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Human colorectal cancer tissues are infiltrated by various immune/
inflammatory cells, usually along the invasive margin. These
responses tend be regarded as “non-specific’. However, it is now clear
that these cellular responses, particularly lymphocytic reactions, are
independent prognostic factors for a better survival.
Immunohistochemical subset analyses have generally disclosed that
the number of T-lymphocytes is important. The effects of these T
cells tend to be more manifest when the observation periods are
longer. These data suggest that some degrees of anti-tumor
immunity exist in human colorectal carcinomas. However, human
tumors are generally composed of various histologic subtypes, which
sometimes complicates these analyses and simple explanations may
be misleading. Considered with precaution, these morphologic
analyses on immune cell subtypes are important tools to understand
the immune responses in human cancers.
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General aspects of colorectal cancer

Most cases of colorectal cancer are adenocarcinomas, of which
the majority of cases are of the differentiated type (well
differentiated or moderately differentiated adenocarcinoma)
(1). With this preponderance of the differentiated type,
colorectal cancer is composed of rather homogenous histologic
types. This is one of the significant features that should be borne
in mind in dealing with the current topic. Colorectal cancers
become clinically malignant after cancer cells invade through

the muscularis mucosa into the submucosa (1, 2). With this
invasion, various host reactions take place, which include
desmoplasia of the stroma (fibrogenic reaction) and various
immune/inflammatory responses that are more concentrated
along the invasive margin (tumor-host interface) (3). Immune/
inflammatory infiltrates include lymphocytes, neutrophils, and
macrophages (Figure 1, Figure 2, Figure 3, and Figure 4). With
this feature, these infiltrates tend to be regarded as non-specific,
leading to the assumption that they may not be relevant to the
patients' prognosis. The present review discusses the
significance of immune/inflammatory infiltrates in colorectal
cancer.

Prognostic im]%act of tumor-infiltrating
lymphocytes (TILs) observed in colorectal
cancer by conventional histopathological
methods (Boxes 1 and 2)

Lymphocytes are recognized as small round cells by HE-
stained sections. However, for well-trained pathologists, these
cells are usually differentiated from plasma cells, neutrophils,
eosinophils, macrophages, or mast cells by their histologic
features. Jass et al. (4) pointed out that conspicuous lymphocytic
infiltration along the invasive margin of rectal cancer is an
independent prognostic factor for improved survival using
multivariate analysis. The other significant factors included the
number of lymph node metastases, the pattern of invasive
margin (expanding or infiltrating) and limitation of the tumor
growth to the bowel wall. Ropponen et al. (5) confirmed the
concept of a prognostic impact of TILs in colorectal cancer.

Figure 1

Immune cell responses in colorectal cancer tissue. The tumor can be regarded as “peripheral inflamed tissue’, whereas the lymphoid infiltrate is similar to, but different

from, “secondary lymphoid tissue”. Lymphocytic infiltration along the invasive margin (yellow arrows) and “Crohn's-like lymphoid aggregates” (red arrows) are seen.

Areas within the cancer are usually sparse in lymphocytic responses; this can be the effect of immune evasion mechanisms.
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Figure 2

Immune response observed in areas along the invasive margin. These areas are rich in inflammatory cells, including macrophages (as shown by CD68 immunostain-
ing) and neutrophils (not shown). Mature dendritic cells (shown by CD83 immunostaining) are usually distributed along the invasive margin with T cells, but not in the
cancer tissue.

Figure 3

Localization of T cells. Left panel: T cells along the invasive margin (peritumoral T cells) as detected by CD8 immunostaining. Right panel: Intraepithelial T cells (as
detected by CD8 immunostaining).

Figure 4

Immune/inflammatory infiltrates in colorectal cancer tissue. Left panel: The T cell infiltrate also co-localizes with mature DCs (as shown by CD83 immunostaining).
The number of DCs is not so abundant compared with that in secondary lymphoid tissue. Right panel: CD68+ macrophages abundantly distributed along the invasive
margin also express B7-2 (CD86) and HLA-DR (not shown), a phenotype similar to that of mature DCs.
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They semi-quantified the degree of TILs in the stroma and
those around the tumor (along the invasive margin) into four
groups, and showed that TILs are a significant predictor of
improved overall- and recurrence-free survival by both
univariate- and multivariate analysis (Cox proportional hazards
model). They also showed an inverse correlation between the
presence of TILs and tumor stage; i.e. TILs are more prominent
in the early stages (Dukes A and B) and decrease in the
advanced stages (Dukes C and D). The concept of TILs was
then expanded to include lymphoid aggregates that are formed
apposing the invasive margin (termed “Crohn's-like lymphoid
reaction”) (6). In their report, lymphoid aggregates were found
to be independently prognostic for improved survival in right-
sided colon cancer in multivariate analysis.

Box 1

Prognostic factors
- The most important one is the stage by definition.

Stage grouping of colorectal carcinoma
| (Dukes A): no penetration of muscle layer
Il (Dukes B): penetration of muscle layer
Il (Dukes C): lymph node metastasis
IV (Dukes D): distant metastasis

For more details, see the TNM classification.

- Other factors (including TILs) are generally regarded as
“modulatory factors”.

Box 2
How to understand the results of multivariate analysis

Multiple co-variates are analyzed at the same time

For each co-variate, patients are grouped, for example into two, without any
intention of the researchers (if the co-variate is consecutive, the patients are
usually divided at the median value).

The results are usually expressed in terms of the following:
a) hazard ratio (indicating the power of co-variate to affect the prognosis)

b) 95% confidence interval of hazard ratio
c) p-value

In addition to TILs, follicular and paracortical hyperplasia in
regional lymph nodes are important for prognosis of colorectal
cancer (7) (here “paracortex” means T cell zone). In the analyses
by Pihl et al. (7), the most significant result was noted in the
paracortical hyperplasia in tumor-involved lymph nodes in
stage III patients (i.e., patients with lymph node metastasis). The
study clearly demonstrated that immune responses taking place
in regional lymph nodes are also important for the patients'
survival. The study by Pihl et al. (7) is of particular importance
because of the interplay between immune reactivity in the
primary tumor and that in the regional lymph nodes. Both
responses are closely linked via, for example, the migration of
dendritic cells (DCs) from the primary sites to the regional
lymph nodes (8). Immature DCs can uptake antigens in the
primary sites (that are regarded as “inflammatory sites”) and
then migrate to the regional lymph nodes to become mature
DCs and prime antigen-specific T cells. In this regard, a recent
review stressed the importance of immunosuppressive effects by
cancer cells in sentinel lymph nodes, which make the
microenvironment more suitable for the establishment of

www.cancerimmunity.org

Ohtani

metastasis (9). These reports, based on conventional
histopathological methods, suggest that immune responses
taking place at the primary tumor sites or those in the regional
lymph nodes may reflect anti-tumor activity, although it could
be argued that most immune reactivity would be non-specific
and probably related to the intestinal bacterial flora in colorectal
carcinoma.

Epstein-Barr virus-associated gastric cancer

Before discussing colorectal cancer, it is relevant to mention
features of Epstein-Barr virus (EBV)-associated gastric cancers,
as these could be considered representative of lymphocyte-rich
cancers. These cancers are composed of the spectrum ranging
from the lymphocyte-rich “medullary carcinoma with lymphoid
stroma” (“lymphoepithelioma-like carcinoma”) to the usual
adenocarcinoma that is not associated with lymphoid stroma
(10). However, as Saiki et al. (11) pointed out, these EBV-
associated gastric cancers feature prominent CD8+ T cell
infiltration of the cancer tissues (particularly into the cancer cell
nests), sharply contrasting with the EBV-negative
adenocarcinoma which may be associated with a T cell response
only along the invasive margin. Unexpectedly these CD8+ T
cells in cancer tissues bore significant degrees of labeling for Ki-
67 (13% on average), suggesting that these T cells are actively
proliferating. This suggests that attention should be paid to these
CDS8+ T cells that have infiltrated the cancer cell nests (i.e.,
intraepithelial CD8+ T cells) in the analyses of host immune
responses in cancer tissues.

Subset analysis by immunohistochemistry: The
gresence ofy T cell infiltrate is an indicator for a

etter prognosis in colorectal carcinoma
(Figure 1)

In most colorectal cancers, cancer tissues are infiltrated by few
lymphocytes and only the area along the invasive margin is
infiltrated by lymphocytes and other inflammatory cells,
ranging from a thick continuous pattern to nearly none. It is also
worthy to note that lymphocytic infiltrate is nearly always
accompanied by neutrophil and macrophage infiltration in
colorectal cancer. In most cases these lymphocytes are either
CD4+ or CD8+ T cells (12, 13). B cells are usually observed in
lymphoid follicles, which are occasionally observed.
Intraepithelial lymphocytes (i.e., lymphocytes within cancer cell
nests or lymphocytic infiltrate in neoplastic epithelium) are
usually CD8+ T cells. Although small in number, the number of
these intraepithelial CD8+ T cells, as quantified in the most
abundant areas, significantly correlated with patients' longer
disease-specific survival in an analysis of 138 patients (14) and
another of 385 patients (15) by both uni- and multivariate
analysis, including N (lymph node metastasis)- and M (distant
metastasis)-categories as co-variates. Similar results were
obtained when patients were categorized as those who had
undergone curative surgery (i.e., patients who were judged to be
cancer-free at the completion of surgery) (14). In contrast, the
degree of CD8+ T cells in cancer stroma and the degree of CD8+
T cells along the invasive margin are not a significant prognostic
factor for patients' survival (14). These results suggest that
tumor-infiltrating lymphocytes, particularly intraepithelial
CD8+ T cells, have anti-tumor activity as judged by their
favorable effect on patients' survival.

In these analyses, patients were divided into two groups at the
median value of the number of intraepithelial CD8+ T cells. In
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addition, the significance at other dichotomy points was
analyzed. For example, patients were divided into two groups at
the 75 percentile or 80 percentile values. These analyses were
performed to examine the significance of cases with a higher
number of intraepithelial CD8+ T cells. However, no significant
results were obtained at either the 75 or 80 percentile level.
Additional factors, such as the location of the primary tumor
(right-sided colon, left-sided colon, or rectum) did not affect
survival significantly.

Further analysis of TILs in colorectal carcinoma

Diederichsen et al. (16) showed that a low CD4/CD8 ratio by
flow cytometric analysis is an independent prognostic factor for
a longer survival by multivariate analysis. Although the study
did not discriminate the precise in situ location of TILs, it clearly
showed that the CD4/CD8 ratio is important and that this may
be related to the current concept of the role of CD4+ CD25+
FOXP3+ regulatory T cells in tumor tissue (17).

To further analyze immune responses in colorectal cancer,
Pages et al. (18) performed a comprehensive analysis of TILs.
They focused on “early metastatic invasion”, which included the
following histopathological findings: vascular emboli (by tumor
cells), lymphatic invasion, and perineural invasion (collectively
referred to VELIPI). They first showed that VELIPI is an
independent prognostic factor in an analysis of 959 patients.
Real-time PCR analysis of 75 patients showed that the levels of
mRNAs for CD8, granzyme B, and granulysin are higher in
VELIPI-negative tumors than in VELIPI-positive tumors. They
also performed a large-scale flow cytometric analysis in 39
patients to differentiate between naive (CD3+ CCR7+), early
memory (CD45RO+ CCR7- CD28+ CD27+) and effector
memory (CD45RO+ CCR7- CD28- CD27-) T cells in tumor
tissue. VELIPI-negative tumors contained a high proportion of
mature CD8+ T cells. Furthermore, they showed that VELIPI-
negative tumors from 377 patients contained a high number of
such CD45RO+ cells by immunohistochemistry. VELIPI-
negative tumors from patients without relapse had a significant
increase in the Th1 mediator T-BET, interferon regulatory factor
1, and interferon-y compared to VELIPI-positive tumors from
patients which had experienced a relapse. The number of
CD45RO+ cells was found to be an independent prognostic
factor, together with the TNM category, by Cox proportional
hazards regression.

There are two main reservations about this study. First, there
was no clear rationale for subdividing patients at a count of 250
cells per square millimeter. Second, no distinction was made
regarding the intraepithelial or stromal location of CD45RO+
cells. Despite these limitations, this study strongly supports the
notion that immune surveillance has a significant prognostic
impact on colorectal cancer.

Recently, the same group extended their study of TILs in
colorectal cancer further (19). In this paper, they first analyzed
gene expression levels by real-time PCR in 75 patients with
colorectal cancer and showed that the expression of Thl
adaptive immunity is inversely correlated with tumor
recurrence. Particularly, patients with a homogeneously
increased expression of genes for Thl adaptive immunity had
the best prognosis. Genes for Thl adaptive immunity included
interferon regulatory factor 1, CD3, CD8, granzyme B,
granulysin, interferon-y, and T-box 21 (TBET). They next
performed immunohistochemistry for CD3, CD8, granzyme B
and CD45RO0 in 415 patients with colorectal cancer using tissue
microarray. In the study, they analyzed both the tumor center
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and invasive margin. They showed that patients without
recurrence had a higher immune cell density in both the tumor
center and invasive margin. They confirmed these results in
patients from three institutions. They finally revealed that
patients with CD3p™, CD3™ plus CD45RO-™ CD45p, M
showed longer recurrence-free survival, while patients with
CD3'°, CD3 1 plus CD45RO1'© CD45y,° showed shorter
survival, suggesting that immune cell density is a stronger
prognostic factor than TNM staging.

The methods used in the study are innovative and the results
provocative. However, a closer look at Figure 3A in the paper
shows that the disease-free survival curve of stage III patients
(with lymph node metastasis) suddenly plateaus at 37-38
months after surgery, which makes the survival rate of the stage
III patients not so different from that of stage I and II patients.
Therefore, there is a need for more analyses to determine
whether immune cell factors are better predictors of survival
than TNM staging.

NKT cells in colorectal cancer

By adopting a highly sensitive method, Tachibana et al. (20)
succeeded in the immunoperoxidase- and immunofluorescent
staining of T cell receptor repertoires Va24 and VP11 in
formalin-fixed, paraffin-embedded sections to identify NKT
cells. By double staining they showed that most NKT cells in
colorectal cancer express the early activation marker CD69,
contrasting with the lower number of NKT cells with a lower
rate of CD69 expression in the normal colon mucosa. NKT cell
infiltration positively correlated with fewer lymph node
metastases, and the number of NKT cells was an independent
prognostic factor for longer overall- and disease-free survival.
Although their paper did not specify the exact location of NKT
cell infiltration in colon cancer tissues, a subsequent report
indicated that the cells were located along the invasive margin
(21). These findings suggest that NKT cells co-localize with
other immune or inflammatory cells. Their method is
innovative and could significantly contribute to the
immunological analysis of human tissue.

Microsatellite instability and lymphocytic
infiltration in cancer tissues

A high level of DNA microsatellite instability (MSI) is a feature
of hereditary nonpolyposis colorectal cancer (HNPCC) and the
same change is observed in sporadic colorectal cancers (1).
These cases are characterized by abundant CD3+ CDS8+
lymphocytic infiltrate in neoplastic epithelium that could result
from the immunologic recognition of frameshift-mutated
peptides (22, 23). However, in the analysis by Chiba et al. (15),
there was no significant increase in the number of intraepithelial
CD8+ T cells in cases with loss of mismatch repair enzymes.
Therefore, it appears that although MSI could be associated with
high infiltration of T cells into tumor tissues, additional
mechanisms may exist to attract CD8+ T cells into colonic
neoplastic epithelium.

T cell and NK cell infiltration into cancer cell
nests, as well as downregulation of MHC class I
molecule, correlate with improved survival

The expression of MHC class I molecule on the cell surface is a
prerequisite for the T cell recognition of target cells. Menon et al.
(24) reported that decreased expression of MHC class I
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expression, particularly HLA-A expression, in tumor cells
unexpectedly correlates with longer disease-free survival. They
further showed that CD8+ and CD57+ cells along the invasive
margin cells are independent prognostic factors for a longer
disease-free survival by multivariate analysis, and that
intraepithelial CD8+ and CD57+ cells inversely correlated with
HLA-A and HLA-B/C expression by cancer cells. The same
group also confirmed that there were fewer CD56+
intraepithelial cells than CD8+ intraepithelial cells (they
confirmed that these CD8+ cells are CD3+ but CD56-), and that
loss of MHC class I molecules in cancer cells is associated with a
higher number of intraepithelial T cells, but not CD56+ NK cells
(24). The interpretation of these findings is unclear. It is possible
that MHC class I-negative variants are selected due to killing of
MHC class I-positive tumor cells by intraepithelial T cells, and
these tumor cells are able to maintain the capacity to attract T
cells (25). Taken together, intraepithelial CD8+ T cell infiltration
may occur despite a decrease in MHC class I expression by colon
cancer cells, and these CD8+ T cells, as well as NK cells, play a
significant role in immune surveillance in colorectal cancer.

Dendritic cells and TILs

Dendritic cells (DCs) are the most potent antigen-presenting
cells, and as such are now one of the many important tools for
tumor immunotherapy (8). Their main functioning sites are the
T cell zone in secondary lymphoid organs, for example, regional
lymph nodes (Figure 5). However, DCs are also distributed in
peripheral inflamed tissues. In colorectal cancer, mature DCs
are distributed along the invasive margin together with T cells
(26) (Figure 2). The prognostic significance of these DCs is also
important. Dadabayev et al. (27) described that MHC class II
positive cells are distributed in tumor stroma, and cases with
abundant class II positive cells are associated with shorter
survival. However, it is possible that these class II positive cells
may not be mature DCs, since mature DCs and T cells are not
usually abundant in tumor stroma (26), and an abundant
expression of intercellular adhesion molecule-1 (ICAM-1) by
fibroblasts in the stroma (28) may interfere with the function of
DCs, if present. Sandel et al. (29) from the same group described
that intraepithelial DC-lamp (CD208+) mature DCs and

Figure 5
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bution of dendritic-shaped DCs.
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DCla+ DCs in the invasive margin are associated with a shorter
survival. Unfortunately, the figure illustrating this observation
is difficult to interpret in the paper (Figure 2, page 2580) and no
clear data for the multivariate analysis were presented. Clearly,
further clarification of the prognostic impact of DC subtypes in
colorectal cancer is needed since mature DCs are distributed in
colorectal cancer tissue (particularly along the invasive margin),
and a certain interaction is suspected between DCs and T cells
which could foster immune responses.

Further considerations on the real effect of TILs
in cancer tissue (Figure 6, Figure 7, Box 3)

Figure 6

Cause of ‘ Metachronous distant metastasis

disease-specific Caused by growth of
death micrometastasis in a distal

) organ
Local recurrence

Caused by growth of
micrometastasis near the
primary tumor

Curative operation
- cancer-free resection margins
- no clinical distant metastasis

Significance of a prognostic factor in patients undergoing curative operation.

Figure 7
Cases positive
for local
immune
responses Establishment of = Suppression of
g =) | systemic micrometastasis

immunosurveillance

Decreased distant
metastasis or decreased
local recurrence

= Better prognosis
(longer survival)

Hypothesis on the effects of TILs.

Multivariate analyses clearly indicate that the prognostic
impact of intraepithelial CD8+ T cells in colon cancer is more
evident when the follow-up period is longer (15). Indeed,
disease-specific survival curves for patients with different levels
of intraepithelial CD8+ T cells (low vs. high) are similar in the
first 1-2 years and then separate (15). Accordingly, immune
responses in colorectal cancer appear to have a late effect.
Theoretically, the patients’ disease-specific death observed with
a longer follow-up period is likely due to a late occurrence of
distant metastasis or local recurrence. If we consider that
immune responses in cancer tissue can suppress the occurrence
of metastasis (or micrometastasis) in distant organs or in the
connective tissue/lymph node near the primary site, we could
easily understand these observations. Therefore, Chiba et al.
(15) proposed the following hypothesis: the presence of
intraepithelial CD8+ T cells in colorectal cancer could indicate
the occurrence of systemic immunosurveillance against
micrometastasis. A review of previous reports revealed similar
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results. For example, in an analysis of the effects of paracortical
hyperplasia in lymph nodes in colorectal cancer, the two
survival curves (high vs. low hyperplasia) did not show
significant differences in the first 3 years of follow-up. However,
the curve for high paracortical hyperplasia showed significantly
longer survival in the case of a >3-year follow-up period [see
Figure 3, p. 475, in Pihl et al (7)]. This observation is in
accordance with the data by Chiba et al. (15). Moreover, Pages et
al. (18) also demonstrated that early metastatic invasion is
negatively associated with immune responses in tumor tissues.
These suggest that local immune responses observed in tumor
tissues may not be confined to the local sites, but could reflect
systemic anti-tumor immune responses. Further studies are
required to clarify this concept which could have a significant
impact on tumor immunity in human cancer.

Box 3

Example of multivariate analysis

Curative operation group (N=260), observation period set to > 2 years (up to 10 years) after
operation to check late effects.

o

Co-variate (risk factor) Hra:ﬁa;d Congfii/eonce p-value
interval

Lymph node metastasis (positive) 4.3 26-74 <0.0005

Invasion pattern (infiltrating) 2.6 1.6-4.4 <0.0005

Intraepithelial CD8+ cells (low) 1.8 1,1-3.0 <0.015

Co-variates only significant by univariate analysis are analyzed. No patients with distant
metastasis at the time of operation are included by definition.

This example shows that the number of intraepithelial CD8+ T cells divided at the median value
is significant for the patients’ disease-specific survival. Its power is evident when the observation
period is set to a longer period. Its power is not so prominent as compared with the tumor stage
(N-category). This indicates that immune response is a modulatory factor.

Further considerations on the inverse
association of immune responses and tumor
stage; is this cause or effect? (Figure 8)

Detailed mechanistic studies are usually needed to determine a
cause or an effect of correlative observations. However, it could
be quite difficult to apply this to human subjects. For example,
the number of peritumoral macrophages (as detected by CD68)
and the number of intraepithelial CD8+ T cells is inversely
associated with tumor stage, being lowest in stage IV colon
cancer. This may be a consequence of systemic immune
suppression in advanced stage patients; alternatively,
insufficient infiltration of these cells may be a cause of
metastasis. To resolve this, Saito et al. (30) and Chiba et al. (15)
compared patients with synchronous distant metastasis (stage
IV) and patients who underwent a curative operation and later
died of the cancer. The latter should have micrometastasis at the
time of resection of the primary cancer. The basic concept is as
follows: if the decrease in the number of macrophages or
lymphocytes is an effect of advanced cancer stage, then the
number of these cells in the latter cases should be higher,
because only micrometastases should be present at the time of
operation,  being insufficient to  cause  systemic
immunosuppression. The results showed that there are no
significant differences between the two groups. This does not
support the idea that the decrease in the number of
macrophages or lymphocytes in stage IV cases is an effect of
systemic immunosuppression in advanced cancer. This in turn
suggests that the decrease in the number of intraepithelial
lymphocytes or peritumoral macrophages would be a cause of
widely spread tumor. This notion could be applied to other
studies.
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Figure 8

Degree of TIL
Tumor stage

Inverse association of immune responses and tumor stage. Inmune responses
in tumor tissues (TILs) tend to be prominent in early stages and decrease in
advanced stages. Both the tumor stage and the presence/absence of TILs (mutually
correlated) contribute to determine the prognosis.

Possible correlation between tumor grade (de-
differentiation status) and immune responses in
tumor tissue (Figure 9)

Cancers in most organs show histological heterogeneity; for
example, histologies ranging from well differentiated to poorly
differentiated, with the latter usually being associated with more
aggressive behavior. We need to bear this in mind to analyze the
prognostic significance of TILs, because the degree of TIL
infiltration may depend on the tumor differentiation status.

In a study of renal cancer, Nakano et al. (31) clearly
demonstrated that TILs, including CD8+ or CD4+ peritumoral
or intraepithelial CD8+ T cells, are weakly associated with a
worse prognosis, and that these TIL-factors correlated with
tumor grade (de-differentiation status). Namely, more de-
differentiated renal cell carcinomas have more pronounced
lymphocytic infiltration. Multivariate analyses demonstrated
tumor grade is significant but the presence of TILs was not. This
clearly indicates that lymphocytic infiltrate does not cause worse
prognosis, but positive correlation to tumor grade causes it (in
renal cell carcinoma). Therefore, immune responses are not
judged to be a tumor-promoting (or progressing) factor. In
colorectal carcinoma, the incidence of poorly differentiated
adenocarcinoma is generally low [i.e., 6.0% or 22 of 364 cases;
Chiba et al. (15)], hence it does not have a significant influence.
The author would like to stress this point for every study on the
prognostic significance of TILs. In renal cell carcinoma, the
labeling index of Ki-67 among CD8+ T cells that infiltrated into
cancer cell nests (intraepithelial cells) is an independent
prognostic factor (31). This indicates that patients with renal cell
carcinoma infiltrated by proliferating CD8+ T cells survive
longer. The magnitude of stimuli of T cells in cancer cell nests
could reflect the efficacy of anti-tumor immunity.

Figure 9

Tumor grade (=dedifferentiation status)

~=|

Immune responses in tumor tissue

Immune responses in tumor tissue may correlate with tumor grade (or de-dif-
ferentiation status).
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Lymphocytes in colorectal cancer co-localize
with macrophages and neutrophils

Recent reports emphasize the promoting effects of
macrophages and neutrophils on cancer development and
progression (32). These inflammatory cells are an important
factor for cancer development when we consider cancer
development based on chronic inflammation (i.e., gastric cancer
in Helicobacter pylori gastritis, colitic cancer, hepatocellular
carcinoma associated with viral hepatitis). However, in
colorectal cancer, the situation may be different. As stated above,
neutrophils are one of the predominant cell types along the
invasive margin. The number of neutrophils, as detected by
immunohistochemistry for neutrophil elastase, was not found to
be significant for patients' survival in a univariate analysis of 200
cases of colorectal cancer (33). This suggests that neutrophils are
unlikely to promote cancer progression in colorectal cancer.
Considering the close in situ distribution of neutrophils and
lymphocytes in colorectal cancer tissue, it is possible that there is
interplay between neutrophils, dendritic cells, and/or
lymphocytes (34).

Macrophages are abundant in the stroma within cancer tissue
and also along the invasive margin of colorectal cancer, of which
only the latter expresses the costimulatory molecule B7-2
(CD86) (12) and HLA-DR (28). As macrophages distributed
along the invasive margin of colorectal cancer share some
features with dendritic cells, they may be also be
immunologically related to the T cells that are distributed in the
same location. Indeed, immunoelectron microscopy has
revealed that lymphocytes are in close cell-to-cell contact with
B7-2+ macrophages that are distributed along the invasive
margin of colorectal carcinoma (12). The number of
macrophages along the invasive margin as detected by CD68,
one of the lysosome-related antigens, was not found to be
significant for patients' survival in an analysis of 200 cases of
colorectal carcinoma (33). However, the number of
macrophages were found to be inhibitory to distant metastasis
in colorectal cancer as already mentioned (29) (see the section
“Further considerations on the inverse association of immune
responses and tumor stage; is this cause or effect?”). These
results suggest that we need to pay much more attention to
macrophages.

Regulatory T cells

To understand the balance of immune responses, it is
important to analyze both effector and immunosuppressive
cells. For example, CD4+ CD25+ FOXP3+ regulatory T cells
(Treg) are important for tumor immune evasion (35). Sato et al.
(36) pointed out that the ratio of CD8/Treg is an independent
prognostic factor for a longer survival in ovarian cancer by
multivariate analysis. The impact of this factor on patient
survival is larger than that of the number of intraepithelial
CD8+ T cell. The comprehensive analysis of immune cells with
opposing functions is thus important (see the upcoming article
by Sato et al. in this series of reviews on TILs).

Entry site of immune/inflammatory cells to
colorectal cancer tissue

It is through the high endothelial venules (HEV) that
lymphocytes enter or leave the lymphoid tissue of secondary
lymphoid organs. In an analysis of colorectal cancer patients,
Suzuki et al. (37) reported that venules distributed along the
invasive margin express E- and P- selectins, thus expressing a
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similar phenotype to that observed in inflammatory bowel
disease (38). This similarity, and the co-localization of
lymphocytes, neutrophils and macrophages, led Suzuki et al. to
speculate that immune/inflammatory cells enter cancer tissues
through these venules. Therefore, analyses of vascular changes
in colorectal cancer could improve the understanding of
immune responses in the disease.

Chemokines and their receptors for the
recruitment of T cell

Flow cytometric analysis showed that most of the T-
lymphocytes isolated from colorectal cancer co-express the
chemokine receptors CCR5 and CXCR3, and express interferon
gamma (INF-y) upon stimulation, suggesting that they are T
helper type 1 cells (Thl) and effector T cells (39). By
immunohistochemistry, IP10/CXCL10 is expressed in
macrophages and part of cancer cells along the invasive margin.
RANTES/CCLS5 is expressed in CD8+ T cells (that also express
CCR5 and CXCR3). By immunoelectron microscopy, RANTES/
CCL5 is clearly localized in the cytolytic granules of
lymphocytes (39). These data suggest that the mechanism of
recruitment of lymphocytes to colorectal cancer tissue is
analogous to that of inflammatory disease (40). The author
would like to stress the importance of these comparative studies
between host responses in tumor tissues and inflammatory
disorders.

Conclusion

As stated above, a considerable component of immune
reactivity in colon cancer could be non-specific, possibly related
to intestinal bacterial flora. In addition, several mechanisms are
known to prevent effective anti-tumor immune responses
against cancer cells/tissues (immune evasion mechanisms) (35).
Despite these, it is clear that parts of the immune/inflammatory
responses are related to anti-tumor immunity, and that cases
associated with more pronounced responses are not as
aggressive as those with limited immune responses in colorectal
carcinoma. These clinopathological and clinico-immunological
data are important tools to analyze the immune response in
human cancer tissues.

For data analyses, a careful collaboration between
pathologists, clinicians, immunologists and statisticians is
required. In the author's personal experience, one has to be
cautious in planning the appropriate methods of
histopathological observation (usually quantification) so that
the data can be analyzed using suitable statistical methods, and
one also has to carefully consider the biological significance of
the results obtained by statistical analyses. The author
recommends close discussion among collaborators to
understand the significance of multivariate analyses.

Abbreviations
VELIPI, vascular emboli, lymphatic invasion, and perineural in-
vasion
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