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ABSTRACT
Previously we showed that IL2 expanded tumor-infiltrating lympho

cytes (Ills) from renal cell carcinoma mediated non-major histocompat-
ibility complex-restricted cytotoxicity. Phenotypic analysis showed that
cultured TILs were composed mostly of T-lymphocytes with varying
numbers of CD4+, CDS*, and CD56* (Leul9*) populations. Here we

compared the cytolytic activity of the two predominant TIL subsets,
CD3*CD4* and CD3*CD8*, to that of the CD56* populations. Using
magnetic beads coated with antibodies to either CD4 or CDS, CD3*CD4*,
and CD3*CD8* TILs were isolated in a highly enriched form (>92%)

and could be expanded for over 40 days in vitro with 1000 units/ml IL2.
In a 4-h "Cr release assay the CD4* and CDS* TILs showed minimal

luit activity, whereas unseparated cells exhibited significant levels of
non-major histocompatibility complex-restricted cytotoxicity. The lytic
activity seen in the 4-h assay with unseparated TILs appeared to be
related to the presence of CD56* populations. With one exception none
of the purified CD4* or CDS* TILs expressed any significant levels of

CD56, while the unseparated TILs contained varying numbers of
CD3*CD56* and CD3~CD56* populations. Cell-sorting experiments ver
ified that the CD56* populations were responsible for most of the lytic
activity in 4 h even though CD3*CD56~ cells represented the predominant
cell type. Although CD3*CD56~ TILs were minimally lytic in 4 h, we
show here that both CD3*CD4* and CD3*CD8* subsets displayed sub
stantial cytotoxicity in long-term assays. In the 18-h '( r release assay
5 of 6 CD4* and 2 of 3 CD8+ TILs were lytic for the autologous tumor.

In two cases, restimulation with the autologous tumor induced augmented
cytolytic activity of TIL subsets and in one case induced lytic activity in
4 h. The cytotoxic activity of TIL subsets was further examined using a
72-h assay in which TILs were cocultured with a confluent layer of tumor
cells. The degree of cytotoxicity was quantitated by measuring the amount
of crystal violet dye that was incorporated by tumor cells which remained
after the incubation period. CD4* and CDS* TILs typically caused greater

than a 50% reduction of tumor cells in 3 days and the level of reduction
was increased when IL2 was added to the cultures. All the CD4* and
CDS* subset preparations were cytotoxic in the 3-day assay even though
some were not lytic for certain targets in the IS-h "Cr release assay. The
lytic activity mediated by the CD4* and CDS* TILs in the long-term

assay was not restricted to the autologous tumor, although in many cases
the TIL subsets displayed greater activity toward autologous tumor when
compared to allogeneic targets. These results demonstrate that the TIL
subsets, CD3*CD4* and CD3*CD8* which were devoid of CD56* expres

sion, had substantial antitumor activity and that their mechanism of
tumor cell destruction appears to be distinct from that used by CD56*
lymphokine-activated killer cell populations.

INTRODUCTION
TILs' appear to represent part of the host immune response

to the tumor and may contain an enriched population of cells
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with reactivity to the autologous tumor (1-6). The majority of
infiltrating cells are T-lymphocytes with the number of CDS*
cells being more frequent than CD4* cells (1-6). Studies by

Vose et al. (7) indicated that TILs from several human solid
tumors contain an increased frequency of cytotoxic precursors
against autologous tumor when compared to peripheral blood
lymphocytes. In addition, recent studies have shown that TILs
were therapeutically more potent than IL2-activated spleen cells
in several murine tumor models (8, 9).

A number of studies have begun to define the immune re
sponse to autologous tumor by examining the functional prop
erties of TIL subsets and most of the emphasis has been on the
cytolytic activity of TILs (10-16). The subsets of effector cells
that mediate lysis as well as their specificity have been examined
for several human solid tumors, and it is clear that there are
differences in the effector population depending on the tumor
type (10-16). Analysis of melanoma-derived TILs from bulk
cultures and at the clonal level revealed that a portion of the
cytolytic cells are specific (4, 5, 10). These cells recognize
melanoma antigen via the TCR complex and are MHC-re-
stricted (10).

The presence of CTL specific for autologous tumor in TILs
from other types of solid tumors has not been readily docu
mented (12-16). Effector cells in IL2-expanded TILs from
ovarian carcinomas, squamous cell carcinomas of head and
neck, and liver tumors displayed nonspecific killing (12, 13, 15,
16). An analysis of the TIL subsets responsible for the lytic
activity from ovarian (15, 16) and squamous cell carcinoma of
head and neck (12,13) revealed that most cytotoxicity was
mediated by NK cells (CD3~CD56*) and MHC-unrestricted
CTL (CD3*CD56+) (17-19). Although neither of these popu

lations represent a significant portion of the infiltrating lym
phocytes, these cells do proliferate to IL2 and can represent a
major population of expanded TILs (12,13,15, 16). Incontrasi,
CD3*CD56~ cells, which represent the majority of TILs from

most of these tumors, did not display significant lytic activity.
Work from our laboratory (20) and those of others (10, 21)

have shown that TILs expanded in IL2 from renal cell carci
nomas were nonspecific in their lytic activity and that both NK
cells and T-cells play a role.

Here we report on the cytolytic and proliferative potential of
isolated CD4* and CDS* TILs from renal cell carcinoma fol
lowing in vitro expansion with IL2. CD3*CD4* and CD3*CD8*

cells that were purified by positive selection with antibody-
coated beads could be expanded in vitro with IL2. We have
found that the CD3+CD56~ populations which express either
CDS or CD4 display minimal lytic activity in a 4-h 5lCr release

assay. Most of the lytic activity observed with cultured TILs
was mediated by CD56* cells. However, we show here that both
the CD3*CD4* and CD3*CD8* TILs have significant cytotoxic

activity that can be detected in long-term assays. Most of the
purified CD4* and CDS* TIL subsets were cytotoxic in an 18-
h 5lCr release assay and all were lytic in a 3-day tumor reduction

bioassay.
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MATERIALS AND METHODS

Human Renal Cell Carcinoma TIL Isolation and Expansion in Vitro.
The patient population with renal cell carcinoma consisted of 12 males
and 2 females ranging in age from 31 to 68 years. Renal cell carcinomas
were obtained from 13 of 14 patients who had undergone nephrectomy
or partial nephrectomy. TILs from I of 14 patients were obtained from
an adrenal metastatic lesion. Six of the 14 patients studied here were
part of a phase I clinical trial to evaluate TIL therapy in patients with
metastatic RCC.

The kidneys obtained from complete nephrectomies were perfused
with 500 ml of Hanks' balanced salt solution (Whittaker Bioproducts,

\Valkersville, MD) to remove extraneous blood and processed as pre
viously described (20). Normal tissue, fat, and capsular material were
removed, and the tumor tissue was then minced, weighed, and rinsed
once with RPMI 1640 (Whittaker Bioproducts). For every 10 g tissue.
20 ml collagenase type III solution (1 mg/ml in RPMI 1640, 109 units/
mg; Cooper BiomÃ©dical, Malvern, PA) and 1 ml of DNase type IV
solution (2 mg/ml in phosphate-buffered saline; Sigma Chemical Co..

St. Louis, MO) were added to the tissue. Tissue was incubated at room
temperature for 4 h. and the resulting cell suspension was washed twice
in RPMI 1640 and counted.

TILs were placed in Aim V media (Gibco Laboratories, Grand Island.
NY) in tissue culture flasks at a total cell concentration of 2.5 x IO5/

ml supplemented with 1000 units/ml human recombinant IL2 (rIL2;
Hoffman-La Roche, Nutley, NJ). Cultures were incubated at 37Â°Cin

5% CO:and 95% humidity. TIL cultures were fed on day 10 with fresh
media and rIL2 and then fed as needed to keep the cell concentration
at 2.5 x lO'/ml-

Isolation of CD4* and CD8+ TILs. IOT8-coated beads and IOT4-

coated beads (Amac, Inc., Westbrook. MA) were used to positively
select for CDS* and CD4* cells, respectively. TILs cultured with rIL2

(Hoffman-La Roche) were incubated at a 4:1 beadxell ratio in a 50-ml
flask for 30 min at 4Â°Cwith gentle agitation every 5 min. The immediate

negative cells (nonadherent) were separated using a BioMag separator
(Advanced Magnetics, Cambridge, MA). The cells with beads attached
were washed twice with RPMI 1640 (Whittaker Bioproducts), pipetted
vigorously, and put in culture with Aim V and 1000 units/ml rIL2.
After 24 h, the CDS* cells were separated from the IOT8 beads using

the BioMag separator. The beads were washed twice with RPMI 1640
and placed back in culture with rIL2 for 7-14 days, at which time the
separation procedure was repeated to yield more CDS* cells. Using this

procedure TILs removed from the IOT8 beads after 24 h were greater
than 92% CD3*CD8* cells. TILs removed from the IOT4 beads after
24 h were not pure CD3*CD4* cells; therefore, TILs were cultured

with the IOT4 beads and rIL2 for 5-7 days prior to separation. This
nu idÃlicai Kiii allowed the separation of CD4* TILs that were greater
than 92% pure. The degree of purity of CD4* and CDS* TILs was

examined 3-7 days after the cells were taken off the beads. This recovery

period was necessary to allow the reexpression of cell surface CD4 and
CDS molecules following exposure to antibody-coated beads.4

Cytolytic Activity. Detection of lytic activity was performed using a
4- and 18-h MCr release assay (20). Various concentrations of cultured

cells were added to U-bottom 96-well plates to achieve effectontarget

cell ratios of 25:1. down to 0.78:1 (6 dilutions). Prior to cytotoxicity
assays target cells were labeled with 250 pCi Na"CrO4(New England

Nuclear, Boston, MA), washed two times, and then resuspended in
media at a concentration of 5 x IO4 viable cells/ml. Thereafter, target
cells (5 x lO'/lOO Â¿il)were be added to 96-well plates. Following a 4-

or 18-h incubation period, supernatant fluid from each well was har

vested with the Skatron harvesting system and the amount of released
"Cr determined in a Beckman gamma 4000 counter.

Maximum MCr release was measured by lysing triplicate wells of 5
x 10' cells with \Tc sodium lauryl sulfate. Spontaneous release was
measured in 5 x 10' target cells to which medium alone was added. In
all the 4- and 18-h 5lCr release assays the spontaneous release was

never greater than 35%. For each effector:target cell ratio, percentage
of specific lysis was calculated using the formula

% specific lysis =
(Experimental cpm) - (spontaneous cpm)

(Maximal cpm) - (spontaneous cpm) x 100

4J. Finkc. F*. Rayman, J. Alexander. E. Pontes. R. Bukowski. unpublished

data.

Cytolytic activity was expressed as lytic units/lO* mononuclear cells

tested as determined from linear regression analysis of dose-response

curves in which the natural log of the number of effectors is plotted
against percentage of specific lysis. One lytic unit was defined as the
number of effector cells required to produce 15% specific lysis of IO6

target cells in a 4-h (and 18-h) period (10).

Isolation of Tumor Targets. Tumor targets used in stimulation ex
periments and the cytotoxicity assays were obtained from short-term
cultures of autologous and allogeneic RCC. After the 4-h incubation
period in collagenase and DNase 1-2 x IO6 tumor cells were placed in

Primaria grade tissue culture flasks (Becton Dickinson. Oxnard, CA).
The tumor cells were grown in complete RPMI (10% fetal calf serum,
200 niM i.-glutamine, 25 ITIM 4-(2-hydroxyethyl)-l-piperazineethane-

sulfonic acid, 100 ITIM sodium pyruvate, 10 mivi nonessential amino
acids, and 5 x IO"5 M 2-mercaptoethanol) fora minimum of 2-3 weeks.

Tumor cells were removed from the flask using trypsin and washed
thoroughly. That these short-term cultures represent renal cell carci
nomas was demonstrated by morphological examination and by im-

munostaining with antibodies to RCC, Uro 2, and AE1/3. When
sufficient cells were available, growth in nude mice was demonstrated
for the short-term-cultured tumors.

Previously we showed that IL2 expanded TILs from RCC were
cytotoxic for uncultured autologous and allogeneic renal cell tumors
(20). Here we show that the same degree of lysis can be detected from
TILs when short-term cultures of RCC are used as targets. The short-

term cultures of RCC generally make better tumor targets because they
are more homogeneous in contrast to fresh tumor cell suspensions that
can contain many nontumorous cells. Also, for the cultured RCC the
viability is greater and spontaneous release is lower than what is
observed with fresh tumor cells.4

Daudi cells and the renal cell carcinoma line RC2 (22) were main
tained in complete RPMI and used as targets for cytotoxicity studies.
All cell lines were periodically tested and found to be free of Myco-

plasma infection.
Three-Color Immunocytometry. Immunocytometric analysis of cul

tured TILs was performed as previously described (23). Fluorescein
isothiocyanate, phycoerythrin. and biotin-conjugated monoclonal an
tibodies were used to phenotypically identify and quantitatc lympho-

cytic subsets. Antibody titers were adjusted according to the fluores
cence sensitivity of the flow cytometer (FACScan/BD) used. Isotypic
controls for each particular subclass of immunoglobulin and system
used were utilized to allow for the most accurate delineation of positive
and autofluorescent populations and to control for nonspecific binding
by a particular subclass of immunoglobulin.

Analyses on the FACScan were performed utilizing an argon ion
laser (Cyonics) with 15 mW of 488 nm excitation. Optics in the
fluorescence path included a focusing objective, splitters, dichroic mir
rors, a 530-nm bandpass filter, a 585-nm bandpass filter, and a 650-
nm longpass/cut-on filter. Triggering was set on the forward scatter

channel and the threshold adjusted to exclude debris. Live gating of the
forward and orthogonal scatter channels, as determined by fluorescence
(CD45* CD 14") backgating, was used to this same end and to selectively

acquire events for lymphocytes. Results were reported as a percentage
of total mononuclear cells in suspension corrected for nonspecific
binding by isotypic controls as determined by measurement of autoflu-

orescent background.
Cell Sorting. Populations were isolated using a FACStar* flow cytom

eter (Becton Dickinson). Cells (10 x IO*1)were immunostained with

fluorescein isothiocyanate-anti-CD5 antibody (Becton Dickinson) and
phycoerythrin-anti-CD56 antibody (Becton Dickinson) at 4Â°Cfor 30

min with vortexing every 10 min. followed by two washes with calcium
and magnesium-free Hanks' solution. The washed pellets were resus

pended in sterile culture media for sorting. Populations were physically
isolated according to the phenotype desired with modifications of
previously described methods (24). Cells were sorted at a maximum of
800 cells/s to allow for optimal purity and recovery- Further purity was
assured through the use of nonrectangular gates as provided by an
Acquisition Sort Processor (Becton Dickinson) used in conjunction
with a MicroVAX II/GPX Vaxstation. Cells were sorted directly into
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culture media to ensure the highest postsorting viability obtainable.
Long-Term Cytotoxicity Assay. The antitumor potential of TILs in

vitro was assessed using a modification of a 3-day cytotoxicity assay
(25). Autologous or allogeneic tumor cells were seeded into 96-well flat
bottom plates at a density of 2 x IO4 cells/well. Twenty-four h later

when tumor cells were attached and confluent the media were removed
and replaced with fresh media containing varying numbers of TILs in
triplicate such that the effectontarget cell ratios ranged from 6:1 to
1.5:1. In all the experiments TILs were cultured with viable tumor cells
in the presence and absence of IL2 (1000 units/ml). After 3 days of
cultures at 37Â°Cin 5% CO3and 95% humidity nonadherent cells were

removed by washing the wells 3 times with phosphate-buffered saline.
The plates were then fixed with 0.1 ml 5% formalin for 20 min.
Thereafter, attached cells were stained with a 0.05% solution of crystal
violet for 20 min and then the plates were washed twice with tap water.
The remaining dye which was incorporated into the attached cells was
eluted from the wells with 95% methanol and read at 570 nM in an
enzyme-linked immunosorbent assay reader (MR 580; Dynatech). The
amount of crystal violet eluted from the attached cells was proportional
to the number of cells remaining in the wells. The maximal level of dye
taken up by a confluent layer of tumor cells was determined by culturing
tumor cells alone. The degree of tumor cell destruction mediated by
TILs was quantitated as

of cytotoxicity = 1 -

Absorbance of tumor cells
treated with TIL

Absorbance control
x 100.

RESULTS

Phenotype and Lytic Activity of IL2 Expanded from Carcino
mas. A portion of the TIL population from RCC is responsive
to IL2 and can be expanded in vitro for over 2 months (20, 21).
The degree of expansion varied considerably among the renal
cell tumors, and the range of expansion was between 0- and
52,000-fold (20).4 This range was based on an analysis of 30

tumors that were used for research and an additional 6 that
were used for adoptive immunotherapy in patients with met-
astatic renal cell carcinoma. Of the 36 primary tumors studied,
we could not grow TILs from 4 specimens using 1000 units/ml
ofIL2.

Three-color flow analysis was done to assess the subsets that
have expanded in the presence of IL2. As seen in Table 1, T-
cells represent the predominant cell type with both CD4+ and
CDS* cells being present. Moreover, there are varying numbers
of CD56+ cells within the cultured TILs, and in a few cases

these cells represented the predominant subset. As noted in
Table 1 most of the CD56+ cells within the cultured TILs were
T-cells, although significant numbers of CD3~CD56+ cells were
present in some preparations. These two populations of CD56+
cells may correspond to MHC-unrestricted CTL (CD3+CD56+)

and NK that mediate most of the LAK activity in the peripheral
blood (17-19). Three-color flow analysis of TILs used for
adoptive immunotherapy (data not shown) yielded very similar
results to those presented in Table 1.

As shown in Table 2, TILs from RCC that were expanded in

IL2 displayed nonspecific lytic activity in that they lysed autol-
ogous tumor cells, the established RCC line RC2, and Daudi.
In addition, these TILs were also cytotoxic for short-term
cultures of allogeneic RCC.4 Moreover, most of the TILs retain
a lytic activity over the 20-30-day culture period.

Isolation and Expansion of CD3+CD4+ and CD3+CD8+ TIL
Subsets. Since CD3+CD4+ and CD3+CD8+ T-cells represent
the most common subsets within the IL2-expanded TILs, ex
periments were initiated to isolate and to examine their prolif-
erative and cytolytic potential. The isolation procedure was
performed on TILs 20-25 days after initiation of culture. Prior
to isolation, the TIL cultures were phenotyped for CD4+ and
CDS* T-cells. Subsets were isolated in highly purified form

following positive selection using biomagnetic beads coated
with either anti-CD4 or anti-CD8 antibody. The scheme for
isolation of CD4+ and CDS* cells was different and was based
on the fact that the CD4+ and CD8+ TILs have different
affinities for their respective antibody-coated beads. CD3+CD8*

cells with greater than 92% purity can be recovered from the
beads after 24 h incubation. In contrast, cells that detach after
24 h from the anti-CD4 antibody-coated beads were not pure.
However, after 4-5 days of culture with IL2 the cells removed
from the anti-CD4-coated beads were greater than 92% CD4*.
At this time the number of CD4+ cells recovered from the beads

was usually greater than the starting population which was
probably due to proliferation of CD4+ cells within the 4-5 days

of culture.
After isolation from antibody-coated beads CD4+ and CDS*

TILs could be expanded for more than 40 days in vitro with
1000 units/ml IL2 (Fig. 1). The individual growth curves for
isolated CD4+ and CD8+ TIL subsets are presented in Fig. 1

along with the number of times that the cultures were counted
and split (represented by symbols). The number of CD4+ and
CDS* T-cells plotted in Fig. 1 represent the total number of

cells that would have been present at each time point had all
the cells from each split been cultured. The fold expansion for
CD4* cells ranged from 2.0 to 17,035 (Fig. 1,4), whereas for
CD8+ TILs it ranged from 1.5 to 39,899 (Fig. 1Ã„).As seen in
Table 3 all TIL CD4+ and CD8+ subsets expanded in IL2

remained pure (more than 91%) as defined by three-color flow
cytometry. In addition, only 1 of 5 CD8+ TIL subsets expressed
high levels of CD56, whereas none of the CD4* subsets ex

pressed significant levels of CD56.
Cytolytic Activity of CD4+ and CDS* TIL Subsets. The lytic

activity of CD4+ and CDS* TILs was examined using a 4-h
"Cr release assay and the effectors were tested against autol-
ogous and allogeneic tumor targets. As shown in Table 4, CD4*

cells displayed no lytic activity in 4 h against autologous tumor
and minimal lytic activity in 4 h against Daudi and allogeneic
RCC targets. In some cases the same CD4+ cells were tested at

multiple time points and at no time were they lytic against the
autologous tumor. An analysis of the lytic potential of CD8+

TILs showed that of the three cases in which the autologous
tumor was available only one showed low level of activity in 4

Table I Phenolype of IU expanded TIL

Patient (day inculture)Subsets

analy/edCD3*

CD3-/CD8VCD4-
CD3VCD8-/CD4*
CD56*
CD.r/CD56*/CD8*'
CD3YC D56VCD8'5

(33)87.9"

22.9
49.0
40.6
31.3

8.66

(21)94.5

74.5
4.1

22.7
14.9
6.97

(36)99.37.2

80.6
24.9
24.0

0.89(34)99.9

17.6
79.7

4.2
4.2
0.011(21)92.9

28.3
44.5
34.1
25.5

6.712

(12)71.1

28.0
22.8
42.9
10.8
24.114(22)73.8

69.5
1.536.4

15.315.715(27)99.0

24.8
66.2

7.0
6.5
0.416(26)99.1

97.3
0.5

58.0
58.0

0.918

(29)44.7

36.6
0.6

80.5
28.4
36.119

(23)86.8

33.6
31.4
23.8

8.5
15.0

' Percentage of positive cells as defined by three-color immunocytonietry.
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Table 2 Lytic Activity ofIL2 Expanded TIL
TIL's were expanded in vitro with 1000 units/ml 1L2 for the number of days

indicated. At these times TIL were tested for lytic activity. Lytic units are from a
4-h "Cr release assay.

CD4 TIL GROWTH

Patient567

10
II
12141516

171819'

Lytic units ba:

ratios: 25:1, 12.5:1.Day

inculture46

54152236

.19
28
28
13
29132222

1414

2925Â»ed

on 15
6.25:1,3LylicAutologous17.01.229.7

92.48.7

148.0
24.8

0.5
466.9
56.7202.2

18.388.5

70.6170.8

169.844.5%

lysis derived from 1
125:1, 1.562:1,0.781:1units/

10MRC-20.0

0.059.5

151.01.1

0.0
1.08.8

183.9
69.1131.8

21.80.073.0196.8

102.748.2he

followingDaudi129.0

0.023.8105.75.5

0.023.6

ND*

222.657.4650.1

41.10.0678.1894.9

264.869.8effectortarget

h (Table 5). The fact that unseparated cultured TILs were lytic
and contained CD56+ cells, whereas the CD4+ and CDS* TILs

were not lytic and were devoid of CD56 expression (with one
exception), suggested that the CD56+ cells present in the un

separated TILs were responsible for most of the lytic activity.
This conclusion was supported by results from cell-sorting
experiments in which the lytic activity of purified CD5+CD56~
cells was compared to that of CD5*CD56* and CD5~CD56+

populations. Cells to be sorted were stained with an antibody
to CDS rather than CD3 since antibodies to CD3 are known to
activate T-lymphocytes. As seen in Table 6 the CD5*CD56~

cells were not lytic for the autologous tumor and showed only
low levels of lytic activity for Daudi. In contrast, the
CD5-CD56+, and to a lesser degree the CD5+CD56+ cell,

displayed lytic activity for the autologous and allogeneic tumor
targets (Table 6).

In the same experiments TIL subsets were tested for lytic
activity in an 18-h MCr release assay. In 18 h all but one CD4+

TIL demonstrated lytic activity against the autologous tumor
(Table 4). CD4* TILs from one patient had minimal lytic

activity for the autologous tumor (patient 3) in 18 h and in
patient 15 CD4* cells were not cytotoxic at all for the autol
ogous tumor. Of the five CD4* TILs that were lytic in the 18-
h 5lCr release assay, all displayed the strongest lytic response

against the autologous tumor, although the same cells also
lysed allogeneic RCC and Daudi. An examination of CD8+

TILs in the 18-h assay revealed that 2 of 3 displayed lytic
activity for the autologous tumor (Table 5).

To determine whether exposure to autologous tumor would
enhance the lytic response of TIL subsets, CD4* and CD8+

TILs were tested for lytic activity 2 days after being cocultured
with autologous tumor targets. Of the subsets restimulated with
tumor, one of four CD4* TILs (patient 19, Table 4), and one
of three CD8+ TILs (patient 16, Table 5) showed an enhanced
lytic response to the autologous tumor in either the 4-h or 18-
h "Cr release assay.

The lack of lytic activity in 4 h was not due to the length of
time that the CD4+ and CD8+ TILs were cultured prior to

testing their lytic response. Unseparated TILs from 7 patients

o IO

.o

IO 20 30

Day

Fig. 1. CD4* (A) and CDS* (B) TILs that had been isolated using antibody-

coated beads were tested for their proliferative response to IL2. TILs were cultured
at a cell density of 2.5 x 105/ml with 1000 units/ml of IL2 and split when cell
number reached 1 x 106/ml. Purity of TILsubsets was assessed by flow cytometry

at the beginning. At the start the purity of the subsets ranged between 92 and
99% for CD4* cells and 72.6 and 98% for the CDS* cells. At the end of culture

the purity remained greater than 91%. The cell numbers presented in Fig. 1 were
derived by multiplying the fold increase at each time point by the total number
of cells that would have been present had all the cells been cultured. The fold
increase for the TIL subsets for each patient (parentheses) were the following.
CD4* TILs: 17.035 (3): 5.028 (7): 2.0 (11): 240 (12); and 55 (15). CD8* TILs:

1.5 (16): 39.899 (9): 20,747 (13): 31 (14): 1.321 (15): and 99 (16).

Table 3 Phenotypic analysis of purified CD4* and CDS* TIL after expansion in

Â¡L2
CD4*TIL Patient (day inculture)Subsets

analyzedCD8*/CD3*/CD4-

CD8-/CD3*/CD4*
CD56*
CD3*/CD56*/CD8*'-
CD3-/CD56*/CD8-CD8*/CD3*/CD4-

CD8'/CD3*/CD4*
CD56*
CD3*/CD56*/CD8*'-
CD37CD56YCD8-3

(27)0.6"

95.8
2.1
2.1
0.0CDS*6(33)96.3

0.2
2.0
1.8
0.27

(36)1.5

96.7
5.3
5.2
O.I11

(27)1.0

97.7
ND*

ND
NDTIL

Patient(day9

(34)91.3

1.8
4.5
4.4
0.013

(41)97.0

1.1
1.5
1.5
0.012

(23)0.3

99.5
NI)
NI)
N D15

(27)1.7

94.5
0.8
0.8
0.019

(23)4.2

91.2
4.2
3.3

0.9in

culture)15(27)93.5

3.8
7.6
7.4
O.I16

(26)97.3

0.5
59.0
58.0
0.9

' Percentage of positive cells as defined by three-color immunocytometry.
' ND. not done.
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Table 4 Lyric activity ofCD4* TIL

Patient3711With

tumorcWith

tumor12With

tumorWith
tumor15With

tumorWith
tumor19With

tumorWith
tumor"Cr

release

assay(h)418418418418418418418418418418Lytic

units/10*Â°Autologous0.00.60.0108.00.0353.0ND255.30.0241.00.02201.20.00.00.00.00.03.66.320.0AllogeneicND*NDND11.80.8164.0ND116.71.0ND0.29820.40.01.1ND4.3NDNDNDNDRC-20.00.00.00.00.04.4ND3.50.05.80.04.50.00.00.00.00.00.03.54.7Daudi0.0ND0.0NDNDNDNDNDNDNDNDND7.6128.3ND36.2NDNDNDND

"Based on 15% lysis derived from the following effectortarget ratios: 25:1,

12.5:1,6.25:1,3.125:1. 1.562:1.0.781:1.
* ND, not done.
c With tumor denotes 2-day restimulation with autologous tumor at a ratio of

20:1 TIL:tumor.

Table 5 Lyric acridly ofCDfT TIL

Patient1314With

tumorrWith

tumorISWith

tumorWith
tumor16With

tumorWith
tumor"Cr

Release

Assay(h)418418418418418418418Lytic

units/10*Â°AutologousND*N

D0.00.00.00.00.833.20.01.00.038.70.065.1Allogeneic0.00.0NDNDND10.60.035.60.00.00.00.00.00.0RC-20.00.00.00.240.00.160.00.00.00.00.00.00.00.0Daudi0.00.0NDNDNDND1.415.26.1ND0.00.00.00.0

"Based on 15?Ãlysis derived from the following effector:target ratios: 25:1,

12.5:1,6.25:1,3.125:1, 1.562:1.0.781:1.
* ND, not done.
c With tumor denotes 2-day restimulation with autologous tumor at a ratio of

20:1 TIL:tumor.

Table 6 CD56* cells are responsible for most of the lytic activity of cultured TIL

Experiment1

2Effector

populationsUnseparated

CD5-CD56*
CD5*CD56-

Unseparated
CD5*CD56*
CD5*CD56-Lytic

units/10MAutologous31.0

26.0
0.0

16.2
1.3
0.0RC-214.0

ND*

0.0
43.8
ND
NDDaudi92.0

ND
6.0231.8

151.7
7.7

Â°Based on 15% specific lysis derived from the following range of effectontarget

ratios: 25:1 to 0.31:1.
* ND. not done.

cultured for the same length of time as the subsets did display
lytic activity in 4 h, while 1 did not and 1 showed minimal lysis.
Moreover, the inability of TIL subsets to lyse the autologous
tumor in 2 of 9 cases was not due to the fact that the tumor
cells were resistant to cell-mediated cytotoxicity. These prepa
rations of tumor targets were lysed by allogeneic TIL subsets.

These results suggest that many CD4* and CDS* TILs have

significant antitumor activity that is detectable in an 18-h but
not in a 4-h 5lCr release assay. In additional experiments we
examined further the lytic activity of CD4+ and CDS* TILs by
measuring their ability to destroy viable tumor cells in a 3-day
assay. Unseparated and purified subsets of TILs were added to
wells containing attached tumor cells at low effectortarget cell
ratios in either the presence or absence of IL2. After 3 days the
number of attached tumor target cells was determined by stain
ing plates with crystal violet. The amount of dye present in
each well is proportional to the number of attached cells. The
dye is then extracted and quantitated using an enzyme-linked
immunosorbent assay reader. In every case CD3*CD4* and
CD3*CD8* TILs were cytotoxic in the 3-day assay. All subsets

tested had lytic activity for the autologous tumor, and in most
instances they were also lytic for allogeneic tumor targets.

The results from one experiment showed that CD4* and
CD8+ TIL subsets isolated from the same patient were as

effective at lysing autologous tumor as Unseparated TILs (Table
7). In most experiments CD4+ (5 of 6) and CDS* (3 of 4) TILs

were more effective at lysing the autologous tumor than they
were at lysing allogeneic targets. The one exception is presented
in Table 8 and shows that TILs from patient 16 were equally
effective if not more effective against the allogeneic tumor than
against the autologous tumor. It was also apparent from most
experiments (7 of 10) that the presence of exogenous IL2
augmented the lytic response of TILs when compared to TILs
cultured with tumor cells in the absence of added IL2 (Tables

Table 7 CD4* and CDS* TIL are effective at destroying tumor targets in a 3-day

cytotoxicity assay
% tumor reduction*

Autologous RC-2

Effectors"UnseparatedCDS*CD4*IL26:1+

98.6
58.6+

97.673.4+

99.7
59.83:1NDf71.3ND66.9ND36.21.5:1ND55.0ND30.8ND45.26:195.954.763.4

0.078.1

18.33:191.6

43.540.7

0.077.2

0.01.5:182.8

44.929.7

0.060.1

0.0
Â°Unseparated TIL as well as the CD4* and CD8* TIL subsets were derived

from the same patient (Patient 15).
' Three-day assay with autologous tumor cells and with RC-2.
r ND, not done.

Table 8 TIL subsets display similiar levels of lyric activity as do LAK cells in the
3-day assay

% tumorreductionPatient

16
effectorsUnseparatedCDS*LAK*'PBL"Autologous"IL26:1+

71.9
39.9-1-

64.442.4+

84.1
86.5+

0.0
ND3:119.627.643.0

65.188.9

83.42.5

ND1.5:19.0

20.624.2

0.0ND

NDNDNI)6:177.5

55.792.7

79.689.1

92.50.00.0RC-2*3:170.3

NDr77.9

55.296.0

96.50.0

0.01.5:144.6

44.856.5

41.390.972.10.00.0

" Autologous (20,000 tumor/well).
* RC-2 (10,000 RC-2/wcll).
' ND. not done.
* LAK and PBL were obtained from same normal volunteer. The PBL were

tested directly for lytic activity.
'The LAK cells were generated by culturing PBL with IL2 (1000 units/ml)

for 4 days. The lytic units/1 x 10*obtained for (he LAK cells in a 4-h "Cr release
assay against Daudi. RC-2. and allogeneic tumor were 237.9, 162.5, and 133.7,
respectively.
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7 and 8). However, the enhanced cytotoxic activity of TILs
cultured in IL2 was not due to a direct effect of IL2 on tumor
cells since IL2 alone did not affect the viability or attachment
of tumor targets to 96-well plates (data not shown).

The reduction in adherent tumor cells following coculture
with TILs is related to tumor lysis and is not due to detachment
of viable tumor cells. Cell counts of the nonadherent cells
following the 3 days of culture revealed viable lymphocytes but
no detectable tumor cells.

We also compared TIL subsets to LAK cells for their ability
to destroy tumor targets in the 3-day assay. LAK cells were
generated by culturing peripheral blood lymphocytes for 4 days
with 1000 units/ml of IL2. These cells were highly cytotoxic
for tumor target in a 4-h assay and mediated the following lysis
against Daudi, RC2, and allogeneic RCC, respectively: 237.9,
162.5, 133.7 lytic units/IO6 (footnote of Table 8). As shown in
Table 8 the CDS* TILs were almost as efficient as the LAK

cells in eliminating autologous and allogeneic tumor targets
even though CDS* TILs did not show lytic activity in a 4-h
"Cr release assay (patient 16, Table 5 versus Table 8).

DISCUSSION

TILs are being used as a form of adoptive immunotherapy in
the treatment of tumors (26-29). The cultured TILs used for
infusion are composed of multiple subsets of lymphocytes and
the quantity of each subset varies among individual preparations
and within one preparation over time (5, 26, 27).4 The predom
inant populations in cultured TILs are CD3*CD8* and
CD3+CD4* T-cells, although CD3*CD56* and CD3-CD56*

subsets are present in varying numbers (4-6, 12, 13, 15, 16, 20,
21). It is not clear which of these populations is most therapeu-
tically active, therefore studies are under way to characterize
the functional properties of each subset of TILs. Results from
these types of experiments should provide information on the
immune response to tumors and may provide new approaches
for adoptive immunotherapy.

Here we report on procedures for the isolation, expansion,
and characterization of two TIL subsets: CD3*CD8* and
CD3*CD4* cells. Although neither the CD4* nor the CDS*
subsets of TILs were very lytic in the 4-h 5'Cr release assay,
they both displayed potent cytolytic activity in long-term assays.
The paucity of lytic activity exhibited by CD3*CD56~ TILs

after 4 h is consistent with the findings of others (12, 13, 15).
Cell-sorting experiments demonstrated that the CD3*CD56"

TILs from ovarian and squamous cell carcinomas of the head
and neck were minimally cytotoxic in 4 h, whereas the
CD3*CD56* and CD3~CD56* populations displayed potent

non-MHC-restricted cytotoxicity (12, 13, 15). Comparable re
sults were observed with TILs from ovarian tumors when the
CD56* cells were removed using antibody plus complement
treatment (16). Itoh et al. (10) reported that CD3*CD16 TILs

from RCC were cytotoxic, although they were not as potent as
the CD3~CD16* population. Since they did not evaluate TILs

for the expression of CD56 it is not possible to determine the
relative contribution CD56* cells made to the lytic response of
theCD3+CD16~TILs.

Our results show that a significant portion of the lytic activity
seen in 4 h with unseparated TILs from RCC (Tables 4, 5, and
6) (20, 21) was attributable to the CD56* populations (12, 13,

15, 16). The majority of cultured TILs in this study contained
significant numbers of CD3*CD56* cells and some
CD3~CD56* cells (10% or more). With one exception none of
the purified CD3*CD4* and CD3*CD8* TIL preparations ex

pressed appreciable amounts of CD56 and none were cytolytic

in the 4-h MCr release assay. The fact that one of the CD3*CD8*

TIL preparations coexpressed CD56 (58%) but was not cyto
toxic (4 h) indicates that non-MHC-restricted cytotoxicity and
expression of CD56 does not always correlate (30). Others have
shown that the presence of CD56 on cultured cells represents
a broader expression that is not restricted to cytolytic cells (30).
Our cell-sorting experiments confirmed that the CD56* TILs

and not the CD56 cells displayed most of the lytic activity in
4h.

Although CD56* cells may account for a portion of the lytic

response of TILs derived from RCC, it is evident that under
certain conditions the CD3*CD56~ population can display lytic

activity in 4 h. We have observed lysis of tumor targets in 4 h
by a few long-term TIL cultures in which CD3*CD56~ cells
predominated (>94%).5 As shown here restimulation with the
autologous tumor can in some cases induce CD3*CD4* to

mediate lysis in 4 h. Moreover, clonal analysis of TILs from
several tumor types including RCC has demonstrated that a
portion of the CD4* and CDS* T-cells are cytotoxic in 4-h 5lCr

release assay (10, 11, 31). The fact that under bulk culture
conditions most of the CD3*CD56~ TILs were not lytic in 4 h

whereas some TIL clones were suggests that different culture
conditions may favor the growth of functionally distinct subsets
of T-lymphocytes. The use of low dose IL2 coupled with feeder
cells and a polyclonal activator such as phytohemagglutinin in
the cloning experiments may have provided a growth advantage
for CTL that are cytolytic in the 4-h 5lCr release assay. It is
also possible that some of the cytotoxic CD3* T-cell clones
analyzed in previous studies (10, 11) were expressing CD56*.

Additional studies are needed to evaluate and compare the TIL
subsets grown under bulk and clonal conditions. Such studies
will provide information concerning the heterogeneity and spec
ificity of TILs and will determine whether TILs expanded under
bulk conditions represent rare or frequent subsets that infiltrate
the tumor.

The absence of lytic activity by the CD4* and CDS* TIL

subsets in our study is probably not due to a functional altera
tion in the cells as a consequence of exposure to the antibody-
coated beads. The TIL subsets at the time of the 5lCr release

assay expressed CD3, and either CDS or CD4 and were capable
of binding tumor targets (data not shown). Both the CD4* and
CDS* subsets produced IFN-7 when stimulated with either IL2
or phytohemagglutinin antigen.6 Moreover, in some long-term
cultures of unseparated TILs, either the CD4* or CDS* T-cell

subset emerged as the predominant cell and represented greater
than 95% of the TIL population. When tested these cells were
minimally cytotoxic in the 4-h assay but demonstrated signifi
cant lytic activity in 18 h (data not shown).

The most interesting result in this study was the finding that
the majority of the preparations of purified CD3*CD4* and
CD3*CD8+ TIL subsets displayed lytic activity in the 18-h 51Cr

release assay, and all were capable of mediating tumor cell
destruction in a 72-h assay. The TIL subsets were almost as
effective as unseparated TILs and LAK from the peripheral
blood in mediating lysis in the 3-day assay even though neither
subset was lytic in 4 h. These results suggest that the 4-h MCr

release assay may not be an accurate assessment of the cytolytic
potential of all TILs. The cytotoxic activity mediated by the
CD3*CD4* and CD3*CD8* TILs was non-MHC restricted in

that autologous and allogeneic tumor cells were lysed. However,
in some cases (Tables 4, 5, and 7) the CD4* and CDS* TILs

showed greater lysis of autologous tumor than of allogeneic
targets, suggesting that a portion of the CD4* and CDS* TILs

'J. Alexander, submitted for publication.
" J. Finke. manuscript in preparation.
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is relatively restricted in their lytic capacity. Similar results have
been reported for CTL derived from tumor-draining lymph
nodes of patients with pancreatic cancer (14). These T-cells
displayed non-MHC-restricted lysis against a panel of pan
creatic tumor cell lines but did not lyse other histolÃ³gica! types
of tumors (14). Moreover, our preliminary studies suggest that
TIL subsets derived from RCC were much less cytotoxic for
normal kidney tissue suggesting that perhaps they preferentially
recognize tumor targets (data not shown). These results indicate
that non-MHC-restricted CD3+CD56" TILs represent part of

the T-cell response to RCC. Whether tumor-specific CTL rep
resent part of the T-cell response to RCC remains to be deter
mined. The presence of antigen-specific CTL within human
tumors has been demonstrated for melanoma ( 10), ovarian (32),
and lung carcinoid tissue (11). Thus, it is possible that, given
the appropriate culture conditions, tumor-specific CTL from
RCC may be detected.

The mechanism by which the CD3+CD4+ and CD3*CD8+
TILs mediate tumor destruction in the long-term cytotoxicity
assays is not known. It does not appear that lysis was due to
the TILs expanding in 3 days to achieve high effector:target
cell ratios that might lead to crowded culture conditions. TILs
expanded less than 3-fold in 3 days and therefore the effec-
tortarget cell ratio was less than the effectortarget cell ratio
used in the4-h 5lCr release assay (18:1 versus 25:1, respectively).

The mechanism used by the TIL subsets isolated in this study
appears to be distinct from the one used by LAK and T-cells
that can mediate lysis in the 4-h s'Cr release assay. We have
found that both the CD3+CD4+ and CD3+CD8+ TILs bind to

autologous and allogeneic RCC targets but not to normal
lymphocytes (data not shown). Whether binding of TILs to
tumor targets is required for lysis to occur and what role the
TCR complex plays in this process is not clear. Recently it was
shown that the CD3 component of the TCR complex is involved
in tumor lysis mediated by non-MHC-restricted CTL that were
preferentially cytotoxic for pancreatic tumors (14). It seems
possible that tumor cell destruction in the long-term assay by
the CD4* and CDS* TL may involve the release of cytotoxins.

It is well documented that optimal lysis of tumor targets by
activated macrophages requires 72-96 h and although a number
of lytic mechanisms may be operative in the macrophage sys
tem, cytotoxins such as TNF-Â« (33) appear to play a role in
tumor cell destruction. T-cells are known to produce TNF-Â«
and -ÃŸas well as interferons which are relatively slow acting
molecules that have cytotoxic and cytostatic properties (34-
36). Another cytotoxin has recently been described that is
produced by T-cells and appears to be antigenically unrelated
to TNF-a and -ÃŸ(37). Studies are under way to determine
whether any of these molecules participate in the lytic activity
mediated by the CD3+CD4+ and CD3+CD8* TILs. It is also
possible that lysis of tumor targets by CD4* and CD8+ TILs in
the 18- and 72-h assays was due in part to cytokines altering
the sensitivity of tumor targets to CTL-mediated lysis. Stotter
et al. (38) demonstrated that RCC cells pretreated with IFN--y
and TNF-Â«were more susceptible to TIL-mediated lysis when
compared to untreated targets. The increased susceptibility to
lysis by TILs was observed when the tumor cells were preincu-
bated with both cytokines for 24 h and was maximal after 72
h. They also showed that pretreatment of targets with IFN-7
and TNF-tÂ»did not enhance LAK cytotoxicity, suggesting that
LAK cells and TILs mediated tumor cell destruction by differ
ent mechanisms (38). Our preliminary findings with highly
enriched TIL subsets demonstrate that the CDS* TILs and to
a lesser extent the CD4* TILs can mediate lysis in a 4-h assay

provided tumor targets were pretreated with IFN-7 and TNF-

a.4 Thus, it seems possible that cytokine production during the
18-72-h culture period may contribute to the lytic response

observed with TILs at least in part by altering the susceptibility
of tumor targets to lysis by TILs.

The work presented here represents our initial studies to
functionally characterize the T-cell subsets that infiltrate human
renal cell carcinoma. We have shown that CD3*CD4+ and
CD3+CD8* subsets can be isolated in a highly purified form
and that both subsets will proliferate to IL2. These CD3+ TIL

subsets which lacked expression of CD56 demonstrated sub
stantial cytotoxic activity in long-term bioassays. Additional
studies are needed to evaluate the antitumor activity of these
subsets in an in vivo setting such as a nude mouse model and
to further characterize the nature of their lytic activity.
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