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ABSTRACT

Two cytotoxic effector cell populations were isolated from a patient with
renal cell carcinoma. The tumor-infiltrating lymphocytes comprised a
population of highly specific, major histocompatibility complex-restricted,
cytotoxic T lymphocytes (CTL). An autologous non-major histocompati
bility complex-restricted lymphokine-activated killer (LAK) cell popula

tion was generated by culturing the peripheral blood lymphocytes with
high doses of recombinant interleukin 2 (rIL-2). The capacity of these two
effector cell types to lyse cytokine-modulated autologous tumor cells was
compared /;/ vitro. A complementary DNA for rIL-2 was introduced into

the tumor cells by retroviral transduction, and tumor cells secreting low
doses of rIL-2 were isolated. The CTL recognition of these tumor cells was

enhanced, compared to unmodified tumor cells, whereas LAK cell recog
nition was unchanged or slightly reduced. Pretreatment of tumor cells
with exogenous a interferon led to an up-regulation of some major histo

compatibility complex class I molecules and to slightly better recognition
by the CTL; little effect on LAK cell recognition was observed. CTL were
found to be 50-150-fold more effective than LAK cells in lysing autologous
tumor cell lines or clones modulated with both rIL-2 and a interferon. The
assessment of a patient's cytotoxic immune capacity directed against ge

netically modified autologous tumor cells in vitro provides important in
sight for cytokine-mediated gene therapy of cancer.

INTRODUCTION

Patients with metastatic RCC1 have a 5-year survival rate of <5%.

The failure of chemotherapy or radiotherapy to influence the course of
disease has left treatments which enhance the host immune response
against tumor as the most promising form of therapy for metastatic
RCC to date. The prevalence of rich lymphocytic cellular infiltrates in
tumors in situ (1) and the occurrence of spontaneous regression of
metastatic lesions in a number of well documented cases (2) provided
the first suggestions that immunological responses might be directed
against RCC. Initial studies using cell-derived interferon revealed an

improved clinical status in some patients with RCC. The availability
of recombinant cytokines has allowed more extensive clinical trials to
assess their roles in the treatment of various forms of cancer. Both
recombinant IFN-a and rIL-2 produced partial or complete responses

in some RCC patients with metastatic disease (3, 4). Recent trials have
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evaluated the role of transfer of activated lymphocytes in conjunction
with rIL-2. Two types of activated cells have been evaluated in RCC

patients: LAK cells, derived from PBL through culture with high
doses of rIL-2, and TIL, isolated from primary or metastatic lesions
and expanded in vitro with rIL-2 (5). TIL seem to be more effective

than LAK cells in achieving partial or complete remission. Animal
studies have shown that protective host antitumor responses can be
elicited by injecting tumor cells which have been genetically modified
to express various cytokine genes (6). In one case long-lasting pro

tection against tumor challenge was achieved (7). Phase I trials using
rIL-2-modified tumor cells for vaccination of patients with melanoma

or RCC have been initiated (8). It is hoped that this form of treatment
will support the immune system while alleviating the deleterious side
effects of systemic rIL-2 therapy. Like patients with RCC, some

patients with melanoma respond to various forms of immunotherapy.
In patients with melanoma, TIL have been found to be more effective
generally than LAK cells in achieving partial or complete remissions
(3, 9, 10). It is thought that larger numbers of specific CTL present in
the TIL populations may account for this difference (10). Whereas
both quantitative and qualitative differences (i.e., presence of MHC-
restricted versus non-MHC-restricted effector cells) between TIL and

LAK cells of melanoma patients have been repeatedly detected in
vitro, such distinctions have not been readily observed in cells of
patients with RCC. Therefore, it has been questioned whether specific
CTL play an important role in tumor regression in patients with RCC
who receive immunotherapy. On the other hand, newer studies dem
onstrate that RCC-specific CTL do exist (11, 12)4; thus, it is important

to understand how cytokines influence the capacity of the CTL to
recognize and destroy autologous tumor cells, compared to non-
MHC-restricted LAK cells.

We have recently characterized a tumor-specific. MHC-restricted
CD8+ CTL line that was established from TIL of a patient with RCC
who had no apparent metastatic disease.4 For comparison, a LAK cell

line was generated by culturing PBL from the same patient in medium
containing a high concentration of rIL-2. In addition, an autologous

RCC line was established from the primary tumor. To analyze the
influence of rIL-2 on the responses of autologous TIL and LAK cells,
we used retroviral transduction to introduce a human rIL-2 cDNA into
the tumor cell line (13). IFN-a was provided exogenously to cultures

of the tumor cells. The effect of each cytokine alone or in combination
on MHC expression and susceptibility to lysis by autologous TIL and
LAK cells was studied. It was found that modulation of the tumor
cells by these cytokines had different effects on the two effector cell
populations.

4 D. J. Schendel, B. Gansbacher, R. Oberneder. M. Kricgmair. A. Hofstetter, G. Ri-
ethmÃ¼ller,and O. G. Segurado. Tumor-specific lysis of human renal cell carcinomas by
tumor-infiltrating lymphocytes. 1. HLA-A2 restricted recognition of autologous and allo-

geneic tumor cells, J. Immunol., in press.
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MATERIALS AND METHODS

Establishment of RCC and NKC Cell Lines. Patient 26 was diagnosed as
having renal clear cell carcinoma staged as TI, G2; the tumor was 3 cm in

diameter. Freshly resected primary tumor material was enzymatically digested
for 4 h at 37Â°Cin RPMI 1640 culture medium containing 0.1% collegenase,

0.0()2ir deoxyribonuclease, and 0.001% hyaluronidase (Sigma Chemical Co.,
Munich. Germany). Following separation by density gradient centrifugation
(Ficoll-Paque; LKB-Pharmacia. Freiburg. Germany), cells from the interface
were cultured in a 75-mm culture flask in RPMI 1640 medium containing 10%
PCS, 2.5 u.g/m! amphotericin B (GIBCO-BRL. Freiburg, Germany), 19r min

imum essential medium nonessential amino acids (GIBCO), 9 fig/ml insulin
(Sigma), 10 (xg/ml transferrin (Sigma), and 10 ng/ml cholera toxin (C3012;
Sigma). A rapidly growing tumor line designated as RCC-26 was maintained

in continuous culture. The same procedure was used to establish a short term
line of NKC cultured from tissue obtained at the time of surgery from a site
distant from the tumor. These cells were frozen at early passages, and after
thawing they could be maintained for approximately eight passages. In addi
tion, PBL obtained at the time of surgery were used for generation of LAK
cells.

Establishment of TIL and LAK Cultures. A second aliquot of the pri
mary tumor was further subdivided into six individual pieces of 5-mm diam
eter, which were cultured separately in a 24-well plate in TIL medium con

sisting of RPMI 1640 medium with 5% human serum, 10% FCS, 100 units/ml
penicillin. 100 fig/ml streptomycin, 20-30 units/ml rIL-2, and 15% condi
tioned medium obtained from phytohemagglutinin-activated lymphocytes (14).
The TIL emerging from these cultures were restimulated with RCC-26 tumor
cells every 7-10 days. Tumor cells (10,000 cells/well) were distributed in
24-well plates and allowed to expand until they formed a 75% confluent

monolayer. The plates were irradiated (100 Gy) and TIL were added to the
tumor monolayers in medium containing no rIL-2; after 24 h exogenous rIL-2
(30 units/ml) was added. This was also necessary when the IL-2-transduced
cells were used as a source of antigen-presenting cells, because the tumor

monolayer was substantially damaged by the TIL after 1 day and completely
disappeared after 3 days of cocultivation. Expanding TIL were fed twice
weekly with TIL medium and split 1:1 as necessary. PBL from patient 26 were
used to establish a LAK cell line, hereafter referred to as LAK-26 cells; PBL
were suspended at 10h cells/ml in RPMI 1640 medium with supplements, 15%

FCS, and 1000 units/ml rIL-2. These cells were tested for cytotoxic activity 10

days later and cryopreserved for further studies.
Exogenous Treatment of Tumor Cells with IFN-a. Kinetic and dose-

response studies revealed that incubation of the tumor cells with 500 units/ml
IFN-a (Referon A3; kindly provided by Hoffmann-LaRoche, Grenzach-

Wyhlen, Switzerland) for a period of 96 h led to maximal levels of MHC class
I surface expression, as determined by indirect immunofluorescence staining
(data not shown). This dosage was used for all subsequent studies. Tumor cell
lines were analyzed for total MHC class I surface expression using a mono
clonal antibody (mAb Al.4) (United Biomedicai, Inc., Lake Success, NY)
which recognizes an epitope present on all HLA-A, -B. and -C molecules.
HLA-A2 expression was determined using ascites (diluted 1:100) of the

MA2.1 hybridoma, obtained from the American Type Culture Collection
(Rockville, MD). Ascites of the mAb 4E (diluted 1:1000) was kindly provided
by S-Y. Yang (Sloan-Kettering Institute for Cancer Research, New York, NY);
this reagent reacts with HLA-B and -C molecules (15). The mAb IC6E11
(purified immunoglobulin) produced in this laboratory detects HLA-Cw7 mol
ecules on RCC-26 cells.5 A fluorescein isothiocyanate-coupled goat anti-

mouse immunoglobulin (F261; Dakopatts) was used as the second reagent.
Cytoflurometric analysis was made using a FACscan instrument (Becton Dick
inson. Mountain View, CA).

Cell-mediated Lysis. Cytotoxicity was measured in a standard 4-h chro-
mium-51 release assay (16) using a panel of target cells which included
autologous normal kidney cells (NKC-26), autologous RCC cells (RCC-26),
RCC-26 cells transduced with the retroviral vector containing the rIL-2 cDNA
(RCC-26-IL-2), and one clone derived from the IL-2-secreting line IL-2B2.
RCC-26 cells were also transduced with control vector containing no IL-2
cDNA (RCC-26-VC). In addition, natural killer cell-sensitive and LAK cell-
sensitive cell lines (Daudi and K562) were used as specificity controls. Spon-

s C. Reinhardt and D. J. Schendel. unpublished observations

taneous release was determined by incubating target cells alone in complete
medium. Total release was determined by directly counting an aliquot of

labeled cells. A percentage of Cytotoxicity value was calculated using the
formula: % lysis = (experimental cpm - spontaneous cpm/total cpm - spon

taneous cpm) X 100. All percentages were determined using triplicate mea
surements with single E:T ratios or duplicate measurements with three step
(Â¡(rationsof effector cells. The SD of the replicates were <10%. One LU was

defined as the number of effector cells required to cause 20% lysis of the
autologous tumor cells and was determined from regression analyses of the
percentage of lysis obtained with varying E:T ratios for those target cells for
which a significant regression coefficient (r > 0. 9) was obtained.

RESULTS

Establishment of the Renal Cell Carcinoma Line and Retroviral
Transduction with rIL-2 cDNA. Freshly resected tumor tissue from
patient 26 was enzymatically dispersed and single-cell suspensions

were cultured in RPMI 1640 medium with 10% FCS containing
insulin, transferrin, and cholera toxin, which suppressed overgrowth
of contaminating fibroblasts and appeared to help a larger number of
epithelial cells reattach to the surface of culture flasks after trypsiniza-

tion at each cell passage. After 20 passages all tumor lines were
cultured further in RPMI 1640 medium containing antibiotics and
5-10% FCS. To demonstrate that tumor cell cultures were composed

of epithelial cells, cytospin preparations were shown to stain posi
tively with monoclonal antibodies specific for cytokeratin-18 and

vimentin, which are cytoskeleton components characteristic of renal
cell carcinomas (17). In addition, the cells were shown to bind a
monoclonal antibody reacting with G250, a determinant that is found
on >95% of renal cell carcinomas but is not expressed by adult or
fetal kidney tissue (18). At an early stage of in vitro culture (i.e., the
sixth passage) the parental line showed homogeneous cytokeratin
staining and was proliferating rapidly enough that it could be trans
duced with retrovirus to introduce the human cDNA encoding IL-2

(13). Uncloned tumor cells were selected as recipient cells for two
reasons. First, the transductants were to be used as antigen-presenting

cells for expansion of TIL; thus, they needed to express a heteroge
neity which is characteristic of primary tumors in situ so as not to
cause undue selection of effector cells. Second, such lines would
represent most closely the mixed populations of tumor cells that are
envisioned for use in future autologous tumor vaccines.

The uncloned. cytokine-modified tumor line (RCC-26-IL-2) was
found to produce approximately 20 units/ml/106 cells/48 h IL-2 when

compared with a commercial rIL-2 preparation (Proleukin; Cetus,

Emeryville, CA) by using a bioassay (14). The untransduced parental
tumor line (RCC-26) and the vector control line (RCC-26-VC) did not
secrete detectable levels of IL-2. A number of clones of the cytokine-
modified tumor line were also characterized; clone IL-2B2 was se
lected for further evaluation because it secreted levels of IL-2 com
parable to those of the uncloned line (i.e., 30 units/ml/10h cells/48 h),
showed stable secretion over several months of continuous culture /';;

vitro, and did not reveal diminished levels of IL-2 secretion for 3

weeks following irradiation (100 Gy) (data not shown). The levels of
IL-2 secretion by the line and the clone were in the range expected for
N2-based vectors, which have been used to introduce IL-2 into a

number of melanoma and renal cell carcinoma lines for use in gene
therapy (7, 8). Although it has not been possible to adapt RCC-26 cells
to growth in vivo in nude mice, the parental line and the cytokine-

modified cells have been maintained in continuous culture for >80
passages.

The parental, vector control, and cytokine-modified lines and clone

were analyzed for expression of a number of surface molecules by
flow cytometry. HLA class I expression was monitored using several
locus- and allele-specific monoclonal antibodies (see "Materials and
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Fig. 1. Comparison of TIL-26 and LAK-26 cell
cytotoxic activity directed against different target
cells, a, results with TIL-26 cells; b, results with
LAK-26 cells. NKC-26 (â€¢)cells represent a short
term line of autologous normal kidney cells,
RCC-26 (â€¢)is the autologous tumor cell line, RCC-
26-IL-2 (O) is the tumor line transduced with the
human rlL-2 cDNA. and IL-2B2 (ED) is a clone

derived from this line. Daudi (A) and K562 ( * ) are
control target cells for non-MHC-restricted effector
cells. Dala represent the percenlage of specific lysis
measured at various E:T cell ratios and were calcu
lated according to the formula given in "Materials
and Methods."
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Methods"); in addition, staining for the adhesion molecules CD54

(intercellular adhesion molecules-1) and CD58 (lymphocyte-function
associated molecules-3) was studied. No significant differences in

percentages of positive cells and levels of surface expression between
unmodified and transduced cells were found with any of these markers
(data not shown).

Comparison of Specificity of TIL and LAK Cells. The lympho-
cytic infiltrate was isolated from mini-cultures of RCC-26 using a low
dose of rIL-2. Studies of TIL populations from a number of patients

revealed that these conditions were most suitable for isolation of
cytotoxic effector cells showing restricted patterns of specificity.4-6

Continued proliferation of TIL-26 cells was dependent upon regular
restimulation with autologous tumor cells; RCC-26, RCC-26-IL-2,
and IL-2B2 tumor cells could all be used but more extensive growth
over longer periods of time was achieved using the cytokine-modified
cells, even when exogenous rIL-2 was provided to all cultures. The
TIL-26 population was composed predominantly of CD3+CD8+

(96%) cells. In comparison, the autologous LAK-26 cell population,
which was generated from the patient's PBL using a high concentra
tion of rIL-2, contained a mixture of CD3 + (59%) and CD3~ (41%)

cells.
When tested for cytotoxicity against a group of target cells the

TIL-26 cells were found to be very potent, as evidenced by the small

numbers of effector cells required for detection of significant cyto
toxicity (Fig. la). Additional experiments using higher effector to
target cell ratios revealed that plateaus were reached at ratios of more
than 8:1; therefore, quantitative comparisons were made using ratios
that yielded significant linear regression values (16). Visual inspection
of cultures of TIL-26 cells with the parental and cytokine-modified
tumor cells showed that the TIL-26 cells were capable of eliminating
all tumor cells during a 24-48-h period of cocultivation; thus, the lysis

of only a fraction of the tumor cells depicted in Fig. la is probably a
function of the incubation time of the chromium release assay, which
was limited by the rate of spontaneous release of radioactive label
from the target cells.

The TIL were highly specific; they efficiently lysed cells of the
autologous tumor (RCC-26) but not normal kidney cells (NKC-26) or
the natural killer cell-sensitive or LAK cell-sensitive target cells

' D. J. Schendel, unpublished observations.

(K562 and Daudi). Based on phenotype and specificity these cells
appeared to be tumor-specific CTL. Additional immunogenetic and
blocking studies using T cell receptor- and MHC-specific mAb sub
stantiated this conclusion.4 In contrast, the LAK-26 cells showed a

broad pattern of cytotoxicity, associated with non-MHC-restricted

effector cells, and lysed all of the target cells (Fig. l/>). They were also
less potent, since substantially more LAK-26 cells were required to
achieve levels of lysis equivalent to those seen with TIL-26 cells.
Based on results of five experiments the TIL-26 cells were found to be
3-6-fold more potent than LAK-26 cells in lysing RCC-26 cells

(Table 1 and data not shown).
Influence of Endogenous 11-2 Expression by RCC-26 Cells on

TIL-26 and LAK-26 Cell Cytotoxicity. The rIL-2-modified tumor
cell line (RCC-26-IL-2) and clone (IL-2B2) were compared with
unmodified RCC-26 cells as targets for TIL-26 and LAK-26 effector
cells. Endogenous expression of rIL-2 led to enhanced recognition by
TIL-26 cells, but increases in lysis by LAK-26 cells were not observed

(Fig. 1, a versus b). A quantitative comparison of the lytic activities of
TIL-26 and LAK-26 cells, expressed as LU/10" effector cells, is

shown in Table 1. The TIL-26 cells consistently lysed the IL-2-
secreting line and clone IL-2B2 better than unmodified RCC-26 cells.
In contrast to the TIL-26 pattern of recognition, little enhancement and
in some cases even dimunition of lysis of rIL-2-modified tumor cells
was observed with LAK-26 cells.

In other experiments it was observed that RCC-26 and the vector
control cells were always recognized less well than IL-2-transduced
cells; however, RCC-26 and RCC-26-VC could exchange standings
with respect to degree of lysis, as could RCC-26-IL-2 and IL-2B2

cells (see below and data not shown). These fluctuations did not
correlate with any of several parameters, i.e., levels of MHC class I
expression, CD54 or CD58 expression, or IL-2 secretion (data not

shown).
The cytotoxicity assays shown in Fig. 1 and Table 1 were performed

in the absence of exogenous rIL-2. When the levels of cytotoxicity
mediated by TIL-26 cells (E:T ratio = 4:1) in the absence of rIL-2
were compared with those obtained when 30 or 60 units of rIL-2 were

added exogenously during the chromium release assay, further in
creases in lysis of RCC-26-IL-2 (22% versus 25% and 21%, respec
tively) and IL-2B2 (34% versus 28% and 28%) cells were not seen,
nor was the level of lysis of untransduced RCC-26 cells (11% versus
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Table 1 Lytic activity of TIL and LAK cells for aulologous lL-2-modifit'd target cells

Lytic activity (LU/10" cells)

NKC-26 cells RCC-26 cells

" This represents a clone derived from the RCC-26-IL-2 line.
h NC, not calculated because the r coefficient was <0.9.
' Mean LU/IO6 effector cells for the two experiments.

DC/AD/R/IL-2 vector

TILExperiment
1

Experiment 2
Mean'LAKExperiment

1
Experiment 2
MeanNo

veclor, NKC-26targetNCh

NC
NC1.2

4.0 X IO--

0.6No

vector, RCC-26target2.5

X IO2
1.1 X IO2
1.8 XIO277.422.4

49.9RCC-26-IL-2

target1.2X

IO3
7.9 X IO2
1.0 XIO322.337.4

29.9IL-2B2

target-5.9

X IO2
8.1 X IO2
7.0 XIO232.4

84.0
58.2

10% and 8%) increased. Addition of neutralizing antibody specific for
IL-2 (50 jug/ml) during the chromium release assay led to equal
inhibition of TIL-26 cell lysis of IL-2B2 target cells in the absence

(38% inhibition) and in the presence (38% inhibition) of exogenous
rIL-2. This antibody did not lead to any inhibition of IL-2B2 cell lysis
by the LAK-26 cells.

Modulation of Tumor Cell Lysis by IFN-a. The influence of
IFN-a on tumor cell recognition by TIL-26 and LAK-26 cells was

studied by incubating the tumor lines in medium containing exoge
nous cytokine and testing them as target cells in cytotoxicity assays.
Following preincubation with IFN-a for 96 h, RCC-26 cells were
better recognized by TIL-26 cells, but diminished recognition was
observed with LAK-26 cells (Table 2). Similar distinctions were
found with the IL-2-transduced cells pretreated with IFN-a and with
RCC-26 cells transduced with the control vector, showing that this

effect was not altered by introduction into the tumor cells of the
retroviral construct itself. Regardless of the status of the tumor cells
with respect to rIL-2, IFN-a had a potentiating effect on TIL-26 cell
recognition but not on the LAK-26 cell recognition.

One well known effect of IFN-a is its ability to up-regulate MHC

class I expression, which in turn could lead to better expression of the
target ligands seen by TIL-26 cells. Immunogenetic studies revealed
that the target antigens recognized by TIL-26 cells involve RCC-
specific peptides that are presented by HLA-A2 molecules and pos
sibly by HLA-Cw7 molecules.4 Therefore, the influence of IFN-a

treatment on the levels of surface expression of these molecules was
analyzed through binding of specific mAb. The cytofluorometic pro
files of MHC class I expression on RCC-26 cells following treatment
with IFN-a, compared to untreated cells, are shown in Fig. 2. RCC-26

cells expressed high total levels of class I molecules, as defined by
binding of the mAb Al.4, and no enhancement was seen following

Table 2 Summary comparison of lytic activities of TIL and 1AK cells for modified
autologous tumor cells

Lytic activity
(LU/10" cells)

ModificationNoneExogenous

IFN-aEndogenous

rlL-2Endogenous

rlL-2 +
exogenous IFN-aTarget

cellRCC-26-

VCRCC-26RCC-26-VC

RCC-26IL-2B2

RCC-26-IL-2IL-2B2

RCC-26-1L-2TIL57.92.5

Xlu276.0

3.2 XIO25.9

x W-
1.2 XIO31.0

XIO34.0
X 10Â»LAK41.277.435.5

37.532.422.320.6

23.9TILiLAK1.43.22.1

8.518.2

53.848.5

167

IFN-a treatment. The level of HLA-A2 expression was also very high
and not modified by IFN-a, and the binding of mAb 4E, which reacts
with most HLA-B and HLA-C molecules, did not change with IFN-a

treatment. In contrast, the binding of mAb IC6E11, which detects
HLA-Cw7 molecules on RCC-26 cells, showed significant up-regu-
lation (approximately 5-fold) by IFN-a. The same binding patterns
before and after IFN-a treatment were found with all transduced
RCC-26 cells; thus, introduction of the cDNA for rIL-2 into RCC-26

cells did not affect MHC class I expression or modulation by exog
enous IFN-a treatment (data not shown).

To analyze the role of MHC class I molecules in forming the target
complex seen on the cytokine-modulated tumor cells, the class I-spe-

cific mAb Al.4 was added during the chromium release assay. The
tumor cells were preincubated with high levels of mAb (40 jug/ml) at
room temperature for 30 min, at which time TIL-26 cells were intro

duced; this reduced the mAb concentrations by half, and incubation
was continued for 4 h at 37Â°C.Addition of this mAb led to comparable

inhibition of lysis of all of the IFN-a-treated target cells, irrespective
of their IL-2 status; recognition of RCC-26 cells was inhibited by
52%, that of RCC-26-IL-2 cells by 64%, and that of IL-2B2 cells by
49%. Addition of a class II-specific mAb of the same isotype caused
<5% inhibition, which was expected since the tumor cells are class II"

P. ... RM : . 1*99 : . EBB . , ?BB . , I PBB . , l*Ba , . EBB , . EBB , , [IBB.

Fig. 2. Immunofluorescent staining of RCC-26 tumor cells with MHC class 1-specific
monoclonal antibodies. . isotype controls; â€¢¿�â€¢¿�â€¢¿�-, untreated tumor cells: , tumor
cells pretreated with IFN-a for 96 h. The results with the various antibodies are as follows:
a, mAb A 1.4 detecting total MHC class I expression; b, MA2.1 reacting with HLA-A2
molecules on these cells; c, mAb 4E reacting with HLA-B and -C molecules; d. mAb
1C6E11 reacting with HLA-Cw7 molecules on these cells.
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and the CTL are CD8 +. The failure to achieve higher levels of secreting IL-2. The untransduced tumor cells did not express IL-2

inhibition with mAb Al.4 seems to reflect high affinity in the inter
action of the CTL and the tumor cells, as evidenced by the low E:T
ratio that was sufficient to yield significant lysis and the failure to
inhibit the CTL with a mAb specific for the CDS molecule.4

Combined rIL-2 and IFN-a Modulation of RCC-26 Cells. The

individual and combinatorial effects of tumor cell modulation by
endogenously produced rIL-2 and exogenous IFN-a on TIL-26 and
LAK-26 cell lytic potential are summarized in Table 2. In all cases
TIL-26 cells were more potent than LAK-26 cells in lysing untreated
and cytokine-modified target cells. Treatment of RCC-26 cells and the
vector control line (RCC-26-VC) with IFN-a led to a small enhance
ment of recognition by TIL-26 cells but not by LAK-26 cells. Large
increases were seen in the capacity of TIL-26 cells to lyse rIL-2-
modified tumor cells, whereas this was not found with LAK-26 cells.
The combined modulation with endogenous rIL-2 and exogenous
IFN-a led to even better recognition by TIL-26 cells but did not have
a positive influence on LAK-26 cell recognition. The LU activities

measured against target cells modulated by both cytokines, as com
pared to their individual effects, revealed a synergistic enhancement
which resulted in approximately 50-150-fold greater TIL-26 cell cy-
totoxicity, compared to LAK-26 cell-mediated cytotoxicity, directed

against autologous tumor cells.

DISCUSSION

The availability of both MHC-restricted CTL and non-MHC-re-

stricted LAK cells, as well as an autologous tumor line, from one
patient allowed the influence of cytokine modulation on these distinct
effector populations to be compared. Clearly, rIL-2 was essential for

generating and maintaining both effector cell populations in vitro.
When PBL of patient 26 were directly tested for cytotoxicity, no lysis
of autologous tumor cells was detected, even by using rIL-2-modified
tumor cells as target cells. The in vitro cultivation of PBL with rIL-2

led to development of a LAK effector population that did not require
exposure to tumor cells to show cytotoxic potential. In contrast,
growth of TIL-26 cells, containing the MHC-restricted CTL, was

dependent upon regular reexposure to tumor cells; these CTL also
died within a matter of days when rIL-2 was removed from the culture
medium.6 Both effector populations were capable of lysing autolo

gous RCC-26 cells in the 4-h chromium release assay in the absence
of exogenous rIL-2. However, when they were confronted with tumor
cells which expressed endogenous rIL-2, only the TIL cells gained

potency in their lytic activity. This effect was provided by very low
doses of rlL-2, since recognition of various tumor cell clones secreting
between 5 and 30 units/ml rIL-2 was equal. Further enhancement of
lysis was not observed with the addition of 30-60 units of exogenous
rIL-2 during the cytotoxicity assay, nor were RCC-26 cells better
lysed in the presence of exogenous rIL-2. Apparently, intimate deliv
ery of a small amount of IL-2 to the CTL at their point of contact with

the tumor cells improved their cytotoxic performance.
Neither addition of exogenous rIL-2 during the cytotoxicity assay

nor endogenous rIL-2 secretion by the tumor cells influenced the
potency of LAK-26 cells. This is most likely explained by the fact that
these cells were exposed continuously to very high levels of rIL-2 up

to the point at which they were harvested for functional studies and,
therefore, they were refractory to further rIL-2 modulation. Their
cytotoxic activity was also not inhibited by antibody specific for IL-2.

Since exogenous IL-2 could not enhance TIL-26 cell recognition of
RCC-26 cells and the neutralizing antibody directed against IL-2 only

partially inhibited the CTL response, it must be considered that effects
other than direct delivery of IL-2 to the CTL following T cell receptor-

ligand binding may lead to better recognition of the tumor cells

receptors, and IL-2 receptors could not be detected in the IL-2 trans-
ductants.6 Since the levels of surface expression of MHC class I,

CD54, and CD58 molecules were the same in untransduced and
IL-2-transduced tumor cells, alterations in these major surface mole

cules, which govern the interactions of effector cells and target cells,
seemed not to be involved. It could be speculated that endogenous
IL-2 expression led to altered susceptibility of the tumor cells to lysis;

if so, this effect is specifically related to cytolytic mechanisms used by
CTL, since lysis by LAK-26 cells was not enhanced. The receptors
and ligands used by non-MHC-restricted cells to recognize tumor cells

are poorly understood (19); therefore, determination of the role of
IL-2 in their regulation must await future developments.

The effect of IFN-a therapy for patients with RCC has been as
cribed partially to its ability to up-regulate MHC class I expression on
epithelial cells. An up-regulation of MHC class I expression may lead
to better presentation of tumor-peptide MHC complexes, which form

the target ligands recognized by specific CTL (20). On the other hand,
a reverse correlation has been reported between the level of MHC
expression and sensitivity to lysis by some non-MHC-restricted ef
fector cells (19, 21). Since RCC-26 tumor cells expressed very high
levels of HLA-A and -B molecules, little enhancement in their ex
pression was achieved with IFN-a, whereas HLA-C molecules were
up-regulated about 5-fold. Indirect evidence suggests that some of the
CTL in the TIL-26 population may recognize tumor-associated pep-
tides restricted by HLA-Cw7.4 Determination of how much the HLA-

Cw7 increase accounts for improved recognition by the TIL-26 cells
requires further evaluation. It is interesting to note that HLA-C mol
ecules have also been reported to present tumor-associated peptides to
melanoma-specific CTL (22).

It is clear that combined cytokine modulation worked to the advan
tage of the CTL present in the TIL-26 population. Animal studies have
demonstrated that TIL are 100-fold more effective than peripheral

LAK cells in eliminating tumor cells in vivo; this effect has been
postulated to be due to the presence of highly specific, MHC-re
stricted CTL in the TIL population (23). Modification of RCC-26 cells
with both rIL-2 and IFN-a revealed that these TIL were also approx
imately 50-150-fold more effective than LAK cells in eliminating the

autologous tumor cell line and clone in vitro. It will be important to
determine whether the observations made with patient 26 can be
generalized to other patients; if so, it would appear that those patients
who have generated a tumor-specific CTL response may benefit most
from combined therapy with IFN-a and rIL-2. Since the side effects
of rIL-2 therapy are highly problematic, it is hoped that vaccines
utilizing cytokine-modulated tumor cells can be substituted for sys

temic application and that they will have effects on immune responses
in vivo similar to those demonstrated in tumor models in animals. It is
rewarding to find that IL-2-transduced tumor cells which secreted low
levels of rIL-2 were very effective in potentiating the responses of
these RCC-specific MHC-restricted CTL in vitro. If CTL can be
activated in a similar fashion following an encounter with cytokine-

modified tumor cells in vivo, they may be more effective in combating
residual metastatic disease.
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