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ABSTRACT

The fact that progressing tumors contain a significant infiltrate of
T-cells brings into question the competency of the infiltrating T-lympho-
cytes (T-TIL). We have examined the role of the T-cell receptor/CD3

complex and/or the interkeukin 2 receptor (IL2R) in responsiveness of
T-cells that infiltrate human renal cell carcinoma. I- III, display a poor

proliferative response to interleukin 2 (IL2) alone, IL2 in combination
with antibody to CD3, or mitogen stimulation. The proliferative unrespon-

siveness was not related to low expression of CD3 or IL2RÃŸas the per
centage of T-cells expressing CD3 and IL2R0 were comparable in both
l-'l II. and peripheral blood T-cells obtained from the same patient. In

contrast to the lack of proliferative activity, stimulation of T-TIL or pe
ripheral blood lymphocytes with phytohemagglutinin or anti-CD3 re
sulted in comparable levels of both IL2 and -y-interferon niRNA and

protein expression. While levels of IL2Ra were low in unstimulated T-TIL
and peripheral blood lymphocytes, anti-CD3 antibody or IL2 were capa

ble of inducing surface expression of this protein in both cell populations.
IL2Ra mRNA levels were comparable in T-cells from the tumor and

peripheral blood although in some experiments both the percentage of
IL2Ra-positive cells and the density of surface expression per cell were
reduced in T-TIL. This reduced IL2Ra expression on T-TIL was not
responsible for the proliferative unresponsiveness since T-TIL that ex

pressed both IL2Ra and/or IL2RÃŸstill failed to respond to high doses of
11.2. Thus T-TIL display a selective loss of response to at least two well
denned extracellular stimuli. While T-TIL exhibit a poor proliferative

response regardless of the form of stimulation these cells remain sensitive
to both anti-CD3 and 11.2 in terms of IL2 and -y-interferon or II .2R<Â»

expression, respectively. The fact that proliferative unresponsiveness exists
even though T-TIL can produce II .2 and express II JR..//1 suggests that
T-TIL have a selective loss of a common intracellular signaling pathway

which is requisite to proliferation but not other aspects of response to
antigenic stimulation.

INTRODUCTION

T-Lymphocytes are important to the development of a host immune

response to human tumors and their participation is most evident in
tumors sensitive to immunotherapy such as melanoma and RCC3

(1-6). The presence of a specific immune response has been well
documented for melanomas (7-10). Recent studies from our labora

tory (11) and others (12) have demonstrated the presence of a specific
T-cell response to RCC. However, non-major histocompatibility com
plex-restricted effectors also represent a component of the response to
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RCC and other tumors (13-19). Much of the work that has defined the
T-cell response to tumors has come from an analysis of cultured TIL
(7-19). Thus, TIL contain tumor-reactive and specific cells some of
which can be expanded in IL2. However, it is apparent that T-cells in

the tumor bed are not effective in controlling disease in vivo as is
evident from tumor progression. Moreover, a significant portion of
TIL have a diminished capacity to proliferate following stimulation
(20-22). The initial identification of a defect in TIL came from studies

that compared the clonogenic potential of TIL to that of PBL. Limiting
dilution analysis studies showed that the frequency of proliferating
T-cells is significantly lower in TIL than in PBL (20). Additional work

found that cultured TIL from several tumor types displayed a defective
proliferative response to mitogens as well as phorbol myristate
acetate/ionomycin (21).

Because both the TCR/CD3 and the IL2R play important roles in
T-cell activation and proliferation (23-25), we have examined their
role in responsiveness of T-cells that infiltrate human renal cell car
cinoma. Stimulation of T-TIL via TCR/CD3 and IL2R did not induce
a significant proliferative response even though T-TIL expressed CD3

and IL2RÃŸ.An analysis of cytokine and cytokine receptor gene ex
pression linked to TCR/CD3 or IL2R stimulation revealed that certain
signaling pathways associated with these receptors are intact in T-TIL
even in the absence of proliferation. Thus T-TIL appear to have a

selective loss of a common intracellular signaling pathway which is
requisite to proliferation but not other aspects of response to antigenic
stimulation.

MATERIALS AND METHODS

Human Renal Cell Carcinoma TIL Isolation. Human renal cell carci
noma was obtained from patients who underwent nephrectomy at the Cleve
land Clinic. All patients were between the ages of 25 and 80 years (mean age.
59 years). All had their primary tumors removed at The Cleveland Clinic and
had no prior tumor therapy before coming to the clinic. Informed consent was
obtained in accordance with institutional and National Cancer Institute guide
lines.

The kidneys received from complete nephrectomies were perfused with
Hanks' balanced salt solution (Whittaker Bioproducts, Walkersville. MD) and

processed as described previously (11) with some modifications. Tissue was
digested for 2 h at 37Â°Cusing collagenase type II (Sigma; 3.5 mg/ml, 385

units/mg), DNase type II (Sigma; 2 mg/ml), plus egg white trypsin inhibitor
(Sigma: 1 mg/ml). The enzyme solutions were prepared using Dulbecco's
modified Eagle's medium (Gibco Laboratories, Grand Island, NY) and all
washings were done using Hanks' balanced salt solution. Cells were then

counted and subjected to Ficoll-Hypaque as described previously (14). In some
experiments, T-cells from the peripheral blood and tumor suspensions were

enriched by taking nonadherent cells from nylon wool columns. Nonadherent
cells from nylon wool columns typically contained >85% T-TIL.

Two Color Immunocytometry. Immunocytometric analysis of tumor tis
sue and peripheral blood cell suspensions was performed using two color
immunofluorescence-based flow cytometry (26). The following monoclonal

antibody conjugates were used to identify and quantitate lymphocytic antigen
expression: CD25-phycoerythrin, CD3-FITC, or CD3-phycoerythrin from
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Becton Dickinson; and anti-IL2RÃŸ-FITC from Endogen. Matched isotypic

controls were used for each particular subclass of immunoglobulin and system

used.
Analyses on the FACScan (Becton Dickinson) were performed utilizing an

argon ion laser (Cyonics) with 15 mW of 488 nm excitation. Optics in the
fluorescence path included a focusing objective, splitters, dichroic mirrors, a
530 nm bandpass filter, a 585 nm bandpass filter, and a 650-nm-long pass/cut

on filter. Live gating of the forward and orthogonal scatter channels was used
to exclude debris and to selectively acquire events for lymphocytes. All values
presented are based on percentage of lymphocytes as determined by light
scatter. Individual fluorescence populations were determined through the use
of acquisition and contouring/quadrant analysis software (LYSYSII/BD). Re
sults were reported as a percentage of mononuclear cells in suspension cor

rected for nonspecific binding of isotypic controls.
Cell Sorting. Subsets of TIL and PBL were isolated by 3-color 5-parameter

sorting using a FACStar* flow cytometer equipped with argon and krypton ion

lasers (Becton Dickinson). Cells used in 3-color sorting were stained with:
anti-CD5-biotin (Becton Dickinson). Streptavidin-allophycocyanin (Becton
Dickinson), CD45RO-FITC (custom conjugate generously provided by Dako-
patts Corporation), and 2H4-RD1 (anti-CD45RA) from Coulter Corporation.
This combination allowed for the isolation of total T-cells without using a
highly mitogenic pan T-cell marker. Staining and sorting of lymphocytes were

performed as described previously ( 14, 27). Purity ot sorted cells (>98%), was
assured by reanalysis of a small aliquot of the sorted population. T-cells were

sorted directly into culture media to ensure the highest postsorting viability
obtainable (>90<7r).

Proliferation Assay. Proliferation of TIL and PBL was assessed by the
uptake of ['HJthymidine. TIL and PBL were cultured at a density of 5 x IO4

cells/well in flat-bottomed 96-well plates in triplicate for each culture condi

tion. Cells were stimulated with one of the following; (a) media; (hi low and
high concentrations of recombinant IL2 (Hoffmann La Roche Inc.); (<â€¢)anti-

CD3 antibody (10 ng/ml) plus low or high concentrations of IL2. When
stimulating with soluble anti-CD3 antibody. 5 x 10' autologous adherent

monocytes (irradiated 4000 R) were added to facilitate antibody-TCR/CD3
cross-linking. In some experiments anti-CD3 antibody was immobilized to the

bottom of the wells. At various times after initiation of culture, wells were
pulsed with 1 uCi of |'H]thymidine (6.7 Ci/mmol; NEN. Dupont) and har

vested 24 h later using a MASH harvester (see figure legends). Results are
expressed as the mean cpm Â±SD x 10~3.

Detection of Cytokine Production. The production of IFN-y as well as IL2
by TIL and PBL was determined by stimulating 5 X IO4cells/well with media.

PHA-P (10 ug/ml), or anti-CD3 antibody (10 ng/ml). After 72 h culture
supernatant fluids were harvested and tested for IFN-y production using a

radioimmunoassay kit (Centocor. Malvern. PA). IL2 was detected 24 h after
culture using an enzyme-linked immunosorbent assay kit from T Cell Sciences

(Cambridge. MA).
Detection of Gene Expression Using Reverse Transcriptase-PCR-medi-

ated Amplification and Southern Hybridization. RNA was isolated from
T-TIL and PBL following a 24-h culture with PHA (10 ug/ml) or anti-CD3
antibody using the guanidine isothiocyanate-cesium chloride method. One ug

of denatured RNA was used for each RT reaction. The RT mixture included:
0.5 M Tris-HCI (pH 8.0); 0.5 M KC1; O.I M dithiolhreitol; 0.05 M MgCI2; and

deoxyribonucleotides (2.5 ITIMdATP, dCTP, dGTP, and dTTP), RNasin (50
units; Boehringer Mannheim), reverse transcriptase (25 units; Boehringer
Mannheim) and 3' primer (20 UMstock) for the gene to be examined. The RT

reaction was for I h at 42Â°C.Samples were subsequently diluted 1:5 and 1:50

and mixed with a buffer containing 0. l MTris-HCI (pH 8.0), 0.5 MKC1. 0.015

M MgCli. 2.5 ITIMof all deoxyribonucleotides. Taq polymerase (2.5 units;
Perkin-Elmer). and the 3' and 5' primers. Each dilution of RT sample was

amplified in a Perkin-Elmer DNA thermal cycler for 20. 25, and 30 cycles.
Denaturation temperature was 94Â°C.annealing temperature was 60Â°C.and
synthesis was at 74Â°C.Following amplification, an aliquot of each dilution was

electrophoresed on a 2% agarose gel containing ethidium bromide at 100 V.
The gels were blotted overnight onto nylon membrane (Micron Separations.
Inc.) and subsequently hybridized with 12P-labeled cDNA encoding the gene

fragment being amplified. Oligonucleotides for IL2 (30 base pairs). CD3y (24
base pairs). IFNy (40 base pairs) and IL2RÃŸ(24 base pairs) were end labeled
using (y'2P]dATP and polynucleotide kinase. A cDNA probe (ATCC) for
IL2RÂ« was random primed using [a-'2P]dCTP. Oligonucleotide primers and

probes for IL2. IL2RÃŸ.and CD3-y were provided by the Cetus Oncology
Corporation. The primers for IL2Ra and IFN-y and the Oligonucleotide for

IFN-y were synthesized by the Molecular Biology Department. Cleveland

Clinic Foundation. The sequences for primers and probes are as follows.
CD3y sense. 5' GTC ATC TTC TCG ATC CTT GAG 3'; antisense. 5' CTG
GGA ACT AAT GCC AAG GAC 3'; probe, 5' GAG AAA GCC AG A TAT
GGT GGC TGC 3'. IL2: sense. 5' TGT TTC AGA TCC CTT TAG TTC CAG
3'; antisense, 5' GAA TGG AAT TAA TAA TTA CAA GAA TCC C 3'; probe.
5' GCT TTG AGC TAA ATT TAG CAC TTC CTG CAG 3'. IL2RÃŸ;sense, 5'

ACT AAC CCT GGT TGG TGA AGC AGC 3'; antisense, 5' TTT CAO GTG
CGC GTC AAG CCT CTG 3'; probe, 5' AAC ACC CCA GAC CCC TCG
AAG TTC 3'. IFNr sense. 5' TCG ACC TCG AAA CAG CAT CTG 3';
antisense. 5' TGG CTT TTC AGC TCT CCA TCG 3'; probe, 5' GGC ACT
AAC AGC CAA GAG AAC CCA AAA CGA TGC AGA GCT G 3'. IL2Ra:
sense. 5' GGT CTC CAT TTC ACC TGT GCA 3'; antisense, 5' CTC ACG

TTC ATC ATG GTG CCT 3'; probe, full length cDNA in pBR322 vector

obtained from American Type Culture Collection 57232, insert excised with
EcoRl. After hybridization overnight at 42Â°C,the blots were washed twice in

6X-2X standard saline-citrate-0.1 % sodium dodecyl sulfate at room temper
ature followed by I x standard saline-citrate (0.15 M sodium chloride + 0.15
Msodium citrate)-0.17r sodium dodecyl sulfate at 65Â°Cand exposed to X-ray

film for 1-5 h at-70Â°C.

Statistical Methods. Summary statistics (means, standard errors, medians,
and ranges) were computed for the data. The nonparametric two-sided Wil-

coxon signed-rank test was used in all comparisons (28). Due to the small

sample sizes in some of the experiments, there was limited power to detect
differences. P < 0.05 was used as a cutoff for statistical significance.

IL2 Anti-CD3 + IL2

8e
8
o

TIL PO. TIL PBL

Fig. I. T-TIL fail to proliferale in response to IL-2 with and without anli-CD3 antibody.
TIL and autologous PBL were cultured in 96-well plates for 3 days with the following
combinations: media alone: IL-2 at 250 units/ml; IL-2 at 250 units/ml with anli-CD3
antibody (OKT3; Coulter Immunology; soluble al IO ng/ml in the presence of 5(XK)
autologous monocytes irradiated 2000 rads or antibody immobilized to the bottom of the
well using a stock solution of 10 mg/ml in a high pH I MTris solution). The IL-2 was
kindly provided by Hoffman La Rtx'he. After 2 days of culture cells were pulsed wilh 1
uCi/well of ['Hlthymidine and subsequently harvested 24 h later and counted in a

scintillation counter (Beckman). All culture conditions were done in triplicate and results
are presented as the mean cpm (-).
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Fig. 2. TIL proliferate less than PBL after 6 and 9 days of culture. Sorted T-cells from

the blood and tumor (CD5 ' CD45RO ' CD45RA") were cultured in the prÃ©senseof PHA

( !0 ug/ml) and anti-CD3 (immobilized) with IL2 (250 units/ml). Separate wells were set
up for 3, 6, and 9 days of culture. The 6- and 9-day cultures were fed 1L-2 by halves on
day ÃŒand 6. respectively. Wells were pulsed with |'H]thymidine 24 h prior to harvesting.

O. PBL CD3; D. PBL PHA; â€¢¿�TIL CD3; â€¢¿�TIL PHA.

RESULTS

RCC-TIL Exhibit a Reduced Proliferative Capacity. The pro-
liferative response of T-TIL stimulated through the TCR/CD3 com

plex or the IL2R was examined. When compared to autologous PBL
the 3-day proliferative response of T-TIL to high dose IL2 was min
imal. A similarly poor response to anti-CD3 antibody plus IL2 was

also observed (Fig. I ). The results presented are taken from 20 pa
tients although not all patients were cultured with both IL2 and anti-

CD3 plus IL2. Nineteen patients were cultured with IL2 alone
whereas 11 patients were cultured with anti-CD3 plus IL2. The mean
cpm for T-TIL and PBL are depicted as a horizontal line. In response

to IL2, the mean cpm for TIL was 6,969 while that for PBL was
16.281 (P = 0.002). The difference in the proliferative response
between T-TIL and PBL was even more dramatic when IL2 plus
anti-CD3 was used as a stimulus. The mean cpm for PBL was 62,108
versus 9,355 (P = 0.001) for T-TIL (Fig. 1). Similar experiments

using low dose IL2 (10 units/ml) (n = 6) and anti-CD3 plus low dose
IL2 (n = 4) gave the same results (for IL2 the mean cpm for TIL was
1,524 and the value for PBL was 13,752; for anti-CD3 plus IL2, TIL

value was 6,457 and PBL value was 81,062). Addition of exogenous
IL2 along with anti-CD3 antibody demonstrated that the reduced

proliferative response of TIL was not due to a lack of endogenous IL2
production. The reduced proliferation was also evident at 6 and 9 days
of culture (Fig. 2). T-TIL continue to proliferate less when compared
to PBL that were stimulated with PHA or anti-CD3 plus IL2. Some

proliferation was observed on day 9 which is consistent with our
previous studies showing that a portion of T-TIL from RCC are IL2

responsive. Thus, the low proliferative activity of TIL compared to
PBL was not due to a difference in the kinetics of the response.

Cell-sorting experiments were done to assess the response of T-cells

in the tumor bed and to compare those to the same population in the
peripheral blood. The use of sorted cells eliminated the NK popula
tion, thus we were directly comparing T-cells from tumor and periph
eral blood. We examined the proliferation of CD5 +CD45RO"
CD45RA" cells since previous studies (29) including our own (30)

had demonstrated that this subset is the predominant population in the
tumor. Studies on peripheral blood demonstrate this population of
cells to be primed T-cells which possess recall to antigen (31, 32). As
expected (31, 32), the T-cells sorted from the blood responded well to
PHA and/or anti-CD3 antibody (Fig. 3). In two of four experiments
sorted T-TIL did not proliferate to anti-CD3 antibody or PHA and in
two others the response of T-TIL was much less than the response of
peripheral blood T-cells. Addition of exogenous IL2 in sorts 3 and 4
did not enhance the ability of T-TIL to proliferate. The poor prolifer
ative response of T-TIL was not a consequence of the enzyme treat
ment used to obtain single cell suspensions of T-TIL inasmuch as the

same enzyme treatment had no effect on the capacity of PBL to
proliferate to IL2 or PHA (data not shown).

The proliferative unresponsiveness of T-TIL to IL2 and anti-CD3

antibody is not related to decreased surface expression of IL2RÃŸor
CD3. The intensity levels of CD3 expression was compared in 6
experiments and found to be the same in T-TIL and PBL. The mean
channel fluorescence was 91 in T-TIL versus 114 in PBL (data not

shown). Moreover, in 6 of 6 experiments the percentage of cells
expressing IL2RÃŸwas either comparable or higher in T-TIL when
compared to T-cells in the peripheral blood (Table 1). Statistical

analysis found no significant difference in the percentage of
+IL2RÃŸ+or the density of expression per cell. The use of two

Fig. 3. Sorted purified T-cells from TIL prolifer
ate less to PHA and anti-CD3 antibody when com
pared to sorted purified T-cells from autologous
PBL. T-cells from TIL and PBL were sorted on a
FACStar+ from Becton Dickinson using 3-color
staining. Cells were stained with antibodies to CD5,
CD45RO. and CD45RA and the CD5*CD45RCT
CD45RA~ cells sorted and subsequently cultured

for 3 days in 96-weIl plates with the following
combinations: media alone; PHA (10 ug/ml; Difco)
Â±IL2 (250 units/ml); or anti-CD3 (10 ng/ml, sol

uble with autologous adherent monocytes irradi
ated 2000 rads. or immobilized) Â±IL2. After 2
days of culture wells were pulsed with I uCi of
['H]thymidine. harvested 24 h later, and counted

in a scintillation counter (Beckman). All experi
ments were done in triplicate and results are pre
sented as the mean cpm Â±SD (bars). Experiment
2 was cultured with PHA/IL2 only. â€¢¿�media; ^.
PHA; â€¢¿�anti-CD3.
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FÃ¼hlel Proliferativi' unresponsiveness of T-TIL is not related to decreased expression

ofIL2RÃŸ

Immediately following digestion and purification, TIL and PBL suspensions were
Mained with antibodies to CD3 and lL2RÃŸand analyzed by two color immunocytomelry.
Due to (he autofluorescence of the sample, monoclonal gating with CD3 was utilized in
order to better delineale the measurement of 1L2R/3 on CD.Vpositive cells.

Surface expression
ofIL2R0Experiment

1TILPBLExperiment

2TILPBLExperiment

3TILPBLExperiment

4TILPBLExperiment

5TILPBLExperiment

6TILPBLMean

Â±SETILPBLP%

of positive
T-cells67343949455258222Â±

119Â±50.13Mean

channel
fluorescenceW13597Ilo922133528414861

Â±1520
Â±60.09

color immunocytometric analysis (CD3 and IL2RÃŸ)ensured that we
were examining lL2RÃŸon T-cells. This was important because unlike

TIL that contain few NK cells lymphocytes in the peripheral blood are
composed of 10-15% NK cells (33). Since NK cells express IL2RÃŸ

(34, 35) their inclusion in the analysis would have prevented an
accurate comparison of IL2RÃŸexpression between T-cells in the

tumor and blood.
II-N y and IL2 niKN'A Expression Is Induced in T-TIL in Re

sponse to Anti-CD3 or PHA. Additional experiments were con

ducted to determine the qualitative extent of TIL unresponsiveness.
We focused on specific genes known to be induced as a consequence
of TCR/CD3 or IL2R stimulation. Expression of IFN-y and IL2 both
at the level of mRNA and secreted protein were measured in T-TIL

and corresponding autologous PBL. Semiquantitative PCR was used
to examine mRNA levels of IL2 and IFNy. Only the results obtained
with 25 cycles of amplification are shown because this cycle number
provided the most sensitive measure of differences in levels of the
specific mRNAs being examined. The results shown in Fig. 4 are
representative data from one of five experiments. No detectable
mRNA for either IL2 or IFN-y was observed from unstimulated TIL or

PBL. However, after 24 h of stimulation with PHA, T-TIL expressed

either comparable or higher levels of IL2 and IFNy mRNA than did
PBL. Similar results were obtained when cells were stimulated with
cross-linked anti-CD3 antibody (OKT3). To ensure that there were
comparable numbers of T-cells in the cell suspensions used for RNA

isolation we monitored the expression of CD3y that is constitutively
produced by all T-cells. The level of CD3y mRNA was similar in all
samples (Fig. 4). As seen in Table 2 T-TIL and PBL produced similar
levels of IFNy after 3 days of culture with either anti-CD3 antibody
or PHA. In addition sorted T-cells (CD5 +CD45RO ' CD45RA~) from

the tumor also secreted an equal level of IFNy when compared to the
same population from the blood (17.5 versus 18.8 units/ml from TIL

and PBL T-cells, respectively). In the same experiments, IL2 (1000

units/ml) did not induce any detectable IFNy secretion in TIL or PBL
(data not shown). This was not unexpected since the majority of cells
from both sources are T-cells and IL2 is a poor inducer of IFNy gene

expression from these cells (36). The level of secretion of IL2 was also
the same for stimulated T-TIL and PBL (Table 3).

11,2Kit Gene Expression in Response to Anti-CD3 and 11.2. To
further define the selective unresponsiveness of T-TIL we examined

the induction of IL2Ra. Stimulation through CD3 of the TCR com
plex and the IL2RÃŸchain are both known to up-regulate the expres
sion of IL2Ra (37-39). Here we determined if the signaling pathway

IFNy mRNA in TIL vs PBL

Stimulation
PBL TIL PBL TIL
1/5 1/5 1/5 1/50 1/5 1/50

IL2mRNAinTILvsPBL

Stimulation

PBL TIL
1/5 1/5

PBL
1/5 1/50

TIL
1/5 1/50

CD3 mRNA in TIL vs PBL

Stimulation

PBL TIL
1/5 1/5

PBL
1/5 1/50

TIL
1/5 1/50

Fig. 4. TIL and PBL express the same amount of mRNA for IFN-y and IL-2 in response

to PHA. Total RNA from TIL and PBL cultured for 24 h in PHA ( 10 ug/mll or media alone
was isolated by the guanidine isothiocyanate/cesium chloride method and subsequently I
p.g of RNA was copied into cDNA using reverse transcriptase. Dilutions of 1:5 and 1:50
of the reaction were made and amplified for 25 cycles in a Perkin-Elmer DNA thermal
cycler. The resulting PCR product was electrophoresed onto a 2% agarose gel containing
ethidium bromide, blotted onto nylon membrane, and hybridized with oligonucleotides for
either IL2 or IFNy. In order to be sure equal amounts of T-cells were in the PBL and TIL
prior to mRNA extraction the sequence for CD3y was also amplified and subsequently
blotted and hybridized. Unstimulated TIL and PBL cultured for 24 h in media alone were
also analyzed by PCR analysis (30 cycles) but only using the 1:5 dilution of the reverse
transcriptase reaction.
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Table 2 TIL make equivalent amounts of IFNy in response to PHA or anti-CD3
antibody when compared to autologous PBL

TIL and paired PBL were cultured alone or stimulated with the following for 3 days:
anti-CD3 antibody ( 10 ng/ml, n = 6) or PHA ( 10 ug/ml, Â«= 7). Thereafter, supernatants
were harvested and tested for IFN-y using an RIA kit (Centocor).

IFN-y

(mean units/ml Â±SE)

Stimulus PBL TIL

Media
PHA
Anti-CD3 antibody

0
61.1 Â±31.2
27.0 Â±21.3

61.1 Â±14.6
29.9 Â±19.7

Table 3 TIL make equivalent amounts of IL-2 in response to PHA or anti-CD}

antibodv when compared to autologou.f PBL

StimulusMediaPHAAnti-CD3

antibodyMediaPHAMediaPHAAnti-CD3

antibodyMediaPHAAnti-CD3

antibodyMediaPHAIL-2"

(pg/ml)PBL0190300NA*02262101470093TIL01X8340564084160240159089

"TIL and PBL were stimulated for 1 day with the following: anti-CD3 antibody

(10 ng/ml. n = 3) or PHA ( 10 ug/ml. n = 5). Thereafter, supernatants were harvested and
tested for IL-2 using a radioimmunoassay kit (T Cell Sciences).

h NA. not available for analysis.

required for IL2Ra induction via IL2RÃŸand/or TCR/CD3 is func
tional in T-TIL even though they are unable to proliferate to the same
stimuli. Unstimulated T-TIL do not contain detectable levels of IL2Ra
mRNA (Fig. 5, representative data; n = 5) and less than 5% express

IL2Ra on their surface as defined by immunocytometry (data not
shown). However, PHA induced IL2Ra mRNA in T-TIL that was

comparable to the levels observed following the stimulation of PBL
(Fig. 5). Moreover, comparable levels of IL2RÃŸmRNA was also
detected (Fig. 5). Surface expression was also examined on T-TIL
following stimulation with IL2 alone, PHA plus IL2, or anti-CD3 plus
IL2. IL2 alone and when combined with either PHA or anti-CD3
antibody induced surface expression of IL2Ra on T-cells
(CD3+CD25 +) from the tumor (Table 4). Statistical analyses revealed

that fewer T-cells from the tumor expressed IL2Ra after stimulation
with PHA and IL2 (P = 0.007) or IL2 alone (P = 0.007). Density of

expression per cell as measured by the mean fluorescence intensity
was significantly decreased in TIL only after stimulation with PHA
plus IL2 (P = 0.006). Reduced surface expression (percentage of
positive cells and mean channel fluorescence) of IL2Ra on T-TIL was
also observed with anti-CD3 and IL2 as the stimulus. However, the
differences between T-TIL and PBL were not significant which prob

ably reflects the low number of patients tested with this stimulus.
Overall, it appears that T-cells from the tumor have fewer cells ex

pressing IL2Ra and in some cases the expression on a per cell basis
is decreased. Although IL2Ra expression was reduced in T-TIL, a

moderate level of induction was observed and suggests that signaling
via IL2RÃŸand TCR/CD3 for the induction of IL2Ra is partially
functional in T-TIL. We do not believe that the reduction in IL2Ra is

completely responsible for the lack of proliferation. In 4 cases where
the percentage of CD34CD25+ cells was comparable after culture in

IL2, T-TIL proliferation was still decreased when compared to the

PBL. An example is shown in Fig. 6 where T-TIL proliferation was
9-fold less than PBL proliferation in the presence of equal numbers of
CD25+ T-cells.

DISCUSSION

Results presented here document the proliferative unresponsiveness
of T-TIL from RCC when compared to autologous PBL confirming

the results of others using both RCC as well as other tumor sources
(20-22). This defect has been demonstrated previously by measuring

the clonogenic potential of TIL under limiting dilution conditions and
by assessing proliferation in a short 3-day bioassay (uptake of [â€¢1H]-

thymidine) (20-22). The proliferative unresponsiveness involves both

IL2RCCmRNA in TIL vs PBL

Stimulation

PBL TIL PBL TIL
1/5 1/5 1/5 1/50 1/51/50

^^^

IL2RÃŸmRNA in TIL vs PBL

Stimulation

PBL TEL
1/5 1/5

PBL
1/5 1/50

TIL
1/5 1/50

Fig. 5. TIL and PBL express the same amounts of IL2Ra mRNA in response to PHA.
Total RNA from TIL and PBL cultured for 24 h in PHA or media was isolated by the
guanidine Â¡sothiocyanate/cesium chloride method and the sequence for IL2Ra was am
plified by semiquantitative PCR. blotted, and hybridized with cDNA for IL-2Ra. The

levels of IL2RÃŸmRNA were also determined for PBL and TIL.

Table 4 Surface expression of lL2Ra on T-TIL is induced in response to PHA,
anli-CD3 antibody or ÃŒLI

TIL and paired PBL were cultured for 3 days with IL2 (250 units/ml) (n = 13). PHA
(10 pg/ml) and IL2 (250 units/ml) (;i = 10), or anti-CD3 antibody (10 ng/ml, soluble or
cross-linked) and IL2 (250 units/ml) (n = 3). Cells were stained with antibody to CD3 and
CD25 and analyzed by two color immunocytometry.

StimulusPHA

+ IL2
PIL2

PAnti-CD3

+ IL2
PMean%

of positive cells
No.ofexperiments

TILPBL10

47 Â±11 89 Â±7
0.00713

13 Â±2 20 Â±2
0.0073

50 Â±5 84+13
0.25Â±SEMean

channel
fluorescenceTIL

PBL448

Â±150 874 Â±123
0.006167

Â±45 165 Â±43
0.74390

Â±179 638 Â±156
0.75
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Fig. 6. TIL proliferate less than PEL even in the
presence of equal numbers of CD.VCD25* cells.

PBL (A) and T-T1L (B) were cultured with 250
units/ml of IL2 and the expression of IL2Ra was
examined using two color immunocytometry. Pro
liferation (C) was also assessed after culture for 3
days with IL2 by |'H|thymidine uptake. The per
centage of CD.VCD25* cells was 12% for T-TIL

and 13* for PBL. The mean channel fluorescence
(Fi-)for TIL was 146 and 112 for PBL. PE. phyco-
ervthrin. Bars, SD.

Fl.l-HxFLl-H.ight >
TÃ©1

n_l-HNFLl-HÂ«Â¡Bht

10000-

E

i
5000 -

media

IL2

PBL

CD4 f and CDS4 TIL although some evidence suggests that the CDS '

subset is the most affected (20). The work presented here further
defines the subset of TIL exhibiting this proliferative unresponsive-

ness. The sorting experiments support and extend the report by
Yoshino el al. (22) which suggests that primed T-TIL from lung

tumors are unable to proliferate. The proliferative response of sorted
CD5 +CD45RO*CD45RA- T-TIL derived from RCC was deficient

when compared to the same antigen-primed population in the periph

eral blood.
In order to evaluate the mechanisms involved in proliferative un-

responsiveness, we have examined the expression and function of
receptors involved in mediating T-cell activation (TCR/CD3 and

IL2R). Unresponsiveness was not due to a lack of receptor expression
since T-cells in the tumor had comparable levels of CD3 and IL2RÃŸ
on their surface to T-cells in the peripheral blood. The defect in

signaling via the TCR/CD3 and IL2R appeared to be selective for
signaling events related to DNA synthesis and proliferation. T-TIL that

did not proliferate produced IL2 and IFNy and expressed IL2Ra when
stimulated with anti-CD3 antibody. In addition, IL2 induced IL2Ra
expression on T-TIL in the absence of proliferation. These results
illustrate that certain signaling pathways are intact in T-TIL and that
RCC-derived T-TIL are unable to proliferate even though they can
produce IL2 and IFNy and express the IL2R (IL2Ra and -ÃŸ).

Our results are consistent with others who have observed separation
in competency for proliferation and cytokine gene expression in an

tigen-stimulated T-cells. In a rat renal allograft model, infiltrating
T-cells from tolerized animals did not proliferate even though they
expressed mRNA for IL2 (40). In addition human T-cell clones that

can be tolerized by exposure to high doses of specific antigen fail to
proliferate but express high levels of mRNA for several cytokines
including tumor necrosis factor a (41). However, our results differ
from these two previous studies (40, 41 ) since they found low levels
of cytokine secretion in the presence of high concentrations of cytok
ine mRNA. In our study, T-TIL were not defective in their ability to
secrete IL2 or IFN-y inasmuch as they produced levels similar to that

observed for the PBL. We did note that the amount of IL2Ra mRNA
did not always correlate with IL2Ra surface expression on T-TIL. The
fact that some T-cells from the tumor had low levels of IL2Ra surface
expression relative to peripheral blood T-cells even though both had

comparable levels of IL2Ra mRNA may indicate a posttranscriptional
defect in these T-TIL. However, this reduced expression of IL2Ra on
T-TIL does not account for their proliferative defect since we observed
unresponsiveness in T-TIL that expressed significant levels of IL2Ra
after stimulation. Furthermore, T-TIL expressed significant levels of

IL2RÃŸand yet remained unresponsive in the presence of high doses
of IL2 which will bind and signal through the IL2RÃŸchain alone (35).
It may be that certain signaling events associated with proliferation are
defective when stimulating through the IL2R even though IL2Ra gene
expression was induced. Preliminary data suggest that the induction of
the TfR is decreased on T-cells from the tumor when compared to
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T-cells from the peripheral blood.4 The reduced levels of TfR on

T-T1L after stimulation may be related to IL2R signalling (42). Since
TfR expression is linked to T-cell proliferation a defect in its expres

sion could relate to the unresponsiveness of TIL.
What accounts for the proliferative unresponsiveness of RCC-de-

rived T-TIL is not known. It is possible that RCC secrete products that
have a negative effect on T-cell proliferation. Exposure of PBL to

supernatant fluids from certain tumor cells renders lymphocytes un
responsive to proliferative stimuli (22,43). Moreover, the proliferative
defect of T-TIL derived from lung tumors is related to the presence of
viable tumor cells in the cultures. Highly enriched T-TIL displayed a

proliferative response to irradiated autologous lung tumor cells which
was suppressed by the addition of viable tumor cells to the cultures
(22). Our results differ with those using lung tumor derived T-TIL (22)
since sorted T-cells free of viable RCC were unable to proliferate in
response to IL2 or anti-CD3 antibody even in the presence of autol
ogous feeder cells. We also observed that sorted T-cells from RCC
when cultured with IL2 for 1-3 weeks did not expand in vitro, sug

gesting that the proliferative unresponsiveness of RCC derived TIL is
long lived.4 The fact that isolated T-cells can produce IFNy and IL2

indicates that they retain some functional properties even though they
did not proliferate. It is also possible that the unresponsiveness of TIL
may be due to chronic stimulation induced by the tumor cells assum
ing that a portion of the TIL are responding to as yet undefined
antigens on RCC. Recent studies have demonstrated that tumors con
tain some T-cells that display specificity for autologous RCC (11, 12).

In this regard, exposure to specific antigen under the appropriate
conditions can induce a state of T-cell anergy (44, 45). TCR occu

pancy in the absence of an accessory cell costimulatory signal results
in inactivation of the T-cell. However, T-TIL do not display the same
pattern of unresponsiveness as the T-cells in a classical state of anergy.
Anergized T-cells do not proliferate or produce IL2 when stimulated

via the TCR; however, these cells are responsive to exogenous IL2
(45, 46). In contrast, T-cells from RCC produce IL2 when stimulated

via TCR/CD3 but do not proliferate to IL2 or other stimuli.
The intracellular pathways that are involved in signaling via TCR/

CD3 and IL2R are being determined (47-^18). Stimulation through the

TCR/CD3 complex leads to hydrolysis of inositol phosphates, in
creases in intracellular Ca2 ' and the activation of protein kinase C
(47). Protein tyrosine kinases such as p56kk (49) and p59lyn (50) also

play a role in signaling via TCR/CD3. TCR/CD3 stimulation also
induces a number of DNA binding proteins in the nucleus where they
regulate transcription of a number of genes (51 ). Less is known about
signalling via the IL2RÃŸalthough protein tyrosine kinases but not
protein kinase C appear to be involved (48). Alterations in kinases as
well as transcriptional regulatory proteins may contribute to the pro
liferative unresponsiveness of T-TIL. Signal defects are being defined
in anergic T-cells (46, 52, 53). Studies are under way to define the
intracellular signal pathways that may be deficient in T-TIL.
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