
(CANCER RESEARCH 48, 2193-2197, April 15, 1988)

Local Interleukin 2 Therapy of Mouse Mammary Tumors of
Various Immunogenicities1

Jan Vaage2

Department of Experimental Pathology, Roswell Park Memorial Institute, Buffalo, NY 14263

ABSTRACT

The local and systemic therapeutic effects of multiple injections of
recombinant human interleukin 2 (IL-2), at doses of 5,000 to 100,000
units each, were tested against intramammary implants of 12 syngeneic
C3H mouse mammary tumors of various immunogenicities. Among 5
tumors with transplantation-type immunogenicity and with mononuclear
leukocyte infiltration, 4 tumors were affected by IL-2 therapy. A fast-
growing, moderately immunogenic tumor was not affected. Among 7
tumors which did not display transplantation-type immunogenicity, 4
tumors did, nevertheless, attract mononuclear leukocytes. Among these
4 tumors, the 2 slowest growing tumors were affected by IL-2 therapy.
Local and systemic therapeutic effects resulted from peritumor IL-2
injections, but not from injections 2 cm from a tumor. The results indicate
that the therapeutic effectiveness of IL-2 depends on the ability of a
tumor to attract IL-2 responsive immune effector cells and that thera
peutic effectiveness is reduced by faster tumor growth.

INTRODUCTION

Spontaneous mouse mammary tumors appear in a variety of
morphological forms (1, 2); they may be nonimmunogenic or
have different degrees of immunogenic strength (3) and may
express one or more of several different non-virus-associated
immunogens (4). Because of the varied immunogenicities of
individual tumors in the mouse mammary tumor system, the
tumors are useful models in a search for tumor characteristics
that may be related to responsiveness to immunotherapy.

Since the description of T-cell growth factor in 1978 (5), now
better known as interleukin 2, its roles in monocyte activation
and in monocyte interactions and its therapeutic potential have
become subjects of intense study. While the biological role of
IL-23 in cellular immune systems is not questioned, the medical
usefulness of IL-2 remains unestablished. Some animal studies
have found that injections of IL-2 alone, at the tumor site (6),
i.v. (6), or i.p. (7-10) did not inhibit tumor growth. Other
animal studies found that injections of natural IL-2 (11, 12) or
recombinant IL-2 (13-15) at the tumor site did inhibit tumor
growth. The different results from different investigators could
have been due to differences in tumor characteristics as well as
differences in drug potency and administration. In the present
investigation, the characteristics of the 12 tumors studied were
different, while the drug and its administration were standard
ized.

MATERIALS AND METHODS

Mice. The tumor-producing mice were breeding, or retired-from-
breeding, pedigreed females of 2 sublines of the C3H strain, the exog
enous (milk-transmitted) mouse mammary tumor virus-infected (311/
He and the virus-free C3Hf/He. The mice used in the experiments were
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8- to 10-week-old line-bred female C3H/He and C3Hf/He mice.
Tumors. The primary tumors were removed from the autochthonous

mice directly after the animals had been killed by CO2 asphyxiation.
Viable, translucent tissue was selected randomly from different non
necrotic parts of the tumors and cut into 1-mm pieces. The pieces were
rinsed once in cold culture medium. Two pieces of tumor tissue were
implanted with sterile procedures into the 4th mammary gland of each
mouse with the use of a very sharp 18-gauge biopsy trocar through an
incision in the skin of anesthetized (Penthrane; Abbott Laboratories,
N. Chicago, IL) mice. The incisions were closed with wound clips.

Immunogenicity Tests. Fresh 1-mm pieces of tumor tissue were
implanted into the right No. 4 mammary glands of 10 mice. After a
period of growth (usually to 10 mm), the immunizing tumor implant
was removed under Penthrane anesthesia. Directly after tumor removal,
the 10 cured mice and 10 normal mice received implants of tissue from
the removed tumors into the left No. 4 mammary gland. Tumor growth
was measured twice weekly with calipers. Each test was terminated
(('<), asphyxiation) when any of the mice reached an early stage of

cachexia. The tests were repeated 1-3 times, using tumor tissue from
mice in the normal control groups.

Histology. Tumors and surrounding mammary tissue were excised,
formalin fixed, and paraffin embedded. Sections (3 urn) were stained
with hematoxylin and eosin. Mononuclear cells in the stroma next to
the tumor were counted in 5 fields (0.04 mm2) (/Â¿mgrid at x25) in each

histolÃ³gica!sample and the counts averaged.
Recombinant IL-2. The IL-2 used in these studies was an oxidized,

highly purified (>99% by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis) human recombinant IL-2. Specific activity was 3 x IO6
Cetus units/mg (8 x IO6 Biological Response Modification Program
units/mg). The IL-2 preparations (lots LP315, LP336, LP338, LP342,
and LP56A) contained less than 0.01 ng of endotoxin per mg of IL-2.
This material was provided by the Cetus Corporation, Emeryville, CA.
Stock concentrates of 1.0 x IO6IL-2 units/1.7 ml and further dilutions
to provide doses from 5,000 to 100,000 units IL-2 per 50 u\ were
prepared from iyophilized IL-2 using phosphate-buffered saline con
taining 10% normal C3H/He serum. Aliquots of 1.2 ml were stored at
-70Â°Cfor up to 3 weeks.

IL-2 was given as 12 daily (5 times per week) peritumor injections.
From the day after the tumor implantation, the IL-2 was injected close
to, but not into, the left implants. To compare the therapeutic effects
of peritumor versus distant IL-2 injections, groups of mice received
similar injections 2 cm anterior to the left implants. Control groups of
mice received injections of the IL-2-free liquid vehicle (Cetus) diluted
with phosphate-buffered saline with 10% normal C3H/He serum.

Statistical Analysis. The incidence and the growth of tumors were
recorded twice weekly. Two bisecting diameters of each tumor were
measured with calipers, and the volume was calculated by the formula
0.4 (ab2) where a was the larger and b the lesser diameter. Differences
in tumor incidence were evaluated with the x2 test. Differences in mean
tumor size were evaluated by Student's t test in the following compar

isons: (a) local effects of treatment by comparing the volumes of IL-2-
treated (left) tumors versus placebo-treated (left) tumors; (b) systemic
effects of treatment by comparing the volumes of uninjected (right)
tumors in the IL-2-treated mice versus uninjected (right) tumors in
placebo-treated mice. Differences between local and systemic therapeu
tic effects were determined by the paired t test comparing the volumes
of right and left tumors in individual mice.

RESULTS

Transplantation-type Immunogenicity and IL-2 Therapeutic
Effect. The transplantation immunogenicities of 12 sponta-
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neous mammary tumors were determined in preliminary studies
prior to the therapeutic studies. The results of these tests, which
found that 5 C3H tumors were immunogenic and that 4 C3H
tumors and 3 C3Hf tumors were nonimmunogenic, are pre
sented in Table 1.

The results of the peritumor therapy studies are presented in
Table 2. Among the immunogenic tumors, tumors 2, 19, 25
(and 25'), and 28 were affected by IL-2 therapy, but tumor 34

was not affected.
Among the tumors that did not show transplantation im-

munogenicity, tumors 32, 35, 41, 48, and 81 were not affected
by peritumor IL-2 therapy, but tumors 65 and 72 were affected.

In those tumors where a systemic therapeutic effect was
observed (tumors 2, 25, 65, and 72), the systemic effect was
achieved only at the higher IL-2 dose levels. The peritumor
treatments were always more effective against the injected
tumors than against the contralateral noninjected tumors in the
same mice.

To study the therapeutic effect of IL-2 per se, as compared
to its effect when injected into the peritumor stroma, groups of
mice identical to those in Table 2 were given the same schedules
and doses of injections 2 cm from the left tumor implant. None
of the tumors was affected by this mode of therapy, and to
conserve space the data are not shown.

Relating 3 Tumor Characteristics to IL-2 Therapeutic Effect.
Because the results presented in Table 2 showed that transplan
tation immunogenicity could not by itself be used to predict the
susceptibility of a tumor to IL-2 therapy, the growth rates of
the tumors and the histolÃ³gica! evaluations of the monocyte
reaction at untreated implants of each tumor were also com
pared with each tumors' response to IL-2 therapy. The results

of these comparisons are summarized in Table 3. The results
in Table 3 show that strongly immunogenic tumors with a
naturally strong monocyte reaction responded to IL-2 therapy
whether the tumor was slow growing (tumor 2) or fast growing
(tumor 25).

Among moderately immunogenic tumors with a moderate
monocyte reaction, the slow-growing tumors 19 and 28 were
IL-2 responsive. The faster growing tumor 34 was not affected
by IL-2 therapy.

Among the tumors that did not show transplantation im
munogenicity, some nevertheless showed a distinct peritumor
monocyte reaction (tumors 32,41,65, 72, and 72'). The slowest

Table I Transplantation immunogenicity determinations for mammary tumors
Each tumor was tested from 2 to 4 times in successive transplant generations

and the results are summarized.

Table 2 Local and systemic effects of local IL-2 therapy

ImmunizedTumor2

(C3Hme)"25

(C3Hme)25'19(C3Hmc)28

(C3Hme)34
(C3Hme)32

(C3Hme)35(C3Hfms)41

(C3Hme)48(C3Hfmc)65

(C3Hme)72
(C3Hme)72'81

(C3Hfmc)Incidence

ofgrowth9/40*18/39*13/20*9/30"5/20"13/19"20/2019/2012/2018/2012/2032/4018/2024/26Tumor
vol.(mm3 x10~2)2.1

Â±0.5C3.5

Â±1.24.2
Â±1.72.3

Â±1.21.5
+0.83.0
Â±0.43.1

Â±0.52.6
Â±0.53.7

1.25.0
1.16.9
1.61.8
0.82.3
1.21.4

0.5ControlIncidence

ofgrowth32/4038/3920/2019/3014/2020/2019/2020/2013/2014/2014/2035/4020/2026/26Tumor
vol.(mm3 x10~2)3.7

Â±0.27.6
Â±0.88.2
Â±1.22.9

Â±0.92.8
Â±0.47.1
Â±1.14.2

Â±0.63.2
Â±0.53.3
Â±1.03.3
Â±1.24.9
Â±1.72.0
Â±0.82.4
Â±1.22.2
Â±0.4

me, mammary carcinoma; ms, mammary sarcoma.
*/J<0.01.
' Mean Â±SE.
Â¿/><0.05.

Tumor225'25''192834GroupI2345123451234123451234512345Treatment"(units)5,000

(It)
None(rt)10,000

(It)
None(rt)50.000

(It)
None(rt)100,000

(It)
None(rt)Placebo

(It)
None(rt)5,000

(It)
None(rt)10,000(11)

None(rt)50,000

(It)
None(rt)100.000

(It)
None(rt)Placebo

(It)
None(rt)10.000

(It)
None(rt)50.000

(It)
None(rt)100,000

(It)
None(rt)Placebo

(It)
None(rt)5,000

(It)
None(rt)10,000(11)

None(rt)50,000

(It)
None(rt)100,000

(It)
None(rt)Placebo

(It)
None(rt)5,000

(It)
None(rt)10,000(11)

None(rt)50,000

(It)
None(rt)100.000

(It)
None(rt)Placebo

(It)
None(rt)5,000

(It)
None(rt)10,000

(It)
None(rt)50,000

(It)
None(rt)100,000

(It)
None(rt)Placebo

(It)
None (rt)%of

incidence67

10067

10017"

588"75100

9275

10083

9217*25"*

IT*100

100100

100100

10092

100100

10050

9275

83SO

9258

67837558"

8358"

8367

9255"

91100

100100

10010010092

10090

80100100Tumor

vol.
(mm3 x10~2)*1.7

Â±0.4
6.4 Â±0.60.3

Â±0.16.6
Â±0.60.7

Â±0.1
2.6 Â±0.50.9

Â±0
1.4Â±0.75.3

Â±0.8
4.4 Â±0.73.4

Â±0.74.5
Â±0.92.1

Â±0.5
3.0 Â±0.70.3

Â±0
4.6 Â±1.00.1

Â±0
0.3Â±07.4

Â±1.6
6.6 Â±1.611.5

Â±1.8
15.5 Â±1.83.2

Â±1.3
4.6 Â±1.62.9

Â±1.9
3.1 Â±1.719.7

Â±2.2
17.0 +2.11.0

Â±0.8
0.8 Â±0.50.6

Â±0.5
0.9 Â±0.40.4

Â±0.30.9
Â±0.40.4

Â±0.3
0.7 Â±0.41.4

Â±0.8
1.8Â±0.90.6

Â±0.3
0.7 Â±0.20.9

Â±0.4
1.2Â±0.40.3

Â±0.3
0.5 Â±0.20.3

Â±0.1
0.5 Â±0.20.8

Â±0.3
0.9 Â±0.43.1

Â±0.4
4.0 Â±0.62.7

Â±0.7
3.1 Â±0.62.8

Â±0.6
3.3 Â±0.71.6

Â±0.4
2.5 Â±0.63.4

Â±0.5
3.0 Â±0.5Final

% of
incidence'67

10067

1004267365592

8383l(H)75

9225"

25"0"

18"100

100100

100100

10092

100100

10075

9283

8358

9258758375839258"

9258"7555"

91100100100

100100

100100

10090

90100100
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Table 2 continued Table 2 continued

Tumor323541486572Â«Group12345123451234512345123451234Treatment"(units)5,000

(It)
None(rt)10,000

(It)
None(rt)50,000

(It)
None(rt)100,000(11)

None(rt)Placebo

(It)
None(rt)5,000

(It)
None(rt)10,000(11)

None(rt)50,000

(It)
None(rt)100,000

(It)
None(rt)Placebo

(It)
None(rt)5,000

(It)
None(rt)10,000

(It)
None(rt)50.000

(It)
None(rt)100,000(11)

None(rt)Placebo

(It)
None(rt)5,000

(It)
None(rt)10,000(11)

None(rt)50,000

(It)
None(rt)100,000

(It)
None(rt)Placebo

(It)
None(rt)5,000

(It)
None(rt)10,000(11)

None(rt)50,000

(It)
None(rt)100,000

(It)
None(rt)Placebo

(It)
None(rt)5,000

(It)
None(rt)10,000

(It)
None(rt)50,000

(It)
None(rt)100,000

(It)
None (rt)%of

incidence92

100100

10092

100100

100100

100100

100100

10092

10083

92100100100

100100

100100

100100

100100

100100

100100

10083

9289

100100

1003375y420*42V

5075

83100

10075

10025'

838*42"Tumor

vol.(mm' x10~2)*1.7

Â±0.6
1.5Â±0.60.5

+ 0.3
1.2 +0.40.8

Â±0.4
1.1Â±0.50.9

Â±0.5
1.3Â±0.41.6

Â±0.4
1.7Â±0.42.2

Â±0.5
2.1Â±0.62.4

Â±0.7
3.1Â±0.72.2

Â±0.7
1.9 +0.61.1

Â±0.4
1.9Â±0.53.4

Â±0.8
3.3 Â±0.72.4

+ 0.7
3.1Â±0.92.4

Â±0.6
3.1Â±0.92.3

+ 0.7
1.5Â±0.62.4

Â±0.7
2.3 Â±0.72.5

+ 0.9
3.4 Â±1.11.3

Â±0.7
2.1+0.91.2

Â±0.7
1.5Â±0.71.1

Â±0.62.2
Â±0.81.0

Â±0.6
1.5Â±0.92.5

Â±0.8
2.1Â±0.71.6

Â±0.7
2.5 Â±0.62.9

Â±0
1.1Â±0.30.8

Â±0.41.3

Â±0.63.1

Â±0.9
3.2 Â±1.13.5

Â±0.8
3.4 Â±0.82.3

Â±0.7
3.1Â±0.90.4

Â±0.2
1.9Â±0.90.1

Â±00.4
Â±0.2Final

% of
incidence'92

100100

10092

100100

100100

100100

100100

100100

100100

100100

100100

100100

100100

100100

100100

100100

100100

10092

9289

100100

100so10033'

67O'75V5883

83100

10092

10050"

10042'

83

Tumor72''81Group5123412345Treatment"(units)Placebo

(It)
None(rt)10,000

(It)
None(rt)50.000

(It)
None(rt)100,000

(It)
None(rt)Placebo

(It)
None(rt)5,000

(It)
None(rt)10,000

(It)
None(rt)50,000

(It)
None(rt)100,000

(It)
None(rt)Placebo

(It)
None (rt)%of

incidence100

100100

100100

100100

100100

100100

100100

10094

10063

100100100Tumor

vol.(mmj x10~2)44.2

+ 1.2
5.0+1.36.1

+ 1.1
5.3Â±0.94.0

Â±1.0
5.0 Â±1.04.7+

1.1
5.3 Â±0.96.4

Â±1.2
6.9 Â±1.0.6

+ 0.5
.9 Â±0.4.4

Â±0.6
.2 Â±0.6.0

Â±0.3
.6 +0.40.8

Â±0.5
1.3Â±0.61.8

Â±0.7
2.0 + 0.7Final

% of
incidence'100

100100

100100

100100

100100

100100

100100

10094

10088

100too100

" Each mouse carried 2 tumor pieces implanted on day 0. The implant on the

left side (It) was treated, the implant on the right side (rt) was not treated. Each
mouse received 12 injections of 5.000 to 100,000 units of IL-2 from day I to day
16 after tumor implantation.

Mean + SE. Includes palpable but unmeasurably small tumors (2 mm)
recorded 1 to 3 weeks (depending on tumor growth rate) before the mice with the
largest tumors had to be killed. Each test was repeated once or twice, using 6
mice in each test, and the data have been combined. Because the total number of
mice per group was always 12 or 18 mice, only the percentage of incidence is
given (to conserve space).

' By this point of determination, the tumors had either regressed, or grown to

a size beyond likelihood of regression, or grown to a size necessitating euthanasia.
Significantly less than control.

' Tests done in transplant generations 6-8 (tumor 25) and 4-6 (tumor 72),

with slower growth rate (see Table 3).
'Tests done in transplant generations 12-14 (tumor 25') and 8-9 (Tumor

72'), with faster growth rate (see Table 3).

Table 3 Summary of tumor characteristics and IL-2 therapeutic effect

Transplant Transplant immu-
Tumor generationnogenicity"2

3-6++25
6-8++25'

12-14++19

7-1+28
5-9+34
6-9+32

5-635
5-641
2-448
3-665
4-572
4-672'
8-981
4-6"

Information from Table 1. ++, P < (Local

mono- Growth Therapeutic
cyte reaction* rate'effect''++

0.3-0.9++++
2.1-11.0++++
5.3-18.0++

0.4-1.1++
0.03-0.1++

0.5-4.0+

0.5-2.11.4-5.3+

0.3-2.10.1-0.5+

0.1-0.3+++
0.1-0.5++

0.5-2.90.1-0.9).01

;+,/"< 0.05; -, not significant.
HistolÃ³gica! determination (see "Materials and Methods"). ++, more than

200 monocytes/0.04-mm2 field 7 days after implantation into normal mice; +,
50-200 monocytes/field; -, less than 50 monocytes/field.

' Mean tumor volume (mm1 x 10 ') 14 and 21 days after implantation.
d Information from Table 2. ++, P < 0.01; +, P < 0.05; -, not significant.

growing of these tumors (65 and 72) responded to IL-2 therapy.
The faster growing tumors (32, 41, and 72') did not respond to

therapy. Tumors with no monocyte reaction, whether slow
growing (tumors 48 and 81) or fast growing (tumor 35) did not
respond to IL-2 therapy.

With continued serial intramammary passages, the growth
rates of tumors 25 and 72 increased (Table 3). Therapeutic tests
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done during the faster growth of tumors 25' and 72' found that

without a change in transplantation immunogenicity (Table 1)
and local monocyte reaction (Table 3), the strongly immuno-
genic tumor 25 had become less responsive to therapy, and the
nonimmunogenic but monocyte-attracting tumor 72 had be
come nonresponsive. The data are presented in Table 2.

HistolÃ³gica! Examination of the Effect of IL-2 on Peritumor
Monocyte Reaction. The peritumor infiltration by monocytes in
IL-2 treated (50,000 units for 12 doses) and placebo-treated
mice was compared from 3 days to 14 days after intra inanimar)
implantation of 3-mm pieces of each tumor. The normal mon-
ocytic infiltration was enhanced by the peritumor IL-2 injec
tions, most noticeably early in the response. On, e.g., the 5th
day after implantation of tumor 25, the responding cells in a
0.04-mnr area (at x25) next to an IL-2-treated implant would
number, on the average, 325 monocytes with small regular or

irregular nuclei and 175 histocytes and macrophages with large
nuclei. In Fig. 1, note the extent of the monocytic infiltration,
and note the mitoses among the monocytes surrounding an
implant of tumor 25 treated with 50,000-unit doses of IL-2. A
similar area next to a placebo-treated implant of tumor 25
would contain 250 monocytes with small regular or irregular
nuclei and 120 histocytes and macrophages with large nuclei.
In contrast, IL-2 treatments of tumor 81, which did not nor
mally attract monocytes, did not result in any distinguishable
peritumor monocyte reaction (Fig. 2).

DISCUSSION

In the present study, 12 mouse mammary tumors with differ
ent degrees of immunogenicity were tested for their responses
to IL-2 therapy. In tests for which the data have not been

Fig. I. Accumulation of monocytes in the
peritumor stroma of tumor 25 after 12 peri
tumor injections of 50,000 units of IL-2, 16
days after tumor implantation. The edge of the
tumor just shows at the lower left corner. Ar
rowheads, mitotic figures. H & E. Bar, 100 Â»im.

lÃ„aiSM^-i .'$
Â»V \ t \Â¿flurÂ¡>Â»-'>,W.*A*Â«.I*A...â€¢- i Jf â€¢

Fig. 2. Tumor 81 (on the left) and peritu
mor stroma after the same treatment as tumor
25 in Fig. 1. H & E. Bar, 100 Mm.
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presented (to conserve space), it was found that none of the 12
tumors were affected if the IL-2 was injected 2 cm from a tumor
implant, at multiple doses (xl2) of up to 100,000 units each.
When IL-2 was injected close to a tumor implant, however, it
was found that those tumors that responded to the treatment
all had the natural ability to attract T-lymphocytes and mac
rophages identified by immunoperoxidase staining of frozen
sections (16). This observation suggests that the immunogenic
mouse mammary carcinoma MC2 used in earlier studies (14)
responded strongly to local IL-2 therapy because that tumor
has the natural characteristic of attracting a substantial and
early peritumor accumulation of T-lymphocytes and macro
phages (16). That there is a relationship between leukocyte
attraction and the susceptibility of a tumor to IL-2 is also
supported by the observation of Forni et al. (6) that before
peritumor injections of IL-2 could have a therapeutic effect on
the immunogenic BALB/c sarcoma CE-2, it was necessary to
mix the tumor cell inoculum with immune spleen cells. Simi
larly, Steller et al. (17) observed an increased IL-2 therapeutic
effect when the local leukocyte reaction was increased by mixing
the syngeneic sarcoma MCA-105 inoculum with allogeneic
mastocytoma cells. The observations (Table 3) that the suscep
tibility of tumors to IL-2 therapy would be reduced (tumor 25')
or cancelled (tumor 72') by increased growth rate despite their

ability to attract leukocytes point out the sensitivity of the
balance that determines the outcome in the host versus tumor
confrontation.

Histologically, a moderate increase in the numbers of re
sponding monocytes was observed during the local IL-2 injec
tions. It is known from in vitro studies that IL-2 will induce
proliferation of NK cells (18-20) and will induce proliferation
(7) and mobility (21) in T-lymphocytes. The mitotic activity
among the responding monocytes in Fig. 1 may have been in
response to the peritumor IL-2 injections. Mitotic figures
among peritumor monocytes were rarely seen in untreated mice.
It is possible that in a tenuously balanced tumor versus host
confrontation, a moderate shift of forces resulting from IL-2-
induced immunocyte proliferation may become decisive.

It is also possible that the therapeutic effect of IL-2 was via
its ability to stimulate the accumulated monocytes to produce
interleukins other than IL-2. The short in vivo half-life of IL-2
(22, 23) and normal serum inhibitors (24) plus the present
observation that injections 2 cm from a tumor had no significant
therapeutic effect suggest that the systemic therapeutic effect
of IL-2 was via lymphokines released by monocytes at the
treated tumors, which in turn acted on systemic effector cells.
In vitro studies have shown that T-lymphocytes and natural
killer cells can respond to IL-2 treatment by producing inter-

feron (19, 25, 26). With interferon produced at the tumor, the
systemic activation and the further local attraction of T-lym
phocytes (21), natural killer cells (27), lymphokine-activated
killer cells (13), and macrophages (28) could follow.
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