seven mice in each group. The Mantel-Haenzel
log rank test was used to determine the significance of difference in survival
between populations. â€¢¿�versus A, P < 0.0001; â€¢¿�versus â€¢¿�/>< 0.0001.

exhibited no antitumor effect since tumor growth and MST in
untreated control and IL2 treated mice followed a similar
pattern (Figs. 2 and 3). The combination treatment that con
sisted of giving a single dose of ADM followed with 10 daily
injections of IL2 (5 x IO4 units/day) to tumor bearing mice

markedly delayed recurrence of tumor and extended survival
time compared to the treatment with ADM alone (Figs. 2 and
3). Although treatment with ADM alone significantly extended
the survival time (MST: control, 38.0 days; ADM treated, 69.0
days, P < 0.001), tumor bearing mice that were treated with
ADM followed by IL2 for 10 days survived the longest (MST,
101.0 days; P < 0.001). Combined treatment with ADM plus
IL2 produced the most antitumor response and about 20% of
the mice in this treatment group remained free of tumor after
120 days. Similar antitumor activity and up to 30% cure rate
with combination treatment (ADM/IL2) was observed in other
replicate experiments.

IL2 Does Not Augment Cytotoxic Activity of ADM. Since
treatment with IL2 alone was ineffective in eradicating tumors,
we reasoned that superior antitumor response produced by the
combination therapy with ADM and IL2 might result from
complementation of cytotoxic activity of ADM by IL2. This
was tested in vitro by comparing the cytotoxic response of
Renca cells to ADM or IL2 alone and to a combination of
ADM and IL2 (Table 1). The results demonstrate that treat
ment of Renca cells with ADM produced a cytotoxic response
in a dose dependent manner, while the incubation of Renca
cells with IL2 (100 and 1000 units/ml) for 3 days exhibited no
antitumor activity. Furthermore, unlike the in vivo results,
treatment of tumor cells with ADM for l h followed by incu
bation in IL2 for 3 days did not enhance the cytotoxic response
of tumor cells to ADM. These results suggested that IL2 is not
directly cytotoxic to Renca cells nor does it augment ADM
mediated cytotoxicity in vitro.

Antitumor Immunity in Immunized Mice. Experiments were
performed to assess whether mice that were cured of tumors
following combined treatment with ADM and IL2 developed
antitumor immunity. For this purpose, normal and "cured"

mice were given injections of an equal number of viable tumor
cells (1 x IO5)s.c. and observed for appearance and progression
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Fig. 2. Effect of 1L2. Adriamycin. or Adriamycin and IL2 on tumor growth in
vivo. Seventeen days after implantation of tumor cells (2 x 10') mice were given

injections of PBS (control), 1L2. ADM, or ADM plus IL2. Tumor size (mm) was
measured with a dial type caliper at different intervals up to 80 days after
implantation of tumor cells. Each experimental group contained six mice. Bars.
SD.
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Fig. 3. Therapeutic efficacy of combination treatment with Adriamycin and
IL2. BALB/c ByJ mice were given injections of 2 x 10s viable Renca cells s.c.
Seventeen days later tumor bearing mice were left untreated (â€¢).treated with
Adriamycin (â€¢),or treated with 1L2 (O). or a combination of ADM and IL2 (A).
Data presented are from a representative experiment performed with six mice in
each group. The significance of difference in survival was determined by the
Mantel-Haezel log-rank test. ADM treatment versus control (untreated). P <
0.001: IL2 treatment versus control. P > 0.4; ADM plus IL2 treatment versus
control. P< 0.001; ADM plus IL2 treatment versus ADM treatment, P< 0.002.

of tumors. All naive mice implanted with Renca cells developed
tumors within 2 weeks and died between days 22 and 37 (Table
2). In contrast, only one of seven cured mice developed tumor
which later regressed spontaneously. All cured mice rechal-
lenged with viable Renca cells were alive and free of tumor on
day 100 at which point the experiment was terminated. These
results suggested that antitumor immunity is present in mice
that became tumor free following treatment with ADM and
IL2.

As a consequence of the observation that cured mice were
resistant to a rechallenge with viable tumor cells we next
determined whether cured mice would exhibit specific T-cell
mediated DH. This was tested by challenging normal and cured
mice with irradiated Renca cells or B16BL6 mouse melanoma
cells in the hind paws. The results from such an experiment are
shown in Fig. 4. Normal mice challenged with irradiated Renca
or B16BL6 melanoma cells produced insignificant swelling of
the footpads [2.3 Â±0.8 (Renca), and 1.3 Â±l (B16BL6) units,
respectively]. In contrast, a significant inflammation of the
footpads of cured mice occurred when challenged with Renca
(11.1 Â±1 units) but not with B16BL6 (2.4 Â±2 units) cells.

These findings suggested the development of a T-cell mediated
inflammatory DH response in cured mice. Furthermore, the
fact that DH was expressed in cured mice only when challenged
with Renca cells and not B16BL6 melanoma cells suggested
that DH that developed in cured mice is tumor specific.

Whether immune mice possess tumor inhibitory T-cells was
examined next. The tumor inhibitory activity of spleen cells
obtained from immune mice was determined in a local adoptive
transfer assay in which spleen cells mixed with viable Renca
cells were injected s.c. into naive mice. To determine the identity
of tumor inhibitory cells, spleen cells were treated with anti-
Thy-1.2 antibody and complement prior to mixing them with
Renca cells. The results presented in Table 3 show that spleen
cells from immune mice prevented the development of tumors
in all mice over an extended period of time (>50 days). In
contrast, spleen cells of normal mice were ineffective in pre
venting the growth of tumors. The treatment of spleen cells
with anti-Thy-1.2 antibody and complement partially reversed
the tumor inhibitory activity of immune cells (i.e., only 3 of 5
mice remained free from tumor). These data suggest that tumor
inhibitory cells are present in the spleen of immune mice and
they bear Thy-1.2 antigen.

DISCUSSION

The studies described in this paper were intended to deter
mine the mechanism(s) involved in successful therapy of murine
renal cell carcinoma with combination treatment using Adria
mycin and IL2. Although ADM has some antitumor activity
against Renca the antitumor effect of ADM is dependent on
the time of its administration relative to the time of implanta
tion of the tumor cells. ADM was most effective in preventing
the tumor growth if administered within 24 h of tumor cell
injection. The effect of ADM on established tumors, however,
was transient since following initial regression recurrence of
tumor growth was observed in all mice.

Table l IL2 does noi modulale cytotoxic activity of Adriamycin
against Renca cells

Monolayers of Renca cells were treated with Adriamycin at concentrations of
0.025, 0.05, and O.I ng/ml for l h and then cultured for 72 h in the absence or
the presence of IL2 (100 and 1000 units/ml). Tumor cells were also incubated in
IL2 (100 and 1000 units/ml) for 72 h without prior treatment with ADM. The
numbers of viable cells recovered at the end of incubation were compared to
determine the effect of treatments.

TreatmentinAdriamycin(ng/ml)None0.0250.050.1NoneNone0.0250.0250.050.05ofRencacellsvitrorIL2(units/ml)NoneNoneNoneNone100100010010001001000%

ofsurvivingcells100714231999181656349

Table 2 Cured mice are resistant to rechallenge with viable Renca cells

Group12IO5

Rencacellsinjected

s.c.intoNormal

miceCured
miceNo.

ofmice7â€¢jFraction
ofmicewith

tumoronday
307/71/7Â°%ofsurvivorsonday1000100

' Only one cured mouse developed tumor which regressed spontaneously.
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Group Mice Challenged with Increase In footpad thickness ( 1X10 Ini SD)

3 6 9 12 15

Normal Renca cells

Normal BI6BL6cells

Cured

Cured

Renca cells

B16BL6cells

Fig. 4. Cured mice exhibit tumor specific DH reaction. Normal (n = ÃŒ)or cured (n = 3) mice were given injections of 7 x 10' irradiated Renca cells in the right
foot and 7x10* irradiated murine B16BL6 melanoma cells in the left foot as indicated. The presence of inflammatory DH reaction was determined as the increase

in the thickness of paw in a 48 swelling assay. Group A versus Group C. P < 0.001 (Student t test); Group A versus Group D, P > 0.5 (Student t test).

Since ADM has been demonstrated to augment the produc
tion of IL2 (25, 28, 29), we reasoned that treatment with
exogenous IL2 may complement the antitumor effects of ADM.
We have found that treating tumor bearing mice once with
ADM followed by daily injection of IL2 for 8-10 days (5 x 10"

units daily) increased the number of long term survivors com
pared to the effect of treatment with ADM alone while IL2
itself had no measurable effect on tumor growth or the survival
time. Indeed some animals treated with ADM and IL2 re
mained tumor free for up to 120 days. Other investigators have
also demonstrated that many antitumor agents were only mar
ginally able to prolong median survival time when used alone.
However, a combination of cytotoxic drug and immunological
adjuvant produced more long term survivors and in some in
stances complete cure of malignant disease (10, 12, 14, 15).

Because ADM has been shown to augment several T cell
mediated immune responses, the antitumor effects of combined
ADM/IL2 treatment could either result from enhancement of
cytotoxic activity of ADM in the presence of IL2 or from
potentiation of tumor specific immunity. The possibility that
antitumor effects of combined ADM/IL2 treatment may result
from potentiation of the cytotoxic activity of ADM by IL2 was
tested in vitro by examining the tumor inhibitory activity of the
two agents separately and when combined together. Only ADM
exhibited growth inhibitory activity against Renca in a dose
dependent fashion. IL2 was not growth inhibitory nor did it
potentiate antiproliferative activity of ADM, since culturing
Renca cells in the presence of IL2 following treatment with
ADM did not increase the inhibitory effect of ADM on Renca
cells.

Renca has been reported previously to be a weakly immuno-
genic tumor (31 ) and we have found that repeated immunization
with irradiated Renca cells renders mice resistant to subsequent
challenge with viable tumor cells. Chemotherapy and immu-
notherapy generally produce greater antitumor response against
tumors that are immunogenic (32, 33). Thus at least some of
the antitumor effects of combined ADM/IL2 treatment might
result from the development of tumor specific immunity. The
present results argue that this is the case based upon the
following specific points: (a) Six of seven "cured" mice failed

to develop tumors when challenged with viable Renca cells.
Only one of the seven "cured" mice developed a tumor which
subsequently regressed without any therapy, (b) "Cured" mice
expressed tumor specific T-cell mediated delayed hypersensitiv-
ity upon challenge with Renca cells, (c) The immune mice
possess T-cells (Thy-l+) that prevent formation of Renca tu

mors. Additionally, preliminary data have indicated that asialo
GMI bearing lymphoid cells in the spleen of immune mice were
not participant in the antitumor effect since depletion of these
cells by anti-asialo GMI antibody and complement did not
abrogate protection by the spleen cells. Thus, resistance to
tumor in cured mice appears to be mediated by a T-cell. Exper
iments are in progress to further characterize the subset of T-
lymphocytes that mediate resistance to tumor as well as to
determine whether tumor resistance and Renca specific inflam
matory DH response are mediated by the same subpopulation
of T lymphocytes.

Although the mechanism by which ADM and IL2 promote
the development of immunity in tumor bearing mice is unclear,
the production of immunity in cured mice can be explained by
making several assumptions. One possibility is that the cells of
the immune system are optimally exposed to the tumor antigens
released during debulking of the tumor by ADM; IL2 may
simply cause clonal expansion of the sensitized effector cells
that mediate antitumor immunity. Alternatively, ADM may
also enhance immunity by eliminating or preventing the devel-

Table 3 Identity of immune cells that inhibit tumor growth"

Group1

23

4Mice

implanted
s.c.withRenca

cells
Renca cells + normal

spleen cells
Renca cells + immune

spleen cells
Renca cells -f-immune

spleen cellsTreatment

of
spleencellsNA*

00Anti-Thy-1.2

+ complementIncidence

of tumor
on day505/5

5/50/52/5

" Viable Renca cells (1 x 10*) were mixed with spleen cells (3.4 x IO7) from
Renca immune mice untreated or treated with monoclonal anti-Thy-1.2 antibody
and complement. The mixture of cells was injected s.c. into each normal recipient
mouse. The appearances of tumor in various treatment groups were compared.

* NA, not available.
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opment of T-suppressor cells that have been demonstrated in
Renca bearing mice (34). In addition, the presence of DH in
cured mice along with the results of previous reports that the
predominant cell types among tumor infiltrating lymphocytes
and at the site of antigen specific inflammation (DH) are T-
cells and macrophages (35, 36) suggest that antigen induced
inflammatory response may contribute, at least in part, to the
rejection of tumor in cured mice. Further, T-cells that mediate
DH have been shown to secrete 7-interferon and tumor necrosis
factor ÃŸ(37, 38), both of which are potent activators of mac
rophages and other lymphoid cells. These cytokines may cause
destruction of tumor directly or they may modulate antitumor
activity of macrophages and other lymphoid cells in the tumor
bed. We are presently engaged in characterizing the tumor
specific inflammatory response that is generated in the cured
mice and its significance in immunity against Renca tumors.

ACKNOWLEDGMENTS

We wish to thank Anna Hev. ko for excellent secretarial support.

REFERENCES

1. Mitchell, M. S. Combining chemotherapy with biological response modifiers
in treatment of cancer. J. Nati. Cancer Inst.. 16: 1445-1450. 1988.

2. Lotze. M. T.. Chang. A. E.. Seipp. C. A., Simpson. C. G.. Vetto. J. T.. and
Rosenberg. S. A. High dose recombinant interleukin-2 in the treatment of
patients with dissiminated cancer. JAMA, 256: 3117-3124. 1986.

3. West. \V. H.. Tauer. K. \V.. Yannelli, J. R.. Marshall. G. D.. Orr. D. \V.,
Thurman. G. B.. and Oldham. R. K. Constant-infusion recombinant inter
leukin-2 in adoptive immunotherapy of advanced cancer. N. Engl. J. Med..
316: 898-905. 198 .

4. Rosenberg. S. A.. Mule, J. J.. Spiess, P. J.. Reichert. C. M., and Schwarz. S.
L. Regression of established pulmonary mÃ©tastasesand subcutaneous tumor
mediated by the systemic administration of high dose recombinant interleu
kin-2. J. Exp. Med., 161: 1169-1188. 1985.

5. Mule. J. J.. Vang, J. C., Lafreniere, R., Shu. S.. and Rosenberg. S. A.
Identification of cellular mechanisms operational in rira during the regression
of established pulmonary mÃ©tastasesby the systemic administration of high
dose recombinant interlcukin-2. J. Immunol.. 139: 285-294. 1987.

6. Ncidhart. J. A. Interferon therapy for the treatment of renal cancer. Cancer
(Phila.). 57: 1696-1699. 1986.

7. Gutterman. J. V'.. Blumenschein. G. R.. Alexanian. R.. Yap. H. V.. Buzder.

A. U.. Cabanillas. F.. Hortobagyi. G. B.. Hersh. E. M.. Rasmussen. S. L.,
Harnion. M.. KrÃ¤mer. M., and Pestka. S. Leucocyte interferon-induced
tumor regression Â¡nhuman metastatic breast cancer, multiple myeloma and
malignant lymphoma. Ann. Intern. Med.. 93: 399-406. 1980.8. Mitchell. M".S.. Kempf. R. A.. Harel. \V.. Shaw, W.. Boswell. W. D., Lind.

S.. and Bradley. E. C. Effectiveness and tolerability of I )w dose cyclophos-
phamide and low-dose intravenous interleukin-2 disseminated melanoma. J.
Clin. Oncol., 6:409-429, 1988.

9. Foss, S. D., Garis, S. T. D., Heirer. M. S.. Flokkmann. A.. Salverson, A.,
and Moc. B. Recombinant interferon alfa-2a with or withou' vinblastine in
metastatic renal cell carcinoma. Cancer (Phila.). 57: 1700-1704. 1986.

10. Stolli. R. L.. and Martin. D. S. Modulation of chemotherapeutic drug activity
with polyribonucleotides or with interferon. J. Biol. Response Modif.. 4:634-639'. 1985.

11. Papa. M. Z.. Vang. J. C.. Vetto, J. T.. Shiloni. E.. Eisenthal. A., and
Rosenberg. S. A. Combined effects of chemotherapy and interleukin-2 in the
therapy of mice with advanced pulmonary tumors. Cancer Res.. 48: 122-
129, 1988.

12. Hosokawa, M.. Sawamura. V., Morikagc. T.. Okada. F.. Xu, Z. V., Mori-
kawa. K.. Itoh. K., and Kobayashi. H. Improved therapeutic effects of
interleukin-2 after the accumulation of lymphokinc-activated killer cells in

tumor tissue of mice previously treated with cyclophosphamide. Cancer
Immunol. Immunother.. 26: 250-256. 1988.

13. Kedar. E.. Aziz. R. B.. Epstein. E., and Leshem. B. Chemotherapy of murine
tumors using interleukin-2 (IL-2) and cyclophosphamide: IL-2 can facilitate
or inhibit tumor growth depending on the sequence of treatment and the
tumor type. Cancer Immunol. Immunother.. 29: 74-78, 1989.

14. Naito. K., Pellis. N. R., and Kalian. B. D. Effect of continuous administration
of interleukin-2 on active specific chemoinimunotherapy with extracted tu
mor specific transplantation antigen and cyclophosphamide. Cancer Res.,
48: 101-108. 1988.

15. Salup. R. R.. Back. T. C., and \\iltrout, R.H. Successful treatment of
advanced renal cell cancer by bicompartmental adoptive chemoimmuno-
therapy. J. Immunol.. 138: 641-647. 1987.

16. \\ iltrout. R. H.. and Salup. R. R. Adoptive immunotherapy in combination
with chemotherapy for cancer treatment. Prog. Exp. Tumor Res., 32: 128-
153, 1988.

17. Ehrke. M. J.. and Mihich. E. Effects of anticancer agents on immune
responses. Trends Pharm. Sci.. 6: 412-417. 1985.

18. Kempf. R. A., and Mitchell. M. S. Effect of chemotherapeutic agents on the
immune response. I. Cancer Invest., 2: 459-466. 1989.

19. Kempf. R. A., and Mitchell. M. S. Effects of chemotherapeutic agents on the
immune response. II. Cancer Invest.. 3: 23-33. 1985.

20. Khrke. M. J.. and Mihich. E. Immunoregulation by cancer chemotherapeutic
agents. In: J. \V. Hadden and A. Szentivanyi (cds.). The Reticuloendothelial
System: A Comprehensive Treatise, Vol. 8, pp. 309-347. New York: Plenum,
Publishing Corp.. 1985.

21. Reissmann, T., Voegeli. R.. Pohl, J.. and Hilgard. P. Augmentation of
immunity by low doses of cyclophosphamide and mafosfamide in two animal
tumor models. Cancer Immunol. Immunother.. 28: 179-184, 1989.

22. Berd. D.. Maguire. H., and Mastrangelo. M. J. Potentiation of human cell-
mediated and humoral immunity by low dose cyclophosphamide. Cancer
Res.. 44: 5439-5443. 1984.

23. Salazar. D., and Cohen, S. A. Multiple tumoricidal effector mechanisms
induced by Adriamycin. Cancer Res.. 44: 2561-2566, 1984.

24. Tomazic. V.. Ehrke. M. J.. and Mihich, E. Modulation of the cytotoxic
response against allogeneic tumor cells in culture by Adriamycin. Cancer
Res.. Â¥0:2748-2755, 1980.

25. Ehrke, M. J., Maccubbin, D.. Ryoyamma. K.. Cohen. S. A., and Mihich. E.
Correlation between Adriamycin induced agumentation of interleukin-2 pro
duction and of cell-mediated cytotoxicity in mice. Cancer Res.. 46: 54-60.
1986.

26. Ehrke. M. J.. Ryoyamma K.. and Cohen. S. A. Cellular basis for Adriamycin
induced augmentation of cell-mediated cytotoxicity in culture. Cancer Res.,
.Â«.â€¢2497-2504.1984.

27. Haskill, J. S. Adriamycin-activated macrophages as tumor growth inhibition.
Cancer Res.. 41: 3852-3856. 1981.

28. Arinaga, S., Akiyoshi, T., and Tsuji, H. Augmentation of the generation of
cell-mediated cytotoxicity after a single dose of Adriamycin in cancer patients.
Cancer Res., 46:4213-4216. 1986.

29. Gautam. S. C., Chikkala. N. F.. and Ganapathi. R. Chemotherapy of estab
lished murine renal cell carcinoma with Adriamycin and IL-2. Proc. Am.
Assoc. Cancer Res.. 30: 361. 1989.

30. HÃ¼ben,R. P., Connelly. R.. Goldrosen. M. H.. Murphy. G. P.. and Pontes.
J. E. Immunotherapy of a mu ine renal cancer. J. Urol., 129: 1075-1078.
1983.

31. Giampietri. A.. Bonmassar. A., and Puccetti. P. Drug mediated increase in
tumor immunogenicity in viro for a new approach to experimental cancer
immunotherapy. Cancer Res.. 41: 681-687, 1981.

32. Yamamura. V.. Proctor. J. \V., Fisher. B. C.. Harnahan, J. B., an ! Mahvi,
T. A. Collaboration between specific antitumor immunity and chemothera
peutic agents. Int. J. Cancer, 38: 211-278. 1978.

33. Gregorian, S. K.. and Battisto. J. R. Immunosuppression in murine renal
cell carcinoma. II. Identification of responsible lymphoid cell phenotypes
and examination of elimination of suppression. Cancer Immunol. Immu
nother.. 31: 335-341. 1990.

34. Vose. B. M.. and Mourse. M. Human tumor infiltrating lymphocytes. A
marker of host response. Semin. Oncol.. 22: 27-40. 1985.

35. Platt, J. L.. Grant. B. \V.. Eddy. A. A., and Michael. A. F. Immune cell
populations in cutaneous delayed hyperscnsitivity. J. Exp. Med.. 158: 1227-
1242. 1983.

36. Mosmann, T. R., and Coffman. R. L. Two types of mouse helper T cells.
Immunol. Today. *: 223-227, 1987.

37. Annie. T.. Fong, T., and Mosmann. T. R. The role of IFN-7 in delayed
hypersensitivity mediated by Thl clones. J. Immunol.. 143:2887-2893.1989.

6137

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/22/6133/2445710/cr0510226133.pdf by guest on 19 M

ay 2023


