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ABSTRACT

Three autotumor-reactive T-cell clones have been established from
tumor-infiltrating lymphocytes isolated from a metastatic lesion of human
gastric carcinoma in the liver. The clones all Â»ereshown to be CD3+,
CD8+, CD4", CD 16", T-cell receptor a/"3+,and T-cell receptor -y/S",and

they have retained both their autotumor reactivity and the same pheno-
type for over a year in culture. Each clone had a different rearrangement
of the T-cell receptor 7 chain genes as indicated by Southern blot analysis.
Tested against a panel of 18 tumor cell targets, the clones preferentially
lysed autologous tumor (AuTu) cells, but each clone also showed weak
cytotoxicity against one allogeneic cholangiocarcinoma cell line. At the
same time, each clone showed appreciable cytotoxicity against K562
targets. In blocking experiments, anti-CD3, anti-\VT31, anti-CD8, or
anti-HLA class I monoclonal antibodies blocked AuTu cytotoxicity but
not cytotoxicity against K562. In contrast, allocytotoxicity against the
cholangiocarcinoma was blocked only by anti-CD3 monoclonal antibody.
All 10 subclones of one T-cell clone had high levels of AuTu cytotoxicity
but variable levels of anti-K562 cytotoxic activity. Proliferation of the T-
cell clones was significantly stimulated by the addition of irradiated
autologous but not allogeneic tumor cells. Preincubation of cultured AuTu
cells with tumor necrosis factor a or -y-interferon (IFN-T), but not with
IFN-a, increased their susceptibility to lysis by the T-cell clones; how
ever, it increased resistance of AuTu to lysis by interleukin 2-activated
natural killer cells. The expression of an adhesion molecule, intercellular
adhesion molecule 1, on the surface of AuTu was also up-regulated by
tumor necrosis factor a or IFN-7, but not by IFN-a. All three cytokines
up-regulated HLA-class-I antigens on AuTu. Pretreatment of K562
targets or allogeneic cholangiocarcinoma cells with the same cytokines
increased their resistance to lysis by the T-cell clones. Overall, the results
indicate that these T-cell clones show specificity for AuTu but also
independently recognize a limited number of allogeneic tumor targets and
lyse K562 targets. The mechanisms involved in the recognition by the T-
cell clones of autologous, allogeneic, and K562 tumor targets appeared
to be distinct.

INTRODUCTION

Studies of the host immune response against AuTu' have

been focused upon lymphoid cells associated with human solid
tumors (1, 2). However, the role of such TIL in the growth and
progression of human solid tumors has been controversial (3-
5). Although most TIL are CD3+ T-cells (6-8), it is uncertain
whether they are MHC-unrestricted inflammatory cells or
MHC-restricted effector cells with specificity for TAA. In some
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experimental murine tumors, TAA recognized by CTL have
been defined (9, 10). An association between tumor regression
and a brisk immune response against TAA has also been
reported (11). In human melanoma, AuTu-specific CTL clones
or lines have been obtained from TIL (12, 13) or lymph nodes
draining the tumor (14), and, in some cases, a partial charac
terization of TAA recognized by the CTL clones has been
achieved (15, 16). However, even in melanoma, the target
structure or structures on the surface of tumor cells, which
might be recognized by CTL, remain uncertain. Furthermore,
Barnd et al. (17) have recently established human CTL lines
from pancreatic carcinoma-draining lymph node cells, which
are specific for the tumor-associated mucin but show MHC-
unrestricted reactivity. These studies support a view that CTL
obtained from human solid tumors may be able to mediate
AuTu MHC-restricted cytotoxicity, tissue-specific but MHC-
unrestricted killing, and broad, NK-like MHC-unrestricted cy

totoxicity. The relationship among these types of cytotoxicity
and the recognition molecules involved are not well understood.
Analysis of clones of CTL established from TIL would be
expected to provide insight into the recognition mechanisms
involved.

We have recently reported that immune responses against
AuTu cells can be detected (18) and analyzed at a clonal level
(19) in human primary liver tumors and in some carcinomas
metastatic to liver. More recently, it has been possible to obtain
AuTu-reactive clones of T-lymphocytes from TIL of a gastric
carcinoma metastatic to liver and to establish a tumor cell line
of this gastric carcinoma. The availability of both the tumor
cell line and AuTu-reactive T-cell clones, which have been
maintained in culture for many months, enabled us to study
interactions between the tumor and effector cell and confirm
the restricted specificity of the T-cells for the autologous tumor.
The three AuTu-reactive T-cell clones obtained from the TIL
of a gastric carcinoma metastatic to a human liver were used to
demonstrate that each was also able to mediate MHC-unre
stricted reactivity against allogeneic cholangiocarcinoma cell
lines as well as NK-like reactivity.

MATERIALS AND METHODS

Patient. The patient (HR) was a 61-year-old male with liver cancer,
who underwent liver resection at the Presbyterian University Hospital
(Pittsburgh. PA). The tumor was diagnosed as undifferentiated adeno-
carcinoma originating from the cardia of the stomach and metastatic
to liver. A metastatic lesion in the liver was used for this study.

Isolation of TIL and Tumor Cells. TIL and tumor cells were isolated
as described by us previously with minor modifications (20). Briefly,
tumor tissue in excess of that needed for pathologic diagnosis was
obtained from the Surgical Pathology Laboratory at Presbyterian Uni
versity Hospital and used for this study. Fresh tumor tissue was minced
into small pieces, which were incubated in DMEM (Gibco, Grand
Island, NY) supplemented with 5% (v/v) FBS (Gibco), 0.05% (w/v)
collagenase (Type 4; Sigma. St. Louis. MO) and 0.002% (w/v) DNase
(Type 1; Sigma) on a magnetic stirrer for 2 h. The enzymatically
digested suspension was washed and passed through a nylon mesh, and
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CTL CLONES IN TIL FROM GASTRIC CANCER

TIL and tumor cells were separated by using discontinuous (75/100%)
Ficoll-Hypaque gradients. Isolated TIL were incubated in RPMI 1640
(Gibco) supplemented with 10% (v/v) heat-inactivated human AB
serum (HuSe; Central Blood Bank of Pittsburgh, Pittsburgh, PA) in a
T25 flask (Corning, Medfield, MA) overnight to remove contaminating
tumor cells or mesenchymal cells. Tumor cells not used for in vitro
culture were cryopreserved in RPMI 1640 with 10% (v/v) dimethyl
sulfoxide and 50% (v/v) HuSe, in a controlled-rate freezer (Cryomed,
Mt. Clements, MI). When used as fresh target cells, tumor cells were
thawed rapidly, diluted in an excess of RPMI 1640 plus 50% (v/v)
FBS, washed twice, and checked for viability by trypan blue dye
exclusion.

Tumor Cell Culture. Freshly isolated tumor cells (2 x IO5cells/flask)

were placed in a T25 culture flask (Corning) in DMEM supplemented
with 10% (v/v) FBS, 2 mM L-glutamine, 100 units/ml of penicillin, and
100 Mg/ml of streptomycin (all from Gibco). After 2 weeks of primary
culture, confluent tumor cells were split with the aid of 0.05% trypsin.
Tumor cells (1 x IO8) from primary culture or from the first passage
were cryopreserved. When needed for stimulation of T-cell clones,
tumor cells were defrosted, washed, and irradiated (10,000 rads). For
cytotoxicity assays, tumor cells were defrosted, washed, and labeled
with 5lCr (see below). Tumorigenicity of the established tumor cell line
was tested by inoculating 1 x IO7 cells s.c. into nude BALB/c mice

immunosuppressed with cyclophosphamide and anti-asialo CM,, as
described previously (21).

Bulk Culture of TIL. TIL were cultured in 24-well plates (Costar,
Cambridge, MA) in the presence of IL2 (100 Cetus units/ml; Cetus
Corp., Emeryville, CA) plus TNF-Â« (1000 units/ml: BASF, Knoll
Pharmaceutical, Whippany, NJ). Cytotoxicity was serially tested
against K562, Daudi, allogeneic tumor cells, and fresh autologous (HR)
tumor cells. Limiting dilution cloning of cultured TIL was performed
on day 12 of culture, when the highest levels of autotumor cytotoxicity
were observed.

MLTC. Freshly isolated TIL were cocultured with irradiated AuTu
cells in RPMI 1640 supplemented with 10% (v/v) HuSe. The lympho-

cyte:tumor cell ratio was set at 5:1, according to the method described
by Uchida et al. (22). After 6 days of culture. TIL were collected by
Ficoll-Hypaque centrifugation and used for limiting dilution cloning.

Limiting Dilution Cloning of TIL. Limiting dilution cloning of TIL
was performed according to the method of Moretta et al. (23), as
described by us earlier (19). Clones were established from fresh TIL,
after MLTC, or from bulk cultures of TIL in the presence of IL2 (100
Cetus units/ml) and TNF-a (1000 units/ml). Microcultures of TIL
were grown in 96-well round-bottomed plates in the presence of IL2
(50 Cetus units/ml) at 37Â°Cin 5% CO2, supplemented weekly with 5
x 104/well of irradiated allogeneic PBL as feeder cells suspended in

100 M' of medium with IL2. After 3 weeks of culture, expanding
microcultures were transferred to 24-well plates (Costar) with 1 x IO5

allogeneic irradiated feeder cells and evaluated for their phenotype and
for cytotoxicity against a panel of tumor target cells or autologous
PHA-activated lymphoblasts. With the HR clone 9. subclones were
obtained by limiting dilution of the original clone after 140 days of
culture.

Culture of T-Cell Clones. To maintain HR clones in culture, it was
necessary to initially supplement culture medium with IL2 (50 units/
ml) and irradiated AuTu cells (10,000 rads) at a clone:tumor cell ratio
of 10:1 as well as irradiated pooled allogeneic PBL as feeder cells (1 x
105/well) every 2 weeks. HLA-matched allogeneic normal peripheral
blood B cells were transformed with Epstein-Barr virus (B-95 super
natant) to establish a cell line. This Epstein-Barr virus-transformed line
was irradiated (25,000 rads) and used as feeder cells (1-5 x 10"/well)

as needed in later experiments.
Target Cells. Seven allogeneic tumor cells (LH and BT. colon cancer

metastatic to liver; SR and FR, hepatocellular carcinoma; SW and MA,
cholangiocarcinoma; SM, leiomyosarcoma) were used as fresh alloge
neic target cells for cytotoxicity assays. All were obtained from met
astatic tumors in the liver and cryopreserved after isolation as described
above. The tumor cell lines PCI-88 (melanoma), SK-HEP-1 (hepa-

toma), LS174T and SW1116 (colon carcinomas), BTMC (colon carci

noma metastatic to liver), CC-SW-1 and CC-LP-1 (cholangiocarcino-
mas), TR (metastatic liver cancer, primary lesion unknown), and K562
or Daudi cells were also used as targets or as stimulator cells in
proliferation assays. All cell lines were maintained in culture with
DMEM or RPMI supplemented with 10% FBS. PHA blasts were
generated by stimulating freshly isolated autologous lymphocytes with
5 Mg/ml of PHA for 3 days, washed, and used as target cells after
labeling with 51Cr.

Cytotoxicity Assays. The cytolytic activities of TIL bulk cultures or
T-cell clones were measured in 4-h miniaturized MCr release assays
using I x IO1 tumor target cells/well. Target cells were labeled with
"Cr (5 mCi/ml; New England Nuclear, Boston, MA) for 1-2 h (100-
150 tÃC\/\ x IO6 tumor cells) at 37Â°C,washed, and added to wells of

96-well V-bottomed plates (Costar) and incubated with effector cells at
four different E:T ratios. All determinations were performed in tripli
cate. Maximal and spontaneous release were obtained from wells con
taining 5% (v/v) Triton X-100 or medium, respectively. The plates were
centrifuged at 65 x g for 3 min and incubated at 37Â°Cfor 4 h.

Supernatants were harvested manually and transferred to counting vials
(Bio-Vial; Beckman, Fullerton, CA) plus 1.5 ml of aqueous scintillation
fluid (Beckman). Radioactivity was counted in a beta scintillation
counter (Beckman). The percentage of specific lysis was determined as

Experimental mean cpm - spontaneous release mean cpm
Maximal mean cpm - spontaneous release mean cpm

In some experiments, lytic units of cytotoxicity were calculated accord
ing to the method of Pross et al. (24). One lytic unit was defined as the
number of effector cells required for 20% lysis of 5 x 10' target cells,
and the number of lytic units present in IO7effector cells was calculated.

In blocking experiments, T-cell clones were incubated with various
concentrations (0.1-10 Mg/ml) of anti-CD3 (Leu4), anti-TCRa/Â£f
(WT31), anti-CD8 (Leu2a), anti-CD4 (Leu3a), anti-CD56 (Leu 19), or
mouse IgG (control) for 30 min at 37Â°Cprior to adding them to "Cr-

labeled target cells. Inhibition was calculated as

inhibition = 1 -
specific lysis in mAB-trealed wells\

% specific lysis in control wells /
x 100

Anti-HLA class I (SI.34/28) and anti-HLA DR (S1.5/1) mAb recog
nizing nonpolymorpholic determinants were kindly provided by Dr.
Massimo Trucco (Pittsburgh Cancer Institute) and used at a final
dilution of 1:20 to 1:4.

For cold target inhibition tests, 2.5 x 1O4cold target cells were mixed
with 5 x 10' MCr-labeled HR tumor target cells, and the cytotoxicity
of T-cell clones was measured in 96-well round-bottomed plates at E:T
ratios ranging from 25:1 to 3:1.

Effect of Cytokines on Target Cell Susceptibility to Lysis by T-Cells
or NK Cells. HR, CC-SW-1, and CC-LP-1 cell lines obtained in our
laboratory and K562, a NK-sensitive cell line obtained from the Amer
ican Type Culture Collection, were incubated in complete medium
supplemented with 1000 units/ml of recombinant IFN-> (Biogen, Cam
bridge, MA). 1000 units/ml ofTNF-Â«, 1000 units/ml of IL2, or 1000
units/ml of IFN-Â«(Hoffmann-La Roche Ine, Nutley, NJ). After 48 h
of preincubation with cytokines, tumor cells were removed from culture
flasks by trypsinization, labeled with MCr, and used as target cells in
cytotoxicity assays with the three T-cell clones or IL-2-activated NK
cells as effectors. For IL-2-activated NK cells, A-LAK cells were pre
pared from allogeneic PBL, as previously described by us (25).

Proliferation of the T-Cell Clones in Response to Tumor Cells. Prolif-
erative responses of the T-cell clones were examined by incubating IO4

responder cells with irradiated (10.000 rads) autologous HR tumor
cells (1 x 10: to I x IO4cells/well) or allogeneic tumor cells (5 x IO3
or 1 x IO4 cells/well) for 5 days in 96-well round-bottomed plates at
37Â°Cin RPMI 1640 supplemented with 10% HuSe and 50 units/ml of
IL2. The wells were pulsed with 1 Â¿iCiof ['Hjthymidine 16 h before
harvest. ['H]Thymidine incorporation was measured in a Beckman

liquid scintillation counter. HR tumor cells, pretreated for 48 h with
IL2, TNF-Â«, IFN-7, or IFN-Â«at the concentrations indicated above.
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were also used as stimulator cells after irradiation and extensive washing
(more than 3 times).

Flow Cytometry. T-cell clones were stained with mAb: anti-CD3
(Leu4); anti-CD8 (Leu2a); anti-CD4 (Leu3a): anti-CD 16 (Leulla): anti-
CD56 (Leu 19); and anti-TCRa//3 (WT31); all purchased from Becton-
Dickinson (Mountain View, CA). mAb against the TCR6-1 was pur
chased from T-Cell Sciences (Cambridge, MA). T-cells were suspended
in phosphate-buffered saline-sodium azide buffer and incubated with
fluorescein- and phycoerythrin-labeled mAb for 30 min at 4Â°C.The

HLA antigen or ICAM-1 expression on HR tumor cells was examined
by indirect immunofluorescence. Tumor cell suspensions (1 x 105/tube)
were first incubated with 5 p\ of anti-HLA class I or anti-HLA DR or
with 1^lofanti-ICAM-1 mAb (kindly provided by Dr. Bruno Azzarone,
Villejuif, France) for 30 min at 4Â°Cand then incubated with fluorescein-

labeled goat anti-mouse IgG (TAGO. Burlingame. CA) for 30 min at
4Â°C,washed, and examined in a flow cytometer.

Southern Blot Analysis of the T-Cell Receptor Genes. DNA was
extracted from each CTL clone as described (26). Ten ^g DNA were
digested with EcoRl or Hindlll (Boehringer Mannheim. Indianapolis,
IN), separated on a 0.8% agarose gel, and transferred to a nylon
membrane (Nytran; Schleicher and Schuell, Keene, NH) as previously
described (26). The membrane was prehybridized in 5x SSC (Ix SSC
= 0.15 M NaCl/0.015 M sodium citrate), 5x Denhardt's solution (Ix
Denhardt's = 200 ng/ml bovine serum albumin, 200 Mg/ml polyvinyl-

pyrolidone. and 200 Mg/ml Ficoll), 500 Mg/ml salmon sperm DNA. and
50% formamide for 2 h at 42Â°C.A total of 10" counts/min/ml of 32P
oligo-labeled DNA probe, with a specific activity of at least 1 x IO9,
was used for hybridization (27), performed in 6x SSC. 1x Denhardt's

solution, 50% formamide, 0.5% sodium dodecyl sulfate, 10% dextran
sulfate, and Ix S256 for 16 h at 42Â°C.Subsequently, the membrane

was washed first in 2x SSC and 0.1% sodium dodecyl sulfate for 30
min at 37Â°Cand then in 0.1 x SSC and 0.5% sodium dodecyl sulfate at
68Â°Cfor an equal amount of time. Southern blot analyses for the TCR

7 chain and ti chain rearrangements were performed. The Jy probe
pH60 was kindly provided by Dr. T. H. Rabbitts (28), and the CÃŸprobe
was obtained from Dr. Tak W. Mak.

HLA Typing. The HLA class I and class II antigens were determined
using peripheral blood lymphocytes of the patient LP with cholangio-
carcinoma (Al, B8, DR3, 4) and the HR T-cell clones (Al. 2 B8,w62,
Cw3, 7 DR3, 4) at the Tissue Typing Laboratory, University of Pitts
burgh. Patient SW with cholangiocarcinoma (A3, 23 B7, 49 Cw7 DR
not detected) was HLA typed by the Tissue Typing Laboratory at the
Medical College of Wisconsin (Milwaukee, WI).

Statistical Analysis. Differences between experimental and control
groups were analyzed by paired t test or Wilcoxon's signed rank test as

appropriate, and the level of significance was set at P < 0.05.

RESULTS

Culture and Maintenance of AuTu-Reactive T-Cell Clones.
Fresh TIL obtained from a liver metastasis of a gastric carci
noma (HR), TIL from 6-day MLTC cultures, or TIL from bulk
cultures in the presence of IL2 and TNF-tv were cloned by
limiting dilution as described earlier (19). More than 40 AuTu-
reactive T-cell clones were obtained. The cytotoxicity of these
clones was examined in 4-h "Cr-release assays against a small

panel of tumor target cells including AuTu (HR), K562, Daudi,
and two lines of allogeneic liver tumor cells (data not shown).
Three T-cell clones, which showed the best preferential cyto
toxicity against AuTu cells, with no or little cytotoxicity against
the allogeneic tumor targets, were selected for further experi
ments. All three clones were tested at the E:T ratio of 20:1
against an expanded panel of tumor cell targets shown in Fig.
1. The panel of targets was tested simultaneously in the same
experiment. All three clones showed 40% or greater specific
lysis against HR tumor cells and a comparable level of cytotox
icity against K562. In addition, HR clone 6 significantly lysed
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Fig. 1. Cytotoxicity of three autotumor-reactive HR clones. Cytotoxicity

against a panel of tumor cells was examined in 4-h "Cr-release assays. Cytotox
icity against all the targets listed was measured in the same experiment. The
experiment was repealed three limes. AuTu, autologous tumor (HR); PHA.BL,
phytohemagglutinin-activated autologous lymphocyte blasts. Designations used
for the other tumor targets are explained in "Materials and Methods." Columns.

means of percentage specific lysis at the E:T ratio of 20:1; bars, SD. Cytotoxicity
against AuTu and K562 was significant at P < 0.01. and that against CC-LP-1
and CC-SW-1 at P < 0.05.

the allogeneic cholangiocarcinoma cell line CC-LP-1 (20%

specific lysis). Both H R clone 9 and HR clone 14 had significant
lytic activity against another allogeneic cholangiocarcinoma cell
line CC-SW-1 (20% specific lysis). In contrast, the HR clones

showed no significant cytotoxic activity against a variety of
other tumor cell targets (Fig. 1). The T-cell clones were supple

mented with irradiated AuTu cells at a clone:tumor cell ratio
of 10:1 as stimulator cells and irradiated pooled allogeneic PBL
or Epstein-Barr virus-transformed autologous B cells as feeder

cells every 2 weeks. These clones have now been maintained in
culture for longer than 1 year without a loss of their autotumor
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Fig. 2. Cytotoxicity of subclones from HR clone 9. Ten subcloncs obtained by
limiting dilution of HR clone 9 were tested for cytotoxicity against AuTu and
K562 in 4-h assays, at the E:T ratio of 20:1.

reactivity or a change in their pattern of cytotoxicity against
allogeneic targets.

Cytotoxicity and Phenotype of Subclones from HR Clone 9.
Ten subclones were obtained by limiting dilution of HR clone
9, and their cytotoxicity against AuTu and K562 was examined
in 4-h 5lCr-release assays at an E:T ratio of 20:1. As shown in
Fig. 2, all subclones showed high levels of cytotoxicity (>45%
specific lysis), which was much higher than that of the parental
clone against AuTu targets. In contrast, considerable hetero
geneity in NK-like activity was observed among those subclones,
and the subclones with low or, in one case, no NK-like activity
lysed AuTu target cells less effectively than those with high
NK-like activity. All of these subclones had the same phenotype:
CD3+, CD8+, TCRa/ÃŸ+.The subcloning experiment indicated
that AuTu cytotoxicity could be partially dissociated from NK-
like activity, since one AuTu-reactive subclone was unable to
lyse K562 targets, and the other strongly AuTu-reactive sub-
clones lysed K562 targets with quite divergent efficiency.

Phenotype of Autotumor-Reactive T-Cell Clones. The pheno
type of the T-cell clones was examined by flow cytometry
repeatedly during culture. All three clones, HR 6, 9, and 14,
were CD3+, TCRÂ«//T, TCRy/o~, CD8+, CD4~, CD 16 and

have retained the same phenotype throughout culture. The
clones were positive for the HLA class 1 and class II antigens.

Southern Blot Analysis of TCR Rearrangements. To prepare
sufficient numbers of cells for DNA extraction, T-cell clones
were cultured in the presence of irradiated HLA-matched Ep-
stein-Barr virus-transformed B cells as feeders. Feeder cells
were not added for 10 days prior to harvesting of the H R clones.
In order to confirm the clonality of HR clones 6, 9, and 14,
Southern blot analysis for TCR-7 chain rearrangements was
performed with the J-y probe pH60. This probe allows a deter
mination of rearrangements of each TCR V-y region to one of

the two joining regions (28). The germ line configurations of
DNA, which was digested with Hindlll restriction enzyme and
probed with the JT probe, were represented by two bands, 5.0
and 2.15 kilobases in Fig. 3. DNA for controls was obtained
from normal PBL. Besides germ line configuration, only one
rearrangement of a single V-y region could be detected in each
clone, indicating a distinct monoclonal TCR--y chain configu
ration for all of the clones (Fig. 3). In HR clone 6, a 3.7-kilobase
fragment in the Hindlll digest corresponded to Â¥73. This
observation was supported by the presence of a 5.4-kilobase
fragment in the Â£coRIdigest (data not shown). The 2.9-kilobase
fragment in the ///wrflll-digested DNA may represent two

different Vy rearrangements (28). However, the presence of a
3.1 -kilobase band in the EcoRl digest of HR clone 9 DNA (data
not shown) indicated a V-y7 rearrangement in this clone. The
4.0-kilobase fragment in the Hindlll digest of HR clone 14
DNA corresponded to V-y9 (Fig. 3).

In addition, analysis of the TCR-ÃŸchain genes in Hindlll
and EcoRl digests of DNA obtained from the three HR clones
(data not shown) confirmed that each contained a re
arrangement of the TCR Cffi gene.

Blocking Experiments with mAb. To determine the involve
ment of surface structures on cloned T-cells in AuTu recogni
tion and killing, the clones were preincubated with various
mAbs prior to cytotoxicity assays. In preliminary experiments,
anti-CD3 and anti-CD8 mAb strongly inhibited cytotoxicity of
the clones against HR tumor cells at an antibody concentration
of l Mg/ml. Titration experiments showed that the AuTu cyto
toxicity of HR clone 9 was strongly inhibited at a concentration
of 0.1 Me/ml of each mAb (Fig. 4A). For HR clones 6 and 14,
higher concentrations of both mAbs were needed to achieve
comparable inhibition (Fig. 4A). In contrast, anti-CD4, anti-
CD56, or control mouse IgG showed no effect on AuTu cyto
toxicity of the T-cell clones even at a concentration of 1

CD 05 T-
tr rr rr
XXI

GL â€”¿�

Vy9 â€”¿�
Vy3â€”¿�

**

'

GL â€”¿�

Hind III
Fig. 3. Southern blot analysis of the TCR rearrangements in H R clones 6, 9.

and 14. DNA was cut with HindlH restriction enzyme and hybridized with the
labeled J'y complementary DNA probe, pH60. Germ line bands (GL) detected in
normal PBL are represented by the 5.0- and 2.15-kilobase fragments. V,3, V,7,
or V,9 identify the â€¢¿�>chain rearrangement, which was different for each clone.
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Fig. 4. Blocking experiments of the T-cell clone cytotoxicity with mAb. T-cell clones were preincubated with 0.1-10 Mg/ml of anti-CD3, anti-CD8 (A), or anti-
WT31 (O for .10 min prior to cytotoxicity assays and used as effector cells after washing. In B, HR tumor cells were incubated with diluted (final dilution, 1:4 to
1:20) anti-HLA class I or anti-HLA class II mAbs for 30 min and used as target cells. In C, allogeneic tumor cells were also used as target cells. Points, representative
data of blocking experiments, which were repeated three times.

(Table 1). Although AuTu cytotoxicity by all three clones was
inhibited by anti-CD3 mAb, that against K562 was not (Table
1). Anti-CD56 mAb did not inhibit lysis against K.562 targets
(Table 1), and neither did anti-CD8 mAb (data obtained in
experiments different from that in Table 1 are not shown). The
cytotoxicity of the clones against allogeneic tumor cell lines
was blocked by preincubation with anti-CD3 but was not sig
nificantly affected by anti-WT31 or anti-CD8 mAbs (Table 1
and Fig. 4C). Preincubation of the clones with various concen
trations of WT31 mAb consistently led to dose-dependent
partial (up to 45%) inhibition only of their AuTu cytotoxicity
(e.g.. Fig. 4C). These inhibition experiments were repeated
three times at different E:T ratios, and, overall, the level of
blocking by WT31 mAb was significant at P < 0.01.

The addition of various concentrations of anti-HLA class I
mAb at the time of cytotoxicity assays inhibited the AuTu
cytotoxicity of all three clones in a dose-dependent manner
(Fig. 4B). In contrast, anti-HLA DR mAb showed no effect on
AuTu cytotoxicity. Cytotoxicity against K562 or allogeneic
tumor cell lines was not inhibited by the addition of either anti-
HLA class I or anti-HLA DR mAb (Table 2). These data

indicate that the T-cell clones recognize and lyse AuTu cells
through the TCR-CD3 complex in association with CDS and
HLA class I molecules, while these molecules are clearly not
involved in cytotoxicity against K562. The CD3 molecule also
appeared to be involved in the cytotoxicity against the alloge
neic tumor cell line but in a MHC- and CDS-independent
manner.

Cytokine Effects on Susceptibility of Tumor Cells to Lysis by
the T-Cell Clones or A-LAK Cells. Pretreatment of tumor cells
with various cytokines can substantially modify their suscepti
bility to lysis by CTL or NK cells. To further analyze the
cytotoxic mechanisms involved in tumor cell lysis by the HR
clones, the effect of various cytokines on susceptibility or re
sistance to lysis of AuTu cells was tested. The tumor cells were
preincubated with cytokines for 48 h prior to cytotoxicity
assays. As shown in Table 3, AuTu cytotoxicity of HR clones
9 and 14 was significantly (P < 0.05) augmented by the prein
cubation of tumor cells with TNF-a (1000 units/ml) or IFN-7
(1000 units/ml), while that of HR clone 6 was enhanced only
by the incubation of the tumor cells with TNF-a (1000 units/
ml) (P < 0.05). These effects were consistently observed, even
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Table 1 Blocking by monoclonal antibodies of cytotoxicity mediated by HR clones against autologous tumor, K562, and allogeneic tumor cells
T-cell clones were incubated with 1 ng/ml of monoclonal antibody for 30 min before cytotoxicity assay. The lymphocyteitarget ratio was set at 50:1 for autologous

tumor cells and 25:1 for K562 or allogeneic tumor cells. CC-LP-1 cells were used as allogeneic tumor cells for HR clone 6 and CC-SW-1 cells were used as allogeneic
tumor cells for HR clones 9 and 14.

AutologoustumorHR

clone6MediumAnti-CD3Anti-CD56Anti-CD8Anti-CD4IgGlHR

clone9MediumAnti-CD3Anti-CD56Anti-CD8Anti-CD4IgGlHR

clone14MediumAnti-CD3Anti-CD56Anti-CD8Anti-CD4IgGl%

specific
lysis57358185553402396433654247155451%inhibition95-2684795385-8109613726Allogeneic

tumorrr

specific

lysis233ND"22N

D22230ND24ND22180ND12ND18%

inhibition87N

D4ND4100ND-4N

n4100ND33ND0K562%

specific
lysis415342NDND40465648NDND45444745NT)N

D45%

inhibition-29_2NDNO2-22-4NDND-2-62NDND-4"

ND. not determined.

Table 2 Effect ofanti-HLA class I or anti-HLA/DR monoclonal antibodies on cytotoxicity mediated by H R clones against autologous tumor. K562, or allogeneic
tumor cells

Tumor cells were incubated with anti-HLA class 1 mAb (SI.34/28) or anti-HLA DR mAb(S1.5/l) for 30 min at 37'C before the cytotoxicity assay. Both antibodies
were used at 1:4 dilution. The lymphocyte:target cell ratio was set at 25:1 in all experiments. CC-LP-1 cells for HR clone 6 and CC-SW-I cells were used as allogeneic
tumor cells for HR clones 9 and 14.

AutologoustumorHR

clone6MediumAnti-HLA

IAnti-HLA/DRHR

clone9MediumAnti-HLA

IAnti-HLA/DRHR

clone14MediumAnti-HLA

IAnti-HLA/DR%

specific
lysis341335281130422042%inhibition62-361-7520Allogeneic

tumor%

specific
lysis273231161819212224%inhibition-18-15-13-19-5-14K562cr

specific

lysis424648454650444848%inhibition-10-14-2-11-8-8

after only 24 h incubation and in the presence of 100 units/ml
of each cytokine (data not shown). In contrast, 1000 units/ml
of IFN-Â«consistently reduced AuTu cell susceptibility to lysis
by the T-cell clones. On the other hand, lysis of HR tumor cells
by A-LAK (IL2-activated NK) cells was significantly decreased
by the preincubation with TNF-a, IFN-7, or IFN-o (Table 3).
These data, showing different cytokine effects on the suscepti
bility of HR tumor cells to lysis by autologous T-cell clones or
NK (A-LAK) cells, suggest that the mechanisms for target
recognition utilized by these effector cells may be different.
Furthermore, increases in AuTu cytotoxicity observed after
preincubation of HR tumor cells with TNF-a or IFN-7 were
completely blocked (95% or more) by anti-CD3 mAb and
partially blocked by anti-CD8 mAb (data not shown), suggest
ing that the increased susceptibility was associated with the
TCR-CD3 complex in conjunction with the CDS molecule.

Effects of the same cytokines on susceptibility to lysis of
K562 or allogeneic liver tumor targets, CC-LP-1 and CC-SW-

1, by the T-cell clones were also examined (Table 3). Target
cells were preincubated with the cytokines at the same concen
trations as those used for HR AuTu targets, and the cytotoxicity
assay was performed. In contrast to increased cytotoxicity ob
served when HR AuTu was treated with IFN-7 or TNF-Â«,K562
targets or allogeneic tumor cells incubated with either cytokine
became more resistant to lysis by the T-cell clones. Particularly
strong inhibition of cytotoxicity (P < 0.01) was obtained by
pretreating K562 or allogeneic tumor cell lines with IFN-7 or
IFN-a (Table 3).

HLA Ag and ICAM-1 Expression on HR Tumor Cells and Its
Augmentation by Cytokines. As an attempt to analyze the mech
anism by which cytokine pretreatment might alter the suscep
tibility of HR tumor cells to lysis by different effectors, the
expression of HLA antigens and ICAM-1 molecules on the
tumor cells after incubation with cytokines was examined using
flow cytometry. As shown in Fig. 5,4, about 50% of HR tumor
cells in primary cultures were weakly positive for HLA class I,
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Table 3 Effects ofcytokines on susceptibility of tumor cells by HR clones
or A-LAK cells

Lytic units/ IO7cells"TargetHRK562Allogeneic'CytokineOIL2TNF-aIFN-7IFN-aO1L2TNF-aIFN-7IFN-aOIL2TNF-aIFN-7IFN-nClone

6803

Â±780
Â±1226
+795
Â±684
Â±680

Â±520
Â±275
+223
+250
Â±184

Â±175
+35
Â±40

Â±112
+9588120*80928210450**46**30**31205"18**10**Clone

954350411009424024204363682872267876903620Â±73Â±62+

105*+
98*Â±70Â±58+

62Â±60Â±42**Â±

59**+

8+
12Â±
10Â±5**Â±8**Clone

14706:820:1921

:t

82t
95t

277**2045
+285**590+

178640:563:58632027612211110452:42:b

803b875248**63**201512t

8**b7"A-LAK2282

Â±4431820
Â±6251126Â±
240*1250Â±
287*965

Â±220*NDNDNDNDNDNDNDNDNDND

Â°Tumor cells were incubated with medium, IL2, TNF-n, IFN-7, or IFN-a for

48 h and then used as target cells after washing. Cytotoxicity tests were performed
at four different E:T ratios (50:1 to 6:1), and lytic units per IO7 cells were

calculated as described by Pross et al. (24). Means Â±SEM are shown from four
separate experiments.

* CC-LP-1 cells were used as allogeneic target cells for HR clone 6, and CC-
SW-1 cells were used as allogeneic tumor cells for HR clones 9 and 14. * (P <
0.05) and ** (/>< 0.01), statistically significant differences in cytotoxicity between
cytokine-treated and control tumor targets.

but only 2-3% of tumor cells were positive for HLA-DR.
Preincubation of HR tumor cells with TNF-a, IFN-7, or IFN-

a augmented the expression of HLA class I antigens, and the
effect was detectable already after 24 h incubation (data not
shown). The augmenting effects of IFN-a were always less that
those of IFN-7 or TNF-a. In contrast, the HLA-DR antigen
expression could not be induced by the preincubation with
cytokines. The expression of ICAM-1 was increased after a 48-
h incubation of the tumor cells with TNF-a or IFN-7 but not
with IFN-a (Fig. 5B). These data suggested that the increased
susceptibility of HR tumor cells to lysis following preincubation
with cytokines could be explained, in part, by the up-regulation
of ICAM-1 and/or HLA-class I molecules on tumor cells.

Proliferation of T-Cell Clones in Response to Autologous
Tumor or Allogeneic Tumor Cells. Stimulatory effects of irra
diated tumor cells on proliferation of the T-cell clones were
examined by coculturing irradiated tumor cells and T-cells for
5 days. Proliferation of each of the three clones was significantly
(P< 0.01) augmented by the presence of irradiated autologous
tumor cells, and the effect was most pronounced when the
tumor:T-cell clone rat:o was 1:1 (Fig. 6A). To examine the
possibility that tumor-associated antigens on HR tumor cells,
which can stimulate proliferation of the T-cell clones, were
induced during preincubation with cytokines, cytokine-treated
HR cells were also used as stimulators. However, their stimu
latory effects were not different from those of untreated HR
tumor cells (data not shown). This 5-day proliferative response
was examined in the absence ofcytokines, because each cytokine
could affect proliferation of the T-cell clones. In earlier exper
iments, we showed that IL2 stimulated proliferation of the T-
cell clones in a dose-dependent manner, while 1000 units/ml
of TNF-a or IFN-7 significantly (P< 0.05) suppressed it (data
not shown).

When allogeneic tumor cells were used as stimulator cells in
the proliferative assay, significant stimulation was observed
only with HR clone 9 in the presence of CC-SW-1 cells.
However, the proliferation index (1.3) was considerably lower
than that with AuTu cells (3.0), as shown in Fig. 6B.

Cold Target Inhibition. To determine the possible similarity
of structures or epitopes recognized by the clones on autologous
HR tumor cells versus allogeneic CC-SW-1 or CC-LP-1 cells,
as well as K562 targets, cold target inhibition tests were per
formed at various hot:cold target cell ratios (1:1, 1:5, 1:10).
Cold autologous tumor cells and cold LS174T colon carcinoma
cells (which are not killed by these clones) were used as positive
and negative controls, respectively. As shown in Fig. 7, the
pattern of inhibition observed with cold allogeneic targets CC-
SW-1 and CC-LP-1 paralleled that of the negative control for
H R clones 6 and 14. The experiments suggested that these
clones recognize different target antigens on autologous (HR)
than on allogeneic tumor cells. Although the AuTu cytotoxicity
of clone 9 was partially inhibited by the cold CC-SW-1 cells in
comparison to cold negative control cells, this inhibition was
not significant, and it was not reproducible in additional cold
target inhibition experiments.

Cold AuTu cells did not inhibit lysis of K562 targets by the
clones to any greater extent than control NK-resistant LS174T
tumor cells at different hot:cold target cell ratios (data not

(B)
(A)

HLA CLASS1N/fvlEDIUN-HLA-DR

IA1C

AM- 1

MEDIUMA,Â«

Â»1 lb' Â«J .0

TNF-a

Fig. 5. HLA antigen (A) or ICAM-1 (A) expression on HR tumor cells and
their up-regulation by incubation with cytokines. HR tumor cells were incubated
for 48 h with medium, IL2, TNF-a. IFN-7, or IFN-n and then examined for
HLA class I, HLA-DR, or ICAM-1 expression by indirect immunofluorescence.
Data are from one of two experiments performed. Data were analyzed by flow
cytometry. Abscissa, relative fluorescence intensity (log scale); ordinate, cell num
bers (linear scale).
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Fig. 6. Proliferation of T-cell clones in response to AuTu cells (A) or allogeneic tumor cells (B). Proliferation cf the T-cell clones (1 x lOVwell) was examined by
|'H]tnyniidine incorporation after coculturing irradiated autologous or allogeneic tumor cells for 5 days. Tumor cells:T-cell clone ratios ranged from 1:100 to 1:1. In
control wells, tumor cells were used at a concentration of 1 x I04/wcll. *. significant difference (P < 0.05) compared with clones cultured in medium alone.

shown). Also, as shown in Fig. 7, cold K562 targets failed to
effectively compete against hot HR targets in additional cold
(â€¢rget inhibition experiments. These data further indicate that

tlie cloi.es recognize different determinants on the surface of
AuTu cells versus allogeneic tumor or K562 targets.

DISCUSSION

The specificity of immune responses of human TIL against
autologous solid tumors has been investigated mainly in malig
nant melanoma (29). Experiments required for adequate analy
sis of specificity are difficult with TIL obtained from human
solid tumors because of a requirement for both autotumor-
reactive T-cell clones and AuTu cells in quantities sufficient for
cytotoxicity, competition, and blocking assays. We have cloned,
by limiting dilution, TIL isolated from a metastatic liver tumor;

from the clones obtained, we have selected three autotumor-
reactive T-cell clones. The clones were selected from many such
clones obtained from human liver tumor TIL on the basis of
their strong autotumor cytotoxicity and the availability of AuTu
(19). These clones maintained autotumor cytotoxicity during
subsequent passages in culture. At the same time, all three
clones lysed K562, had low levels of cytotoxicity against certain
fresh allogeneic cholangiocarcinoma targets, but were not sig
nificantly reactive against a wide variety of other allogeneic
tumor target cells. Blocking experiments with mAb to surface
molecules indicated that lysis of AuTu cells was MHC restricted
and that the TCR-CD3 complex was involved in recognition of
AuTu cell targets. Furthermore, in vitro proliferation of these
three clones was significantly (P < 0.01) stimulated by the
addition to the cultures of irradiated AuTu cells but not by
histologically unrelated or allogeneic liver tumor cells. These
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HR CLONE -6 HR CLONE -9

HR CLONE

O CaD TARGET
CaD HR (AuTu)
COLOLSI74T (Control)
Cao CC-LP-l (Allo)
cao cc-sw-i Â¡AMO)
COLD K552

Fig. 7. Cold target inhibition assays. Cold target cells (2.5 x IO4). HR tumor

cells as positive control. LS174T (colon carcinoma) cells as negative control,
allogeneic CC-LP-l cells for HR clone 6. CC-SW-I cells for HR clones 9 and 14,
or K562 targets were mixed with 5 x IO1"Cr-labeled HR tumor cells, and the
cytotoxicity of the T-cell clones against AuTu cells was measured in 4-h "Cr-

release assays. The data are from a representative experiment of three performed.
,VS. no significant difference.

findings suggested that the T-cell clones recognized AuTu-

associated cell surface antigens in addition to other structures
involved in broad NK-like activity. Therefore, more detailed
analysis of antitumor function of the clones was undertaken.

The three T-cell clones not only lysed AuTu but showed
comparable levels of cytotoxicity against an NK-sensitive target,
K562. A similar pattern of cytotoxicity by cloned T-cells has
been described by other investigators (?0, 31). It has been noted
that after long-term culture ir. the presence of IL2, MHC-
restricted CTL develop a capability to mediate MH^-unre-
stricted or NK-like activity as well as N HC-restricted cytotox
icity (32, 33). The nature of the mechanisms involved in these
cytotoxicities has not been clear; however, in our hands, NK-
like activity of the T-cell clones was not blocked by anti-CD3,
anti-CD8, ^CRa/ÃŸ, or anti-HLA mAb, while AuTu cytotoxic
ity was inhibited. Also, preincubation of K562 targets with
various cytokines decreased their susceptibility to lysis by the
T-cell clones, while the same cytokines increased the suscepti
bility of AuTu to the clones. Several recent reports indicated
that cytokines up-regulate the expression of MHC antigens (34,
35) or adhesion molecules such as ICAM-1 (36, 37) on tumor
cells, and such increased expression of the MHC antigens
facilitates interactions of CTL with tumor cells (38). Indeed,
the expression of HLA-class I molecules and of ICAM-1 on
AuTu cells was increased after incubation with cytokines in our
experiments (Fig. 5). Cold target inhibition of K562 lysis by
the clones was not observed in the presence of AuTu and,
conversely, lysis of AuTu by the clones was not cold target-
inhibited by K562 targets. All but one of the subclones of HR
parent clone 9 mediated both AuTu cytotoxicity and NK-like
activity (Fig. 2). Furthermore, the subclones, with little or no
NK activity, showed appreciable lysis of AuTu cells (Fig. 2). It
thus appeared that NK-like lysis and AuTu cytotoxicity could
be at least in part dissociated and were possibly mediated by
different mechanisms. In contrast to the substantial variability

of NK activity among individual T-cell subclones, their AuTu
cytotoxicity was more stable.

The three T-cell clones also showed low levels of cytotoxicity
against allogeneic cholangiocarcinoma cells (CC-LP-l or CC-
SW-1). Although CC-LP-l shared class I (Al. B8) and class II
(DR3, 4) antigens with HR, the CC-SW-1 cell line did not.
Since both of these tumor targets were resistant to lysis by fresh
NK cells but sensitive to IL2-activated NK cells (data not
shown), it is likely that this effect could represent MHC-
unrestricted cytotoxicity. Indeed, this type of cytotox'city was

not blocked by antibodies to class I or class II MHC antigens.
It has been reported that the long-term culture of antigen-
specific, MHC-restricted T-cells resulted in the appearance of
MHC-unrestricted cytotoxicity (39). A possibility existed that
the HR T-cell clones cultured for 4-8 months might have
acquired the ability to kill indiscriminantly. In fact, we observed
that both NK-like activity and alloreactivity against the two
cholangiocarcinomas, but not AuTu reactivity, tended to in
crease during culture. However, there were differences observed
between the killing of K562 targets and the killing of cholan
giocarcinoma cell lines. Cytotoxicity of the clones against al
logeneic cholangiocarcinoma cell lines was inhibited by anti-
CD3 mAbs, while that against K562 was not (Table 1). Blocking
of MHC-unrestrict"d cytotoxicity by anti-CD3 mAb has been

reported by different investigators (40, 41). Although the mech
anism by which anti-CD3 can block both antigen-specific
MHC-restricted and MHC-unrestricted cytotoxicity remains
uncertain, this finding again indicates that mechanisms in
volved in AuTu or allotumor cytotoxicity are different from
that of NK-like activity mediated by these T-cell clones. It

might be possible that the CD3 molecule is important for signal
transduction in both AuTu and allogeneic cytotoxicity but not
in the NK-like activity of the T-cell clones. Cytokine effects on
the susceptibility of allogeneic tumor cells to lysis by the clones
were almost the same as those for K562. In fact, TNF-Â«, IFN-
â€¢¿�y.and IFN-n all decreased this susceptibility, except for TNF-

Â«with HR clone 9. Since the expression of HLA class I antigens
on the target cell surface was augmented by the incubation of
tumor cells with these cytokines (data not shown), the decreased
susceptibility might be associated with the up-regulation of the
HLA antigens, as reported for LAK cytotoxicity (42).

Blocking experiments with mAb showed that the TCR-Â«/ÃŸ,
CDS, HLA class I or class II molecules were not involved in
alloreactivity against cholangiocarcinoma cell lines, indicating
that there is a difference in mechanisms responsible for AuTu
versus allogeneic cytotoxicity. Results of the cold-target inhibi
tion assays suggest that there is no clear similarity in target
structures on the surface of allogeneic tumor cells and HR
tumor cells recognized by the three HR clones. Although in
proliferation assays in the presence of irradiated tumor cells,
significant (P < 0.05) stimulation with CC-SW-1 cells was
observed for HR clone 9, the proliferation index (i.e., 1.3) was
significantly lower than that with AuTu cells (i.e., 3.0). Taken
together, these data suggest that the three T-cell clones might
recognize an antigen present only on AuTu cells and, in addi
tion, a separate shared antigenic determinant expressed on
allogeneic cholangiocarcinoma cell lines but not on other tumor
cell lines tested (see Fig. 1). One may speculate that recognition
of this allogeneic MHC-unrestricted determinant by the clones
represents a mechanism analogous to that described recently
by Barnd et al. ( 17) for tumor-associated mucins.

If the clones obtained from TIL and maintained in vitro are
representative of the bulk TIL populations obtained from hu-
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man solid tumors, then the functional heterogeneity of TIL,
which has been observed by many investigators, may be due to
the ability of each effector cell to simultaneously mediate three
distinct types of cytotoxicity: (a) lysis of AuTu which involves
CD3, CDS, TCR and specific recognition of TAA in association
with class I MHC antigens; (b) reactivity against allogenic
tumor cell targets which is CD3 dependent but not dependent
on the TCR, CDS, or MHC-class I molecules; and (c) NK-like
activitv which is independent of signaling via the TCRa/ÃŸ,
CD3, CDS, or MHC molecules. An alternative hypothesis, that
TIL represent mixtures of effector cells, each committed to
mediating a different type of cytotoxicity, cannot be excluded
on the basis of the evidence presented here and appears to be
likely.
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