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ABSTRACT

We have described a method for the generation, from fresh human
renal cell cancers, of lymphoid cells that are capable of exhibiting
significant antitumor reactivity when tested in short term "Cr release

assays. Tumor cell suspensions obtained from 37 consecutive fresh human
renal cell cancer specimens (35 patients) could be separated by using
enzymatic techniques and culturing in medium containing recombinant
Â¡nterleukin2 (IL-2). The total cell recovery was 1.5 x 10' Â±2.2 (SE)
per tumor with a range of 1 x 10* to 5 x 10* cells. The percentage of

tumor cells in the suspension ranged from 6 to 75% with a mean of 39.1
Â±3J%. The remaining cells were predominantly lymphocytes. Viability
of mononuclear cells was greater than 90%. Activated tumor-infiltrating
lymphocytes (TIL) within these tumors expand and by 10 to 14 days
after initiation of culture a 5- to 15-fold increase in the number of
lymphocytes could be achieved with elimination of all autologous tumor
cells. Lymphocytes were recultured in fresh medium containing IL-2 and
continued to expand between 2- and 10-fold every 4 to 6 days for an
average of 33.7 Â±4.5 days, resulting in greater than 50,000-fold increase
in the total number of lymphocytes. The average number of splits was
4.9 Â±0.8, with a range of 0 to 21. In 11 of 11 cases tested, TIL exhibited
a far better expansion capability in vitro compared to that of peripheral
blood lymphocytes obtained from the same patient and grown under
identical conditions. The majority of TIL were T cytotoxic/suppressor
cells (Leu 2* Leu 4*). With continued in vitro expansion (up to 50 days)
there was a concomitant increase in the helper T (Leu 3*) and pan T
populations (Leu 4*) and decrease in Leu 2* and HLA-DR* cells.

Compared with expanded peripheral blood lymphocytes, these cells
demonstrated higher levels of IL-2* receptors and HLA-DR* antigens.

Renal TIL effectors expanded in IL-2 could lyse almost all autologous
tumor targets in 4-h chromium release assays. Allogeneic renal as well
as nonrenal targets were equally lysed. TIL lysis of cultured tumor targets
K562 and Daudi was significantly better than lysis of autologous, allo-
geneic-renal, and nonrenal targets. No statistically significant difference
in the cytotoxic activity of renal TIL or peripheral blood lymphocyte
effectors in killing autologous or allogeneic targets could be demonstrated.
The best expansion and cytotoxicity of TIL were achieved in the first 3
weeks in culture, followed by a gradual decrease in both growth rate and
lytic potential of the cells. Cryopreserved tumor preparations maintained
good autologous cytotoxic activity as well as stable surface markers and
could be expanded in about two-thirds of the tumors. This opens the
possibility of thawing, activating with interleukin 2, expanding, and
reinfusing the patient with his own cells once distant mÃ©tastasesappear.

Murine studies have demonstrated that the adoptive transfer of TIL
is from 50 to 100 times more potent than therapy with LAK cells in
mediating the destruction of established tumor in a variety of tumor
models. The studies described in this paper provide a basis for testing
human TIL in the treatment of patients with metastatic renal cell cancer.

INTRODUCTION

The identification, isolation, and adoptive transfer of selected
subsets of immune cells with specific antitumor reactivity into
tumor bearing patients to mediate cancer regression in vivo is a
prime goal of tumor immunology. Currently, however, there
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are no available techniques for generating such lymphoid cells
with reactivity against specific tumor antigens in the human.
Recent experiments have demonstrated that the adoptive trans
fer of lymphokine-activated killer cells plus IL-22 can mediate
tumor regression in a variety of animal models (1-4) and human
tumors as well (5, 6). This approach, however, requires the
transfer of large numbers of sensitized fresh lymphocytes, i.e.,
more than 10" immune cells, into tumor bearing humans, along

with the systemic administration of relatively high doses of
RIL-2 (100,000 units/kg body weight i.v. every 8 h).

Many human tumors are infiltrated with chronic inflamma
tory cells, including lymphocytes. We have recently identified
a population of lymphoid cells infiltrating murine tumors that
could be expanded in vitro in IL-2 and, when adoptively trans
ferred, were capable of totally eliminating 3-day established
pulmonary mÃ©tastases(7). When compared to LAK cells, these
TIL cells were at least 50 times more potent in mediating the
therapy of established micrometastases. The simultaneous ad
ministration of IL-2 enhanced the in vivo therapeutic effective
ness of the adoptive transfer of TIL, although high doses of
TIL alone were also effective. The greater therapeutic efficacy
of TIL compared to LAK cells in the treatment of established
mÃ©tastasesin mice raises the possibility that TIL isolated from
human tumors and expanded in vitro in IL-2 may similarly be
effective for the treatment of human cancer.

RCC in humans is a highly invasive and metastatic cancer
that is resistant to known cytostatic agents. RCC appears to be
highly sensitive to adoptive immunotherapy in the murine
system (8) and to LAK lysis by using fresh human RCC targets
in vitro.* Metastatic RCC in humans appears to be particularly
susceptible to adoptive immunotherapy with LAK cells plus IL-
2 as well (5).

In the present study we have examined the immunobiology
of IL-2-activated TIL, obtained from 37 consecutive freshly
resected human renal cell cancer specimens (35 patients), and
have tested their effectiveness in mediating antitumor reactivity
in short term s'Cr release assays.

MATERIALS AND METHODS

Specimens. From October 1985 to October 1986, 37 specimens (35
patients) containing RCC were obtained directly from the operating
room in a sterile fashion. The patients with RCC included 24 males
and 11 females with a median age of 55 years, ranging from 32 to 74
years. The surgical specimens included 31 primary kidney tumors and
8 tumors metastatic to: liver, 1; bone, 1; hilar lymph nodes, 1; ascites
fluid, 3; and pleural fluid, 2. In two patients (patients 9 and 19) a
mixture of the primary and metastatic tumors were used. Pathology
report confirmed the diagnosis of RCC in all patients.

Culture Medium. Complete medium consisted of RPMI 1640 (Bio-
fluids, Rockville, MD) supplemented with 10% human AB serum, 2

2The abbreviations used are: IL-2, interleukin 2; RIL-2, recombinant interleu
kin 2; TIL, tumor-infiltrating lymphoid cells; RCC, renal cell cancer; CM,
complete medium; HBSS, Hanks' balanced salt solution; NK, natural killer; PBL,
peripheral blood lymphocytes; LAK, lymphokine-activated killer; LU, lytic units
(number of effector cells required to produce 30% lysis of 5 x IO3 target cells);
FACS, fluorescence-activated cell sorter.

1A. Belldegrun and S. A. Rosenberg, manuscript in preparation.
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TIL IN RENAL CELL CANCER

mM glutamine (NIH Media Unit), 50 units/ml penicillin (NIH Media
Unit), and 50 g/ml gentamicin sulfate (MA Bioproducts, Walkersville,
MD). AB serum lots were not prescreened prior to use in the experi
ments.

Recombinant Interleukin 2. RII 2 has been previously purified to
apparent homogeneity and extensively characterized (9). RIL-2 was
kindly supplied by the Cetus Corp. (Emeryville, CA), with a specific
activity of 3 to 4 x IO6units/mg.

Cryopreservation. Cells were cryopreserved in 90% AB serum plus
10% dimethyl sulfoxide. Vials containing 2 to 5 x IO7 cells in 1 ml
were placed in 95% ethanol in a freezer at -70Â°C.After 16 h, the vials

were transferred to a liquid nitrogen freezer for long term storage.
Preparations of Tumor Cell Suspension. Single cell suspensions of

TIL and renal tumor cells were obtained by enzymatic or mechanical
(tumors 3 and 10 only) digestion. Resected tumor was collected from
surgery and transported in HBSS. Necrotic tumor, fatty tissue, and
apparent normal tissue were removed and the remaining specimen was
minced into small pieces with surgical blades. The chopped tissue was
then dissociated by mechanical stirring for 16 h in a flask containing
RPMI 1640 (without AB serum) with 0.01% hyaluronidase type V
(1500 units/g), 0.1% collagenase type IV (163-230 units/g), and

0.002% deoxyribonuclease type I (100 units/mg) (Sigma Chemical Co.,
St. Louis, MO) at 37Â°C.In two tumor preparations, 4, 8, and 16 h of

enzyme treatment were compared. In subsequent preparations, 16-h
enzyme treatments were used. The resulting mixture was then filtered
through steel mesh, washed twice in HBSS without calcium and mag
nesium, and separated on differential Ficoll-Hypaque gradient (LSM,
Litton Bionetics, Kensington, MD) at 900 x g for 20 min, then washed,
counted, and either incubated or cryopreserved. An aliquot was sent for
cytopathologic analysis. Cell viability was determined by using trypan
blue. The fresh tumor targets utilized in ourcytotoxicity assays included
28 different renal cell cancers, 2 spindle cell sarcomas, an osteogenic
sarcoma, a malignant melanoma, and an ovarian cancer.

Cultured Tumor Targets. K562, the NK cell-sensitive erythroleuke-
mia cell line, and Daudi, the NK cell-resistant cell line, were cultured
in CM and used as targets directly from culture.

Growth of TIL. Cell suspensions from tumors containing both TIL
and tumor cells were extensively washed and re-suspended at a final
concentration of 2.5 x IO5 cells/ml in CM. The suspension was then
placed into 175-cm2 (750 ml) flasks (Falcon Labware, Oxnard, CA) in
150 ml of CM with 150,000 units of RIL-2. The flasks were incubated,
lying flat at 37Â°C,in 5% CO2 for approximately 8 days. After 3 to 4

Table 1 Tumor infiltrating lymphocytes isolated from human renal cell cancer

No.1234567891011121314IS1617181920212223242526272829303132333435Age5660434458545438636463707462323855505443634862745361546843653965623952SexMMFMMMMMMFFMMMMMFMMMMMMFFFMMFFMFMMMSourceKidneyKidneyKidneyKidneyKidneyKidneyAsdicsAscitesKidney

+livermÃ©tastasesKidneyKidneyKidneyKidneyKidneyKidneyKidneyKidneyKidneyAscitesKidneyKidneyPleural

effu
sionPleural

effu
sionBone
metsKidneyKidneyKidneyKidneyKidney

+ re
gionallymphnodesKidneyKidneyKidneyKidneyKidneyKidneyKidneyKidneyTotal

cell
yield(io-)4.42.39.24.010.010.024.050.06.03.020.01.315.018.015.03.83.62.01.07.015.02.02.620.04.050.050.017.520.025.025.020.018.010.05.020.0%

of
lympho

cytes314660552065504622507285577026573051554880595551608535656927407460606060%of
tumor
cells65463645752845487545251037256940674040421034424534650202470601740404034Total

-fold
expansion10,30480400254,0002,8002030.8320.741588640021,7602417587210211,270356>500,000>500,000>250,000>500,00010>250,000>250,0009018060Total

days
in culture8924138105047461920152325121612714371624172824293543130788653105666302414No.

of
culture
splits1641007651202312101523343456211214121912552Reason

cultures
terminatedDeathInfectionStopped

growingNo
growthNo
growthLost

lyticactivityLost
lyticactivityStopped

growingNo
growthInfectionNo

growthCryopreservedCryopreservedPrecipitates

gen
eratedfromserumPrecipitates

gen
eratedfromserumPrecipitates

gen
eratedfromserumPrecipitates

gen
eratedfromserumPrecipitates

gen
eratedfromserumPrecipitates

gen
eratedfromserumLost

lyticactivityCryopreservedCryopreservedCryopreservedCryopreservedNo

growthNo
growthCryopreservedLost

lyticactivityLost
lyticactivityLost

lyticactivityLost
lyticactivityCryopreservedLost

lyticactivityLost
lyticactivityLost
lyticactivityStill
incultureStill
in culture
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TIL IN RENAL CELL CANCER

Fig. 1. Growth and expansion of tumor infiltrating lymphocytes from renal cancer patient 7 in vitro. Cultures were generated at a total concentration of 2.5 X 10!
cells/ml in CM containing 1000 units RIL-2/ml (A). Note the mixture of lymphoid and tumor cells as well as remaining RBC. By day 7 (B) predominantly enlarged,
elongated, and convoluted lymphoid cells were seen consistent with IL-2 stimulation. The debris in the culture represents remnants of dead tumor cells and RBC.
Cells were recultured in fresh medium on days 10 and 19 at a concentration of 2.5 x I(1.5 ml. By day 22 (C) numerous lymphoid cells were seen occurring singularly
or in loosely cohesive aggregates. In passage 5 after 40 days in culture (/>), while still expanding, the cells changed their morphological IL-2 stimulated appearance
and by days 45-50 lost lytic activity and stopped growing.

days, small colonies of lymphoid cells could be seen in a bed of tumor
cells. On successive days, the number of lymphoid cells increased and
the number of tumor cells decreased until by days 8-10, clusters of
lymphoid cells were seen while most tumor cells had disappeared. At
approximately day 10 the cells were harvested from the flasks by gentle
shaking and pipeting, and they were counted and diluted in fresh
medium. These cells were placed back in culture at a concentration of
2.5 x 105/ml and allowed to grow. After approximately 5 days the

cultures were ready to be split again.
In patients 1 to S, we used culture medium which consisted of 80%

CM and 20% conditioned medium obtained from the incubation of
PBL from normal donors cultured at IO6cells/ml with 1000 units/ml

of RII 2 for 3 to 4 days. In all subsequent patients no conditioned
medium was used.

Generation and in Vitro Growth of LAK Cells. Blood samples were
obtained before surgery from the same RCC patients. PBL were isolated
from heparinized blood on Ficoll-Hypaque gradients as previously
described (10). PBL were harvested, washed two times, and either
incubated in CM or cryopreserved. LAK cells were generated by placing
2.5 x IO5cells/ml into 750-ml tissue culture flasks in 150 ml of CM
with 150,000 units of RIL-2. The flasks were incubated, lying flat at
37Â°C,in 5% CO2. LAK cells were harvested either after 72 h or kept

for long term culture in identical conditions to that of TIL. The total
expansion of PBL cells was compared to that of the corresponding TIL
obtained from the same patient. In 4 patients, an additional culture of
LAK cells was supplemented with irradiated autologous tumor cells (5
x IO3tumor cells/ml from frozen vials; 3000 rads) as feeder cells.

Chromium Release Assay for Cytotoxicity. Cytotoxic activity of TIL

and PBL were tested in vitro in a standard 4-h 51Crrelease assay against

multiple fresh tumor target cells. Target cells were labeled with 200 Ci
of Na2"CrO4 for 60 min at 37Â°C.After washing two times, the target
cells were incubated at 37Â°Cfor another 30 min, washed, filtered

through Nytex 110 (Lawshe Instrument Co., Rockville, MD), counted,
and resuspended at 105/ml. The target cells were added at a concentra
tion of 5 x IO3 target cells/well in triplicate to various numbers of
effector lymphocytes in 96-well round-bottom microtiter plates. Target
cells incubated in medium alone and with 0.1 N HC1 were used to
determine spontaneous and maximum release of chromium. The plates
were incubated for 4 h at 37Â°C,then harvested with a Skatron-Titertek

System (Skatron AS, Lierbyen, Norway), and counted in a gamma
counter. The percentage of lysis was calculated by:

Experimental cpm â€”spontaneous cpm
Maximum cpm â€”spontaneous cpm

Data are reported in LU/106 cells. The spontaneous release of chro

mium from fresh tumor targets generally varies between 30 and 50%
in this laboratory. Fresh tumor targets characteristically have higher
spontaneous release rates than cultured tumors or lymphoid target
cells, although the advantages of working with fresh, noncultured target
cells outweighs this disadvantage.

FACS Analysis. A FACS IV microfluorometer (Becton Dickinson,
Mountain View, CA) equipped with argon and krypton lasers and
interfaced with a Consort 40 computer was used for quantitative fluo
rescence analysis. All washings and staining were performed in HBSS
without phenol red (MA Bioproducts) containing 2% bovine serum
albumin (Pathocyte; Miles Laboratory, Naperville, IL) and 0.1% NaN3
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Fig. 2. Pattern of growth of II 2 expanded tumor-infiltrating lymphocytes
isolated from 2 patients with renal cell cancer I I and B representing patients 1
and 7, respectively). Cultures were initiated at a concentration of 2.5 x IO5cells/

ml in CM in the presence of 1000 units/ml of recombinant 112. The final
lymphocyte concentrations for patients 1 and 7 were 0.8 and 1.25 X 105/ml,
respectively (see text). By 5 days after initiation of culture, expanding lymphocytes
were evident. On successive days, the number of lymphoid cells increased and the
number of tumor cells decreased until by approximately day 10 clusters of
lymphoid cells were seen while most tumor cells had disappeared. Cells were split
every 4-8 days as needed. Expansion index was calculated by multiplying the
total -fold increase of cells in each split.

(Sigma). Approximately 5 x 10s cells were stained with 15 n\ of diluted
antibody (Becton Dickinson & Co.) at 4Â°Cfor 30 min, washed twice,

and resuspended in 0.5 ml for FACS analysis. The staining reagents
included anti-Leu 2 (class I reactive T cytotoxic/suppressor cells), anti-
Leu 3 (class II reactive T helper/inducer cells), anti-Leu 4 (pan T-cells),
anti-Leu 7 (NK cells), anti-Leu 11 (NK/K cells), antitransferrin receptor
(lymphoblasts, monocytes), anti-HLA-DR (la-bearing cells), anti-Tac
(directed against IL-2 receptor), and as a negative control. Thy-1.1
(murine T-cells). Two-color staining analyses were also performed.

Statistical Analysis. The significance of differences in number of lytic
units in assay was determined by the Wilcoxon rank sum test. Two-
sided P values are presented in all experiments. The same test was used
to analyze the significance of differences in incidence of surface mark-

RESULTS

Cell Yield. Cell suspensions were prepared from 37 consecu
tive specimens containing renal cell tumors (35 patients). The
total cell recovery was 1.5 x 10' Â±2.2 (SE) cells per tumor
with a range of 1 x 10" to 5 x IO9 cells, depending upon the

tumor size and initial composition of the dispersed tumor.

10

hidnâ€” x 11,000 ( + )

10 20

DAYS IN CULTURE

M

Fig. 3. Pattern of growth of lymphocytes of patient 26 simultaneously obtained
directly from the renal tumor (A), from PUL (B), and from PBL grown in CM
containing irradiated autologous tumor cells (C), at concentrations similar to
those in the TIL preparations. The presence of autologous tumor cells in the
medium did not significantly alter the growth or expansion of the PBL population
in the tirsi 30 days in culture. TIL exhibited a far better expansion capability in
vitro compared to that of PBL grown under identical conditions, 81,000- versus
25-fold expansion between days I and 35, respectively.

Weights of the tumors used for preparation of the single cell
suspensions were not obtained. In the first 13 patients only
relatively small parts (25-40%) of the surgical specimen con
taining the tumor were obtained for our study, which accounted
for the low total cell recovery. In the next 15 patients, more
generous portions of the tumor (60-80%) were available and
the cell yield ranged between 2 and 5 x IO9per tumor. Necrotic

and/or hemorrhagic tumors had a significantly lower cell yield
with fewer viable cells than firm solid tumors. The percentage
of tumor cells in the suspension ranged from 6 to 75% with a
mean of 39.1 Â±3.3% (Table 1). The remaining cells were
predominantly lymphocytes (53.8 Â±2.8%) and a small percent
age (2-7%) of plasmacytes, histiocytes, and eosinophils. Via
bility of mononuclear cells recovered was greater than 90%.

Growth and Expansion of TIL. The characteristic patterns of
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Table 2 Cytotoxic activity of renal TIL and PEL in vitro versus time in culture
(LU^/IO* cells)

0.8:1 2.5:1 10:1

EFFECTORÂ¡TARGETRATIO

40:1

Fig. 4. Pattern of lysis in patient 24 of tumor infiltrating lymphocytes (I) and
PBL (B) grown for 13 days in CM containing 1000 units/ml of RIL-2, as
compared in the same experiment to PBL from a healthy donor cultured for 7
days (as a positive control for fresh tumor lysis) in identical conditions to those
of patient 24. All three effectors exhibit marked cytotoxic activity against autolo-
gous, allorenal, nonrenal, and cultured "Cr labeled tumor targets when tested in
a 4-h "Cr release assay. There was no difference between autologous PBL and

autologous TIL lysis or TIL lysis of allogeneic targets. Percentages of spontaneous
release (spontaneous/maximum x 100) of "Cr were: target, 24-34.8% (636 of
1827); target, 23-34.1% (296 of 868); target 7-21.7% (718 of 3298); sarcoma,
47.3% (839 of 1773); K562, 31.8% (420 of 1322), and Daudi, 29.9% (542 of
1811).

growth and expansion of TIL are shown in Figs. 1 and 2.
Cultures were initiated at a total concentration of 2.5 x IO5

cells/ml in CM (as described above) in the presence of 1000
units RIL-2/ml. Within the first week in culture, the overall
cell number dropped by about one-half the starting count, with
a gradual increase thereafter. Toward the end of the second
week (days 10-14), a 5- to 15-fold increase in the number of
lymphocytes was usually achieved. The original cell suspension
prepared from patient 1 (Fig. 2A) consisted of 31 % lympho
cytes, and by 5, 7, and 12 days in culture, the percentage of
lymphocytes increased to 57, 63, and 97%, respectively. After
20 days in culture there was no evidence of remaining viable
tumor cells. FACS analysis of these preparations on days 8, 12,
17, and 32 revealed that 56, 72, 86, and 95% of the cells

PBL effector
against au

tologous
Patient renal

TIL effector against following targets

Autologous Allogeneic
renal renal Nonrenal K562 Daudi
10-14 days inculture1516212222A23242527Median9.012.1870.020.020.015.215.47.7Il.g15.22.53.06.715.012.03.5100.08.71.86.712.822.220.0200.050.028.66.040.011.828.6NT"18.0NT4.44.213.344.4>100044.418.066.0111.0>1000770.0>1000>10001000.0>1000909.0100018.260.0NT91.0NT42.035.060.6364.06015-21

days inculture2222A24252712.012.016.04.20.23.65.09.02.95.318.220.05.05.04.4NT4.8NT5.0NT>1000>1000>1000222.0NT330.086.026.090.025.0

Median

24
25
26
28

Median

12.0

16.7
6.0

14.8
0.2

10.4

5.0 5.0
22-30 days in culture

2.0 1.8
4.2 1.8
2.0 1.4
1.5 0.1

2.0 1.6

4.9

5.0
NT
<0.02

3.3

3.3

1000

26.0
NT

16.0
3.3

86.0

0.2
2.0
8.0

11.8

16.0 5.0
' NT, not tested.

expressed the Leu 4+ surface marker. Lymphocytes were usually

recultured in fresh medium containing IL-2 at approximately
day 10, and subsequently continued to expand between 2- and
10-fold every 4 to 6 days for an average of 33.7 Â±4.5 days
(range, 8-130 days), resulting in 67,873 Â±24,986 (range, 0 to
>500,000)-fold increase in the total number of lymphocytes
(Table 1). The average number of splits was 4.9 Â±0.8 with a
range of 0-21. No clear advantage was found by adding the
conditioned medium used in the first five experiments and it
was thereafter discontinued. Cultures from six consecutive pa
tients (patients 14 to 19) grown at the same time were termi
nated because of precipitates generated from a poor lot of AB
serum. Four of these six specimens were subsequently recul
tured from cryopreserved preparations. All four cultures
achieved a greater than 100-fold total expansion. Six of the
eight preparations initially terminated due to poor growth were
later recultured from cryopreserved specimens. Five of the six
were grown for over 3 weeks and all achieved greater than 50-
fold total expansion. It appears therefore that 20 specimens
(54%) obtained from freshly prepared tumor cell suspensions
and 9 additional specimens from cryopreserved preparations, a
total of 29 of 37 or 78%, had a greater than 50-fold total
expansion after 14 days or more in culture. Our success in
growing TIL has improved as experience has increased. The
last 10 tumor specimens (patients 24 to 29 and 31 to 34) were
successfully grown (mean, 60.1 Â±10.0 days; range, 24-130),
recultured (10.0 Â± 1.6 times; range, 5-21), and expanded
(225,189 Â±69,153-fold; range, 90 to >500,000), in vitro all 10
specimens had a total expansion greater than 50-fold. There
was no correlation between the proliferation of TIL from dif
ferent renal cell carcinomas and the percentage of lymphoid
infiltrate in the tumor, the tumor burden or the origin of these
lymphoid cells from primary versus metastatic lesions. In our
first several tumor preparations we compared the in vitro ex
pansion and cytotoxic activity of mechanical versus enzymatic
tumor digests, and various digestion periods (4, 8, and 16 h).
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Fig. S. Correlation between the continuous in vitro expansion of tumor Â¡nul
trating lymphocytes derived from renal cancer patients 6 (A) and 24 (B) and the
ability to maintain cytotoxic activity against various tumor targets in a 4-h "Cr

release assay. Lymphoid cells obtained from these 2 patients exhibited a similar
in vitro pattern. The best expansion and cytotoxicity were achieved in the first 3
weeks in culture, followed by a gradual decrease in both growth rate and lytic
potential of the cells. TIL lysed their fresh autologous "Cr labeled tumor cells,

as well as fresh allogeneic and cultured tumor targets, demonstrating a potent,
although heterogenous, antitumor activity.

These groups were found to be similar (data not shown), and
16-h incubations were used subsequently. Exposure to enzy
matic digestion did not alter the lytic potential of these cells
nor their phenotype.

Growth and Expansion of PBL. To contrast TIL with cultures
of lymphocytes grown from PBL, simultaneous cultures of TIL
and PBL from our renal cancer patients were initiated at a
concentration of 2.5 x IO5 cells/ml in IL-2-containing media.

When growing PBL meticulous attention was necessary to
obtain sustained growth and they regularly grow slower than
TIL. The cultures required splitting at a median of 4- to 5-day
intervals. Fig. 3 illustrates the growth curves of lymphocytes
simultaneously obtained directly from the renal tumor (A), from
PBL (B) and from PBL grown in CM containing irradiated
autologous tumor cells (C) at concentrations similar to those
in the TIL preparations. The presence of autologous tumor
cells in the medium did not significantly alter the growth,
expansion, or lytic potential of the PBL population in the first
30 days in culture. There was a 30-fold increase in the number
of PBL grown in CM containing irradiated autologous tumor
cells versus a 25-fold increase in CM only group. Lymphocytes
from the tumor (TIL), however, expanded 81,000-fold. Growth
curves in Fig. 3, B and C, represent one of our best expansion
of PBL. In 11 of 11 specimens of PBL obtained from patients
with advanced RCC and grown in culture between 14 and 45
days we achieved a total expansion of less than 40-fold. In all
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K562
Daudi
Non-renal
Allo Renal
Auto Renal

(13)

10-14 15-21 22-30

DAYS IN CULTURE

Fig. 6. Summary of the median lytic activity of all TIL effectors obtained
from patients with renal cell cancer and tested against different targets as a factor
of time (days) in culture. Each point represents the median of 4-18 observations
and is outlined by a number next to the point. Autologous PBL effectors were
used as controls for fresh tumor lysis. Activity against all targets was highest in
the first 2 weeks in culture, followed by a gradual decrease in the cytotoxicity of
the cells. There were no statistical differences in the lytic activity of TIL or PBL
against each of the fresh targets (P > 0.05). TIL killing of the cultured tumor
targets KS62 and Daudi was significantly better than the auto-, allo-, and nonrenal
targets in the first 3 weeks in culture (P< 0.01). The polyclonal uni itumor activity
of renal TIL can be maintained in vitro with continued in vitro expansion.

Table 3 Fresh versus cryopreserved tumor cell suspensions from patient 25

Tumor cell suspension

Day Fresh Frozen"

Total -foldexpansionLysis
of autologous target*1-30102629423568.54.51.5<0.023787.06.0<0.02<0.02

* Tumor cell suspension was thawed 6 h after cryopreservation, expanded in
IL-2-containing medium, and grown in conditions identical to the fresh tumor
cell preparations.

* LUM/IO' cells.

11 cases tested, TIL exhibited a far better expansion capability
in vitro compared to that of PBL grown under identical condi
tions.

Pattern of Lysis by TIL. TIL from surgical specimens and
PBL from the corresponding patients were cultured in medium
containing IL-2 as described in "Materials and Methods." The

expanding lymphocytes were then assayed for activity against
autologous RCC and a panel of 51Cr-labeled allogeneic RCC

(designated allorenal), nonrenal tumors (melanoma, sarcoma,
ovarian, etc., designated nonrenal), and the cultured cell line
tumor targets Daudi and K562. The results of a representative
assay including four fresh and two cultured tumor targets and
three different effector groups are shown in Fig. 4, along with
typical measurements of the percentage of spontaneous release
of 5lCr. PBL from a healthy donor cultured for 7 days in CM
containing RIL-2 were used as positive controls for fresh tumor
lysis (Fig. 4C). The lytic potential of TIL as a function of days
in culture was compared to that of PBL obtained from the same
patient and grown under identical conditions (Table 2). The
TIL exhibited marked cytotoxic activity against a wide array of
tumor targets. These same effectors had no activity against
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Fig. 7. Cell surface antigen expression of IL-2 activated tumor infiltrating
lymphocytes from renal cancer patients 1 (A) and 24 (B) at various days in culture
as measured by fluorescence-activated cell sorter analysis. Both patients exhibited
high percentage of Leu 4* cells, a tendency of increase in Leu 3*, and a decrease
in Leu 2* and HLA-DR* cells. IL-2 receptor levels varied.

fresh autologous normal renal tissue (data not shown). TIL
killing of the cultured tumor targets KS62 and Daudi was
significantly better than the auto-, allo-, and nonrenal targets
(P < 0.02). There was no difference between autologous PBL
and autologous TIL lysis or TIL lysis of allo- or nonrenal
targets (2-sided P value, >0.1). Thus, TIL obtained from fresh
renal tumors can be activated in vitro and after 10 to 14 days
of growth exhibit a significant, although heterogeneous (poly-
clonal), anti-tumor activity.

The continuous in vitro expansion of TIL was correlated with
the ability to maintain cytotoxic activity against various tumor
targets. Two representative patients are shown in Fig. 5.
Lymphoid cells obtained from these patients exhibited a similar
i/i vitro pattern. The best expansion and cytotoxicity were
achieved in the first 3 weeks in culture followed by a gradual
decrease in both growth rate and lytic potential of the cells.
Fig. 6 summarizes the median lytic activity of all renal TIL and
PBL effectors tested in the present study up to 30 days in
culture. Activity against all targets was highest in the first 2
weeks in culture. There were no statistical differences in the
cytotoxic levels of TIL or PBL against each of the fresh targets
(P > 0.05), despite an apparently lower median lysis against
autologous renal targets in the first transfer (3.5 LU/106 cells

versus 16 and 18 LU with allorenal and nonrenal targets,
respectively, or 15 LU for autologous PBL). The significantly
better lysability of cultured versus fresh targets was maintained

for over 1 month against K562 targets (P < 0.001) and for
approximately 3 weeks against Daudi targets. Thus, widespread
antitumor reactivity of TIL can be maintained in vitro with
continued in vitro expansion.

Cryopreserved suspensions of fresh RCC obtained from 11
patients were used to initiate TIL cultures. These preparations
were quickly thawed at 37Â°C,fresh medium was added drop-

wise, the cells were spun at 1000 x g for 7 min, and immediately
resuspended in IL-2-containing medium. Cell viability varied
between 70 and 90% with a total cell yield of approximately
50-75%. Continuous expansion of cultures for over 2 weeks
was achieved in 8 patients (73%). Of the latter group, 6 (63%)
preparations exhibited good cytotoxic activity against autolo
gous targets which could be maintained between 15 and 26 days
in culture. Table 3 compares the growth and activity of fresh
and frozen preparations obtained from patient 25. No differ
ences were noted in the total expansion as well as lytic activity
against autologous targets.

Phenotype of TIL. Phenotypic analysis was performed on 16
TIL specimens, 9 of which were followed and retested 2 to 4
times between days 8 and 35 in culture. Fig. 7 displays the
phenotypic changes in two representative patients. Some pa
tients exhibited a tendency in culture of rapid increase in Leu
4+ T-cells, gradual increase in Leu 3* T-cells, with a concom-
mitant decline in Leu T and HLA-DR* cells. IL-2 receptor

levels varied. Phenotypic data obtained from all specimens were
pooled into three groups according to the number of days grown
in culture (Table 4). The number of observations in each group
was relatively small and a wide range of values was observed.
The general trend however was that of increase in Leu 4+ cells
and a higher proportion of Leu 3+ than Leu 2+ with increasing

days in culture. No consistent changes in the percentage of Leu
7, Leu 11, transferrin, and anti-IL-2 receptors were noted.
When compared to PBL cultured for 14 days, TIL demon
strated higher median percentage of IL-2 receptors (TIL, 31%;
PBL, 14%) and HLA-DR (TIL, 62%; PBL, 30.5%). No differ
ences were noted in their helper/suppressor ratios (Leu 3/Leu
2) being 0.8 for TIL and 0.6 for PBL.

Fig. 8 describes the fluorescent antibody phenotyping of IL-
2 activated TIL, day 27 in culture, from patient 24, using
simultaneous two-color staining of surface markers; 7.5% of
the Leu 2 and 12% of Leu 3 cells were positive for the anti-IL-
2 receptor. Five to 7% of the cells were Leu 2+ 3+ and anti-IL-

2 receptor was found on 19% of the cells. These cells were
tested in a 51Cr release assay in vitro and demonstrated good

lytic activity against fresh and cultured tumor targets.

DISCUSSION

The accumulation of lymphocytes, predominantly T-cells, at
tumor sites may reflect an immunologie-ai recognition of the

neoplasm by the host, suggesting a specific function of TIL
directed against antigenic determinants present on tumor cells.
The study of the nature of cells infiltrating the tumor may thus

Table 4 Phenotype of IL 2-expanded T in culture from human renal cell cancer"

AntigenLeu

2
Leu 3
Leu 4
IL-2
HLA-DRNo.

of ob
servations9

9
6
99Days

8-15Mean

Â±SE52.2

Â±7.7
37.8 Â±7.4
62.2 Â±5.8
29.3 Â±4.7
59.0 Â±3.2Range14-96

10-74
49-87

9-62
33-85No.

of ob
servationsg

87

87Days

16-29Mean

Â±SE45.0

Â±5.8
56.0 Â±13.7
86.1 Â±5.8
32.0 Â±9.4
51.5 Â±6.4Range25-92

15-82
49-92

6-63
26-85No.

of ob
servations4

4
4
43Days

30-35Mean

Â±SE38.5

Â±10.5
63.8 Â±7.9
96.3+ 1.8
39.0 Â±6.342.2

Â±9.7Range19-63

44-78
92-99
25-66
22-87

1Percentage of positive cells.
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64

Fig. 8. Fluorescent antibody phenotyping
of IL-2 activated TIL derived from renal cancer
patient 24 and maintained in culture for 27
days. Cells were stained simultaneously with
anti-Leu 2-Phycoerythrin (PE) and anti-Leu 3-
fluorescein isothiocyanate (FITC) (A), anti-
Leu 4-FITC (fi). anti-IL-2-PE and anti-Leu 2-
FITC (O and IL-2-PE and Leu 3-FITC (D).
Of the cells, 90% were Leu 4*, 50% were Leu
2*, and 47% were Leu 3* cells; 7% demon
strated Leu 2* Leu 3* cells; 19% of the cells
were IL-2*, of which 12% were IL-2* Leu 2*
and 7% were IL-2* Leu 3* cells.

Leu 2 Leu 3

provide insight into the complex issue of tumor-host interac
tions. We have analyzed 37 specimens of TIL obtained from
fresh human renal cell cancers cultured in medium containing
recombinant IL-2. Activated TIL could be grown, activated,
and unlike most autologous PBL, significantly expanded (av
erage of over 65,000-fold) in medium containing IL-2, in most
cases. Cryopreserved tumor preparations maintained good au
tologous cytotoxic activity as well as stable surface markers and
could be expanded in about two-thirds of the tumors.

Renal TIL effectors expanded in IL-2 could lyse almost all
autologous tumor targets in 4-h chromium release assays. Al-
logeneic renal as well as nonrenal targets were lysed equally
well. There appears to be no statistical difference in the cyto
toxic activity of renal TIL or PBL effectors in killing autologous
or allogeneic targets. Data from various laboratories have con
firmed that freshly isolated TIL from a wide variety of human
tumors demonstrate an immunologically depressed responsive
ness, compared with PBL or lymph node lymphocytes, as
measured by their proliferative and cytotoxic activity (11-17).
The underlying mechanism for the depressed activity of TIL is
unknown, although the presence of suppressor cells (18), acti
vation of suppressor cells by tumor cell supernatants (19),
production of suppressive factors by tumors (20), and depressed
recycling capacity for multiple lytic events (15), have all been
proposed as mechanisms. This suppressor activity, however,
could be reversed by the addition of IL-2 (21).

In 1980, we first used supernatants containing IL-2 to isolate
and expand murine TIL from single cell suspensions of tumors
(22). As the lymphocytes grew they appeared to mediate the
destruction of tumor cells so that relatively pure cultures of
TIL could be obtained. These observations were later extended
by studying the ability of expanded TIL to mediate antitumor
effects against established growing tumors (7). The TIL exhib
ited potent antitumor reactivity and were capable of eradicating
pulmonary mÃ©tastasesfrom five of seven transplantable murine
tumors tested. These TIL were 50 to 100 times more potent
than INK cells in mediating the elimination of established

tumors. These findings have stimulated our interest in the use
of these human TIL for the adoptive immunotherapy of human
cancer.

We have recently isolated TIL with unique in vitro antitumor
reactivity from selected patients bearing malignant melanomas
(23). These cells showed lytic specificity for their own autolo
gous fresh melanoma cells but not for autologous fresh normal
cells nor for fresh allogeneic melanoma cells obtained from
other patients. Itoh et al. (24), studying in vitro activity of TIL
obtained from nine patients with melanoma, demonstrated that
all patients exhibited good lysis against autologous tumor cells.
Only five patients exhibited an apparent specificity for autolo
gous melanoma, the others killed allogeneic tumors and K562
as well.

In this paper we have demonstrated significant differences in
the growth and expansion patterns as well as the phenotypic
surface markers between cultured lymphoid populations that
were cultured directly from the kidney tumor site (TIL) versus
peripheral blood of the same patients grown in culture side by
side under the exact same conditions. Once activated by IL-2,
both populations exhibited the same wide range of cytotoxicity
which was maintained in culture for 3 to 5 weeks, with a gradual
decrease thereafter. These findings are in agreement with those
of Vose and Moore (25), who cultured lymphocytes from tumor,
lymph node, and blood in medium containing IL-2. We, how
ever, were unable to demonstrate specific antitumor activity in
any of the 37 nonenriched preparations containing IL-2-ex-
panded TIL. It therefore appears that culturing TIL in IL-2
may activate specific antitumor reactive cells as well as nonspe
cific (LAK-like) lymphocytes. Furthermore, long-term incuba
tion of TIL in IL-2 may stimulate the overgrowth of nonlytic
clones, thus contributing to the decline in vitro of lytic activity
as well as to the cell surface phenotype changes observed in our
cultures as cell number had increased. Although TIL from renal
cell cancers are not tumor-specific cytotoxic T-lymphocytes,
the cytotoxic potential of TIL may not be the important func
tion associated with possible in vivo effects. Other aspects of
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cell function may also be relevant, such as proliferative potential
to specific antigen and the production of other lymphokines. In
animal models, TIL have far greater therapeutic effects than do
LAK cells and these in vivo effects do not necessarily correlate
with in vitro cytotoxicity against tumor cells. These cellular
functional correlates of in vivo therapeutic effects are under
study.

In this paper we have shown that lymphoid cells infiltrating
human renal cancer could be isolated from single cell suspen
sions of tumors when cultured in IL-2 containing medium in a
relatively routine fashion. Furthermore, the total number of
cells required for human adoptive immunotherapy protocols
can be reached by the in vitro expansion of TIL but often not
for PBL. An average size renal cell tumor will yield approxi
mately 2 x 10'-4 x IO9cells containing 1 to 2 x IO9 lympho

cytes (median of 55% lymphocytes). Three to 4 passages in
vitro (approximately 18-22 days in culture) will suffice to bring
up the total number of lymphoid cells to 2-3 x 10" cells. The

reason for the variable total growth of TIL from individual
patients may be due to intrinsic biological differences among
tumors. It may be related to the degree of antigenicity and/or
lymphoid infiltrate in the tumor, the need for additional growth
factors in the medium, or production of suppressor factors by
individual tumors.

Cell surface marker analysis of TIL and PBL reported by
various groups have revealed inconsistent results. No attempts
were made to follow these cultures by repeat phenotyping with
time in culture. Moy et al. (15) and Colatta et al. (27), studying
lung and ovarian cancers, respectively, found no phenotypic
differences in Leu 2+, Leu 3*, or NK cells between tumor and

blood lymphocytes. Itoh et al. (24), however, observed higher
Leu 2+ (61%) and lower Leu 3+ (18%) and NK cell markers

(<2%) in TIL from metastatic melanoma, suggesting that they
were primarily cytotoxic T-lymphocytes. Muul et al. (23) ob
served a preponderance of Leu 3* cells in culture from mela

noma derived infiltrating lymphocytes. The factors that lead to
outgrowth of selective T-cell subpopulations are not now
known.

Our data demonstrate significant changes in the expressions
of surface markers of TIL and PBL with time in culture.
Changes were not consistent in all patients. A general pattern,
however, of increasing Leu 3* and Leu 4+ cells with decrease
in Leu 2+ and HLA-DR in the TIL population was seen. We

have noticed only minor differences in the percentage of Leu
2+, Leu 3+, and Leu 4+ cells between PBL and TIL cultured in
vitro for 2 weeks under the same conditions. IL-2 receptor and
HLA-DR antigens however were higher in the TIL group,
possibly related to the far better expansion capabilities of TIL
versus PBL.

The ability to obtain expanded cytotoxic TIL from cryopre-
served tumor suspensions in approximately two-thirds of the
preparations is of practical importance. This opens the possi
bility of harvesting TIL from routine surgical resections of
kidney tumors, storing the suspensions in liquid nitrogen with
the possibility of thawing, activating with IL-2, expanding, and
reinfusing the patient with his own cells once distant mÃ©tastases
appear.
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