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Cytotoxic T cells infiltrating a glioma express an aberrant phenotype
that is associated with decreased function and apoptosis
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Abstract In this study, we report on novel alterations
found in rat intracranial (i.c.) tumor-infiltrating T lym-
phocytes (TIL) that are indicative of T cell defects and
death. FACS analysis showed that the cytotoxic T cells
(CTL) infiltrating rat T9.F gliomas were CD3¢",
afTCR™, CD8« ™", but CD8f~. These lymphocytes also
stained positive for the B cell-specific marker, CD45RA,
as well as Annexin-V, signifying apoptotic changes.
Functional and biochemical analyses were performed to
assess whether the aberrant phenotype was linked to
other defects. When CD8x" TIL were purified and
stimulated in vitro, their proliferative capacity was
markedly diminished in comparison with
CD3"CD8a"CD8S™ T cells isolated from the spleens
of naive, non tumor-bearing rats. Furthermore, the
mean fluorescence intensity of surface CD3¢ was dra-
matically reduced in the CD3"CDS8z"CDS8B~ TIL
population as compared with CD3 " CD8x " CD8S " TIL
from the same tumor-bearing animal. Biochemical
studies revealed that the expression of TCR{ and LAT
were reduced in lysates generated from CDS8o-purified
TIL with respect to CDS8a-purified T cells from naive
spleen. We believe that these degenerative changes are
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reflective of chronic T cell receptor ligation, because in
vitro culture of rat splenocytes or purified T cells with
ConA or anti-CD3 mAb induced the same alterations.
In vitro, the downregulation of CD8f could be inhibited
by the caspase inhibitor, z-VAD. These results suggest
that the aberrant CTL phenotype found in the TIL of
glioma-bearing rats may be novel signals for their im-
pending death and degenerating anti-tumor immune
function.

Key words CTL - Tumor immunity -
Apoptosis - Glioma

Introduction

Gliomas are malignant central nervous system (CNS)
tumors derived from the glial lineage. Effective cellular,
anti-tumor immunity for a glioma, like for all syngeneic
tumors, is dependent upon the efficient activation, clonal
proliferation and subsequent lysis of tumor cells by
glioma-specific T cells. While it was widely believed that
the CNS is an “immune privileged” site [10], it has be-
come increasingly clear that T lymphocytes can enter the
CNS in a variety of diseased states [5, 13]. Yet, even
when it has been documented that large populations of
lymphocytes do breech the blood-brain barrier (BBB) to
enter CNS tumors, lysis of glioma cells and eradication
of the neoplasm does not occur [29].

Cytotoxic T cells (CTL) constitute the principal
immune effector cell-type responsible for the recogni-
tion and subsequent destruction of a syngeneic tumor.
Numerous tumor-specific CTL epitopes have been
identified [1] and evidence suggests that productive
CTL responses can induce tumor immunity [3, 9]. Yet,
even though glioma-specific markers have been
discovered [14, 17, 19], functional responses by glioma
epitope-specific CTL have not been shown. Successful
generation of peripheral tumor and glioma-specific
CTL can be induced by cytokine gene therapy [3, 7, 8,
11, 36], dendritic cell immunotherapy [18, 24], as well
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as viral vector immunization strategies [40]; this sug-
gests that tumor-specific antigens can stimulate CTL if
the epitopes are presented in a favorable environment.
However, the immune response to an untransduced
intracranial neoplasm is inadequate and fails to ab-
rogate tumor progression. Failure of glioma-specific
CTL to control tumor growth is often thought to
result from multiple factors, such as the production of
soluble immunosuppressive factors and fas ligand,
which can inhibit T cell responses or induce apoptosis,
respectively (reviewed in [6]). Thus, the ultimate result
of a tumor’s immune evasion strategies is an insuffi-
cient tumor-specific T cell response to the progres-
sively growing neoplasm.

The purpose of this study was to phenotypically
characterize the TIL population infiltrating a rapidly
progressing i.c. T9.F glioma and detect changes that
might signify degenerative anti-tumor immune function.
We believe that the phenotypic changes in the tumor
infiltrating CTL population may be a link to the func-
tional T cell defects and promiscuous T cell activation
induced cell death (AICD) found in tumor-bearing pa-
tients [22, 30, 31, 37]. These findings will hopefully lead
to a more comprehensive understanding of the complex
interactions between TIL and tumor cells, as well as
lead to more promising anti-tumor immunotherapy
regimens.

Materials and methods

Animals

Inbred female Fischer 344 rats weighing 120-140 grams were ob-
tained from Harlan Sprague Dawley (Indianapolis, Ind.). Animals
were housed in a climate controlled, AAALAC approved vivarium,
and were provided free access to food and water. All experimental
animal procedures were approved by the Institutional Animal Care
and Use Committee. Principles of laboratory animal care (NIH
publication No. 85-23, revised 1985) were followed, as well as
specific national laws, where applicable.

Cell lines and cell culture

All tumor cell lines were cultured in complete medium (CM) con-
sisting of DMEM (Gibco BRL, Grand Island, N.Y.) supplemented
with 10% FBS (Gibco BRL) and non-essential amino acids. Tumor
cell lines were maintained as adherent monolayers in culture flasks,
incubated at 37 °Cin an atmosphere of 5% CO,, 95% air, and passed
biweekly, using 0.5% trypsin. The T9 glioblastoma cell line was
provided by Dr. Gale A. Granger, Department of Molecular Biology
and Biochemistry, University of California, Irvine, CA. Clone T9.F
was isolated from the T9 cell line in a clonogenic assay [8]. Tumor
cells were routinely monitored for contamination by mycoplasma,
bacteria and fungus. Spleen cell cultures, as well as purified T cells,
were cultured in RPMI-1640 supplemented with 10% FBS,
L-glutamine, antibiotics, HEPES and 2-ME (all from Gibco BRL).

Tumor implantation

T9.F tumor cells were used for i.c. implantation, as has been
previously described [8]. Briefly, animals were anesthetized, the
scalp hair was shaved, wiped with betadine and an incision was

made over the cranial midline. Animals were placed in a stereo-
tactic apparatus, bregma was located and used as a reference point
for injections. A hand-held Dremel drill was used to create a
shallow depression 4 mm to the right of the sagittal suture and
1 mm posterior to the coronal suture and 5 pl of the tumor cell
suspension (1 x 10° cells) were injected into the posterior parietal
lobe of the brain at a depth of 3.5 mm using a Hamilton syringe
and a 26 gauge needle secured to the arm of the stereotactic ap-
paratus. The needle track was sealed with bone wax and the inci-
sion was closed with surgical staples.

FACS analysis

Single cell suspensions containing lymphocyte populations were
routinely generated from surgically removed tissues (i.e. spleens,
lymph nodes, gliomas). In general, tissue was aseptically excised
and forced through a 70 um nylon cell strainer (Fischer Scientific,
Raleigh, N.C.) using the butt of a 3 cc syringe. The resulting cell
suspensions were then separated on a Ficoll density gradient
(Histopaque 1077, Sigma, St. Louis, Mo.) and the mononuclear
cells located at the interface were collected. Cell suspensions were
washed three times with cold 5% FBS-PBS and viable mononu-
clear cells were enumerated using a hemocytometer and trypan blue
exclusion. The resultant cell populations were subjected to a battery
of fluorescently-conjugated monoclonal antibodies (mAbs) for
FACS analysis, so that the various lymphocyte populations could
be investigated. Typically, 1 x 10° cells were stained in V-bot-
tomed, 96-well microplates (Costar Brand, Fisher Scientific, Ra-
leigh, N.C.) in a volume of 50 pl 5% FBS-PBS. Cells were
suspended in a cocktail containing three mAbs coupled to FITC,
PE or biotin and incubated in the dark for 30 min on ice. The
mAbs used were: IgG isotype, CD3¢, CD4, CD8a, CDB8p,
CD45RA, NKRI1.1, «fTCR and y0TCR (all from Pharmingen,
San Diego, Calif.). After the primary antibody incubation, the cells
were washed twice and incubated with streptavidin-PerCP (Becton
Dickinson Immunocytometry Systems, San Jose, Calif.), using a
1:10 dilution, for 30 min on ice. Finally, the cells were washed
twice, fixed in 1% paraformaldehyde and stored at 4 °C until
analysis. Three-color FACS analysis was performed using a
Coulter Epics XL-MCL Flow Cytometer (Miami, Fla.).

T cell purification

T cell purification was performed using magnetic bead positive
selection (anti-CD8wo or anti-PanT Cell-labeled beads, Miltenyi
Biotech, Auburn, Calif.). Briefly, for CD8x © TIL purification,
tumor infiltrating mononuclear cell suspensions were made as de-
tailed above. The lymphocyte fraction was then enriched on a
Ficoll density gradient, followed by adherence to tissue culture
dishes for one hour, to remove contaminating monocytes or mi-
croglia. Ten million splenocytes, or TIL, were then resuspended at
107 cells/80 pl, followed by the addition of the magnetic bead-
conjugated antibody (anti-CD8x or PanT; 20 pul/107 cells). Posi-
tively-labeled cells were collected on columns and either used for in
vitro studies or lysed for immunoblotting. Purity was assessed by
FACS analysis of selected T cell populations and routinely gener-
ated between 80 and 90% purity.

Proliferation assays

Purified T cells were cultured at a density of 1 x 10° cells/ml in a
total volume of 200 pl on anti-CD3 mAb-coated 96-well plates
(mouse anti-rat CD3¢, 10ug/ml) or with 5 pg/ml Concanavalin A
(ConA, Sigma). For ConA stimulation, purified T cells were
co-cultured with irradiated spleen cells (2500 rad, 1:10 ratio) from
naive animals. Cells were cultured for 3 days and pulsed with
1 pCi/ml [*H]thymidine (*H-TdR) for the last 12—18 h. Cells were
then harvested on a 96-well plate harvester (Packard, Meriden,
Conn.) and *H-TdR incorporation measured using a beta plate
reader (Packard).



Western blotting
Preparation of cell lysates

Equal numbers of purified T cells (typically 3-6x10° cells) were lysed
in ice-cold lysis buffer containing 50 mM Tris-HCI, 300 mM NacCl,
1% Triton X-100, 2 mM EDTA and a protease inhibitor cocktail
(2.5 mM Aprotinin and Pepstatin, 1 uM PMSF, 0.4 mM Na;VO,).
Insoluble materials were removed by centrifugation for 20 min at
12,000 x g. The protein concentration of lysates was quantified us-
ing a micro BCA protein assay kit (Pierce Chemicals, Rockford, I1.).

Western blotting

10-15 pg of lysate were run on 4-12% NuPAGE MES gels (Novex,
San Diego, Calif.) and transferred to nitrocellulose. Immunoblots
were blocked with 3% non-fat dry milk, 2% goat serum and 0.1%
Tween-20 in PBS for 1°h and then incubated overnight with mAbs
to p56-* (Lck, 1 pg/ml, Upstate Biotechnology, Lake Placid,
N.Y.), T Cell Receptor-zeta (TCR{, diluted 1/100, Santa Cruz
Biotechnology, Santa Cruz, Calif.) TCR zeta associated protein-70
(ZAP-70, dil. 1/5000, Transduction Labs, Lexington, Ky.), or
Linker for Activation of T cells (LAT, diluted 1/250, Transduction
Labs) at 4°C with rotation. The immunoblots were washed three
times with PBS containing 0.1% Tween-20, incubated with an
HRP-conjugated secondary mAb (goat anti-mouse IgG, diluted 1/
3000, Upstate Biotechnology) for 1°h at room temperature and
positive bands developed using chemiluminescence (SuperSignal,
Pierce). Densitometric analysis was performed using a Molecular
Dynamics Personal Densitometer and ImageQuant software.

In vitro activation of splenocyte cultures
and assessment of apoptosis

Spleens were aseptically removed from age-matched animals and
single-cell suspensions were made. The lymphocyte fraction was
then enriched using a Ficoll density gradient. Lymphocytes were
cultured in 6-well plates at 1 x 10° cells/ml for 4 days, with ConA
added at a concentration of 5.0 pg/ml. When purified T cells were
used, 2x10° PanT-purified T cells were added to each well on anti-
CD3 mAb-coated 96-well plates and incubated for 4 days before
examination. For inhibition of apoptosis, the caspase inhibitor,
z-VAD (Enzyme Systems, Dublin, Calif.), was used at 50 uM.
After 4 days, the cells were collected, counted and subsequently
stained for the various T cell surface markers. Assessment of
apoptotic cells was made using propidium iodide (PI) and Annexin-
V labeling (Pharmingen). Briefly, after labeling 1 x 10° cells with
CDS8oPerCP and CD45RAPE, the cells were washed in binding buffer
and incubated with Annexin-VF'T€ (1:5 dilution) for 20 min in the
dark at room temperature. Dual labeling of Annexin-V and pro-
pidium iodide was also used to distinguish early apoptotic cells
from dead cells. The cells were immediately analyzed by FACS.

Statistics
The statistical analysis was performed using the two-tailed, Stu-

dent’s paired ¢ test. Differences were considered significant when
the calculated P value was less than 0.05 (P < 0.05).

Results

Phenotypic analysis of T cells infiltrating
the intracranial T9.F glioma

We have previously described a highly tumorigenic
subclone of the rat T9 glioma cell line and designated it
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T9.F [8]. Intracranial implantation of 1 x 10° T9.F
glioma cells reliably induces large tumor growth, with
the consequence that the animal must be euthanized
between 20 and 24 days post-implantation. Flow cyto-
metric analysis of T cells isolated from lymphoid organs
(spleen and lymph node) of non-tumor bearing rats was
initially performed to characterize the T cell surface
marker profiles of normal T cells (Fig. 1). Typical CD8 *
T cells stain positively for the afTCR, CD3¢, as well as
the CD8a and CDSf coreceptor heterodimer. In order to
examine the phenotype of CTL infiltrating a rapidly
progressing i.c. T9.F glioma, TIL were isolated and
stained when the animals displayed terminal symptoms
from tumor growth. FACS analysis was performed on
the TIL, with gating based on the lymphocyte popula-
tion from the forward and side scatter characteristics
of control thymocytes or lymph node cells. The
results revealed a large population of TIL that were
afTCR™, CD3¢™ and CD8uov, but showed very low, to

B. Lymph Node

A. Spleen

ofTCR

.-1.
CDSB

Fig. 1A-B FACS staining of naive, non tumor-bearing CD8* T
cells. Lymphocytes were isolated from the A spleen and B lymph
nodes of naive, non-tumor-bearing rats and stained for: CD3¢ and
CD8p; CD8o and CD8f; afTCR and CD8f
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nonexistent levels of CD8f expression (Fig. 2). Natural
killer (NK) cells and 96 T cells are known to express
homodimers of CD8w«; however, the TIL did not stain
positively using mAbs to these surface markers. Fur-
thermore, a large fraction of these TIL stained positive
for Annexin-V and misexpressed CD45RA (rat
homologue to the murine B220), which is upregulated on
dying or defective T cells [12, 28]. The misexpression of
CD45RA and Annexin-V positive staining was confined
to the TIL showing increased side scatter (Fig. 3). Im-
portantly, the aberrant CTL phenotype was also con-
fined to the TIL population, reflecting changes induced
at the site of the tumor, and not typically seen in
the peripheral lymphoid tissues (Table 1). These
results suggested that the T cells isolated from i.c.
gliomas were a phenotypically aberrant and apoptotic,
thymus-derived CTL population.

Fig. 2A-B Aberrant CTL phenotypes isolated from i.c. T9.F
gliomas. FACS analysis of TIL with staining for A CD3¢ and
CDS8p, B CD8a and CD§p, and C affTCR and CD8a, showing a
CD3: " afTCRTCD8«™", but CD8~ CTL population. These
results are representative of at least five independent experiments

Annexin-V CD45RA

Fig. 3A-D Novel apoptosis markers for CTL in T9.F gliomas.
Gating on the population with low side scatter shows relatively few
A CD8u " Annexin-V' and B CD8x"CD45RA ™ T cells, whereas
gating from the population with increased side scatter shows a large
increase in the double labeling of both C CD8x" Annexin-V* and
D CDS8x"CD45RA" T cells. Annotated numbers reflect the
percentage of positively labeled cells from the selected gates. The
data are representative of at least three independent experiments

T9.F glioma-infiltrating CTL harbor proliferative
and signal transduction defects

To understand whether the aberrant phenotype of the
CTL infiltrating the i.c. T9.F glioma could also be linked
to impaired effector functions, we purified CD8x " TIL
and examined their proliferative abilities. FACS analysis
of TIL has consistently demonstrated that greater than
90% of the CTL are CD8x " CD8f~ (data not shown);
therefore, by purifying CD8o " T cells from the i.c. T9.F
TIL, we could generate pure populations of the aberrant
TIL population. In response to both ConA and anti-
CD3 mAb stimulation, CD8x" TIL demonstrated de-
creased proliferation in comparison with CD8a " T cells
isolated from age-matched, non-tumor bearing spleens
(Fig. 4). These CD8p~ TIL also exhibited other common
characteristics of defective T cells. As shown in Table 1,
the mean fluorescence intensity (MFI) of surface CD3¢
was uniformly decreased in CD8x' CD8~ TIL (in
comparison with CD8x"CDS8f" TIL from the same
animal, P < 0.00001). The decreased expression of
surface CD3¢ in tumor-associated T cells has been re-
ported previously and linked to T cell death [26]. Fur-
thermore, using lysates made from CD8a-purified TIL,
Western blotting showed marked decreases in the ex-
pression of the T cell signaling proteins TCR{ and LAT,
whereas reductions in Lck and ZAP-70 were not as
dramatic (Fig. 5). Thus, the aberrant CTL phenotype
does translate to functional deficits and biochemical
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Table 1 Decreased expression Animal MFI* CD3 MFI* CD3 %, CD3¢"® M 1 SD ¥
+ - nima & € o & ean 0
of CD3¢ on CD8a ™ CD8f™ TIL (CD8x"CD8f*) (CD8x'CD8f) CD8x CD8f~ CD3* CD8x'CDS"
Naive spleen® 12.2 10.7 9.4 10.3 + 1.6
T9.F#1 spleen®  10.4 7.4 11.1
T9.F#1 TIL¢ 6.92 4.66 43.4 44.6 £ 19.1
T9.F#2 TIL 7.48 4.74 71.9
T9.F#3 TIL 10.8 7.59 30.2
T9.F#4 TIL 11.6 5.21 32.7
T9.F#5 TIL 13.1 73 42.7 66.6 + 17.0
T9.F#6 TIL 11.5 7.13 66.4
T9.F#7 TIL 13.0 7.49 79.7
T9.F#8 TIL 11.9 6.28 77.7
T9.F#9 TILY 13.0 7.53 71.2 66.7 + 6.1
T9.F#10 TIL 11.6 7.44 62.7
T9.F#11 TIL 14.4 7.02 72.5
T9.F#12 TIL 16.6 8.74 60.2

#Mean fluorescence intensity

®Data refer to the percentage of CD3"CD8x" CD8f T cells in relation to the total percentage of
CD3" T cells in the lymphocyte gate
¢ Data from control and i.c. T9.F-bearing spleens are shown to illustrate that CD8f is not significantly

downregulated in peripheral CTL

dData from three independent experiments (n = 4/experiment), in which TIL were analyzed for the
expression of CD3¢ on CD8x"CD8B"/"CTL. Differences between each experimental group were
statistically significant; P < 0.00001
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Fig. 4 Aberrant CD3"CD8x"CD8p~ TIL display proliferative
impairments in response to polyclonal mitogens. CD8x " T cells
were purified from i.c. T9.F gliomas and age-matched, non tumor-
bearing spleens. Purified T cells were then stimulated, in vitro, with
either ConA or anti-CD?3 for three days and proliferation assessed
with 3H-TdR incorporation. The results shown are representative
of two independent experiments. *P < 0.05; **P < 0.03

alterations previously shown to be characteristic of de-
fective and/or dying T cells. Therefore, we believe that
this unique phenotype represents a verifiable population
of defective, apoptotic CTL infiltrating an i.c. glioma.

Activation of naive, splenic T cells induces

the downregulation of CD8p, misexpression
of CD45RA and Annexin-V positivity through
a Caspase-dependent pathway

The apoptosis of activated T cells has been reported in
several systems [16, 34, 42] and the down-regulation
of T cell coreceptors has also been shown both in vitro
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Fig. 5A-B CDS8u-purified TIL show decreased expression of T cell
signaling proteins. A CD8u-purified CTL were isolated from i.c.
T9.F gliomas (left lanes) and naive spleen (right lanes), lysed, and
immunoblotted with mAbs specific for ZAP-70, LAT, TCRz or
Lck. B Data from these blots were analyzed by densitometry and
the relative percent decrease (in comparison to control CTL
lysates) in the levels of specific signal transduction proteins is
shown

[12, 28] and in vivo [35]. To determine if the phenotypic
and apoptotic alterations seen in the CD8 " TIL popu-
lation were associated with AICD and restricted to CTL
infiltrating i.c. gliomas, we cultured normal CD8" T
cells with polyclonal mitogens, for extended periods of
time, to induce AICD and examined whether these cells
exhibited similar phenotypic and apoptotic changes
observed in vivo. We found that a significant proportion
of activated, splenic CD8 " T cells downregulated the
expression of CD8p after 4 days of culture with ConA as
compared with non-treated CD8™ T cells (Fig. 6). The
CD3"CD8a"CD8f" population was replaced with
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Fig. 6A—C Aberrant CTL phenotype is linked to an apoptotic
signaling cascade. Naive spleen cells were cultured with A media
alone, B 5.0 pg/ml ConA, or C 5.0 pg/ml ConA+50 uM z-VAD
for 4 days and assayed for their T cell coreceptor expression.
Annotated numbers reflect the percentage of positively labeled cells
in the lymphocyte gate after 4 days in culture. The results shown
are representative of at least three independent experiments

a reciprocal population of CD3"CD8x" CDSS~
CD45RA * Annexin-V " T cells, mirroring the observa-
tions of TIL isolated from i.c. gliomas (data not shown).
To show that the downregulation of CD8f was not
dependent on or influenced by other non-T cell popu-
lations, CD3 ™ splenic T cells were purified and acti-
vated with anti-CD3 mAb in culture and the results
were identical to what was seen in Ficoll-purified,
ConA-activated splenocyte cultures. Further data,
which suggested that these T cell changes were part of
an apoptotic cascade, were provided by the addition of
the caspase inhibitor, z-VAD. The addition of z-VAD to
the ConA-activated spleen cell cultures was able to
prevent and/or rescue the aberrant CD8 " T cell phe-
notype and decreased the loss of CDSf and T cell
misexpression of CD45RA (Figs. 6B and 6C). These
findings suggested that the loss of CD8p, misexpression
of CD45RA and positive staining for Annexin-V may
represent novel changes signaling apoptosis for CD8* T
cells in the rat.

Discussion

In this study, we present findings that indicate that the
CTL population infiltrating the rapidly progressing i.c.
T9.F glioma possess phenotypic abnormalities charac-
teristic of cells undergoing apoptosis. These changes
may be a result of influences other than the microenvi-
ronment of the i.c. glioma, because the same alterations
can be induced by in vitro AICD of T cells after long-
term ConA or anti-CD3 mAb stimulation. The pheno-
typic changes of the CTL appear to be reflective of the
early stages of apoptosis because this T cell population
stains positively for Annexin-V, but is PI negative. The
alterations can be inhibited by co-incubation with the
caspase inhibitor, z-VAD, which implies that caspase-
dependent, apoptotic signaling pathways play a role in
the observed T cell alterations. These CTL, when puri-
fied and put into culture, can be induced to proliferate,
suggesting that they may be rescued from apoptotic
death. However, their proliferative abilities are signifi-
cantly impaired with respect to purified CD8" T cells
from non-tumor-bearing animals. Thus, these findings
are important because they correlate phenotypic altera-
tions associated with the apoptotic death of T9.F
glioma-infiltrating CTL with diminishing CTL function
and anti-tumor activity.

In this study, we have shown that CD8« " TIL exhibit
decreased expression of the T cell signaling molecules
CD3¢, TCR{ and LAT. We have not been able to
demonstrate marked decreases in Lck, whose protein
levels have been shown recently to be reduced in pe-
ripheral T cells from brain tumor patients [23]. However,
it has been shown that tumor infiltrating T cells can
possess normal protein levels of the relevant T cell sig-
naling molecules, but are impaired in their tyrosine
phosphorylation and activity [38]. Interestingly, it has
also been shown recently that the critical adapter mol-
ecule, LAT, cannot associate with CD8« in the absence
of CDS8p [2]. It is tempting to speculate that the loss of
CDS8p in TIL might severely inhibit the ability of the
CTL to interact with the major histocompatibility
complex (MHC) class I on glioma cells, as well as dis-
rupt the signaling cascade and potentially predispose the
T cells towards an autoreactive, apoptotic pathway. On
the other hand, CD8f may serve as a survival or sig-
naling factor, whereby its downregulation initiates an
apoptotic path.

The mechanisms by which progressively growing tu-
mors evade the host immune response are varied. Se-
lective outgrowth of malignant cells that have reduced
expression of the MHC [20], or defects in antigen pro-
cessing, has been reported [32, 33]. Recently, it has also
been reported that the efficiency of tumor surveillance
[25], or accessibility of advanced tumors to functional T
cell infiltration [9], is compromised in tumor-bearing
animals. T cells infiltrating in and around tumors have
been shown to progressively develop functional defects
related to changes in the expression and/or localization



of proteins involved in signaling through the TCR [4, 21,
23, 38]. The extent of these T cell signaling defects has
even been shown to correlate with advanced tumor
progression [15, 27, 39]. We believe that the alterations
we have found constitute T cell defects related to
apoptosis and chronic signaling through the TCR. The
chronic state of activation that the TIL experience by
long-term exposure to tumor antigens may make them
more susceptible to AICD, which has been observed in
peripheral blood T cells from i.c. glioma-bearing pa-
tients [22] and patients with other peripherally-located
tumors [30, 31, 37]. It is possible that continuous acti-
vation of glioma-specific CTL may occur because of the
abundance of immunogenic T9.F glioma cells located in
the confined space of the CNS. The continuous inter-
action of CTL with glioma-specific peptides may result
in chronic ligation and signaling through the afTCR/
CD3 complex, similar to the in vitro effects of anti-CD3
mADb or ConA. Presumably, the activated CTL express
functional Fas and FasL, which subsequently induces
autoreactive AICD through an apoptotic pathway [41,
42]. This promiscuous AICD that occurs at the i.c.
glioma site may signal the failure of an effective, anti-
tumor T cell response and represent a method of tumor
evasion. Thus, the population of aberrant, apoptotic
CTL at the site of a progressive i.c. tumor is not likely to
be contributing to meaningful anti-tumor immune
function and could possibly hinder it.

Acknowledgements This work was supported in part by a grant
from the American Brain Tumor Association (M.R.G.), the MCV
Brain Tumor Foundation (R.E.M.), and a VCU/MCV Graduate
Fellowship (R.M.P.). Flow cytometry was supported, in part, by
NIH Grant P30 CA16059. This paper is dedicated to the memory
of our colleague, Robert F. Spencer, M.D., Ph.D.

References

1. Boon T, Coulie PG, Van den EB (1997) Tumor antigens rec-
ognized by T cells. Immunol Today 18: 267

2. Bosselut R, Zhang W, Ashe JM, Kopacz JL, Samelson LE,
Singer A (1999) Association of the adaptor molecule LAT with
CD4 and CDS coreceptors identifies a new coreceptor function
in T cell receptor signal transduction. J Exp Med 190: 1517

3. Clary BM, Coveney EC, Philip R, Blazer DG III, Morse M,
Gilboa E, Lyerly HK (1997) Inhibition of established pan-
creatic cancers following specific active immunotherapy with
interleukin-2 gene-transduced tumor cells. Cancer Gene Ther
4: 97

4. Correa MR, Ochoa AC, Ghosh P, Mizoguchi H, Harvey L,
Longo DL (1997) Sequential development of structural and
functional alterations in T cells from tumor-bearing mice.
J Immunol 158: 5292

5. Couraud PO (1994) Interactions between lymphocytes, mac-
rophages, and central nervous system cells. JLeukoc.Biol. 56:
407

6. Dix AR, Brooks WH, Roszman TL, Morford LA (1999)
Immune defects observed in patients with primary malignant
brain tumors. J Neuroimmunol 100: 216

7. Graf MR, Jadus MR, Hiserodt JC, Wepsic HT, Granger GA
(1999) Development of systemic immunity to glioblastoma
multiforme using tumor cells genetically engineered to express
the membrane-associated isoform of macrophage colony-
stimulating factor. J Immunol 163: 5544

10.

1.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

291

. Graf MR, Merchant RE (1999) Interleukin-6 transduction of

a rat T9 glioma clone results in attenuated tumorigenicity and
induces glioma immunity in Fischer F344 rats. J Neurooncol
45: 209

. Hanson HL, Donermeyer DL, Ikeda H, White JM, Shanka-

ran V, Old LJ, Shiku H, Schreiber RD, Allen PM (2000)
Eradication of established tumors by CD8 © T cell adoptive
immunotherapy. Immunity 13: 265

Wekerle H (1993) Lymphocyte Traffic to the Brain. In:
Pardridge WM (ed) The blood-brain barrier: cellular and
molecular biology. Raven Press, New York, p 67

Hurford RK Jr, Dranoff G, Mulligan RC, Tepper RI (1995)
Gene therapy of metastatic cancer by in vivo retroviral gene
targeting. Nat Genet 10: 430

Kishimoto H, Surh CD, Sprent J (1995) Upregulation of
surface markers on dying thymocytes. J Exp Med 181: 649
Kurpad SN, Wikstrand CJ, Bigner DD (1994) Immunobiol-
ogy of malignant astrocytomas. Semin Oncol 21: 149
Kurpad SN, Zhao XG, Wikstrand CJ, Batra SK, McLendon
RE, Bigner DD (1995) Tumor antigens in astrocytic gliomas.
Glia 15: 244

Kuss I, Saito T, Johnson JT, Whiteside TL (1999) Clinical
significance of decreased zeta chain expression in peripheral
blood lymphocytes of patients with head and neck cancer. Clin
Cancer Res 5: 329

Lee DS, White DE, Hurst R, Rosenberg SA, Yang JC (1998)
Patterns of relapse and response to retreatment in patients
with metastatic melanoma or renal cell carcinoma who re-
sponded to interleukin-2-based immunotherapy. Cancer J Sci
Am 4: 86

LiJ, Yen C, Liaw D, Podsypanina K, Bose S, Wang SI, Puc J,
Miliaresis C, Rodgers L, McCombie R, Bigner SH, Giovanella
BC, Ittmann M, Tycko B, Hibshoosh H, Wigler MH, Parsons
R (1997) PTEN, a putative protein tyrosine phosphatase gene
mutated in human brain, breast, and prostate cancer. Science
275: 1943

Liau LM, Black KL, Prins RM, Sykes SN, DiPatre PL,
Cloughesy TF, Becker DP, Bronstein JM (1999) Treatment of
intracranial gliomas with bone marrow-derived dendritic cells
pulsed with tumor antigens. J Neurosurg 90: 1115

Liau LM, Lallone RL, Seitz RS, Buznikov A, Gregg JP,
Kornblum HI, Nelson SF, Bronstein JM (2000) Identification
of a human glioma-associated growth factor gene, granulin,
using differential immuno-absorption. Cancer Res 60: 1353
Maeurer MJ, Gollin SM, Storkus WJ, Swaney W, Karbach J,
Martin D, Castelli C, Salter R, Knuth A, Lotze MT (1996)
Tumor escape from immune recognition: loss of HLA-A2
melanoma cell surface expression is associated with a complex
rearrangement of the short arm of chromosome 6. Clin Cancer
Res 2: 641

Mizoguchi H, O’Shea JJ, Longo DL, Loeffler CM, McVicar
DW, Ochoa AC (1992) Alterations in signal transduction
molecules in T lymphocytes from tumor-bearing mice. Science
258: 1795

Morford LA, Dix AR, Brooks WH, Roszman TL (1999)
Apoptotic elimination of peripheral T lymphocytes in patients
with primary intracranial tumors. J Neurosurg 91: 935
Morford LA, Elliott LH, Carlson SL, Brooks WH, Roszman
TL (1997) T cell receptor-mediated signaling is defective in T
cells obtained from patients with primary intracranial tumors.
J Immunol 159: 4415

Nestle FO, Alijagic S, Gilliet M, Sun Y, Grabbe S, Dummer
R, Burg G, Schadendorf D (1998) Vaccination of melanoma
patients with peptide- or tumor lysate-pulsed dendritic cells.
Nat Med 4: 328

Ochsenbein AF, Klenerman P, Karrer U, Ludewig B, Pericin
M, Hengartner H, Zinkernagel RM (1999) Immune surveil-
lance against a solid tumor fails because of immunological
ignorance. Proc Natl Acad Sci USA 96: 2233

Rabinowich H, Reichert TE, Kashii Y, Gastman BR, Bell
MC, Whiteside TL (1998) Lymphocyte apoptosis induced by
Fas ligand- expressing ovarian carcinoma cells. Implications



292

for altered expression of T cell receptor in tumor-associated
lymphocytes. J Clin Invest 101: 2579

27. Reichert TE, Day R, Wagner EM, Whiteside TL (1998. Ab-

28.

29.
30.

31

32.

33.

34.

sent or low expression of the zeta chain in T cells at the tumor
site correlates with poor survival in patients with oral carci-
noma. Cancer Res 58: 5344

Renno T, Attinger A, Rimoldi D, Hahne M, Tschopp J,
MacDonald HR (1998) Expression of B220 on activated T cell
blasts precedes apoptosis. Eur J Immunol 28: 540

Roszman T, Elliott L, Brooks W (1991) Modulation of T-cell
function by gliomas. Immunol Today 12: 370

Saito T, Dworacki G, Gooding W, Lotze MT, Whiteside TL
(2000) Spontaneous apoptosis of CD8" T lymphocytes in
peripheral blood of patients with advanced melanoma. Clin
Cancer Res 6: 1351

Saito T, Kuss I, Dworacki G, Gooding W, Johnson JT,
Whiteside TL (1999) Spontaneous ex vivo apoptosis of pe-
ripheral blood mononuclear cells in patients with head and
neck cancer. Clin Cancer Res 5: 1263

Sanda MG, Restifo NP, Walsh JC, Kawakami Y, Nelson
WG, Pardoll DM, Simons JW (1995) Molecular character-
ization of defective antigen processing in human prostate
cancer. J Natl Cancer Inst 87: 280

Seliger B, Maeurer MJ, Ferrone S (2000) Antigen-processing
machinery breakdown and tumor growth. Immunol Today 21:
455

Sytwu HK, Liblau RS, McDevitt HO (1996) The roles of
Fas/APO-1 (CD95) and TNF in antigen-induced pro-
grammed cell death in T cell receptor transgenic mice.
Immunity 5: 17

35.

36.

37.

38.

39.

40.

41.

42.

Takahashi T, Tanaka M, Brannan CI, Jenkins NA, Copeland
NG, Suda T, Nagata S (1994) Generalized lymphoprolifera-
tive disease in mice, caused by a point mutation in the Fas
ligand. Cell 76: 969

Tseng SH, Hsieh CL, Lin SM, Hwang LH (1999) Regression
of orthotopic brain tumors by cytokine-assisted tumor vac-
cines primed in the brain. Cancer Gene Ther 6: 302

Uzzo RG, Rayman P, Kolenko V, Clark PE, Bloom T, Ward
AM, Molto L, Tannenbaum C, Worford LJ, Bukowski R,
Tubbs R, Hsi ED, Bander NH, Novick AC, Finke JH (1999)
Mechanisms of apoptosis in T cells from patients with renal
cell carcinoma. Clin Cancer Res 5: 1219

Wang Q, Stanley J, Kudoh S, Myles J, Kolenko V, Yi T,
Tubbs R, Bukowski R, Finke J (1995) T cells infiltrating non-
Hodgkin’s B cell lymphomas show altered tyrosine phospho-
rylation pattern even though T cell receptor/CD3-associated
kinases are present. J Immunol 155: 1382

Whiteside TL (1998) Immune cells in the tumor microenvi-
ronment. Mechanisms responsible for functional and signaling
defects. Adv Exp Med Biol 451: 167

Ying H, Zaks TZ, Wang RF, Irvine KR, Kammula US,
Marincola FM, Leitner WW, Restifo NP (1999) Cancer
therapy using a self-replicating RNA vaccine. Nat Med 5: 823
Zaks TZ, Chappell DB, Rosenberg SA, Restifo NP (1999)
Fas-mediated suicide of tumor-reactive T cells following ac-
tivation by specific tumor: selective rescue by caspase inhibi-
tion. J Immunol 162: 3273

Zheng L, Fisher G, Miller RE, Peschon J, Lynch DH,
Lenardo MJ (1995) Induction of apoptosis in mature T cells
by tumour necrosis factor. Nature 377: 348



