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Background: The notion that a deficit in immune
cell functions permits tumor growth has received 
experimental support with the discovery of several
different biochemical defects in T lymphocytes that
infiltrate cancers. Decreased levels of enzymes in-
volved with T-cell signal transduction have been 
reported by several laboratories, suggesting that 
tumors or host cells recruited to the tumor site actively
down-regulate antitumor T-cell immune response.
This permits tumor escape from immune-mediated
killing. The possibility that defects in T-cell signal
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transduction can be reversed, which would poten-
tially permit successful vaccination or adoptive im-
munotherapy, motivates renewed interest in the field.
Summarizing the literature concerning tumor-induced
T-cell dysfunction, we focus on the end stage of im-
mune response to human cancer, that of defective cy-
totoxic T lymphocyte killing function. Based on the
data from several laboratories, we hypothesize a bio-
chemical mechanism that accounts for the unusual
phenotype of antitumor T-cell accumulation in tu-
mors, but with defective killing function.

Introduction
A long-standing paradox in immunology is the
growth of antigenic tumor in spite of demon-
strable antitumor T-cell immune response. Ac-
cumulation of T cells in human tumors (tumor-
infiltrating lymphocytes; TIL) and production
of circulating antitumor immunoglobulin G (IgG)
in cancer patients show that the priming phase
of antitumor immune response is functional
during the relatively slow process of nascent
tumor growth. Priming of antitumor T cells also
occurs in experimental rodent models follow-
ing injection of fast-growing transplantable 
tumors. T cells that are reactive with tumor an-

tigens can be isolated from TIL, tumor-draining
lymph nodes, or spleens of tumor-bearing ani-
mals (1). In transgenic strains in which tissue-
specific expression of activated oncogenes ini-
tiates tumor development, tumor development
occurs more slowly compared with injection of
transplantable tumor and accumulation of TIL
also can occur in primary tumors. In addition,
in transgenic mice where T cells express a T-
cell receptor (TCR) specific for a given nominal
tumor antigen, TIL can home to and accumu-
late in the growing tumor after injection of tu-
mor expressing the cognate tumor antigen (2).

In both human cancer patients and rodents
bearing tumors of different histologic origin,
systemic immunity is not profoundly sup-
pressed, since tumor-bearing hosts do not
show evidence of opportunistic infection and
hosts mount an immune response after injec-
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tion of either model antigens or immunogenic
tumor. However, inhibition of a specific antitu-
mor immune response has been observed fre-
quently (3,4). A variety of mechanisms have
been proposed to account for defective antitu-
mor immune response, including: secretion of
suppressive factors in the tumor microenviron-
ment [for example: transforming growth factor
�-1 (TGF�-1; 5,6), interleukin-10 (IL-10; 7),
phosphatidyl serine (8), gangliosides (9), nitric
oxide (10–12), prostaglandin E2 (13), and reac-
tive oxygen intermediates (14)], the lack of 
expression of costimulatory signals on tumor
cells (15), induction of regulatory T cells having
a suppressive phenotype (16), loss of antigen
presentation function in the tumor (17), loss of
expression of HLA class I antigen presenting
molecules in tumors (18), tumor-induced T-cell
signaling defects (19), loss of tumor antigen 
expression (20), immunological ignorance (21),
and, since many tumor antigens are either un-
modified self or epitopes closely related to self,
the reduction of the repertoire of potential high-
affinity antitumor T-cell clones during T-cell
maturation in the thymus (22).

Each of the mechanisms of tumor-induced
immunesuppression has received experimental
support, however, contrary findings have also
been described. The existence of both support-
ive and contradictory evidence of the different
potential tumor escape mechanisms illustrates
the complex and variable nature of the immune
response to tumor growth and, also, the poten-
tial difficulty of overcoming insufficient or de-
fective antitumor immune response.

In this article, we review the evidence that
human cancers are immunogenic, but that anti-
tumor immune response is rendered dysfunc-
tional. The mechanism by which antitumor T
cells kill tumors in situ is not well-established.
For example, antitumor T cells produce a vari-
ety of cytokines that can have multiple effects,
including: direct cytotoxic or cytostatic effects
on tumors (e.g. tumor necrosis factor-�; TNF-�)
and recruitment or activation of other immune
cells that are tumoricidal [e.g. granulocyte-
monocyte colony stimulating factor (GM-CSF)
and interferon-gamma (IFN-�)]. In addition,
certain cytokines produced by antitumor T
cells can affect the tumor vasculature, leading
to indirect tumor killing [e.g. interleukin-12
(IL-12) and IFN-� (23)]. Direct cytolysis of the
tumor by antitumor T cells in situ is difficult to
assess, but in several models, cytolytic function
of T cells in vitro is correlated directly with tu-

moricidal effects in vivo (24–26). In addition,
antitumor cytolytic T cells prepared from mice
deficient in IFN-� are cytolytic in vitro, but sig-
nificantly prolong survival of tumor-bearing
mice. This demonstrates that IFN-� expression
by antitumor T cells is not always required for
antitumor activity in situ (27). Therefore, we
have focused our attention on the inhibition of
the cytotoxic capability of antitumor T cells. A
survey of the literature led us to hypothesize
that immunogenic human tumors elicit TIL in-
dicative of stimulation of T cell priming by tu-
mor antigens. However, TIL are defective in
perforin- and/or serine esterase-mediated tu-
mor lysis, thereby, permitting tumor growth in
the face of the antitumor immune response.
Data from murine transgenic TCR-tumor mod-
els also supports our contention that TIL are ac-
tivated, but lytic function is dysfunctional in
situ.

Tumors Elicit Immune Response
and Accumulate Infiltrating
Antitumor T Cells
Tumors have been noted to contain infiltrating
cells, even prior to understanding the nature of
the infiltrate. In 1929, Woglom (28) described
them only as “. . . small round cells . . .” Since
then, immunocytochemical analyses of human
tumor specimens has shown that TIL often con-
tain immune cells. The infiltrating immune
cells comprise both the natural defense system,
such as cells that do not express specific anti-
gen receptors (macrophages, neutrophils, nat-
ural killer (NK) cells, or eosinophils), and also
the adaptive immune response; wherein, T
cells are most abundant, but considerable B-
cell infiltration occurs in some tumors, espe-
cially melanoma (Table 1). The accumulation of
B and T cells in tumor tissue strongly supports
the notion of specific antigen recognition and
immune response in situ. Demonstration of
both circulating antitumor IgG (29–31) and TIL
(32) that specifically recognize tumors in vivo
and in vitro conclusively shows that human tu-
mors are immunogenic. Furthermore, dramatic,
but limited, success in two types of experimen-
tal immunotherapies strongly suggests that the
T-cell repertoire in late-stage cancer patients is
not bereft of antitumor T cells that can react
with the tumor in situ. First, the ability to iso-
late tumor-specific TIL, which upon expansion
in vitro before adoptive transfer, causes tumor
regression in vivo (33). Second, peptide vacci-
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nation of some patients results in the dramatic
remission of disseminated melanoma (34).
Therefore, although antitumor T cells express-
ing high-affinity TCR may be deleted from the
repertoire, a sufficient number of T cells exist
in the periphery that can be activated by vacci-
nation to express antitumor properties. Whether
this population of T cells is adequate to elimi-
nate tumors after tumor antigen vaccination 
remains unknown.

Although (DTH) responses to recall anti-
gens can be depressed in cancer patients with
late-stage tumors, implying defective memory
responses that may limit therapeutic vaccina-
tion of patients, such defects are not profound
in patients with early-stage tumors. Further-
more, the presence of circulating antitumor
IgG, even in some cases decorating the primary
tumor, demonstrates successful priming and
expansion of the antitumor immune response
and also that the tumor is accessible to humoral
immune response (31). The failure of IgG reac-
tive with tumor antigens to cause tumor lysis
in situ has been postulated to result from en-
hanced tumor expression of inhibitors of com-
plement function, such as CD46, CD59, and
DAF (35–37), and the subject has been recently
reviewed (38).

The expression of Fas Ligand (FasL) by
primary tumors recently was reported by sev-
eral laboratories, which at first approximation,
appeared to provide another example of escape
of the tumor from T-cell-mediated elimination
in situ (39–43). However, two considerations
suggest that this conclusion should be viewed
with caution. First, the presence of viable T
cells in primary tumors implies that T cells are
not eliminated at the site of tumors. If tumors
induce T-cell apoptosis, T cells should be un-
able to be isolated from tumor tissue. However,
viable non-apoptotic T cells (annexin-negative)
are readily isolable from several tumor types,
in some cases in significant levels. Data ac-
quired using TdT-mediated dUTP-X nick-end
labeling (TUNEL) assay of tumors in histologi-
cal preparations demonstrated that there can be
some apoptotic death of TIL in situ (44,45).
However, the extent of T-cell death in tumors is
unlikely to be extensive, since within the same
tumor preparations that have TUNEL � T cells,
there are T cells in contact with the tumor that
are not apoptotic. In addition, T-cell death is a
consequence of specific antigen recognition,
which is probably in the tumor microenviron-
ment and may be the basis for the presence of
apoptotic T cells in the tumor. Therefore, the

Table 1. References for characterization of human TIL

Expression of TIL
Human Activation Proliferation TIL Lytic
Tumor Type Presence of TIL Markers Defect Defect

Breast (98) (59,99,100) (59,99,100) (99,100)
carcinoma

Prostate (101,102) (57) (101) (57)
carcinoma

Lung (103) (99,100,104) (99,100,104) (99,100,104)
carcinoma

Colorectal (85) (100,105) (100,105) (100,105)
carcinoma

Cervical (106,107) — (107) (107)
carcinoma

Leukemia/ (108) — (101,102) (109)
lymphoma

Ovarian (110) (111,112) (100) (111,112)
carcinoma

Renal cell (113) (55) (55) (114)
carcinoma

Liver (115–118) (119) — —
carcinoma

Melanoma (120) (100) (100) (70,121)
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presence of a limited number of apoptotic 
T cells in tumors probably indicates antigen-
specific, T cell—tumor interaction, if not suc-
cessful tumor killing. This notion is supported
by the results of Zaks and colleagues (46), who
showed that human melanoma TIL that expres-
sed FasL were killed in vitro in a Fas-mediated
manner that depended on specific recognition
of tumor antigen.

Second, a recent report convincingly dem-
onstrated that purported expression of FasL
mRNA by primary human melanoma cells was,
in fact, due to the expression of FasL tran-
scripts by T cells contaminating tumor prepara-
tions (47). Expression of FasL by other primary
human tumors has been reported (48), but
since evaluation of the presence of contaminat-
ing T cells has not been rigorously made, the
conclusion that a given tumor expresses FasL
should be considered tentative, although FasL
expressed by tumor cell lines has been reported
(49–52). For example, reverse transcription
polymerase chain reaction (RT-PCR) analysis
of T-cell-specific transcripts derived from puta-
tive contaminating T cells as was utilized by
Zaks and colleagues (46) for melanoma. Whether
some primary human tumors do indeed express
FasL or not, the observation that viable TIL are
isolable from primary tumor tissue implies that
significant numbers of TIL are not apoptotic
and that TIL are not effectively eliminated 
in situ. This point is especially noteworthy,
since for several human tumors that express
FasL (ovarian and renal cell carcinoma and
melanoma), viable TIL can be isolated in high
numbers (44,45,53).

TIL are Incompletely Activated in situ
Human TIL are activated in situ, as determined
by several parameters, including immunocyto-
chemistry of pathologic specimens, analysis of T-
cell cytokine gene expression by nucleic acid hy-
bridization of tumors, assay of cytokine secretion
in vitro following TIL isolation, and flow cytom-
etry analysis after purification. However, the
well-known deficit in proliferation and cytotoxic
T lymphocyte (CTL) function demonstrates that
TIL are anergic (54). Expression of cell surface T-
cell activation antigens by immunocytochem-
istry of tumor histologic preparations or flow 
cytometry after purification from primary or
metastatic tumors has shown that TIL contain a
mixed phenotype of cells, since both markers in-

dicative of memory and effector T cells are 
detected [expressing CD44high, CD45RAlow,
CD45ROhigh, and CD62low (55); and expressing
CD28, CD69, FasL, or (HLA-DR) antigens, re-
spectively (55–59)].

Activation antigens expressed by TIL range
from “early” markers (CD69) to those ex-
pressed at later times, following activation
(CD25, CD28, CD71, CD122, FasL, or DR). TIL
populations can be heterogeneous in terms of
expression of activation antigens, in that a vari-
able percentage of T cells within a tumor express
a given antigen. Of all activation markers, DR is
most often expressed at high levels on a large
percentage of TIL. CD25 and CD122 (the IL-2 re-
ceptor-� and -� chain, respectively) are expressed
least frequently in TIL populations and, when
expressed, they are often only at low levels (59).

Another assessment of the activated status
of TIL is the expression of cytokine mRNAs.
Quiescent cells do not express significant levels
of cytokine mRNAs. Following activation, typ-
ically the first cytokine mRNA expressed by
naive T cells is IL-2 and other cytokines are ex-
pressed following activation of memory (IL-2,
IL-4, IL-5) or effector CTL (GM-CSF, TNF-�,
IFN-�). In situ hybridization analysis of cytokine
transcripts, RT-PCR analysis of tumor tissue or
purified TIL, or ELISA assay of cell culture su-
pernatants following TIL isolation has shown
that, in situ or immediately upon isolation,
some TIL can express cytokines other than 
IL-2 indicative of effector T cells (59,60). As is
the case for expression of cell surface activation
antigens by TIL, not all cells in a given tumor
express effector phase cytokines. The levels of
cytokine expression, although sometimes con-
siderable, are usually not as high as for naive 
T cells activated under idealized conditions in
vitro. TIL are heterogeneous in terms of cytokine
expression, since there is variability of cytokine
expression in that in situ mRNA hybridization
analysis can show different levels of transcripts
throughout the tumor bed. In addition, there
are conflicting reports as to whether TIL in a
specific tumor type produce a given cytokine
(58–63).

Expression of IL-2 and IL-2 receptor (CD25)
proteins are not commonly detected in TIL indi-
cative of incomplete cell activation. In cases
where IL-2 is detected, the levels expressed 
are relatively low, compared with activated pe-
ripheral blood lymphocyte (PBL)-derived T cells
(55–57,59–69). The poor expression of IL-2 re-
ceptor may be related to the low IL-2 expression,
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since IL-2 up-regulates expression of its receptor.
Low-level expression of IL-2 and its high-affinity
receptor indicates that, upon recruitment to and
accumulation in the tumor microenvironment,
TIL are either incompletely activated or, if previ-
ously expressing IL-2 and CD25, are down-regu-
lated at the time of analysis. This conclusion is
supported by the frequent observation that pro-
liferation of freshly isolated TIL in response to
TCR ligation in vitro or after exposure to exoge-
nous IL-2 is depressed dramatically (see below).

In spite of the lack of a consensus concerning
which cytokines are produced in TIL and at
what levels, several conclusions may be drawn
from these analyses. First, the expression of acti-
vation markers on TIL, as analyzed in situ or im-
mediately after isolation, strongly indicates pre-
vious priming and recruitment to the tumor.
Second, T-cell cytokine mRNAs have been ob-
served in tumor tissue by in situ hybridization
analysis and also in freshly isolated TIL without
deliberate activation in vitro, which implies that
TIL are activated in situ and are expressing at
least one effector phase function. Since the levels
of TIL cytokines are variable and also modest
compared with CTL lines or T-cell clones, it is
possible that TIL are heterogeneous in terms of
cytokine expressing. This results in some T cells
in a population producing a given cytokine at
the time of assay, but others are not. The notion
that only a subset of TIL are actively transcribing
cytokine genes is in keeping with the above-
mentioned observations that TIL are heteroge-
neous in expression of activation antigens.

TIL are Deficient in Proliferative
Response and CTL Function
in vitro
TIL have been analyzed extensively for pro-
liferative responsiveness to TCR ligation (or
mitogen stimulation) in vitro, permitting the
conclusion that TIL are deficient in prolifera-
tive response (Table 1; 32). In comparison to
proliferation of peripheral blood T cells, TIL
also have a clonogenic deficit, suggesting that
the frequency of TIL that can proliferate is low
(32). As for expression of activation antigens
and cytokines, TIL are heterogeneous for pro-
liferative deficit, compared with autologous
PBL, such that TIL from some tumors are more
inhibited than others. This may be due to vari-
ability in TIL purity, which because some tu-
mors express secreted products capable of in-

hibiting T-cell activation (e.g. TGF-�), might
reflect active inhibition of proliferation in vitro
by contaminating tumor cells. The extent of de-
pressed proliferation varies among different
TIL preparations, but a consistent observation
is that isolated TIL do not incorporate tritiated
thymidine in vitro to any appreciable extent
without activation showing that TIL are not in
S phase at the time of isolation. The prolifera-
tive deficit in TIL is consistent with the obser-
vation that IL-2 expression is severely de-
pressed. Collectively the data suggests that the
majority of T cells in a TIL population are non-
responsive to TCR ligation, although perhaps,
a minor population of cells can incorporate
thymidine.

Similarly, TIL are deficient in CTL function.
Freshly isolated TIL show very low levels of cy-
totoxicity towards either autologous tumor or
HLA-matched tumor cell lines (Table 1; 54). In
addition, assay of TIL CTL function by redi-
rected cytolysis assay of irrelevant targets shows
that the lytic deficit is not antigen-specific. In or-
der to develop antitumor cytolytic function after
purification, several cycles of in vitro culture in
the presence of IL-2 usually is required (70,71).
Analysis of the biochemical basis of deficient
CTL function has not been made conclusively,
but analysis of serine esterase transcripts sug-
gests that transcription of granzyme B is dimin-
ished in TIL (72). By implication, this observa-
tion suggests that TIL may be defective in lytic
function because of either enhanced granzyme
mRNA degradation or a failure to induce tran-
scription of mRNAs encoding granzymes.
Quantitation of accumulated perforin or serine
esterase proteins on a per cell basis, compared
with CTL clones, has not been made, so the pos-
sibility that TIL CTL activity is reduced because
of a failure to release pre-formed lytic granules
cannot be made definitively (see below).

The CTL lytic deficit has also been described
in several transgenic TCR mouse models (2,73).
TIL expressing a TCR reactive with a defined ma-
jor histocompatibility complex (MHC) class I-
restricted model tumor antigen were recovered
from tumors, but demonstrated poor lysis of tu-
mor cells in vitro. The expression of effector-
phase cytokines in these TIL was not defined, but
was anticipated to be depressed, relative to
spleen T cells. Recently Prevost-Blondel and col-
leagues (2) reported that the lytic capability of
TIL in one model was intact. However, the
killing assay utilized in these experiments was
“long-term,” such as after overnight TIL co-
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culture with labeled tumor targets. We suggest
that TIL in that model kill targets by Fas-
mediated lysis for two reasons. Firstly, FasL is
up-regulated in T cells upon activation in less
than 4 hr (which occurs in long-term killing as-
says, even in primary mixed lymphocyte reaction
(MLR); S. Radoja and M. Saio, unpublished ob-
servations). Furthermore, granzyme-mediated
target lysis occurs in 3–5 hr, as is typically seen in
MLR cytolysis assays. Therefore, the requirement
for overnight contact with target cells in order to
detect cytolysis implies serine esterase-mediated
killing is not occurring. Secondly, TIL recovered
from tumors expressed high levels of FasL (2), a
finding that our laboratory has also observed in
several murine tumor models (S. Radoja and M.
Saio, unpublished observations). Therefore, the
conclusion reached by Prevost-Blondel and col-
leagues (2) that TIL are highly lytic should be 
interpreted with the proviso that lysis in this
model is Fas-mediated; whereas, serine esterase-
mediated tumor cytolysis is likely to be the ma-
jor mechanism of CTL killing of tumors. This
conclusion is supported by the description that
FasL� prostate tumor cell lines are resistant to
Fas-mediated killing in vitro (74). In addition,
the recent report that TIL lysis of glioma and
melanoma cells in vitro was calcium-dependent
and not inhibited by anti-Fas antibody implies a
perforin-mediated mechanism of lysis (75).

TIL Defects are Transitory
Several reports have shown that TIL recover
proliferative and lytic defects after purification
from tumor cells and other infiltrating cell
types [Table 1 and (32)]. One possible expla-
nation is that a minor population of TIL recov-
ers from the proliferative defect and expands
during in vitro culture; whereas, most TIL 
remain permanently dysfunctional. However,
we think that explanation unlikely because
dramatic recovery of function is often achieved
with celerity after purification, in some cases
after only 1–2 days (59). Also, recovery of 
perforin-mediated lytic function in murine TIL
is significant in as little as 6 hr following pu-
rification (S. Radoja, unpublished observation).
The ability to derive human T-cell clones lytic
for cognate tumor cells shows that TIL contain
antitumor T cells that recover killing function
and form the basis for tumor antigen identifica-
tion by expression gene cloning. This implies
that either the tumor itself, or host cells present

in the tumor, induce the transitory proliferative
and lytic defects in TIL. Recovery of TIL func-
tion can be achieved by culture in phorbol
myristate acetate (PMA) plus ionomycin;
whereas, stimulation of TIL by TCR ligation is
often ineffective (54). This observation is in
agreement with the notion that TIL have a
block in some component(s) of the proximal
TCR signaling pathway (e.g. TCR�). The rapid
recovery of TIL function suggests that the aner-
gic phenotype of TIL is a transitory state, rather
than an acquired permanent deficit. The bio-
chemical basis for tumor-induced TIL anergy is
unknown and its understanding is a major goal
of the field. As mentioned above, there are sev-
eral candidate molecules secreted by tumors or
infiltrating host cells that are known to inhibit
T-cell proliferation, which may be responsible
for induction and maintenance of TIL anergy.
The mechanisms of action, however, are not
understood fully. In addition, there are other
possible mechanisms for induction of TIL an-
ergy that may include a requirement for cell-to-
cell contact. We suggest one such model below.

A Model to Explain TIL Anergy 
and Defect Lytic Function
We hypothesize that immunogenic tumors 
escape T cell killing because TIL receive an
abortive apoptotic signal, which inactivates TCR-
mediated signal transduction and, therein, ren-
ders them anergic. In this scenario, induction of
apoptosis results in caspase activation. This, in
turn, degrades TCR�, thereby, inhibiting TCR-
mediated signal transduction. However, instead
of inexorable progression to cell death, a down-
stream step(s) in the apoptotic pathway is
blocked, preventing TIL death. TIL, in which
apoptosis has been initiated, cannot transmit
TCR-mediated signals upon antigen recognition
and, thus, remain in G0/G1 segment of the cell cy-
cle. Upon removal of the proapoptotic signal, TIL
can recover expression of TCR� and enter the cell
cycle, if appropriately stimulated with antigen.
This model explains the observed anergic status
of TIL and the ability of purified TIL to recover
from tumor-induced TIL unresponsiveness, is
partially supported by published data, and has
aspects that can be directly tested.

This hypothesis is based upon the observa-
tions that TIL express both Fas and FasL, and
are simultaneously deficient of the ability to re-
spond to stimulation via the TCR (shown
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schematically in Figure 1). We propose that,
upon recruitment to and accumulation in tu-
mors, TIL receive an apoptotic signal from ei-
ther FasL� TIL or from other FasL� cells in the
tumor microenvironment, which may include
the tumor itself or monocyte-derived cells. 

Alternatively, another host cell type recruited
to the tumor environment may express an-
other molecule capable of inducing apoptosis, 
possibly TNF-�. Transmission of the apoptotic 
signal to TIL initially causes activation of a cas-
pase (step 1), probably caspase 8 (76). Positioned

Fig. 1. A model of TIL anergy. The anergic state
is maintained by low levels of FLICE inhibitory
protein (FLIP). Arrows indicate steps in normal T
cells that are sequential activation events. Blocks in
the anergy pathway are indicated by blunted lines
(steps 2, 5, 6, and 7). Step 1 is the activation of cas-
pase by induction of the Fas (or TNF-�) pathway.
Apoptosis can be activated by any cell in the tumor
environment that expresses FasL or TNF-�; tumor,
activated macrophages, or TIL. Step 2 is cleavage of
TCR� by activated effector caspases. Step 3 is the
failure to activate MAP kinase, because of inacti-
vated TCR�. Failure to activate MAP kinase results

in down-regulated cytokine transcription, loss of
proliferative response to TCR ligation, failure to
transit the cell cycle, and loss of effector phase CTL
function, especially granule release. Step 4 is down-
regulation of FLIP, since MAP kinase is inactivated.
Step 5 is up-regulation of caspases in response to
decreased FLIP levels. Step 6 is a block in produc-
tion of death substrates putatively induced by the
tumor. Step 7 is the  involvement of IL-2 receptor-
mediated signaling in maintenance of FLIP levels.
TNF, tumor necrosis factor; TCR�, T-cell receptor
zeta; IL-2R, interleukin-2 receptor; MAP, mitogen-
activated protein; CTL, cytotoxic T lymphocyte.
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at the top of the hierarchy of apoptotic signal
transduction, caspase 8 has several potential
targets, especially other enzymes in the apop-
tosis pathway. The demonstration that TCR� is
proteolyzed in vitro by activated caspase 3 was
recently made by Gastman and colleagues (77),
which provides an essential connection bet ween
putative activation of Fas-mediated apoptosis
and down-regulation of TCR-mediated TIL
signal transduction (step 2). In additional
studies, Rabinowich and colleagues (44) showed
that TCR� was down-regulated in T cells de-
rived from ovarian carcinoma patients, coinci-
dent with induction of DNA fragmentation
upon in vitro coculture with ovarian carcinoma
cells, and that TCR� loss was prevented by in-
clusion of caspase inhibitors. Furthermore, this
key point is indirectly supported by findings
from several laboratories that the level of TCR�
protein is severely diminished in human TIL
(54,67,78–84). The specific caspase that degrades
TCR� in situ is not yet known, but the essential
postulate is that, in TIL, caspases are activated
and, as a direct result, TCR-mediated signal
transduction is down-regulated.

In addition to the proliferative defect in TIL,
which available evidence suggests is induced
by degradation of TCR�, CTL perforin- and/or
serine esterase-mediated cytolysis function is
also commonly defective (step 3). Potentially,
there are three steps in CTL lytic function that
could be subjected to tumor-induced down-
regulation: (1) transcription of perforin/serine
esterase mRNAs, (2) translation of lytic enzyme
mRNAs and, (3) assembly into granules, or, since
lytic enzymes are stored preformed in cytoplas-
mic granules, activation-induced granule release.
There has been a recent report that expression
of mRNA encoding granzyme B is reduced in
TIL, implying that cytolytic function is reduced
in TIL, because of a failure to transcribe this
key enzyme necessary for lytic function (72).
However, there are several reports that perforin
and granzyme proteins are detected in histo-
logic preparations of renal cell and colorectal
carcinomas (85,86). The presence of lytic pro-
teins in TIL in tumor specimens argues against
a transcriptional block in lytic enzyme produc-
tion, although transcriptional down-regulation
of these effector phase-specific enzymes in TIL
may be a function of the particular tumor or
stage of growth. If the presence of granzymes
and perforin in TIL can be generalized to other
tumors, then the block in CTL lytic function is
predicted to be due to inhibition of release of

lytic granules. In support of this contention, Berg
et al. (87) reported that degranulation of CTL
required sustained TCR-mediated signal trans-
duction. Therefore, the deficient TCR-mediated
proliferative responses in TIL, suggested to be
due to decreased TCR� levels, implies that TIL
are unable to activate a downstream kinase that
is required for CTL granule release (88).

A regulator of caspase activation has been
described [(FLICE)-Inhibitory Protein, or ‘FLIP’],
which competitively inhibits binding of 
procaspase 8 to an adapter molecule (Fas-
associated death domain-containing protein, or
FADD). That molecule, in turn, interacts with
Fas, thereby, preventing transmission of the
Fas apoptotic signal (89,90). In freshly acti-
vated T cells, FLIP levels are high, which pre-
vents activation of endogenously expressed Fas
and apoptosis. However, if T cells are re-stim-
ulated following 3 days of activation in vitro,
FLIP expression is suppressed. It has been re-
ported that IL-2 suppresses transcription of
FLIP, which competitively inhibits the binding
of caspase-8 to Fas adapter molecule FADD,
thereby inhibiting Fas signaling (90). Our
model proposes that, similar to T cells activated
in vitro by the scheme of Refaeli and col-
leagues (90), signal transduction through the
IL-2 receptor occurs only immediately subse-
quent to recruitment of TIL to the tumor that
initiates down-regulation of FLIP (step 7). At
later stages, after arrival in the tumor, regula-
tion of FLIP expression is IL-2-independent,
since FLIP levels are down-regulated due to
inability of mitogen-2 activated protein (MAP)
kinase to up-regulate FLIP transcription. In re-
sponse to decreased MAP kinase activation, we
postulate that reduced levels of FLIP (step 4),
in turn, enhances caspase activation (step 5)
(90). The activation of caspase then reinforces
the anergic state by maintaining the degrada-
tion of TCR� (step 2). As long as levels of FLIP
are low, caspase will be activated, thereby,
maintaining the anergic cycle. This scenario
predicts that if caspase activation is blocked,
for example, by peptide inhibitors as men-
tioned above, then TCR� levels should recover,
in spite of low levels of FLIP, and TCR-medi-
ated signal transduction should be restored.
This possibility is indirectly supported by the
data of Zaks and colleagues (46), who showed
that activation-induced cell death (AICD) of TIL
was prevented by tripeptide inhibitors of cas-
pase and, also, by the aforementioned data
from Rabinowich and colleagues (44).
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TIL that are blocked in TCR-mediated sig-
nal transduction are unable to transit the cell
cycle, thereby, remaining in G0/G. They have
other defects as a result of inactive MAP kinase
(step 3), but the various consequences of a
MAP kinase block do not account for the failure
of TIL death after caspase activation. Therefore,
we propose that, instead of rapid induction of
TIL cell death, transmission of a downstream
apoptotic signal is blocked and TIL death is pre-
vented (step 6). This suggestion is supported
by the observations that freshly isolated TIL do
not express cell-surface phosphatidyl serine at
levels greater than non-TIL T cells or have frag-
mented DNA (45). The biochemical basis for
the block in apoptosis is unknown, but if acti-
vated caspase is responsible for TCR� cleavage
as the data of Rabinowich and colleagues (44)
implies, it is anticipated that the block in cell
death lies after caspase activation and before
the production of death substrates (91). One
possibility is that the source of the death block-
ade is the tumor itself, since purified TIL placed
into culture rapidly die by apoptosis (S. Radoja,
unpublished observations).

Maintenance of the anergic state of TIL
could also be explained by IL-2 receptor-
mediated down-regulation of FLIP (step 7).
Accordingly, the presence of IL-2 at the site of
the tumor would lead to FLIP down-regula-
tion, allowing Fas-induced caspase activation
and TCR�-chain degradation. However, as con-
sidered above, we think this possibility is un-
likely, since expression of IL-2 and IL-2 recep-
tor (CD25) proteins are not commonly detected
in TIL. Our model proposes that IL-2 initiates
down-regulation of FLIP in TIL upon their ini-
tial recruitment to the tumor. At some point af-
ter accumulation in the tumor, IL-2 levels de-
crease, because of decreased MAP kinase that
is required for IL-2 production. At this point
regulation of FLIP expression in TIL is IL-2-
independent, since FLIP are maintained at low
levels, due to the failure to transmit TCR-
mediated signals, which are mediated by MAP
kinase. MAP kinase has been shown to be re-
quired for induction of FLIP expression (92).

Conclusions and 
Unanswered Questions
Several questions are raised by our hypothe-
sis, some of which can be directly tested. A
key tenet of our hypothesis is that the apop-

totic pathway is activated in TIL via Fas or
TNF-� receptor, which results in caspase acti-
vation, which in turn, is responsible for prote-
olysis of TCR�. This can be indirectly sup-
ported by the demonstration that caspases in
TIL are activated by immunoblotting TIL pro-
tein extracts with antibodies that are reactive
with the activated forms of different caspases.
In order to solidify the connection between
Fas activation and TCR� degradation, proteol-
ysis of TCR� should result from deliberate Fas
activation. This might be demonstrated using
nontumor TIL CTL clones or MLR lines, in
which TCR� should be degraded upon Fas ac-
tivation in vitro and should be prevented by
caspase inhibitors. Apoptosis can also be in-
duced by activation of TNF-related apoptosis-
inducing ligand (TRAIL) receptor or TNF-� re-
ceptor (93). Cell death induced by TRAIL also
involves activation of caspases (94), so if the
apoptotic signal is delivered to TIL via TRAIL
instead of Fas, TIL dysfunction would still be
dependent upon caspase activation. This, in
turn, results in the down-regulation of TCR�.

Another postulate proposed to explain de-
fective CTL function in TIL is that perforin
and/or serine esterases are synthesized, but are
unable to be released from CTL, because of 
defective TCR-mediated signal transduction.
Since an activation signal through MAP kinase
is required for perforin mobilization (88) or de-
granulation (87), MAP kinase is anticipated to
exist in the inactive form. This can be tested by
performing kinase assays programmed with
immunoprecipitates of MAP kinase from TIL
protein extracts that are prepared from either
freshly isolated TIL or after reactivation in vitro.
However, there are several reports that CTL 
effector phase function is independent of MAP
kinase (95–97). Our model postulates a role for
defective MAP kinase activation, because of the
central role of MAP kinase in downstream
TCR-mediated signal transduction, including
proliferation and transit of the cell cycle. If CTL
granule release is not controlled exclusively by
MAP kinase and another kinase performs that
function, our hypothesis would be modified to
include the inactivation of protein kinase C
(PKC) or phosphatidylinositol-3 (PI3) kinase
as a consequence of caspase activation and
TCR� degradation. This can be similarly tested,
as for MAP kinase, by analysis of PKC or PI3
kinase activity in TIL. Since activation of PKC
or PI3 kinase requires activated TCR�, recovery
of downstream effector phase functions in TIL
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should be recovered via activation by (PHA)
plus ionomycin, which is predicted to over-
come proximal TCR signaling defects.

A consequence of our hypothesis that
apoptosis is initiated in TIL, but apoptotic
death is prevented, is that TIL should be
“primed” to die in situ. In support of this con-
tention is the observation that, when purified
and assayed in vitro, human TIL demonstrate 
a high sensitivity to AICD (45). We also 
have observed enhanced AICD sensitivity in
murine TIL, which is reversible by inclusion
of blocking Fas antibody (S. Radoja, unpub-
lished observations).

A major unanswered question concerns
the nature of the putative block in TIL apopto-
sis. If caspase is activated in TIL, but TIL do
not have fragmented DNA or express phos-
phatidyl serine on the T cell surface, then is
production of death substrates expected to be
inhibited? The demonstration in TIL possess-
ing activated caspases (and proteolyzed TCR�)
that death substrates [e.g., polyADPribose
polymerase, DNA fragmentation factor, gel-
solin, or nucleolamin] are not produced/acti-
vated would support the supposition that
there is a block in apoptosis signaling. An al-
ternative explanation, which would obviate
the necessity of a block in apoptosis, is that the
TCR� may be highly sensitive to caspase-me-
diated cleavage, producing activated caspase
levels that could be produced in TIL, which re-
sult in TCR� cleavage, but are insufficient to
produce cell death. Yet another possibility is
that in TIL TCR� is cleaved, not by an activated
effector caspase, but by another protease alto-
gether and that the cleavage of TCR� in vitro
by caspase is a “red herring.” The presence of
both activated caspases in TIL and intact TCR�
following treatment of TIL with inhibitors of
specific caspases would argue against this pos-
sibility.

The rapid recovery of TIL function follow-
ing purification is explained in this model by
the recovery of TCR� levels, once the Fas-in-
ducing signal is removed (delivered by tumor
cells or host cells in the tumor microenviron-
ment). Signal transduction via the TCR could
resume. In addition, since the caspase blockade
would also be lost upon TIL purification,
thereby permitting apoptosis, apoptotic cell
death should be recovered. The enhanced sen-
sitivity of purified TIL to AICD in vitro, men-
tioned above, is compatible with this notion.
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