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ABSTRACT

During the developing phase of concomitant immunity against
primary s.c. implants of the mammary carcinoma MC2, re
sponder cells identified as Lyt 1 and Lyt 2 T-cell subsets and B-

cells showed little tendency to infiltrate among the cells of the
implants and did not appear to have any direct cytotoxic effect.
Macrophages were also not cytotoxic at this time, but they were
closely associated with the formation of a fibrous cellular capsule,
always found around tumors in arrested growth or in regression.
After a period of growth, about 20% of the MC2 implants
regressed spontaneously. Surgical disruption of the capsules
formed around 5-week-old primary tumor implants did lead to
more frequent regressions, showing that a capsule that could
destroy a tumor slowly also shielded the tumor against highly
activated and effective systemic rejection mechanisms.

In mice less than fully immunized with 3-week-old primary

implants, the accumulation of responder cells at a second implant
was rapid, and the development of a capsule was accelerated.
Only the macrophages had developed a tendency to infiltrate
among the tumor cells. Implants in partially immune mice had a
lower mitotic index than did implants in normal mice. Of the
second implants, 30% did not reach palpable size, and 42%
regressed after a period of growth.

Only after at least 5 weeks of immunization did a rapid destruc
tion of second implants become evident. The tumor-destructive

process was associated with infiltration by activated macro
phages and was completed in 3 to 6 days.

INTRODUCTION

A current and central concept in tumor immunology holds that
host effector cells of the lymphocytic and macrophage series
inhibit the growth of immunogenic solid tumors by a process of
infiltration and cytotoxic effect that involves close contact be
tween effector cells and neoplastic target cells. The concept is
supported by substantial published data on the cytotoxic effects
of mononuclear cells in vitro. Support can also be found in the
large body of evidence that shows the presence in tumors of
mononuclear cells of lymphocyte and macrophage classifica
tions. Some of these studies have enumerated lymphocytes and
macrophages in suspensions of enzymatically disaggregated
tumors (7,19,21,23), and some have used tumor tissue sections
(2, 11,12,18, 28). But some uncertainties affect the analysis of
mononuclear cell infiltration: nonspecific histochemical and im-

munochemical staining, particularly in tissue sections; and altered
numerical relationships and loss of topographical information in
disaggregated tumor cell suspensions. Problems in the interpre-
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tation of in vivo aspects of antitumor reactions have been dis
cussed by Key (11) and by Nash (18).

Questions about the concept of tumor destruction by infiltrat
ing cytotoxic effector cells have also been introduced by several
histopathological reports. These describe the accumulation of
responding mononuclear cells around a tumor and in the con
nective tissue bands within a tumor but without a mixture of
responder cells with tumor cells (4, 6, 9, 22, 26). Histological
studies of cellular reactions against human primary breast cancer
(4) and against transplanted mouse mammary tumors (26) led to
similar conclusions that mononuclear responder cells tend not to
progress past the interface of stroma and tumor.

Despite all of the information derived from in vitro tests and
from histological studies, it is a fact that not much is understood
about the processes and mechanisms involved when host cells
confront a spontaneous tumor or an implanted tumor. This is a
measure of how difficult it is to interpret cellular actions and
interactions at a reaction site and how little basis there still is for
assuming that events observed in vitro represent the events that
take place in vivo.

The purpose of the present investigation was to study the
progressive deployment of different effector cells at the tumor in
relation to rising levels of the host's rejection efficiency. By

looking for simple and characteristic differences in responses by
distinct cell types during moderately successful and highly suc
cessful tumor rejection reactions, it was hoped that a basic
mechanism of defense against cancer might be revealed.

MATERIALS AND METHODS

Mice. All of the animals used in these experiments were 8- to 10-
week-old female C3H/He mice, raised and kept in an infection-controlled

environment.
Tumor. The mammary carcinoma MC22 developed spontaneously in

a multiparous C3H/He mouse and has been serially transplanted in
syngeneic female mice. The second transplantation generation is stored
in liquid N2, and the tumor was used in the third to seventh transplant
generations. This immunogenic tumor has the characteristic of being
rejected, after reaching a size of as much as 10 mm (average, 6.5 mm),
by about 20% of untreated, unimmunized, syngeneic female hosts. An
MC2 implant may also, in occasional mice, show a period of growth,
followed by a static period of 3 to 8 weeks (dormancy?), which may end
in rejection or renewed growth. The evidence for the immunological
specificity of the anti-MC2 systemic resistance, as well as for the local

stromal reaction, was presented in a previous publication (27). There, it
was also observed that, in sublethally irradiated (450 rads) mice, the
local cellular response at s.c. MC2 implants was much reduced, and the
implants grew progressively in all recipients.

The mammary carcinoma 21-6 was the sixth mammary tumor to

develop spontaneously in C3H/He Mouse No. 21. It had been shown in
repeated tests to be immunogenic in transplantation assays; i.e., the

2The abbreviations used are: MC2, a spontaneous mammary adenocarcinoma;

McAb, monoclonal antibody; HPO, horseradish peroxidase.
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cured C3H/He hosts of Tumor 21-6 were resistant to the growth of

reimplants of the same tumor (25). In these tests, it was used in the
seventh to tenth transplant generations.

Tumor tissue was removed from freshly killed or live mice under the
short-acting methoxyfluorane anesthetic Penthrane (Abbott Laborato

ries, North Chicago, IL). The soft, translucent, viable tumor tissue was
separated from the necrotic tumor and the surrounding host stroma by
careful microdissection. The proportion of viable tissue was determined
by the examination of hematoxylin- and eosin-stained cryostat sections
and was usually found to be greater than 80%. Two 1-cu mm pieces of

living tumor tissue were implanted s.c. by trocar in the right flank to
initiate new growth and to immunize test animals. Test implants for short-
term histological studies were single 4-mm pieces of tumor placed s.c.

with forceps. Test implants were placed in the right flank. Tumors from
treated animals were never used for reimplantation.

Relocation of Tumors. Tumor implants that were in arrested growth
or in an early stage of regression were bisected through an opening in
the skin close to the tumor. One half of the tumor and its capsule was
left as nearly undisturbed as possible; the other half was carefully
removed and reimplanted s.c. on the opposite side of the mouse.

Mitotic Index. Mice were given injections i.p. with 0.025 mg (1 mg/
kg) vincristine sulfate (courtesy of Eli Lilly Co., Indianapolis, IN) 1, 2, and
4 hr before tumor implants were removed for formalin fixation and
histological sectioning. The 2-hr interval was found to be optimal and

was used in the present study. For each of 10 tumors/group, 500 cells
on each of 3 sections were counted using a micrometer grid.

Blood Flow. The functional state of blood vessels in and around
tumors was compared in mice carrying progressively growing tumors or
carrying dormant or regressing tumors. The mice received an injection
of 0.1 ml of 0.02% resorcin-crystal violet in phosphate-buffered saline

(15) via the left ventricle. The tumors were removed for histological
examination 5 min after the injection.

Immunoperoxidase Staining. Tumors to be examined for T-lympho-

cyte content and macrophage content were sectioned in a cryostat, at
6 /Â¿m,directly after being excised. The sections were fixed in cold acetone
for 5 min and air dried. The staining followed the procedure described
by Taylor (24). Rat anti-mouse Lyt 1 McAb and Lyt 2 McAb (Products
1340 and 1350 from Becton-Dickinson, Mountainview, CA) rat anti-

mouse macrophage McAb (Product MAS 034b from Accurate, Westbury,
NY), and goat anti-rat IgG-HOP (Product 6470 from TAGO, Burlingame,

CA) were used. The Lyt 2 and macrophage markers are sensitive to the
peroxidase neutralization pretreatment with 0.3% H2O2 in 100% metha-

nol. Eosinophils with their high peroxidase content are therefore promi
nent in sections stained for Lyt 2+ cells and macrophages. Slides were
counterstained with Mayer's hematoxylin. To enhance the color of the

diaminobenzidine oxide stain for the Plus-X film used for Figures 2 to 5,

the photomicrographs were taken with dark blue (Kodak Wratten filter
47B) light. The anti-IgG, anti-Lyt 1, and anti-Lyt 2 antibodies were

pretested on frozen sections of C3H/He thymuses and lymph nodes,
where the normal distribution of lymphocyte subclasses serve to distin
guish the specificity of the antibodies.

Tumors to be examined for B-lymphocytes and B-immunoblasts were

fixed for 6 hr in 10% formalin plus 8% acetic acid at pH 3.2 to reduce
nonspecific background staining and to remove membrane-bound im-
munoglobulins from cells other than cells of the B-cell series. The paraffin-

embedded sections were stained by the procedure described above,
using rabbit anti-mouse IgG-HOP (DAKO Product P161 from Accurate,

Westbury, NY).
Statistical Analysis. Morphological studies are inconvenient to eval

uate statistically. The morphological observations presented in Chart 1
and the conclusions reached in this study are based on the examination
of tumor specimens removed at times and under conditions recreated at
least 10 times (short-term studies) to more than 100 times (dormant and

regressing tumors). Immunoperoxidase stains were done in duplicate
and triplicate for each McAb dilution factor.

Differences in the incidence of tumor regression were evaluated with

the x2 test. Differences in the mitotic index were evaluated with Student's

f test. Differences between groups were considered significant when the
p value of comparison was 0.05 or smaller.

RESULTS

Growth Restraint by Cellular Fibrous Encapsulation

Reaction in Normal Mice. A surrounding cellular fibrous cap
sule was a constant feature of every MC2 implant removed for
histological examination during its arrested growth (dormancy)
or during its regression. Fig. 1A shows an encapsulated MC2
implant removed during its early regression from 7 to 6 mm, 25
days after implantation into a normal mouse. The central areas
of viable and necrotic tumor were surrounded by a capsule
composed of mononuclear cells, eosinophils, and collagen fibers.
The section has one area of densely packed lymphocytes not
unlike mucosa-associated lymphoid tissue. By the location of
intravasculariy injected resorcin-crystal violet, it was found that

all dormant or regressing tumors were without active blood
supply, even if the surrounding capsule was highly vascular.
Nevertheless, until a very late stage of regression, such tumors
still contained viable (transplantable) tissue and tumor cells in
mitosis. Fig. ^B shows that, in the confrontation with effector
cells in an incompletely immunized mouse, tumor cells survived,
even in close association with lymphocytes and macrophages.

The relative proportions of the cells involved at representative
points of the progressive tumor encapsulation process are
shown in Chart 1. The process was initiated by the arrival, via
the cutaneous blood vessels, of Lyt 1+ and Lyt 2+ T-lympho-

cytes. Macrophages began arriving, in numbers recognizably
above the background of resident Langerhans cells and histio-
cytes, later than the T-cells by 24 to 48 hr. From the fifth or sixth

day after implantation, increasing amounts of collagen fibers
accumulated around the tumor implants. Immunoperoxidase
staining at the initial phase of capsule formation showed that the
arriving macrophages were closely, maybe directly, associated
with the collagen formation.

In view of morphological similarities between MC2 encapsu
lation and certain granulomatous processes, e.g., tubercle for
mation, it should be noted that neither phagocytosis nor giant
cells were seen in the several hundred encapsulated tumors
examined.

The centers of the implanted 4-mm pieces of MC2 tissue

became necrotic by the fifth to seventh day, leaving a shell of
viable tumor cells. This condition is important to note in consid
eration of the different condition of tumor tissue implanted into
fully immunized mice.

Lymphocytes of the B-series arrived later than the T-lympho-
cytes and the macrophages. The first pale-staining (low cyto-
plasmic IgG) B-immunoblasts were seen in the stroma at a

distance from the tumors 2 weeks after implantation. After 3
weeks, significant accumulations of plasma cells were seen in
the stroma close to the tumors.

Eosinophils began appearing at the tumors in numbers well
above normal 3 to 4 weeks after tumor implantation. Eosinophilia
developed after 5 to 6 weeks. The blood counts went up from a
normal 100/cu mm (1.1%) to an average high of 525/cu mm
(5.7%). The accumulation of eosinophils at the tumor has been
shown to be immunospecific in mice immunized against MC2
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Chart 1. Resistance reactions against MC2 implants. Factors and progressions in the developing local reaction against implants of MC2 tissue. Presentation
(Presens.) was by s.c. trocar implantation of living MC2 tissue. The sensitizing implants were excised during the fifth week of growth, at a size of 10 to 15 mm. The test
implants were removed, at daily intervals from the first to the 14th day after implantation and at less frequent intervals from the 14th to the 50th day, to be examined by
immunoperoxidase staining and by H & E staining, eosin, eosinophils; Ma, macrophages).

and implanted with MC2 and 21-6.3

Mast cells in the dermis and s.c. tissue close to the tumor
implant showed degranulation within 24 hr of the implantation.
There were no indications, however, that mast cells accumulated
as part of the stremai cellular reaction against MC2 implants.

Figs. 2 to 4 show the accumulation of Lyt 1+ T-cells, Lyt 2+
T-cells, and macrophages at an MC2 implant. The tumor was in

arrested growth at 7 mm, 23 days after implantation. The pho
tographs show that Lyt 1+ and Lyt+ cells occupied similar
positions in the stroma, with little tendency to infiltrate the tumor.
The macrophages, on the other hand, had infiltrated the tumor
to a depth of 0.25 mm. The most remarkable observation, of this
and numerous other examinations of regressing MC2 implants,
was that the host reaction, during the incompletely developed
immune response, controlled the tumor without apparent direct
cytotoxic effect. Fig. 5 shows IgG-containing plasma cells at an

MC2 implant in arrested growth, 25 days after implantation.
The immunological specificity of the stronfiai reaction was

tested in mice carrying 3-week-old intrascapular s.c. MC2 im
plants. Test implants of 4-mm pieces of MC2 and 21-6 implanted

s.c. in the right and left flanks were removed at daily intervals
after 1 to 5 days for standard histolÃ³gica! examination. The
infiltration by monocytes was markedly stronger around the MC2
implants. On, e.g., the second day, the responding cells in a 0.15
sq mm area (at 400x) next to the MC2 implant would number,
on the average, 100 small, regularly nucleated lymphocytes, 350
irregularly nucleated lymphocytes, and 500 macrophages and
histiocytes. In the same mouse, a similar area next to the 21-6

implant contained, on the average, 60 small, regularly nucleated
lymphocytes, 100 irregularly nucleated lymphocytes, and 50
macrophages and histiocytes.

Most of the tumors that would eventually regress completely
(about 20%) were in early regression 5 weeks after implantation.

3J. Vaage, unpublished data.

Most of the tumor hosts (with growing, arrested, or regressing
tumors) had, at this time, developed a strong systemic resistance
to MC2. This was expressed in several ways: (a) MC2 hosts, as
well as cured mice, were completely resistant to reimplantation
with the same tumor; (b) cured mice were still completely resist
ant to MC2 when challenged 90 days later; (c) serum from hosts
and cured mice was strongly lytic to MC2 cells in complement-

dependent cytotoxicity tests; and (d) serum from hosts and cured
mice passively transferred increased resistance to normal recip
ients of MC2 implants.

Reaction in 3-Week-preimmunized Mice. Chart 1 shows the

sequential reactions at MC2 pieces implanted into mice already
carrying 3-week-old s.c. implants of MC2 (excised during the

fifth week). The main observation made under this condition was
that the cellular responses were accelerated and increased.
Macrophages, in particular, were now present in substantial
numbers already 24 hr after the implantation and remained the
most numerous cell type throughout the rejection process. The
fibrous cellular capsule developed much faster than in mice not
preimmunized. Eosinophils and IgG-producing B-cells also ar

rived sooner. At this, still incomplete, level of immunity, 30% of
the implants were rejected without measurable growth and, of
the 70% that grew, 3 of 5 eventually regressed. The two most
significant aspects of this accelerated rejection process were: (a)
at 5 to 7 days after implantation, the viable and dividing portion
of the implant was the outer part, in direct contact with the
responding T-cells and macrophages. The average mitotic index
in 5-day-old implants in immunized mice was 2.4% (range, 1 to

6%). Similar implants in normal mice had a mitotic index of 5.7%
(range, 5 to 10%) (p < 0.01 ); and (D) regressing tumors were still
viable within the capsules that were slowly destroying them.

Destructive and Protective Capsule

Early in the histolÃ³gica! study of the local reaction against MC2
implants, it was observed that a weak portion of a capsule would
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allow an arrested tumor to expand or penetrate and then most
often grow progressively. The question then presented itself:
what would follow if a strong capsule was deliberately opened
by incision? Would the tumor sortie from the opening, or would
the surrounding and the systemic armies of activated immune
effector cells enter and destroy the exposed tumor? To approach
this question, s.c. MC2 implants that were in arrested growth or
in an early stage of regression at different times after implantation
were treated as described in "Materials and Methods."

Table 1 shows the results of this investigation. The group of
bisected 14-day-old implants was the basic control for the effect
of surgical disturbance on typical MC2 growth. These tumors
were too recently implanted to show signs of immune control
but would, it undisturbed, have had the average 21 to 25%
likelihood of regression. The incidences of regressions in undis
turbed tumors from Day 21 to Day 35 show that, the earlier the
signs of growth control appeared, the greater was the likelihood
of successful control. Bisected at 21 days, the expected 66%
regression was reduced to 31%. Bisected at 28 days, the
proportion of regressions was equal to the undistrubed controls
but, at 35 days, the systemic immunity had reached a level of
effectiveness that doubled the number of regressions when the
capsules were disrupted. At all times was the systemic immunity
more effective against the relocated half of the tumors than
against the established bisected half or against the undisturbed
tumors.

activated cells, appeared early in large numbers, invaded the
implant directly, and were closely associated with the destruction
of tumor cells.

Eosinophils, with up to 50% juvenile forms and with a strong
tendency to infiltrate the implant, were present in significant
numbers from the first day. B-cells were never seen to be part

of this reaction. Fibrous encapsulation was insignificant to mod
erate.

Frozen sections of 3- to 5-day implants of MC2 stained with
anti-macrophage McAb showed that the tumor cells in the pe

riphery of the implants were obscured by the staining of the
diffuse, noncircumscribed cytoplasm of the infiltrating macro
phages. Directly following sections stained with anti-Lyt 1 McAb
or with anti-Lyt 2 McAb showed that very few T-cells had

infiltrated the implants and showed that dead tumor cells (which
bind IgG-HPO nonspecifically and have well-defined cytoplasmic

borders) were in exactly those peripheral parts of the implants
that had been shown to be infiltrated by macrophages. The
tumor cells in the centers of the implants were live. The peripheral
location of dead tumor cells at 3 to 5 days in fully immunized
mice should be compared to the peripheral survival of tumor
cells in normal mice.

By the seventh day after implantation, no living tumor cells
remained in any of the implants, by microscopic examination, or
tested by reimplantation into irradiated (450 rads) mice. After 2
weeks, only a fibrous scar remained at the reaction site.

Tumor Destruction in Fully Immune Mice DISCUSSION

Chart 1 shows the reactions at MC2 pieces implanted into
mice that had been surgically cured of 5-week-old s.c. implants

that were arrested or regressing. At this point, the immune
reactivity against MC2 implants appeared to have reached max
imum effectiveness. Longer exposure to the immunizing implant
or further stimulation of cured mice by s.c. injections of irradiated
(5000 rads) MC2 cells, did not alter the events at s.c. test
implants of MC2 pieces. The most notable change in the reaction
at this point was that macrophages, with the oval, pale nuclei of

Table 1

Effect of partial excision on MC2 tumors in arrested growth

Mice carrying s.c. MC2 implants of various duration (preimmunization period)
had one-half of the implant removed to a contralateral location. The further growths

of the 2 halves were compared.

Preimmunization
period (days)

Regression of remaining
half of tumors8

Regression of relocated
half of tumors

14Â±2"

21 Â±3
28 Â±3
35 Â±3

None
14 Â±2
21 Â±3
28 Â±3
35 Â±3

5/38(14)'-*
8/26(31)'

15/29(52)"

40/49 (62ÃŒ

19/38(50)Â°
20/26(77)Â»
24/29 (83)
48/49 (98)*

Regression of undisturbed
tumors

31/146 (21i
11/44(25)*
27/41 (66)"
17/32(53)Â°
16/39(41)"

" x2 evaluations: d versus e, p < 0.005; d versus m, N.S. (not significant); e

versus m,p< 0.05; m versus n, p < 0.005; n versus o, N.S.; o versus p, N.S.; n
versus p, p< 0.05; f versus g, p < 0.005; f versus n,p< 0.01; g versus n, N.S.;
o, versus /', p < 0.05; e versus o, N.S.; / versus o, p < 0.05; /' versus k, p < 0.01 ; /

versus p, p < 0.005; k versus p,p< 0.005; / versus m, N.S.
6 Mean Â±S.D.
0 Numbers in parentheses, percentage.

It seems that the conflicting information about the disposition
and actions of effector cells referred to in "Introduction" may

become explained, at least in part, when the factor of time in
effector cell activation is added to the speculation. In vitro studies
by Meltzer ef al. (16) have already indicated that macrophage
activation may be an escalating process from cytostatic to
cytotoxic action, rather than an activation of cytostatic and
cytotoxic subpopulations of macrophages.

The present histological studies consistently observed the
following processes during the destruction of MC2 implants: (a)
lymphocytes of the T-cell and B-cell series accumulated in the

stroma close to masses of tumor cells, but they infiltrated the
tumor only to a minor degree. Commingling of lymphocytes and
tumor cells was mainly the result of tumor cells invading the
stroma; (b) macrophages, or a subclass of the macrophage,
were involved in tumor encapsulation during the developing
stages of resistance activation. Even when macrophages infil
trated the tumor in incompletely immunized mice, the process
remained noncytotoxic, and the tumor implant was destroyed
slowly, possibly by a combination of cytostatic action by effector
cells and vascular occlusion as a result of the shrinking of the
collagen fibers in the capsule (1, 26); and (c) an association of
macrophages with rapid destruction of MC2 implants was only
observed after about 5 weeks of immunization. At this level of
immunization, macrophages rapidly invaded second MC2 im
plants that were then destroyed in 3 to 6 days.

The immunological nature of the cellular reactions against MC2
is indicated by the enhanced reaction in preimmunized mice.
This is supported by a lack of enhanced reactions against Tumor
21-6 in mice immunized against MC2. Evidence for the negative
effect of radiation (450 rads, whole-body) on the local reaction
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has been published (27). The local reactions summarized in Chart
1 were only observed against implants of viable MC2 tissue.
Implants of necrotic MC2 tissue or irradiated (5000 rads) MC2
tissue attracted a local response by neutrophils and macro
phages and were replaced by a fibrous mass in 1 to 2 weeks.

Before the effector cells were fully activated, the effect of
lymphocytes and macrophages close to MC2 implants was not
lethal but growth inhibiting. Implants into incompletely immunized
mice quickly became surrounded by T-cells and macrophages

and had a lower mitotic index than did similar implants in normal
mice. The partial inhibition of mitosis may have been homologous
to macrophage-mediated cytostasis In vitro. Stewart (20) sug
gested that low thymidine uptake in tumors with high macro
phage content was an expression of cytostasis. Several investi
gators have shown that the stimulated but not the resting
macrophage is capable of preventing, without killing, the prolif
eration of cultured tumor cells (8, 10, 13, 14). The early (6 hr)
and reversible effect of macrophage-mediated cytostasis in vitro
distinguishes the phenomenon from the slower (average, 24 hr)
process of macrophage-mediated cytotoxicity, and T-cell prod

ucts have been found to induce (17) or to increase (10) the in
vitro cytostatic effect of macrophages. In the in vivo studies
reported here, T-cells and macrophages were always mixed in
the stromal reaction around MC2 implanted into normal mice
and not fully immunized mice.

The relevance of in vitro cytostasis to defensive reactions in
vivo is not easily determined, but macrophage-associated growth
control that contain by activated cells rather than kill by hyper-
reactive cells is probably a biologically important and also a self-

preserving way of dealing with neoplastia diseases, as well as
with many parasitic diseases.

Biological interactions and relationships are rarely, if ever,
simple. Some, like the diverse and complex immune resistance
mechanisms that protect us, can also be inadequate, improper,
or adverse. The capsules that contained and frequently de
stroyed MC2 implants also separated the tumors from the hosts'

increasingly stronger systemic immunity and thereby protected
them. Early in the development of the immune response (21 Â±3
(S.D.) days; Table 1), the disruption of the capsule reduced the
number of expected regressions because the established but
contained tumor was then released to confront effector cells not
yet activated to rapid destructive capacity. However, when tu
mors were incised in fully immunized mice (35 Â±3 days; Table
1), fully activated cells could enter the tumor, and the number of
expected regressions was exceeded.

It remains a question why only a portion of the undisturbed
tumors in arrested growth would ultimately regress in hosts that
were known to have developed highly effective concomitant
defense mechanisms. Because the high potency of the resist
ance had been found to be intact when tested from 1 to 90 days
after surgical cure, loss of cytotoxic potency was an unlikely
reason why many tumors resumed progressive growth. And,
because transplants from a tumor in renewed growth after
dormancy were found to have the same growth characteristics
as the original MC2, the emergence of an uncontrollable cell
population was another unlikely reason. The probably explana
tion is that an advantage remained with the established, actively
growing tumor, even in its confrontation with highly activated
immune effector cells. This, in turn, raises a hard-to-answer

question about the relative importance of cytotoxic cells, dem

onstrated by experimental artifice, when established experimen
tal (and clinical) tumors may be little affected by them.

The conclusions and speculations that may be derived from
this study rest on the subjectivity of morphological interpretations
but also on the substance of in vivo observations. Thus, the
conclusion that the destructive capacity of macrophages has
been observed to progress from cytostatic to cytotoxic is based
on circumstantial evidence only, but the histological findings are
in agreement with substantial in vitro evidence. The rapid de
struction of MC2 pieces implanted into fully immunized mice
could have been the responsibility of fully activated macro
phages. However, the conclusion that tumor destruction in vivo
may also progress by subacute immune mechanisms that involve
neither lymphocyte infiltration of the tumor nor lymphocyte cy
totoxicity, even at close proximity with tumor cells, may seem to
contradict some central concepts in tumor immunology. An
absence of cytotoxic effect by lymphocytes in vivo, even when
in close association with tumor cells, has also been noticed in
earlier studies of human (3, 4) and animal (5, 26, 27) tumors.
Still, there need not be any conflict between in vivo observations
and the abundance of information from in vitro investigations of
T-cell cytotoxicity. The 2 environmental conditions are funda

mentally different and must be assumed to influence the perform
ance of cells whose heterogeneity, functional variability, and
functional interdependence are recognized. There can be no
argument with the clear evidence that T-cells which are cytotoxic

in vitro also function in adoptive in vivo transfer experiments.
However, this is evidence of their involvement and not of their
direct responsibility for tumor destruction. The antitumor role of
T-cells in vivo remains obscure.
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Fig. 1. A, MC2 implant during early regression, 25 days after implantation. The part of the capsule closest to the partially necrotic tumor is a pale zone of histiocyte-
epithelioid cells. H & E, x 50. 8, detail from A, lower left comer. The tumor occupies roughly the upper right quarter of the picture. Several mitotte figures can be seen.
x200.

Figs. 2-4. Lyt 1+ cell (Fig. 2), Lyt 2+ cell (Fig. 3), and macrophage (Fig. 4) reactions at a 23-day-old MC2 implant quarter. The 3 sections are sequential cuts from
the same frozen tissue. The tumor-stroma border (more distinct on the slides) is indicated with arrows. Host stroma in the upper center. The small, scattered deeply
stained cells in Figures 2 and 3 are eosinophils (see "Materials and Methods," Immunoperoxidase Staining). Immunoperoxidase with diaminobenzidine reagent; hematoxylin

counterstain. x 80.
Fig. 5. B-cell reaction at a 25-day-old MC2 implant. The tumor is on the right. Immunoperoxidase with diaminobenzidine reagent; hematoxylin counterstain. x 250.
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