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Current Status and Future Perspective of Cancer Vaccine Development: Tetsuro Sasada and Kyogo ftoh (Dept. of Im-
munology and Immunotherapy, Kurume University School of Medicine)
Summary

The field of cancer vaccines has moved forward dramatically, along with the progressive increase in basic knowledge of
tumor immunology. During the last 20 years, a number of tumor-associated antigens have been identified, some of which
have been clinically examined in patients, demonstrating encouraging results as immunotherapy against various types of
cancers. However, most of the randomized clinical trials conducted to gain approval for official clinical use of the antigens
have failed, due to an inability to dermonstrate thair meaningful therapeutic benefit to patients over other existing treatments,
with the exception of the dendritic cell (DC)-based vaccine (Provenge®), which has recently been approved as the first
therapeutic cancer vaccine in the US, Such unexpected results have shed light on several important issues to solve in regard to
further development of cancer vaccines. In particular, more attention should be paid to the fact that the characteristics of
tumor cells and the immunological status against cancers differ widely among patients. Of note, the recent failure of cancer
vaccines in clinical trials may be explained, at least in part, by the existence of a vaccine-specific adverse event; an induction of
an inconvenient immune response,” that inhibits pre-existing host immunity. Development of a novel criteria and reliable
biomarkers for selecting adequate patients and vaccine antigens would be a breakthrough for further cancer vaccine develop-
ment, In this review, we will summarize the current status of cancer vaccine development and discuss how to overcome
negative issues raised in recently conducted dlinical trials of therapeutic cancer vaccines. Key words: Cancer vaccine, Clinical
trial, Induction of inconvenient immune response, Corresponding author: Tetsuro Sasada, Department of Immunology and
Immunotherapy, Kurume University School of Medicine, 67 Asahi-machi, Kurume, Fukuoka 830-0011, Japan
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Variation of tumor-infiltrating lymphocytes in

human cancers: controversy on clinical significance

Tumors develop and progress under the influence of a microenvironment comprising a variety of immune
‘cell subsets and-their products. Recent studies have shown that tumor-infiftrating lymphocytes (TILs) are
+ not randomly distributed, but organized to accumulate more or less densely in different regions within
“tumors, and interact with each other. Substantial evidence has suggested that not only CD8* and/or
- CD4* s T cells but also other lymphocyte subsets, including y5 T cells, B cells, NK cells, and NKT cells,
[infiltrate tumor tissues in variable quantities and play a key role in the regulation of antitumor immunity.
In this article, we summarize available information regarding the diversity and composition of TILs, which
“may positively or negatively affect tumor growth and patient clinical outcomes. The clinical significance
- of TILs in human cancers remains unclear and is a subject of considerable controversy; largely due to the
- lack of functional data for TILs, as'well as due to enormous variability of TILs in different tumors. A great
deal more functional data about TILs needs to be obtained for mdlwdual tumors before TILs can be

consndered asa prognostlc parameter in human cancers.

KEYWORDS cytotoxlcTIymphocytes _prognosis
mlcroenwronment tumor-mf:itratmg lymphocytes

After more than a century of debate, accumulat-
ing evidence now indicates that immune cells
affect cancer development and/or progression {1].
For example, mice deficient in adaprive immu-
nity or IFN-y responsiveness have been reported
to develop tumors with high frequency [1}. In
addition, congenital or acquired xmmunodcﬁ—
ciencies have been known to be associated with
increased prevalence of malignant diseases in
humans [11. These findings suggest that the
immune system naturally possesses the ability
to recognize tumor cells and has an active role
in the surveillance against tumors. Nevertheless,
in general, the immune system cannot inhibit
malignant growth completely, since tumor cells
do not elicit strong immune reactions owing to
the lack of danger signals. In addition, although
much has been learned about the potential of
the immune system to control tumors in proof-
of-principle animal model experiments, the
promises that immunotherapies can boost the
potential of the immune system for the benefic
of cancer patients have not fully translated into
clinical successes [21. Therefore, more knowl-
edge regarding cellular and molecular interplay
between the immune system and tumors in
humans remains to be discovered.

Tumors develop and progress under che influ-
ence of a microenvironment comprising various
types of cells, including immune cells, fibroblasts,
endothelial cells, blood vessels and their products,

regulatory T cells tumor

including cytokines, chemokines and metabolites.
In pardicular, the biological and phenotypical
characteristics of tumor cells have been reported
to at least partly reflect the complex cellular and
molecular interactions between the tumors and
host immune systems. Tumor cells evoke recog-
nition by both the innate and adaptive immune
systems. The innate immune system, which is
triggered and mediated by various types of cells,
including granulocytes, macrophages, dendritic
cells (DCs), NK cells, NKT cells, and y6 T cells,
quickly recognizes stress-induced molecules
expressed on tumor cells via germline-encoded
receptors. Following these initial innate immune
responses, tumor cells stimulate the adaptive
immune system by activating and expanding rare
antgen-specific cells, which are mainly composed
of T and B lymphocytes.

Various types of immune cell subsets, belong-
ing to both the innate and adaptive immune sys-
tems, accumulate at tumor sites and play critical
roles in promoting or inhibiting tumor develop-
ment and/or proggession {3-5). The relationships
between the immune system and tumors are
diverse and dynamic. Immune surveillance can
control or eliminate premalignant lesions and
early cancers 1. However, with time, tumor cells
can undergo a process known as ‘immunoedit-
ing’ under selective pressure from the immune
surveillance, and develop a resistant phenotype
that is capable of manipulating immune cells,
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through secretion of various types of cytokines
and chemokines, as a result of a failure in effec-
tive immune surveillance 1. At this moment,
tumot-promoting immune cells, such as tumor-
associated macrophages and granulocytes, can
accelerate tumor growth by generating inflam-
matory tumor microenvironments and produc-
ing proinflammatory factors that enhance rumor
growth and angiogenesis {3-51. In addition, immu-
noregulatory cells, such as regulatory T (Treg)
cells and myeloid-derived suppressor cells, can
also promote tumor growth through inhibition
of other immune cells that are critical for effective
antitumor immunity {3-5/.

The diversity and composition of tumor-
infiltrating immune cells have been reported o
significantly affect clinical outcomes in cancer
patients. Tumor-infilerating lymphocytes (T1Ls)
are composed of several different lymphocyte sub-
sets, including CD4* and CD8* off T cells, y&
T cells, B cells, NK cells and NKT cells. Recent
studies have indicated that not only CD8* and
CD4* afy T cells, but also other lymphocyte sub-
sets play a key role in the negative or positive regu-
lation of antitumor immunity. In this article, we
summatize and discuss current knowledge regard-
ing the ways in which different subsets of TILs
regulate tumor growth and affect patient clinical
outcomes. Although other immune cells, such as
macrophages, granulocytes, DCs and myeloid-
derive suppressor cells, have also been demon-
strated to Infilerace numors and posicively or neg-
atively affect tumor growth via interaction with
other immune cell subsets, this article focuses on
the variation of TILs and controversy regarding
their clinical significance in human cancers,

T cells

Among the vatious types of tumor-infiltrating
immune cells, T lymphocytes have been most
extensively studied. There has been considerable
evidence that amor-infiltrating T lymphocytes
are clearly associated with antitumor immunity
in cancer patients (6]. For example, Mihm and
colleagues demonstrated a prognostic significance
regarding levels of T-cell infiltrates in melanoma
tissues in their pioneering and innovative stud-
ies. They showed that dense intratumoral, but
not pericumoral, T-cell infilerates in the vertical
growth phase of primary melanoma were tightly
correlated with prolonged survival and reduced
incidence of metastatic diseases (7). In ovarian
cancers, the presence of CD3* T cells detected
within tumor-cell islets, which was associated
with increased expression of IFN-y, IL-2 and lym-
phocyte-attracting chemokines within tumors,

was reported to be independently correlated with
delayed recurrence or delayed death in mult-
variate analyses (8}. Antitumor effects of tumor-
infiltrating T cells have also been demonstrated
directly by many clinical trials, in which infusion
of TILs into cancer patients effectively controlled
tumor growth [9|. For example, the transfgr‘ of
in vitro expanded autologous T cells derived from
T1ILs resulted in objective response rates as high
as 72% in refractory metastatic melanoma [10].

CD3* T cells expressing T cell receptor
(TCR) ¢ and 5 chains («fp T cells) can be
roughly classified as CD8* cytotoxic T lym-
phocytes (CTLs), which directly kill antigen-
expressing target cells, and CD4* T cells, which
secrete various types of cytokines. CD4* T cells
are composed of different subsets, which elicit
stimulatory or inhibitory/regulatory effects on
antitumor immunity. CD4* helper T (Th) cells
are crucial for efficient expansion and persistent
accumulation of other antigen-specific immune
cells. CD4* Thl cells secrete type I cytokines,
such as IFN-y and TNF-a, which stimulate
CD8* T cell responses via activation of antigen-
presenting cells. CD4* Th2 cells secrete type II
cytokines, such as IL-4, IL-5 and IL-13, which
limit the activation of antigen-presenting cells
and enhance humoral immunity. A newly iden-
tified CD4* T cell subset, Th17, elicits tissue
inflammarion related to autoimmune responses.
CD4*CD25* Treg cells inhibit T cell responses
against self antigens via secretion of immu-
nosuppressive cytokines, such as IL-10 and
TGE-f, or direct interaction with other immune
cells. Finally, T cells expressing TCR vy and &
chains (0 T cells) have been reported to play a
unique and important role in stress-surveillance
responses in numerous aspects of tnflammarion.
Recent studies have shown the importance of the
balance and interplay between these stimulatory
and inhibitory/regulatory pathways in the tumor
microenvironment, as a key determinant of bio-
logical behavior of tumors, as well as patient
clinical outcomes {2-4].

& Cytotoxic T lymphocytes

The existence of CTLs specific to tumors has
been demonstrated by many previous studies,
in which tumor-infilcrating T-cell lines, isolared
from tumor tissues, were used to identify CTL
epitopes from tumor-associated antigens in
various types of cancers. Since the pioneering
discovery of a CTL epitope from a melanoma-
associated antigen by Boon and colleagues (1),
numerous tumor-associated antigens have been
identified. Kawakami and Rosenberyg reported
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several CTL epitopes from melanoma-associated
antigens by using CUL lines infilerating mela-
noma tissues N12]. Iroh and colleagues identified
a number of CTL epitopes that were recognized
by TIL clones established from resected tumor
tissues in various kinds of cancers; includ-
ing esophageal, colon, lung and gastric can-
cers (13,14]. Accumulating evidence has suggested
that CTLs specific to tumor cells preferentially
accumulate and/or expand within tumors. For
example, in subcutaneous melanoma, the fre-
quency of antitumor T cells within tumors was
shown to be approximately tenfold higher than
in the peripheral blood (15), and a significant dif-
ference in the frequencies of some TCR-V genes
was observed in the metastatic tissues, compared
with the blood (16], indicating that some specific
T cells were ensiched in the tumors. Similarly,
in prostate cancers, CD8* TILs were found to
exhibit a restricted 7CR V[ usage, and iden-
tical clones were identified in multiple sites
within tumors (17). These findings suggest that
rumor-infiltrating T cells undergo clonal expan-
ston and accumulation in response to specific
tumor-associated antigens, although more direct
evidence will be required through 72 situ analysis
of antigen specificity.

There is limited information on detailed
phenotypes of tumor-infiltrating CTLs. In
murine tumor models and human clinical tri-
als, TIL-derived CD8* T cells with the central
memory phenotype have been reported to con-
fer superior antitumor immunity, compared
with those with the effector memory pheno-
type (9f. Although the naive/memory pheno-
types of T cells in the peripheral blood have
been well studied, those in TILs have not been
precisely characterized. Li ef a/. showed that
CD8* T1ILs freshly isolated from melanoma tis-
sues have mostly a CD27+ CD28* CD57 gran-
zyme B* perforin”™ phenotype, indicating
an early effector-memory stage of differentia-
tion [18]. Anichini et a/. also demonstrated that
melanoma tissues contain an ‘early-effector’
phenotype of CD8* T cells expressing FoxP3,
CD27, and CD28, but not CD45RA, CCR7,
or CD57 (19]. These results suggest that some
melanoma tissues contain TILs at earlier stages
of activation/differentiation, which may possess
more potential for clonal expansion. By contrast,
Ahmadzadeh ez a/. recently reported that in mel-
anoma tissues, the majority of TILs, including
MART-1/Melan-A melanoma antigen-specific
CD8* T cells, revealed a significantly higher fre-
quency and level of programmed death (PD)-1,
which correlated with an exhausted phenotype

and impaired effector function, in contrast to
T cells in normal tissues or in the peripheral
blood [20.

Although tumor cells often express antigens
that can be recognized by infilerating T cells,
immune-mediated complete rejection of tumors
is rarely observed in humans. In fact, tumors have
been reported to possess many different mecha-
nisms to escape immune recognition {1,21}. For
example, tumor cells can downregulate various
target molecules, such as MHC molecules and
tumor-associated antigens themselves, or generate
a local suppressive milieu that affects the activity
of infiltrating immune cells. They may produce
inhibitory cytokines, such as IL-10 and TGE-f3,
and inhibitory metabolites, such as extracellu-
lar adenosine and prostaglandin E2, directly or
indirectly via stimulation of other immune cells.
They may also express ligands that directly inter-
act with receptors on infilirating immune cells,
to provide negative signals associated with inhibi-
tion of their effector functions. For example, PD
ligand-1 (PD-L1), which is abundantly expressed
or induced in various types of tumor cells, has
been shown to negatively regulate the TCR-
mediated signaling after interaction with PD-1
expressed on antigen-specific T cells 17.2022-24).
In addition, persistent expression of NKG2D
ligands on tumors, or tumor-mediated produc-
tion of soluble NKG2D ligands may cause down-
regulation of a key cytotoxic molecule, NKG2D,
expressed in CD8* CTLs and NK cells, leading
to tumor escape (25.26].

T-cell dysfunction, characterized by a
decreased T-cell proliferation and diminished
cytokine production, is frequently observed in
tumor microenvironments {27.281. Despite the
recruitment of large numbers of tumor-specific
CD8* CTLs into the tumors, T-cell hyporespon-
siveness and/or other negative regulatory mecha-
nisms may limit the effector phase of antitumor
immune responses [29]. There are several different
mechanisms that render T cells anergic or tolerant
directly by tumors or indirectly via mediation of
other immunosuppressive cells, such as myeloid-
derived suppressor cells and macrophages. These
include depletion of the amino acids arginine and
tryptophan through overexpression of arginase I
and indoleamine 2,3 dioxygenase (IDO), which
may Jead to downregulation or loss of the CD3{
chain in T cells {301, Production of reactive oxygen
species and nitric oxide via nitric oxide synthase
may also impair T-cell functions (30,31} Recently,
the binding of TCRs to galectin was reported
to be linked to a dissociation between CD8 and
TCRs, which leads to anergy of TILs (32]. In
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addition, several different inhibitory receptors,
such as PD-1, CTLA-4, B and T lymphocyte
attenuator (BTLA), and LAG-3, have been shown
to induce liyporesponsiveness of T-cells specific w
tumor-associated antigens {17.20,22,24.33-33].

Dysregulation of lymphocyre trafficking may
also be one of the mechanisms limiting immune
responses against tumors. For example, signifi-
cant defects in the expression of the vascular
adhesion receptors, such as E-selectin, P-selectin,
and ICAM-1, on the vessels within tumor
boundaries, which may lead to a block in traf-
ficking of effector T cells to tumors, have been
observed in metastatic melanoma [36/. Similar
findings were also described in other cypes of
cancets, such as squamous cell carcinomas of
the skin and lung carcinomas [37.38]. By contrast,
highly migratory phenotypes of effector T cells
were suggested to facilitate their ability to con-
trol tumors. In melanoma patients with stage II1
diseases, expression of CXCR3, a chemokine
receptor related to lymphocyte migration, in
CD8*CD45RO* T cells, was significancly asso-
ciated with enhanced survival [39). Similarly,
in metastatic melanomas, several lymphotactic
chemokines, including CCL2, CCL3, CCL4,
CCL5, CXCL9 and CXCL10, were reported in
the tumor microenvironment to be related to the
migration of activated CD8* effector T cells into
tumor sites {40]. In colorectal cancers, expression
of the adhesion molecule CD103 was reported
to control the retention of memory CD8* cells
within tumors [41].

Considerable evidence has accumulated, sug-
gesting that the abundance of tumor-infiltrating
CD8* CTLs is associated with improved clinical
outcomes in various types of cancers [42-5i]. In par-
ticular, recent studies have clearly demonstrated a
clinical significance of CID8* CTLs in colorectal
cancers [52-60]. A landmark study by Naito ez 4/.
demonstrated that the presence and location of
one particular type of TILs, CD8* T cells, had
a significant influence on dinical outcome in
colorectal cancer [52;. Subsequently, Galon and
colleagues disclosed that higher levels of tumor-
infilcrating memory CD45RO*CD8* cells were
associated with the absence of early metastasis, a
less advanced pathological stage and prolonged
survival in colorectal cancers [s3-55/. In addi-
tion, they reported that high expression of genes
related to Thl immune responses ([RF-1, T-bet,
IEN=y), cytotoxicity (granulysin, granzyme B),
chemokines (CX3CLI, CXCL10, CXCL9)
and adhesion molecules (JCAMI1, VCAMI,
MADCAMI) were associated with better clinical
outcomes [53.5457]. Following these observations,

they have developed a novel immune scoring
system, which refleces che densities of tumor-
wfilerating CD8* and CD45RO* T cells, by
quantifying them in the center and the invasive
margin of tumor tissues in patients with the early
stage [56| or any stages of colorectal cancers [5].
They reported two important findings: patients
with higher immune scores (greater CD8* and
CD45R0O* T cell densities) showed increased
disease-free and overall survival as compared
with those with lower immune scores; and the
immune score was superior to the standard prog-
nostic clinical parameters, including the TNM
staging system [58].

Recently, Nosho ez al. also reported that
tumor-infiltrating CD45RO* cell density was
significantly associated with longer survival of
colorectal cancer parients, independent of other
clinical, pathological and molecular features,
such as tumor microsatellite instability and
LINE1 methylation (sv1. Since accumulating
evidence suggests that the density of infileraring
CD45RO* memory CTLs is an independent pre-
dictor of prognosis, the evaluation of these tumor-
infilerating cells could be part of the standard
clinical practice for evaluating colorectal cancers
at the time of diagnosis, although further stud-
ies will be required to validate its clinical utility.
In addition, it would be of interest to examine
whether a similar evaluation would also be use-
ful for predicting the prognosis in other types of
cancers. In fact, expression of CD45RO in TILs
was reported to be also associated with improved
survival in other cancers, including gastric {45
and esophageal cancers (611

Since the quantities of TILs have been the
only variables typically considered in most of
the previous studies, there has been only limited
information available regarding localization of
CD8* T cells within tumors. Several studies char-
acterized the relationship between localization
of tumor-infiltrating T cells and patient clinical
outcome. For example, Naito ez a/. clearly demon-
strated that invasion of CD8* T cells inside cancer
nests was significantly correlared with a favorable
prognosis, whereas infiltraces ar the tumor mar-
gins or in the stroma were not [52]. In stage IV
non-small-cell lung cancer (NSCLC), patients
with more cumor-infilerating CD8* T cells in can-
cer nests than in cancer stroma (nests > stroma)
showed significantly better survival, compared
with those with more CD8* T cells in the stroma
(nests < stroma) [44]. In esophageal squamous
cell carcinoma, patient prognosis was correlated
with the number of CD4* and CD8* cells in
the stroma, and that of CD8* cells, but not of

1238

Immunotherapy (2011) 3(10)

future science group



Variation of tumor-infiltrating lymphocytes in human cancers

CD4* cell, within the cancer nest [¢2]. In early-
stage tongue cancers, the cumor nest-infilerating
CD8* T cells were shown to express PD-1 at a
higher rate and NKG2D at a lower rate, com-
pared with the CD8* T cells in the stroma, sug-
gesting that exhausted and inactivated pheno-
types were induced in TILs accumulating in the
tumor nests |63]. Many of the previous studies
suggested that CD8* T cell infiltration to can-
cer nests was prognostically most important, but
more data need to be accumulated before defini-
tive conclusions can be drawn. Since the impact
of TILs on tumor progression and patient clini-
cal outcomes appears to be strongly influenced
by their localization within tumors, it is critical
to precisely analyze both their localization and
phenotypes in future studies.

Regulatory T cells

Substantial evidence has suggested that immuno-
suppressive cells infilerating tumors provide one
of the major barriers to effective antitumor
immunity 3-5]. In particular, Treg cells have
been reposted to suppress effective antitumor
responses of T cells and other immune cells
and promote tumor progression [e4). In 1995,
Sakaguchi ez al. for the first time reported a T cell
subset expressing both CD4 and IL-2 receptor
o. chain (CD25) on the cell surface, which they
designated CD4*CD25* Treg cells, as a distinct
cell population that inhibits autoimmune dis-
eases in murine models [65]. In humans, several
groups identified chis unique cell subset in the
peripheral blood [6¢]. In addition to CD4 and
CD25, Treg cells are phenotypically distinguish-
able by high levels of CTLA-4, GITR, and fork-
head transcription factor FoxP3. Treg cells have
been reported to arise in response to persistent
antigen stimulation in the presence of TGF-f,
particularly in the absence of inflammatory sig-
nals 66]. Antigen-specificity of Treg cells infil-
trating tumors has not been extensively studied.
Wang et al. reported that LAGE! protein was rec-
ognized by tumor-specific CD4* Treg cell clones
generated from the TILs of cancer patients (67].
They also identified ARTC1 as a target molecule
of tcumor-infiltrating Treg cells |681. Nevertheless,
more studies need to be done to clarify the ori-
gin and antigen specificity of tumor-specific
CD4* Treg cells at tumor sites.

June and colleagucs first reported an increased
proportion of CD4*CD25* Treg cells, which
secrete an immunosuppressive cytokine, TGE-f3,
in tumor specimens obtained from patients with
early stage NSCLC and late-stage ovarian can-
cer [691. Subsequent studies have shown increased

frequencies of CD4*CD25* Treg cells in the
peripheral blood as well as within tumors in
various types of cancers [70-72]. Curiel ez al. first
demonstrated a significant association beeween
an increased density of CD4*CD25* Treg cells
within tumors and poor prognosis in patients
with ovarian cancers [73]. They also found that
Treg cells expressed a chemokine recepror,
CCR4, on their cell surface, which recruited
them to tumors via its ligand chemokine,
CCL22, produced by tumor cells. Subsequently,
considerable evidence has accumulated suggest-
ing that an increased frequency of Treg cells
within tumors or tumor-draining lymph nodes
is associated with negative clinical outcomes in
patients with various types of cancers [4374-78).
Sato et al. demonstrated that an increase in the
ratio of intraepithelial CD8* cells to Treg cells,
which reflects the balance between effector aud
regulatory T cells, was associated with a favorable
prognosis in ovarian cancer (79}. Similar findings
were also reported in cervical and colorectal can-
cers (¢0,81). In addition, Hodi ez a/. performed a
detailed pathological analysis in tumor biopsy
specimens from melanoma patients, treated by
vaccination with irradiated, autologous tumor
cells engineered to secrete GM-CSF, followed by
antibody blockade of CTLA-4, and demonstrated
that the extent of tumor necrosis was related to
the ratio of CD8* T cells to FoxP3* Treg cells s21.
Considering the prognostic significance of
tumot-infilerating Treg cells, depleting this cell
subset iz vivo might enhance effective antitu-
mor T cell responses. Although there are still no
definicive data showing an improved dlinical out-
come after Treg cell depletion in human cancer
patients, several studies showed a greater induc-
tion of antitumor effector T cells when Treg cell
numbers were reduced by the administration of
a CD25-targeted toxin {83-85].

Interestingly, an accumulation of CD4*FoxP3*
Treg cells within tumors has recently been
reported to be associated with a better prognosis
in some types of cancers. Loddenkemper ez /.
showed that intratumoral infileration of FoxP3*
cells was significantly higher in localized diseases
than in metastatic diseases in 40 colorectal can-
cers [36]. Salama et 2. demonstrated that a high
density of intratumoral FoxP3* cells was a favor-
able factor for improved prognosis in multivariate
analysis with 967 tumor samples from patients
with stage IT and IIT colorectal cancers |871.
Similarly, Correale also reported chat the infil-
tration of FoxP3* Treg cells was a favorable factor
for progression-free and overall survival in 57
relapsed colorectal cancer patients undergoing
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chemotherapy or chemoimmunotherapy [s31. In
addition, in patients with follicular lymphoma
and Hodgkin’s lymphoma, high numbers of
intratumoral Treg cells were associated with
longer disease free and overall survival [g9.901.
Moreover, in patients with head and neck cancer,
tumor infiltration by FOXP3* Treg cells was pos-
itively associated with better locoregional control
of the tumors [91]. Although the exact biological
mechanisms remained to be clarified, similar
findings have been demonstrated in several dif-
ferent types of cancers, suggesting that such posi-
tive prognostic effects of intratumoral Treg cells
night not be a disease-specific observation. The
favorable prognosis in patients with a high den-
sity of tumor-infiltrating FOXP3* Treg cells may
be explained by their capacity to downregulate
proinflammatory, tuimor-promoting immune
responses that are generated by infectious stimuli
from bacteria, translocated through the muco-
sal barrier and promoted by proinflammatory
immune cell subsets, such as Th17 cells (92]. This
may be a typical example that a unique tumor
microenvironment can shape the composition
and function of TILs in a unique way.

It should also be noted that activated human
CD4+CD25" effector T cells transiently express
FoxP3 without acquisition of suppressive func-
tions (95-95], although FoxP3 expression is
often used to assess the frequency/density of
intratumoral Treg cells. In addition, subsets of
CD8* T cells [95-97), as well as tumor cells {93) may
also express FoxP3. Therefore, although FoxP3 is
currently the best marker available for immunohis-
tochemistry (IHC) staining to identify Treg cells,
the simple use of this marker may overestimate the
frequency/density of intratumoral Treg cells. In
the cases with high numbers of FoxP3* activated
T cells in tissue specimens, the simple enumera-
tion of FOXP3-positive cells without other mark-
ers [99) or functional analyses |100.101) may lead to
the misinterpretation of data.

In addition to CD4*CD25*FoxP3* Treg cells,
other immunosuppressive subsets, such as
T regulatory cells type 1 (Trl), Th3, and
CD8*FoxP3* T cells, have also been reported
to infilcrate cumor tissues (96,97.102,1031. However,
little information is available regarding these
immunosuppressive cell types, and their bio-
logical and clinical significance within tumor
microenvironments remains to be determined.

% Th1 & Th2 cells

Most studies assessing tumor-infiltrating immune
cells have focused on the analysis of CD8* T cells
and/or CD4*CD25* regulatory T cells, which

are thought to be the main mediators/regulators
of antitumor immunity. Therefore, helper CD4*
cells within tumors have not been extensively
studied, although the available evidence suggests
that they play significant roles in the immune
responses to cancers. In a melanoma patient with
a dramatic clinical response to adoptive transfer
of ex vivo expanded TILs, CD4* T cells that
react with multiple tumor antigens in an HLA
Class [I-restricted manner were identified in TILs,
suggesting that tumor-specific CD4* T cells mighe
be associated with 2 vive tumor regression [104].
In NSCLC, CD4* T cells in cancer stroma, but
not CD8* T cells in cancer nests, were reported
to be associated with favorable prognosis 1051, In
head and neck squamous cell carcinoma, acti-
vated CD4*CD69* T cells within tumors but
not CD8* T cells, were positively correlated with
a good prognosis 91. Recently, a marked increase
in JEN-y-secreting CD4* T cells expressing ICOS
(CD4*ICOS") was reported to be accompanied
by an increase in the ratio of the effector to regu-
latory CD4* T cells (Teff/ Treg) in the peripheral
blood as well as within tumor tissues in bladder
cancer patients receiving anti-CTLA-4 blockade
therapy [106].

It should be noted that the roles of tumor-
infilerating CD4* cells are considered to be a
double-edged sword, since immune responses to
tumors ate controlled by the balance of cytokines
produced by two distinct helper T cell subsets,
Thl and Th2 cells [107). Several studies evalu-
ating gene and/or protein expression profiles in
a variety of primary human tumors have dem-
onstrated that a Thl-type signature is associated
with improved clinical outcomes j108-111]. In renal
cell carcinoma, the upregulation of the Thl-type
immune response, particularly an increase in
Thl-associated chemokines, was reported to be
associated with a favorable prognosis [10s]. In
human papillomavirus (HPV)-18-positive high-
grade cervical lesions, higher numbers of T cells
positive for CD4 and T-bet, a transcription factor
inducing Thl-type gene expression, were corre-
lated with a favorable clinical outcome [109). In
colorectal cancers, patients with high expression
of the Thl-related gene cluster (7-bet, IRF-1,
IL-12RP2, STATH), but not those of the Th2-
related gene cluster (IL-4, IL-5, IL-13), showed
improved prognosis [111}. Collectively, these find-
ings suggest that Thl cells play critical roles in
antitumor immunity.

Conversely, De Monte ez al. recently found
that the ratio of Th2 (GATA-3*)/Thl (T-bet*)
tumor-infilerating lymphocytes was a negative
predictive marker of survival in pancreatic cancer

1240

Immunotherapy (2011) 3(10)

future science group £



Variation of tumor-infiltrating lymphocytes in human cancers

patients [112]. They demonstrated that Th2-type
inflammation induced by thymic scromal lym-
phopoietin (TSLP), which was produced as a
result of the cross-talk between tumor cells and
cancer-associated fibroblasts, was associated
with reduced patient survival. Aspord and col-
leagues demonstrated thar a tumor-infilerating
CD4* T cell subset secreting type 1 (IFN-y) as
well as high levels of type 2 (IL-4 and IL-13)
cytokines, facilitated tumor development in
breast cancer (113]. They also recently reported
that breast cancer cell-derived TSLP contributes
to the inflammatory Th2 microenvironment,
conducive to breast tumor development by induc-
ing OX40L expression on DCs n14/. Since only
limited information is currently available, more
data need to be accumulated in order to clarify
the precise roles of tumor-infiltrating CD4* cells
within tumor microenvironments.

% Thi7 cells
A novel type of CD4* helper T cells, Th17, which
secretes the inflammartory cytokine, 1L-17, has
recently been identified as a distinct T cell sub-
set [115,116]. Some combinations of TGF-f3, IL-6,
IL-1$, IL-21 and/or IL-23, which are secreted by
malignant cells and associated stromal cells, are
reported to be essential for Th17 differentiation
and expansion. However, the precise mechanisms
for Th17 development are still not completely
understood and remain controversial. Early dif-
ferentiation of naive CD4* T cells to Treg and
Th17 cells have both been reported to require the
immunosuppressive cytokine, TGF-[3, suggesting
that there may be a substantial plasticity between
Th17 and Treg cell development. Indeed, in vitro
stimulation of naive CD4* T cells with TGF-f3
alone induces Treg cell differentiation, whereas
TGE-p in combination with IL-6, IL-21 or IL-23
promotes Th17 cell differentiation.
Accumulating evidence suggests that
Thi7 cells play important roles in inflamma-
tion and autoimmune diseases {115.116], but their
specific roles in the tumor microenvironment
have not been clearly determined. Th17 cells
have been reported to possess both protumori-
genic and antitumorigenic effects (117.118). The
protumorigenic effects of Th17 cells rely on their
capacity to enhance angiogenesis via induction
of a wide range of angiogenic factors, such as
VEGF, and to activate tumor-promoting tran-
scription factors, such as Stat3. Th17 cells also
can promote tumorigenesis by recruiting inflam-
matory cells, such as neutrophils, via the produc-
tion and release of proinflammatory cytokines
and chemokines. By contrast, Th17 cells may

be converted into IFN-y-producing Thl cells
that mediate tumor rejection. In addition,
Thi7 cells can elicit a protective inflammation
that promotes the activation of tumor-specific
CD8* T cells. Although Th17 cells constitute a
minor population in human peripheral blood or
lymph nodes in cancer patients, they are reported
to be detected within tumor tissues at higher
frequency in various types of cancers, including
ovarian (119}, hepatocellular [120], prostate 121],
small cell lung (122), colorectal (111.123] and gas-
tric cancers (124). Tumor-infilerating Thi7 cells
were found to express several types of receptors
for trafficking in the peripheral dssues, such as
CXCR4, CCR6 and CD161, which may be asso-
ciated with a selective migration and retention
within tumor tissues (119. In addition, tumor
cells and tumor derived fibroblasts were reported
to produce cytokines RANTES and MCP-1
that recruit Th17 cells and provide the cell-cell
contact engagement that facilitates generation
and/or expansion of Th17 cells in the tumor
microenvironment {125}

There has been relatively little information
regarding the clinical significance of rumor-infil-
trating Th17 cells. In ovarian cancer, the levels of
tumor-infiltrating Th17 cells positively predicted
patient outcome [119]. By contrast, the accumu-
lation of intratumoral Th17 cells was associated
with a poor prognosis in hepatocellular carcinoma
and colorectal cancer patients {111.120.123]. Further
studies will be required to define the roles of this
cell subset in the tumor microenvironment and
clarify their clinical significance,

% 5 T cells
6 T cells represent only a small subset of the total
T cell population in the peripheral blood. This
‘unconventional’ T cell subset has been reported
to play an important role in stress-surveillance
responses in numerous aspects of inflammation,
including infectious diseases, autoimmunity and
tumor immunity (126]. Y8 T cells can directly
recognize specific antigens without antigen-
processing or -presentation by MHC molecules.
Following the engagement of specific antigens,
v& T cells can provide cytokines and/or chemo-
kines that affect downstream, adaptive immu-
nity. In addition, v8 T cells can directly influ-
ence the adaptive immunity by functioning as
antigen-presenting cells (1271

In multiple experimental models, Y0 T cells
were reported to play important roles in antitu-
mor immune responses, predominantly as a posi-
tive regulator. ¥ T cells produce inflammatory
cytokines such as IFN-y and show high cytolytic
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activity. Transformation-induced changes in
tumors are suggested to cause stress-surveillance
responses mediated by y6 T cells and enhance
antitumor immunity [126]. In murine studies
in vivo, intraepithelial ¥8 T cells were shown to
be rapidly recruited to tumor sites, in order to
produce high levels of IFN-y and control cutane-
ous tumor development. Mice lacking y8 T cells
revealed an increased susceptibility to chemi-
cally induced cutaneous carcinogenesis [128]. In
addition, it has recently been demonstrated that
IL-17-producing v& T lymphocytes play a deci-
sive role in chemotherapy-induced anticancer
immune responses in mice (129]. However, these
positive roles have not been supported in other
settings. In another murine model, transplanted
tumors were found to be better controlled in
mice lacking ¥ T cells, suggesting that 8 T cells
could also play negative roles in antitumor
immunity {130].Although the adoptive transfer of
ex vivo expanded y8 T cells has been performed
in some early-phase clinical trials (1311321, there
has been little information regarding the clini-
cal significance of rumor-infilerating 0 T cells
in human cancers. Tumor-infilerating y8 T cells
were teported to be significantly correlated with
a brief disease-free interval in advanced serous
ovarian carcinoma [133]. However, in renal cell
carcinoma, the percentages of intratumoral
¥8 T cells were consistently low (~1%) in nearly
all of 248 tumor specimens examined, and
failed to correlate with patient prognosis [134).
Peng er al. recently found high percentages of
¥81 T cells, which strongly inhibited the activa-
tion of conventional T cells and the maturation
of DCs via a unique toll-like receptor signal-
ing pathway, among TILs in human breast and
prostate cancers [135].

B cells

Humoral responses to tumor antigens in the
peripheral blood have been extensively studied.
However, there has been limited information
regarding tumor-infilcrating B cells, which often
colocalize with T cells within tumor tissues [136].
Tumor-infilcrating B cells have been most exten-
sively examined in breast cancer (157,138]. B cells
were reported to infiltrate approximately 20%
of breast cancer tissues, where they comprised
approximately 60% of TILs. These tumor-
infilrating B cells were reported to be positively
associated with survival in node-negative breast
cancers and medullary breast cancers [137,139].
The prognostic significance of tumor-infiltrating
B cells was also reported in other types of can-
cers [42.47.140-143]. For example, tumor-infilerating

B cells were detected in over 40% of high-grade
serous ovarian cancers, and strongly correlated
with improved survival (140]. In cervical cancers,
the density of peritumoral CD20* cells as well
as other types of TILs was significantly lower
among patients with relapse (141]. In patients
with soft tissue sarcomas, a high density of
CD20* lymphocytes in tumors with wide resec-
tion margins was an independent positive prog-
nostic indicator [142]. In NSCLC, CD20+, CD8*
and CD4* cells infiltrating tumors were associ-
ated with favorable clinical outcomes [42]. In head
and neck cancer, Distel 7 a/. found that higher
numbers of intraepithelial CD8* T cells and
CD20* B cells were associated with an improved
survival in the low-risk group (early disease),
whereas an increased number of CD20* B cells
showed shorter survival in the high-risk group
(inoperable disease) (144]. In addition, the same
authors reported that increased numbers of
intraepithelial CD8* T cells in metastatic tumors
and peritumoural B cells in lymph node metasta-
ses were associated with favorable outcomes [47}.
These findings suggest that the prognostic
impact of infilerating B cells may depend on the
stage of diseases and/or the type of treatments.

Tumor-infiltrating B cells often form orga-
nized tertiary lymphoid structures, together with
DCs, CD8* and CD4* T cells [136.143]. Recently,
Dieu-Nosjean and colleague reported tertiary
lymphoid structures, which were composed of
mature DCs and T cell clusters adjacent to B cell
follicles, within NSCLC specimens {1431. They
demonstrated that the density of mature DCs
that honed exclusively to the tertiary lymphoid
structures was a positive predictor of long-term
survival in patients with early-stage NSCLC 1431,

Little is known about the mechanisms by
which rumor-infiltrating B cells contribute to
antitumor immunity. B cells infilerating cumors
were reported to express IgG on their surfaces
and to show evidence of antigen-driven expan-
sion and affinity maturation (137.145]. Therefore,
they could potentially produce antibodies spe-
cific to tumor-associated self-antigens, which
may promote antitumor immunity through
various mechanisms, including opsonization of
tumor antigens, antibody-mediated cytotoxic-
ity, complement-mediated destruction of tumor
cells, and direct modulation of target proteins.
Indeed, similar antitumor effects via B cell-
mediated immune responses were observed in
cancer patients receiving tumor cell vaccines
expressing GM-SCF, who showed favorable
clinical outcomes through enhanced production
of autoantibodies to self-antigens [146).
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NK cells

NK cells can kill a wide range of tumors without
the need for preactivation or education by anti-
gen-presenting cells [147]. In particular, NX cells
can recognize tumors that evade T cell-mediated
killing via aberrant expression of HLA f147.
However, since NK cells cannot efficiently home
to malignant tissues, they are not often detected
in large numbers within advanced solid tumor
tissues [148]. Thus, there has been limited informa-
tion showing the prognostic values of tamor-infil-
trating NK cells. In 157 patients with colorectal
carcinomas, an extensive intratumoral infileration
of NK cells, evaluated by CD57 expression, was
associated with a favorable clinical outcome [149].
Similarly, a higher level of CD57* NK cell infil-
tration within tumors was correlated with an
improved prognosis in both gastric [150 and
squamous-cell lung cancers 1511, In addition, the
presence of tumor-infilerating CD56* NK cells,
which can kill target cells via antibody-dependent
cell-mediated cytotoxicity, was found to be an
independent predictor for survival in metastatic
colorectal cancer patients treated with che first
line cetuximab based-chemotherapy (1521,

Recently, the phenotype and properties of
twmor-infiltrating NK cells have been charac-
terized in detail. In renal cell carcinoma, higher
levels of NK cell infiltration were associated
with the presence of the CD16" NK cell
subset, which shows better cytolytic potential
than other NK cell subsets (153, In NSCLC,
CD56bish CD16" cells, which were mainly
capable of producing cytokines rather than kill-
ing cancer cells directly, were enriched within
tumors [154]. :

The activation of NK cells remains an attrac-
tive modality for cancer immunotherapy [147].
However, a fundamental problem with adoptive
transfer of IL-2-stimulated NK cells or activa-
tion of endogenous NK cells could be that they
fail to infiltrate rumors. Since the migration
and accumulation of NK cells and T cells are
shown to be differentially regulated in the tumor
microenvironment [155], the complex processes
of migration and tissue homeostasis of NK cells
remains to be clarified.

NKT cells

NKT cells, which share the characteristics of
both T and NK cells, constitute a unique class
of T-cell lineage [156.157]. Invariant NKT (iNKT)
cells, or type I NKT cells, bear a semi-invariant
ofp TCR (Va24Jl8 chain paired with diverse
V11 chains), which is restricted by the nonpoly-
morphic MHC class I-like molecule CD1d. They

display reactivity to synthetic oi-galactosylce-
ramide (ci-GalCer) as well as self-derived glyco-
lipid antigens presented by CD1d. Despite homo-
geneous Vo24V11 TCR segment usage and
o-GarCer/CD1d specificity, human iNKT cells
are phenotypically and functionally heteroge-
neous. Both CD4* and CD4- iNKT cell subsets
produce Th1 cytokines IFN-y and TNF-ot), but
the CD4* subset displays an enhanced ability to
produce Th2 cytokines (IL-4, IL-10 and IL-13)
and possesses regulatory activity. In addition,
different iNKT cell subsets express different
arrays of NK and honing/chemokine receptors.
Although NKT cells can directly kill CD1d*
tumor cells, the majority of human tumors do
not express this molecule. Therefore, the roles
of NKT cells in antitumor immunity remain
largely unknown. Interestingly, CD1d-restricted
killing of tumor-associated monocytes/macro-
phages by NKT cells was recently reported to
be associated with suppression of tumor growth
in a human glioblastoma xenograft model {15].

Various abnormalities of iNKT cells in the
peripheral blood have been documented in can-
cer patients [159]. Decreased frequencies and/or
impaired functions in peripheral iNKT cells
were observed in patients with various types of
advanced cancers [160-1621. Although iNKT cells
in the peripheral blood have been well studied in
cancer patients, very few studies have analyzed
those within tumors. This may be a critical issue
since biological aspects of iNKT cells, such as
homing and function, may be altered in tumor
microenvironments. Most of the currently avail-
able studies showed an increase of the frequencies
of tumor-infiltrating INKT cells in primary and
metastatic tumors [163-16si. In colorectal can-
cers, an increase in intratumoral infiltration of
Vu24* NKT cells was reported to be a favorable
prognostic factor (163]. Dhodapkar ez al. showed
that Va24*VB11* iNKT cells in the blood and
tumor bed had a marked functional defect in
patients with progressive multiple myeloma,
but not in those with nonprogressive myeloma
or premalignant gammopathy, suggesting that
iNKT cells play an important role in preventing
malignant progression [164]. In primary and met-
astatic liver tumors, the iNKT cell repertoire was
skewed by the enrichment of CD4* INKT cells,
a subset producing Th2 cytokines, which may
promote tumor growth and recurrence {i6s!.
In patients with gastric and colorectal cancers,
the numbers of CD3-CD56* NK cells and
CD3*CD56* NKT cells were decreased in meta-
static livers, compared with normal livers without
metastases (166].
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Only a few studies have examined the mecha-
nism of NKT cell localization to tumor sites.
Metelitsa ez al. found that NKT cells migrate
toward neuroblastoma cells in a CCL2-dependent
manner and infiltrate tumors that express high
levels of CCL2 (167]. Although NKT cell-based
immunotherapy has been clinically tried as a
potentially promising strategy for the treatment
of cancer patients (159], more phenotypical and
functional data of NKT cells in the peripheral
blood as well as within tumors would be required.

Current issues & future perspective

% Assessment of localization of
tumor-infiltrating immune cells

Various types of immune cell subsets infiltrace
tumor tissues in variable quantities and interact
with each other. Recent detailed analyses sug-
gest that TILs are not randomly distributed, but
appear to be organized to accumulate more or
less densely in different regions within tumors.
It now seems to be clear that not only the overall
quantity, but also the localization of the immune
cells in the tumor microenvironment has a major
impact on the prognosis of patients [44.52,62.63].
However, in most of the currently available stud-
ies, the quantity of TILs was the only variable typ-
ically considered. More detailed analyses regard-
ing where and how actively the immune cells
infiltrate within cumors would be informative.

# Simultaneous detection of different
immune cell subsets

Recent data have revealed that the composition
of tumorinfiltrating unmune cells is not homo-
genous, but rather represents varying contribu-
tions from many different cell subsets. Not only
lymphocytes, but also other immune cells, such
as macrophages, granulocytes, DCs and myeloid-
derive suppressor cell, infiltrate tumors and affect
tumor growth via their mutual interaction. The
functions of TILs are often compromised as a
result of the accumulation of immunoregulatory
cells and various tumor escape mechanisms. To
understand the mechanisms of infiltration to
cumors and the biological significance of infil-
trating cells, the spatial distribution and relation-
ship of different immune cells need to be clarified
by assessing and analyzing multiple cell subsets
simultaneously. Currently, IHC remains the most
important diagnostic technique to evaluate pro-
tein expression in tissue specimens. However, cur-
rent IHC analyses have some limitations. In gen-
eral, IHC has not been quantitative, owing to the
low specificity of the antibodies used to capture
the analytes and instability of fluorescence dyes

used as the detecting agents. In addition, because
of the limiced availability of different fluorescence
dyes, simultaneous, multiplexed detection of sev-
cral markers is quite difficult. Feure 1 shows an
example of a multiplexed IHC with quantum
dots (QDs), which have recently emerged as a
novel class of flucrophores that show promise
for many biomedical imaging applications [168).
Fluorescence from QDs is significandy brighter
and more photostable than organic dyes. In addi-
tion, QD:s offer the capacity for multiplexed detec-
tion of several analytes simultaneously. These
novel techniques need to be developed to allow
for simultaneous detection and quantitation of
multiple cells within tumors.

# Appropriate reagents for assessing
immune cells

Appropriate reagents for assessing immune cells
within tumors may be the primary critical consid-
eration. However, the currently available reagents
are quite restricted. In particular, only limited
numbers of antibodies are suitable for IHC. Most
of antibodies used for IHC in recent studies were
developed and provided by commercial suppli-
ers, but not all commercial antibodies perform as
expected [169.170). Different commercial suppliers
offer antibodies of varying quality and are some-
times unable to provide expert technical support
for IHC use. For example, in the IHC staining
for FoxP3 on formalin-fixed paraffin-embedded
sections, two commonly used monoclonal anti-
bodies from different commercial sources are
reported w show significautly different staining
patterns (1711, Development and confirmation of
reliable reagents thus may be critical.

In addition, selection of markers for identify-
ing specific cell subsets may be important. For
example, NK-markers, such as CD56 and CD57,
have frequently been used to identify NK cells.
However, these molecules are known to also be
expressed in other cell subsets, such as termi-
nally-differentiated T cells and NKT cells (172).
Therefore, the simple use of these markers may
overestimate the frequency/density of NK cells
by detecting not only NK cells but also other
cell subsets. To precisely identity NK cells, other
markers should be employed in combination.
In addition, as discussed above, the simple use
of FoxP3 may also overestimate the frequency/
density of Treg cells, although most studies use
FoxP3 alone to identify Treg cells. Because FoxP3
is known to also be expressed in other types of
cells, including activated CD4* and CD8* T cells
and tumor cells (93-981, Treg cells should be
defined by combined staining with FoxP3 and
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Figure 1. Multicolor, multiplexed fluorescence detection of CD4, CD8 and FoxP3 antigens
with quantum dot nanocrystals. A paraffin-embedded tumor tissue was simultaneously stained
with quantum dot-labeled anti-CD8 (green), anti-CD4 (blue) and anti-FoxP3 (red) antibodies.

other markers, such as LAG-3 [99]. In addition,
functional analysis of TILs directly isolated from
tumor tissues may be quite important to prevent
misinterpretation of data oo,101].

Assessment of antigen-specificity

of TlLs

The assessment of antigen-specificity of infilerac-
ing T cells can provide important information
to understand the dynamics and magnitude of
T-cell responses specific to tumors. Currently,
staining of antigen-specific T cells with fluo-
rescently labeled MHC—peptide multimers has
provided a powerful experimental approach to
characterizing immune responses. However, this
technique has been limited to ex vivo studies to
analyze the cells isolated from blood or tissues by
flow cytometry. In order to monitor antigen-spe-
cific T cells in situ, staining of tissue sections with
MHC-peptide multimers has been developed,
although this technology is still challenging and
requires optimization for individual MHC—pep-
tide multimers (173,174]. To obtain the best possible
results, it is necessary to optimize the staining
protocols; including the amount of MHC—pep-
tide complexes and CD8 ancibody, atplification
with secondary antibodies, and incubation tem-
perature and time; but once optimized this tech-
nique would allow researchers to directly assess
the dynamics and magnitude of antitumor T-cell
responses within tumors.

future science group

Assessment of functionality of

tumor-infiltrating immune cells

Recent technical developments have allowed
the refinement of phenorypical and functional
analyses of human T-cell subsets, which has
cast light on their heterogeneity and plasticity.
The capacity of single T cells to exert several
effector functions, so-called polyfunctionality,
has been shown to correlate with protective
immunity against infectious diseases [175] and
cancers {176-178|. Therefore, functional proper-
ties, in particular polyfunctionality of TILs,
may also be important considerations. Since
it is conceivable that the long-term culture
used for generating clones in vitro may con-
tribute to significant phenotypical and func-
tional changes, bulk T cells, directly isolated
from tumor sites after mechanical dissociation
without 7z vitro culture, will provide useful
confirmatory information (Box 1).

Assessment of localization of tumor-infiltrating immune cells
Simultaneous detection of multiple cell subsets (i.e., multiplexed

Immunohistochemistry with quantum dots)
Development or confirmation of reliable reagents

Selection of appropriate markers (i.e., combined use of multiple markers)

Assessment of antigen-specificity of tumor-infiltrating lymphocytes (i.e., in situ

staining with MHC-peptide multimers)

Assessment of functions of tumor-infiltrating immune cells (i.e., polyfunctionality

of tumor-infiltrating lymphocytes)
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lymphoma, and head and neck cancer.
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#

#

Tumors develop and progress under the.influence of @ microenvironment comp sing various types of immune cells and their products,
such as cytokines, chemokines and metabolites. A unique mxcroenv;ronment of each tumor may shape the composition and function

of turnorinfiltrating lymphocytes (TILsY in a Unique way. A variety of immidne cell subsets, belonging to both the innate and adaptr\fe
immune systems, accumulate at tumor sites and play critical roles.in promotmg or mhlbltmg tumor development and/or progressxon The
diversity and cormposition of tumorinfiltrating immune cells may srgmficanﬂy affect dinical outcomes in cancer patients.

* The clinical significance of TILs in hurian cancers remains unclear, and is.a subject of considerable controversy; largely owing to-the lack
of functional data for TiLs, as well as owing to the enarmous varlabshty of TiLsin different tumors. A great deal more functional data
about TILs need to be obtained for individual tumors before TlLs can be considered as a prognostic parameter in human: cancers,

* Tumor-infiltrating CD8* T cells have been most extensively. studied. An abundance of. tumorinfiltrating CD8* T cells has been reported
to be associated with improved clinical outcomes in various types of cancers. For example, in colorectal cancers; a novel immune scoring
systemn that reflects the densities of tumor- nﬁitratmg CDS* and CD45R0O* T cells, has been proposed:to be superior to the standard
prognostic clinical parameters, including the TNM staging system Further studies will be required to validate its clinical utility.

» Considerable evidence has accumulated suggestmg that an increased frequency of CD4+FoxP3+ regulatory T cells within tumors
is associated with negative clinical outcomes in patients with various types of cancers. However, positive pragnostic roles of
CD4+FoxP3* regulatory T cells within tumors have also recently been reported in some types of cancers, including colorectal cancer,

« Accumulating evidence has suggested that not only CD8* and/or CD4+ uf3 T cells, but also other lymphocyte subsets, including v$ T cells,
B cells, NK cells, and NKT cells, infiltrate tumor tissues in variable quantities and play key roles in the regulation of antitumor immunity.
More data need to be accumulated before their precise roles within tumors can be determined.

= TILs are not randomly distributed, but appear to be organized to accumulate more or less densely in different regions within tumors.

Not only the overall quantity, but also the localization of the immune cells in the tumor microenvironment may have a major impact on

prognosis of patients. In future studies, it is critical to precisely analyze both their localization and phenotypes.

The spatial distribution and relationship of different immune cell subsets remains to be determined, in order to understand the

mechanisms of tumor infiltration and biological significance of each cell subset. Novel techniques need to be developed in order to

allow for simultaneous detection and quantitation of multiple cells within tumors.

Appropriate reagents for assessing immune cells within tumors may be the primary critical consideration. Different commercial suppliers

may offer reagents of varying quality. Development and confirmation of reliable reagents may thus be critical. in addition, selection of

appropriate markers for identifying specific cell subsets may be important to prevent over- or underestimation.

The assessment of antigen specificity of TiLs can provide important information to understand the dynamics and magnitude of T cell

responses specific to tumors. In addition, functional properties, in particular the polyfunctionality of TiLs, may be also important

considerations. Bulk T cells directly isolated from tumor sites without in vitro culture will provide useful information.
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