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ABSTRACT

In histolÃ³gica! examinations of intramammary implants of mammary
carcinoma MC2, it was found that eosinophils began appearing at the
implants in numbers well above normal after 3 to 4 wk of immunization.
Massive invasion of tumor tissue by eosinophils did not become evident
until the mice were strongly immunized, after at least 5 wk. Eosinophilia
developed after 5 wk of immunization, with blood counts reaching an
average high of 530 per mm3 (5.8%) compared to a normal count of 90
to 100 per mm3 (1.1%). By implanting MC2 and a second, immunologi-

cally distinct mammary carcinoma into the same mice, it was shown that
the attraction of eosinophils to MC2 was immunospecific. By passive
transfer of immune plasma, it was shown that the local eosinophil
response was promoted by specific immune plasma factors.

INTRODUCTION

The occasional infiltration of human tumors by significant
numbers of eosinophils has been noted and discussed for nearly
100 yr. Yoon (1) reported in 1959 on the positive prognostic
significance of eosinophilic tumor infiltration among 129 cases
of gastrointestinal carcinoma and cited cases of eosinophilic
infiltration of carcinomas of the cervix, breast, lung, intestine,
and skin reported since 1890. Kolb and Muller (2) reported in
1979 that eosinophilic infiltration of primary lung cancer was
a favorable prognostic sign. The topic was reviewed by Bostrom
and Hart (3) and by Lowe et al. (4) in 1981. More recently,
Pretlow et al. (5) reported that, among 67 cases of colonie
carcinoma, prolonged survival was related to high numbers of
eosinophils in the resected tumors.

The role of the eosinophil in cancer as well as in parasitic
diseases and in allergic conditions is, after long investigative
effort, primarily in parasitic diseases, still not well understood.
The predominant current idea is that the eosinophils are im-
munologically directed, by virtue of surface receptors for im-
munoglobulins (6, 7), to act as carriers of potent mediators of
tissue damage in inflammatory reactions (8) (review by Butter-

field et al.).
The purpose of the present investigation was to study the

local and the peripheral eosinophilic responses in relation to
the progressive development of immunity against intramam
mary implants of the mammary carcinoma MC2.

MATERIALS AND METHODS

Mice. All of the animals used in these experiments were 8- to 10-
wk-old female C3H/He mice raised and kept in air filter-covered cages

(Lab Products, Maywood, NJ).
Tumors. The mammary carcinoma MC2 developed spontaneously in

a breeding C3H/He mouse and has been transplanted in syngeneic
female mice. The second transplant generation is stored in liquid N2,
and the tumor was used in the third to the seventh transplant genera
tions. The evidence for the immunological specificity of the systemic
resistance and for the local resistance against MC2 has been presented
before (9).
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The mammary carcinoma 21-6 was the sixth mammary tumor to
develop in C3H/He mouse No. 21. It had been shown in repeated tests
to be immunogenic in transplantation assays; i.e., the cured C3H/He
hosts of Tumor 21-6 were resistant to the growth of reimplants of the
same tumor (10). For these tests, it was retrieved from liquid N2 storage
and was used in the third to fifth transplant generations.

Tumor tissue was removed from freshly killed or from live mice
under the short-acting methoxyfluorane anesthetic Penthrane (Abbott
Laboratories, North Chicago, IL). The soft, translucent, viable tumor
tissue was separated from necrotic tumor and surrounding stroma by
careful microdissection. One-mm pieces of tumor tissue were implanted
s.c. by trocar in the midscapular region to start immunizing tumor
growth. Test implants for histolÃ³gica! studies were 2- to 3-mm pieces
placed in the right and left No. 4 mammary glands with forceps. Tumors
from treated animals were never used for implantation.

Immunoperoxidase Staining. Tumors to be examined for macrophage
and T-lymphocyte content and eosinophil content were sectioned in a
cryostat, at 6 Mm,directly after being excised. The sections were fixed
in cold acetone for 5 min and air dried. The staining followed the
general procedure of Taylor (11). Rat anti-mouse Lyt 2 monoclonal
antibody (Product 1350 from Becton-Dickinson, Mountainview, CA),
rat anti-mouse macrophage monoclonal antibody (MAS-034b from
Accurate, Westbury, NY), and goat anti-rat IgG-horseradish peroxidase
(Product 6470 from TAGO, Burlingame, CA) were used. The Lyt 2
and macrophage markers are sensitive to the treatment with 0.3% H2O2
in 100% methanol for endogenous peroxidase neutralization. Eosino
phils with their high peroxidase content are therefore very prominent
in sections stained for Lyt 2+ cells and macrophages. Their size and
dark staining serve to distinguish eosinophils from I -cells and macro
phages. To identify just eosinophils, sections were pretreated with H2O2
for 10 s to reduce background and then treated with diaminobenzidine
plus I I..O; giving nonspecific staining of eosinophils. Slides were coun-
terstained with Mayer's hematoxylin. To enhance the color of the

diaminobenzidine oxide stain for the Plus-X film used for Figs. 1 and
2, the photomicrographs were taken with dark blue (Kodak V\rallen
47B filter) light. Cells were counted in 5 fields of 0.22 mm2 (^m grid
at xlO) at the tumor-stroma border in each histological sample.

Standard Histology. Acid formalin-fixed and paraffin-embedded sec
tions to be examined for mast cells and for eosinophil enumeration
were stained with Maximow's eosin-azure. Blood smears were stained
with Wright's stain.

Plasma. About 1 ml of blood was collected per donor mouse. The
blood was drawn from the right ventricle into a 2.5 ml syringe contain
ing 2 units of licparin. Blood was pooled, and the plasma was separated
by centrifugation (70 x g) for 10 min. The plasma was kept in the
refrigerator on crushed ice and was used the same day.

Statistical Analysis. Differences in tumor incidence between groups
of mice were evaluated with the x2 test. Differences in mean tumor size
and differences in eosinophil counts were evaluated with the Mann-
Whitney test. Differences between groups were considered significant
when the P value of comparison was 0.05 or less.

RESULTS

The Eosinophil Reaction at Stages of the Immune Response.
The MC2 is an immunogenic tumor that has been observed to
elicit local eosinophil infiltration and eosinophilia in syngeneic
hosts (12). Preliminary studies determined that necrotic MC2
tissue and 5000-rad-irradiated MC2 tissue attracted insignifi
cant numbers of eosinophils. The mice in this study were
examined during the developing, the complete, and the declin
ing stages of the immune response. The mice received s.c.
immunizing MC2 implants in the midscapular area. The im-
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Table 1 Progressive development of immunity and eosinophil response
MC2 tissue was implanted into right and left mammary glands. On each of the days indicated, one of 3 of the right implants was removed after random selection,

prepared for standard or immunoperoxidase staining, code numbered, and evaluated. The left implants remained for growth measurements.

ImmunizingimplantDay

Groupimplanted1
-102
-153
-204
-305
-406
-507

-70 to-50'8
-90 to-80'9

-12010-100'10
-1501

1 Sham surgeryDay

removed+20+20+

15-1-11"-30

to-10-50
to-40-80
to-60-110Eosinophil

response at testimplantDay

2395573156Â°275Â°

inv+176Â°
(Days2-4)c289Â°

inv:233Â°
inv:128Â°5223Day

5576987207Â°283Â°'c113'175Â°'c164Â°'c2

15Â°inv:144

inv:32Day

107292141Â°302Â°

invÂ±*106'82C127Â°'c86C227Â°235"25Incidence

(Day20)14/1519/2014/203/20Â°0/23Â°0/34Â°0/30Â°0/19Â°5/27Â°6/14Â°10/10Regressions(Day60)1/143/194/142/35/55/62/10

" Significantly different from sham surgery groups (P < 0.05).
* invÂ±,+, :, degrees of eosinophil invasion seen on that and also on the following time points (invÂ±,inv+, inv: = <20%, 20-50%, >50% of the counted eosinophils

inside the tumor-stroma border, respectively).
' No live tumor cells seen.
""The MC2 implants were dormant or regressing when removed.

' Mice with 40-day MC2 implants were cured at increasing intervals before the tests. Because of the similarity of the results, several time groups have been

combined.

munizing implants remained in place, in the different groups
in Table 1, from 29 to 49 days, and they were removed from
110 days before to 20 days after the test MC2 tissue was
implanted in the right and left No. 4 mammary glands. The
right implants were removed 2, 5, or 10 days after implantation
for histolÃ³gica! examination. At the same time, a drop of blood
from the tail was examined for differential leukocyte count.
The left implants remained to determine, by tumor incidence
and growth, the level of transplantation resistance developed in
each group of mice.

Table 1 shows the results of this study. There was a moderate
and gradually increasing eosinophil count at the tumor-stroma
borders from the Day 2 test in Group 1 to the Day 10 test in
Group 3. After approximately 30 days of immunization (Group
4), the eosinophil accumulation became more striking, but even
a moderate degree of eosinophil invasion of the tumor tissue in
Group 4 was not consistently observed until Day 10 (Fig. 1).
At this level of immunization the survival of the implants was
low, and only one of 20 implants grew progressively. After 39
days of immunization (Group 5), the eosinophil response was
rapid and tumor invasive. All implants were dead by Day 5,
and by Day 10 relatively few eosinophils surrounded the ne-
crotic remnants of the MC2 implants. Group 6 contained mice
that had been selected as particularly strong immune re-
sponders, indicated by their regressing or arrested immunizing
tumor implants. In these mice, where the macrophage reaction
was seen in histological sections to be particularly intense, the
implants were dead in 2 to 4 days. The eosinophil response was
not as strong as might have been expected, and it gradually
declined from Day 2 to Day 10. In Groups 7 and 8, the
eosinophil response was rapid, strong, and very actively tumor
invasive. Fig. 2 shows the invasion by eosinophils of a Day 2
implant in Group 7. This picture also illustrates the previously
reported (9, 12-14) and consistent observation that T-cells (in
Fig. 2, Lyt 2+ cells) have little tendency to invade among the
cells of the tumor, but they accumulate at the tumor-stroma
border. Groups 9 and 10 show that, with 60 to 110 days passed
since the immunizing implants were removed, the eosinophil
reaction was less immediate than in Groups 5, 7, and 8, but
developed rapidly, typical of a secondary immune response.
The immune resistance was eventually almost completely pro
tective. In mice cured of their immunizing tumors 110 days
before the test, the invasiveness of the eosinophils was not

manifest on Day 2, but was well developed by Day 5.
In these tests eosinophilia developed after 30 to 40 days of

immunization. The count went up from the normal (average,
10 mice) 100/mm3 (1.1%) to an average (34 mice) high of 530/
mm3 (5.8%) after 50 days of immunization (P < 0.01). Imma

ture cells with unsegmented nuclei were common after 30 to 40
days, and often as high as 50%.

Immunogenic Specificity of the Eosinophil Response. To in
vestigate the immunologie-ai nature of the eosinophil response,

it was important to this study to determine whether the eosin
ophils of immunized mice would be preferentially attracted to
the specific tumor target. The mice in this study carried mid-
scapular s.c. immunizing implants of tumors MC2 or 21-6 for
40 days. The immunizing tumors were resected the day before
pieces of MC2 and 21-6 were implanted in the right and left
No. 4 mammary glands. The implants in '/2 of the mice were

removed 2, 5, or 10 days after implantation for histological
examination; the implants in the second '/2 of the mice were

left to determine the level of specific transplantation resistance.
Table 2 shows the results of this study. The tumor incidence

30 days after implantation shows the specificity of the antitu-
mor immunity. The eosinophilia that developed in MC2-im-
munized mice (2.8%, Day 42) resulted in specific attraction to
MC2 implants only. The death of all MC2 implants by Day 5
was followed by a reduced eosinophil count on Day 10. The
higher than normal eosinophil count at 21-6 implants in MC2-
immune mice could be explained by the elevated blood count
as well as by nonspecific attraction.

Mast cells in the mammary and s.c. tissues close to implanted
MC2 and 21-6 tissue showed degranulation, indicated by the
scattered granules around the nuclei of mast cells close to, but
not at a distance from, tumor implants within 24 h of the
implantation. However, there were no indications that mast
cells participated in the developing local anti-MC2 and anti-
21-6 reactions, and mast cells were not seen above normal
numbers at any stage of the reactions.

The Eosinophil Response with Immune Plasma Transfusion.
The development of an intense eosinophil reaction with inva
sion of the tumor implant was coincidental with the develop
ment of strong humoral immunity.2 It was therefore of interest

2The observation, that serum from mice cured of MC2 implants at least 5 wk

old had become strongly lytic to MC2 cells and passively transferred increased
resistance to normal MC2 recipients, has been published ( 12).
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Fig. 1. Eosinophil infiltration of the
slroma at the edge of a projection (from the
lop) of growing MC2, 10 days after implanta
tion into a mouse immunized for 29 days
(Group 4. Day 10; Table 1). Arrowheads point
to the stromal border. A minor portion of the
eosinophils has invaded the MC2 tissue. Dia-
minobenzidine-H2O2 stain, hematoxylin coun-
terstain. Kodak Wratten 47B filter. Bar, 100

^ . *fc
Fig. 2. Eosinophil invasion of MC2 tissue A * *, *- ,

(right). 2 days after implantation into a mouse % * â€¢ lA â€¢ Â»^ â€¢â€¢ *
immunized for 40 days and cured 10 days Â« * ^ i1^
before the test implant (Group 7, Day 2; Table . Â» - ' Â»^, .
1). Â¿ar#i' arrowheads point to the tumor- . Â» > â€¢
Stromaborder. The majority of the eosinophils * V*^
have invaded the MC2 tissue. The majority of Â»â€¢4 'Â»
the Lyt 2+ cells remain in the stroma. Small \ * * â€¢
arrowheads point out typical Lyt 2 T-cell (left) * ^ ^
and typical eosinophil (right). Lyt 2-monoclo- I Â» ' ^ a â€¢
nal antibody-treated section, diaminobenzi- ^ â€¢̂ \ Â»^ ^
dine-H2O2 stain, hematoxylin counterstain. . ^ I %fr* % * >~
Kodak Wralten47B filler. Bar. 100 ^m. f\. / \,4 Â»tÂ» *Â»

Â» ^ Â»^ ^^

Table 2 Cross-immunization with tumors MC2 and 21-6 and specific eosinophil response
Challengetumors'Immunizing

tumors'MC2

21-6
UnimmunizedMC2Day

2287e'1'
inv+'

51
28DayS49 30Day

1068

38Incidenceo/i

y15/15(9.1)
18/20(8.8)Day

2106f

78
30DayS128Â°

101
3621-6Day

1090

8425Incidence15/15(10.7)Â«9/20c (7.3)f

20/20(11.0)
1In for 40 days, excised 1 day before the test.
'' Tumor tissue was implanted into right and left mammary glands. On the days indicated, the implants in 'A of the mice were removed, and the second 'A retained

their implants to determine the incidence and size of measurable growth (>2 mm) 30 days after implantation.
c Significantly different from unimmunized mice (P < 0.05).
d Significantly different from 21-6 immunized mice (P < 0.05).
' See Table 1 for definition of abbreviation.

No live tumor cells seen.
* Number in parentheses, size of tumors (mm).
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