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uring the past 20 years, there

have been many reports of
the presence of inflammatory and
immune-cell infiltrates in various
neoplasms, including colorectal
cancer. Initially, these findings were
thought to indicate that although
the immune system can recognize
autologous tumor cells, it mounts
an ineffective response to them.
In the 1990s, functional studies
demonstrated the presence of
HLA-restricted T cells specific for
colorectal cancer in populations
of tumor-infiltrating lymphocytes
and peripheral-blood mononuclear
cells from patients with colorec-
tal cancer. Since there were neg-
ligible numbers of such T cells in
the blood of control subjects, the
findings indicated that some of
the patients’ T cells could target
and potentially kill colorectal-can-
cer cells.

Later, a more detailed analysis
of the cells that infiltrate tumors
was made possible by the availabil-
ity of new techniques (e.g., poly-
merase chain reaction [PCR]) and
a large array of monoclonal anti-
bodies useful in immunohisto-
chemical analyses of tumors. These
methods showed that the com-
position of the tumor infiltrate is
crucial. For example, early in the
evolution of the tumor, an inflam-
matory response, probably caused
by changes in normal cells in the
microenvironment of the tumor,
mobilizes the innate immune sys-
tem. This effect can favor the dis-
semination of tumor cells through
a complex interaction in which
stromal cells surrounding the tu-
mor release inflammatory cyto-
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kines (e.g., tumor necrosis factor )
that enhance tumor growth. Dur-
ing the past three years, new data
on the relation between inflam-
mation and cancer suggest that
specific genetic alterations of tu-
mor cells — the activation of RAS
in colorectal-cancer cells, for exam-
ple — lead to the release of inter-
leukin-8. This cytokine, in turn,
promotes inflammation, angio-
genesis, and tumor growth.

A close look at the literature
suggests that tumor-infiltrating
lymphocytes in primary melano-
ma are quite different from those
in metastases. Like the primary
tumor, the metastases contain tu-
mor-specific cytotoxic T cells, but
in metastatic melanoma, the final
step of the killing mechanism of
these cells is disabled. The inhi-
bition of the cytotoxic machinery
of these CD8+ T cells may be due
to immunosuppressive cytokines
released by tumor cells or to the
presence of CD4+CD25+ regula-
tory T cells, which can suppress the
immune response. With respect to
colorectal cancer, the presence of
CD8+ T cells within nests of tu-
mor cells, and not in the stroma,
has been reported to portend a
favorable outcome (see diagram).
It is likely, however, that what these
earlier researchers were seeing in
sections of colorectal-cancer tis-
sue did not accurately reflect what
was really occurring in vivo.

Only recently — thanks to im-
proved knowledge of the pheno-
type and function of different sub-
populations of CD8+ T cells (central
and effector memory CD8+ T cells)
and the use of reverse transcrip-

Related article, page 2654

tase-PCR, complementary DNA
microarrays, and immunohisto-
chemical techniques — have we
begun to understand the immune
response to tumors with clarity
(see diagram). We now have con-
vincing evidence of an association
between a favorable prognosis and
the infiltration of melanoma, ovar-
ian cancer, and non-Hodgkin’s lym-
phoma by effector memory CD8+
T cells that can release cytotoxic
cytokines.

In this issue of the Journal, Pages
et al. (pages 2654-2666) report
similar findings for colorectal can-
cer. In addition, their search for
microscopical evidence of early
signs of invasiveness and metas-
tasis in tumors led them to con-
clude that the infiltrate of effec-
tor memory CD8+ T cells in the
tumor prevents these initial steps
in the development of metastatic
disease (see diagram). The data
provide strong but indirect evi-
dence of immune-mediated con-
trol of the growth of colorectal
cancer. What we lack are func-
tional studies showing an ongo-
ing, tumor-specific immune re-
sponse mediated by T cells in
untreated patients with colorectal
cancer. The presence of antibod-
ies against P53, RAS, or survivin,
reported in some patients with
colorectal cancer, is usually con-
sidered a marker of the presence
of tumor cells, rather than of a
protective antitumor response.

One of the main drawbacks in
the development of effective im-
munotherapy for colorectal cancer
is the lack of an adequate num-
ber of molecularly defined tumor
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A Nonmetastatic colorectal cancer

B Early metastatic colorectal cancer

Colon-cancer cells

High numbers of
intraepithelial effector
memory (CD8+, CD45RO+,
CCR7-, CD28-) cells

Release of cytokines

Immune recognition and
killing of tumor cells

Low numbers of
intraepithelial effector
memory (CD8+, CD45RO+,
CCR7+, CD28+) cells

No release of cytokines

No immune recognition and
dissemination of tumor cells

The Immune Response in Colorectal Cancer.

Different patterns of lymphocyte infiltration in nonmetastatic and early metastatic colon cancer

are shown.

antigens that could be used in clini-
cal studies. Whereas more than
100 antigenic molecules have been
identified in melanoma (though
less than 20 have been used as
vaccines in clinical trials), far few-
er colorectal-cancer antigens have
been characterized. They include
peptides in normal proteins (e.g.,
carcinoembryonic antigen) and epi-
topes in the protein products of
mutated oncogenes or tumor-sup-
pressor genes, such as K-RAS and
P53. Pages et al. could not study the
colorectal-cancer antigens that the
infiltrating memory T cells rec-
ognized to determine whether one
or more of these antigens could
be the target of tumor-infiltrating
lymphocytes.

The findings of Pages et al.
and others working along similar
lines can be used in two ways to
design clinical studies of immu-
notherapy: first, tumor antigens
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can be used as vaccines in patients
with early disease to amplify on-
going recognition and, possibly,
killing of cancer cells by the im-
mune system and, second, a varia-
tion of adoptive immunotherapy
can be used that entails the ad-
ministration of partially purified
populations of anti—colorectal-can-
cer T cells. In the latter case, tu-
mor-infiltrating lymphocytes could
be isolated from early-stage can-
cers and expanded in vitro. These
expanded lines could serve as a
source of T cells after in vitro stim-
ulation with autologous tumor
cells, lysates of such cells, or mo-
lecularly defined colorectal-cancer
antigens. The population of tumor-
infiltrating lymphocytes from early-
stage cancers should be naturally
enriched for anti—colorectal-can-
cer T cells that have greater anti-
tumor activity than lymphocytes
that infiltrate metastatic lesions.
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The use of interleukin-15 and in-
terleukin-21, both recently shown
to expand populations of effector
memory CD8+ cytotoxic T cells in
vitro and in vivo, could augment
the effectiveness of vaccination and
adoptive immunotherapy.

Up to now, most studies of vac-
cination or adoptive immunothera-
py have been performed in patients
with advanced colorectal cancer.
The few exceptions include trials
involving patients made disease-
free by surgery and then vaccinat-
ed with a mixture of autologous
tumor cells with bacille Calmette—
Guérin or heat-shock proteins de-
rived from the autologous tumor.
The results of some of these tri-
als suggest a better outcome
among vaccinated patients whose
primary tumor contained CD8+
tumor-infiltrating lymphocytes and
whose peripheral-blood T cells
were able to mount a colorectal-
cancer—specific response in vitro.

The clinical response to im-
munotherapy for metastatic colo-
rectal cancer remains unsatisfac-
tory, especially as compared with
results that can be obtained with
new agents such as bevacizumab,
alone or combined with chemo-
therapy. However, the notion that
tumor-specific cytotoxic T cells
control tumor growth by clearing
early micrometastases, if further
substantiated, may help in the de-
sign of new trials of immunother-
apy in patients with early disease
or patients made disease-free by
surgery.
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