
[CANCER RESEARCH 51, 4257-4265, August 15, 1991]

Tumor Cytolysis by Lymphocytes Infiltrating Ovarian Malignant Ascites1

Constantin G. loannides,2 Chris D. Platsoucas, Saeed Rashed, J. Taylor Wharton, Creighton L. Edwards,

and Ralph S. Freedman
Departments of Gynecology [C. G. I., S. R., J. T. W., C. L. E., R. S. F.] and Immunology fC. D. P.], The University of Texas M. D. Anderson Cancer Center, Houston,
Texas 77030

ABSTRACT

Tumor-associated lymphocytes (TAL) were isolated from the ascitic

fluid of patients with adenocarcinoma of the ovary. These cells prolifer
ated and expanded by 100-600-fold as either CD3* CD4* or CD3* CDS*

cultures in the presence of moderate concentrations (50-200 cetus units/
ml) of recombinant interleukin 2 and reached high numbers (5 x I(I8-1
x II)''). After expansion of 16 TAL samples from 15 patients, 5 of the 7

isolated ovarian cytotoxic T-lymphocyte cell lines of T-cell receptor
(TCR) (a/8)* CD3* CDS* CD4~ phenotype exhibited preferential cytolytic

activity against autologous tumor targets and significantly lower cytolytic
activity against allogeneic tumor targets and the natural killer-sensitive

cell line K562.
The cytolytic activity of the CDS* TAL was inhibited by operationally

anti-TCR (aÃŸ)monoclonal antibody and monoclonal antibody specific for

the CD3 differentiation antigen, indicating that the TCR and CD3 are
involved in the cytolytic process. The other TAL cultures demonstrated
similar cytolytic activity against both autologous and allogeneic tumors.
The phenotype of these TAL was predominantly TCR (aÃŸ)*CD3* CD4*
CDS'. Certain CD3* CDS* T-cell clones isolated from representative

TAL exhibited preferential autologous tumor-specific cytotoxicity that
may be major histocompatibility complex restricted. Other CD3* CDS*
and CD3* CD4* clones exhibited nonmajor histocompatibility complex
restricted cytotoxicity. These results demonstrate that CD3* CD4* and
CD3* CDS* I -cells present in the ovarian malignant ascites can be

propagated in large numbers and for long time intervals as T-cell lines

in vitro. This finding may be significant for further investigation of
ovarian tumor-specific cytotoxic T-lymphocytes and future adoptive spe

cific immunotherapy studies.

INTRODUCTION

Carcinoma of the ovary is the fourth leading cause of death
from cancer among American women (1). This disease initially
develops asymptomatically and frequently expands as an ascitic
tumor (2).

While it may be logical to assume that tumor-specific T-cells
are present in the ascites and may represent an important
component of the cellular immune response against tumors, it
still remains uncertain whether they can be propagated in
culture in sufficient numbers to permit the investigation of their
properties, the development of T-cell lines and clones, and
adoptive immunotherapy studies.

This is a critical question because TIL3 (3), consisting of
varying numbers of CD8+ (4-6) and CD4+ T-cells (7-8) isolated

from infiltrations of other tumors such as melanoma and renal
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cell carcinoma (5, 8-9), when transferred to patients after
expansion in culture with rIL-2, have shown significant clinical
responses (4, 10-13).

Studies in animal models suggest that the adoptively trans
ferred TIL are 50-100 times more effective (on a cell-by-cell
basis) than lymphokine-activated killer cells (3, 14). TIL used
in adoptive immunotherapy studies consist mainly of TCR a/9*,
CD3* CD4+ CDS' and CD3+ CD4~ CD8* T-lymphocytes.

Specific cytolytic function in terms of preferential killing of
autologous tumors has been associated with CDS* CTL (5, 6,
15). The cytolytic function of CD4+ TIL has been reported to
be mainly non-MHC restricted (5, 8, 9, 16). In addition, non-
cytolytic CD4+ TIL have been found in melanoma to regulate
(help or suppress) the cytolytic function of CDS* TIL (17, 18).

Most of the information available until now has been derived
from the pioneering studies of human melanoma by Topalian
et al. (4, 6), Mukherji et al. (17), Chakraborty et al. (18), and
Itoh et al. (5). Demonstration of this type of activity in tumors
other than melanomas has met with certain difficulties.

The ability of T-cells infiltrating ovarian ascites to express
immune functions has not been extensively investigated. How
ever, our previous immunotherapy studies on active immuni
zation in ovarian cancer demonstrated the presence of func
tional immune cells in ovarian malignant ascites (19, 20).
Preferential killing of autologous tumors by TAL was observed
in two previous reports. Ferrini et al. (21 ) isolated several CD3*,
CD4~, CDS* T-cell clones that have shown preferential killing

of autologous tumors. More recently Heo et al. (22) cultured
ovarian TIL in the presence of 1000 units/ml of IL-2 and
obtained mixed populations of activated killer cells (NK and T-
cells) with broad target specificity. However, two cultures of
ovarian TAL showed preferential killing of autologous tumors.

The present studies were undertaken (a) to determine
whether it is possible to develop long-term proliferating CD3*
CD4* and CD3* CDS* T-cell lines and clones from ovarian

malignant ascites; (b) to investigate the cytolytic function of
these cell lines and clones; and (c) to elucidate the cellular
elements involved in the cytolytic process against the tumor
cells.

A large case study was performed for the first time. This
study demonstrates that 15 of 16 individual TAL samples
developed as T-cell lines consisting of more than 95% CD3*

cells, when cultured in the continuous presence of moderate
concentrations (50-200 cetus units/ml) of IL-2 and the initial
presence of autologous tumor cells, and reached very high
numbers. Of these 15 T-cell lines 5 developed mainly as CD3*
CDS* cell lines. Two additional CD3* CDS* lines were isolated
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cytolytic activity against autologous tumors over time. The lytic
function of these CTL was inhibited by antibodies to the CD3,
operationally anti-TCR aÃŸmAb and MHC class I, suggesting
that they recognize antigens on autologous tumor cells through
the TCR aÃŸand in MHC-restricted fashion.

Furthermore, a number of cytotoxic CDS* CD4~ and CD8~
CD4* clones have been isolated from ovarian TAL cultures.
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Most of the CD8+ CD4 clones expressed preferential killing
of autologous tumors; CD8+ CD4~ clones that showed broader
target specificity were also isolated. The CD4+ CDS" clones

were either noncytotoxic or expressed a broad range of target
specificity. Our results indicate that both CD8+ and CD4+ TAL

contribute to the lytic function of ovarian ascitic TAL.

MATERIALS AND METHODS

Patients. Malignant ascites were obtained from fourteen patients
with epithelial adenocarcinoma of the ovary and from one patient with
teratocarcinoma (TAL 13). Two different specimens (TAL 2 and TAL
12) were obtained seven months apart from one patient. The specimens
were collected from the Gynecology Clinic of the M. D. Anderson
Cancer Center, under an Institutionally approved protocol. Most of
these patients had received chemotherapy several months prior to the
collection of ascites (Table 1). At the time of the collection of ascites
the patients were not receiving chemotherapy.

Preparation of Tumor Cells and Mononuclear Leukocytes. Heparin-
ized ascitic fluid collected from these patients was subjected to centrif-
ugation at 800 x g for 20 min to pellet the tumor cells and mononuclear
cells. Separation of the tumor cells from mononuclear cells was per
formed by centrifugation on 75-100% discontinuous Ficoll-Hypaque
density gradients. In brief, pelleted cells separated at the 100% Ficoll
interface were resuspended in serum-free RPMI 1640 and placed at the
top of the gradient at 75% Ficoll-Hypaque overlaid over 100% Ficoll-
Hypaque and centrifuged at 800 x g for 20 min at room temperature
(23). Tumor cells were found mostly on top of the 75% Ficoll-Hypaque.
Tumor cells and mononuclear leukocytes formed clear bands at the
interfaces of the two concentrations of Ficoll-Hypaque. Both layers
were collected and washed in RPMI 1640 containing 10% fetal calf
serum and 100 mg/ml gentamicin (gentamicin sulfate; Solo Pak, Frank
lin Park, IL) (complete medium). This procedure was repeated if
separation was not satisfactory as judged by morphological examina
tion. Cell viability always exceeded 95%. Tumor cells were either used
fresh or cryopreserved in liquid nitrogen in 95% fetal calf serum plus
5% dimethyl sulfoxide.

Generation of TAL-derived T-Cell Lines in the Presence of IL-2 and
Autologous Tumor Cells. Suspensions of TAL were cultured initially at
2.5-5 x 10* cells/ml in the presence of autologous tumor cells at a
mononuclear celhtumor cell ratio of 10:1, in complete medium in 48-
or 24-well plates at 37Â°Cin 5% CO2, at a final volume of 2 ml/well. In
most cultures. rIL-2 (3.0 x IO6units/mg protein; a generous gift from

the Cetus Corporation, Emeryville, CA) was added at a final concentra
tion of 100 cetus units/ml (1 unit of rIL-2 used in these experiments

equals 6 ILJ). For the first 2-3 weeks most of the cultures displayed
slow growth. Subsequently, a steady growth and increase in the cell
numbers was observed. The TAL cultures were maintained in 100-200
units/ml rIL-2 unless otherwise specified. In certain cultures (TAL l,
4, and 8) cells grew very slowly during the first 2 weeks. These cultures
were supplemented for a second time with irradiated (20,000 rads)
autologous tumor cells and 100 units/ml IL-2. Expanded cultures were
maintained at 1-2 x 10' cells/ml in 24-well plates or tissue culture

flasks over the entire culture period, exclusively in complete medium
with 100-200 units/ml rIL-2.

Stimulation of Long-Term Cultured TAL. Certain TAL-derived T-
cell lines maintained in culture for more than 8 weeks declined in their
cytolytic function. This activity was restored by stimulation with autol
ogous cryopreserved irradiated (20,000 rads) tumor cells at a re-
sponder:stimulator ratio of 5:1 to 10:1 (24).

Treatment of TAL with mAb and Complement. Cultured TAL were
treated with either OKT4 or OKT8 mAb (1:10 dilution of ascites)
followed by incubation with low-toxicity H-2 rabbit complement (Pel-
Freeze, Brown Deer, WT) as we have previously described (25-27).

Cytotoxicity Assays. The cytotoxic activity of TAL-derived T-cell
lines and T-cell clones was determined using a "Cr release assay (23,

27, 28). Fresh (cryopreserved) autologous or allogeneic tumor cells,
cultured allogeneic ovarian tumor cells, or allogeneic ovarian tumor
cell lines were used as target cells. Percentage Cytotoxicity was deter
mined as

Experimental ;'Cr release â€”spontaneous 5'Cr release
Maximum 5lCr release â€”spontaneous 51Cr release x 100

Maximum 5lCr release was obtained by lysing the target cells with

0.1 N HC1. Spontaneous release was obtained by incubating the target
cells with medium only. To facilitate the comparative analysis of the
cytolytic activity of the TAL, the results were expressed in LU/1 x IO7

cells (29). One LU was defined as the number of effector cells which
lyse 20% of the target cells in a 4-h 51Crrelease assay (29).

Inhibition of TAL-mediated Lysis by mAb. To investigate the effect
of mAbs to the T-cell antigen receptor and other surface antigens on
cell-mediated Cytotoxicity, effector cells were incubated at 4Â°Cfor 30

min with operationally anti-TCR aÃŸmAb (WT31; 10 Â¿ig/ml),anti-CD3
mAb (OKT3), anti-CD4 (OKT4) (both at 10 ^g/ml), anti-CD8 mAb
(OKT8; 1:20 dilution of ascitic fluid), and anti-CD16 (10 Mg/ml).
Afterward, target cells were added to the cultures, and the cytotoxic
assays were carried out as previously described (24). To assess the
inhibitory effectors of anti-HLA, -A, -B, -C, and anti-HLA-DR mAb
in the target recognition, target cells were first incubated with anti-

Table 1 Patient characteristics and relative proportions of lymphocytes and tumor cells isolated from osciles"

TAL1234567891011141516Age(yr)5745487050546746317181564460HistologySerous

ISerousMesonephroid

carcinomaMixed

serousmucinousSerousSerousAdenocarcinomaSerousSerousSerousAdenocarcinomaAdenocarcinomaSerousSerousStage/

gradeIV/3IV/3III/2IV/3HI/3I

II/3III/3HI/3HI/3III/3IV/3HI/3HI/3HI/3Cells/ml

x10'*Previous

chemotherapyCisplatin/thiotepaCisplatin/cytoxanCisplatin/CyclophosphamideLupron,

tamoxifenCisplatin/thiotepaCarboplatin/AlkeranCisplatin/cyclophosphamideCisplatin/cyclophosphamideCisplatinCisplatin/thiotepa/tamoxifenCisplatin/cyclophosphamideNoneCisplatin/AdriamycinCytoxan/cisplatinCisplatin/carboplatinTamoxifen/LupronTumor

cells0.84.06.83.10.50.70.40.20.152.4NDd4.11.410.0Lymphocytes8.010.00.81.66.05.33.24.04.82.0ND1.8533.101

0.0Ly:T<10.002.50.120.5212.007.568.0020.0032.000.38ND0.4523.601.0
" Ascites from ovarian cancer patients were collected with 10' units of heparin/1000 ml ascitic fluid. The cells were separated by centrifugation for 120 min at

2000 rpm. The cell pellet was layered on top of a Ficoll-Hypaque (D = 1.077) gradient.
4 Values represent the relative proportions of viable tumor cells and lymphocytes collected at the interface medium 100% Ficoll-Hypaque gradient after centrifugation

at 400 x g for 25 min and resuspended in complete RPMI 1640.
' Ly:T, lymphocyte:tumor cell ratio.
''ND, not done.
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HLA, -A, -B, -C, and anti-HLA-DR mAb at 10 Mg/ml as we have
described (24) and then washed and used as targets (6, 24).

Development of T-Cell Clones from the TAL. T-cell clones were
obtained by limiting dilution cloning (23, 30) from TAL-derived T-cell

lines by cloning at concentrations of 1, 5, and 10 cells/well in the
presence of 10 x IO3autologous irradiated (10,000 rads) tumor cells in
96-well round-bottomed microtiter plates in 200 ml of complete me
dium containing 25 units/ml of rIL-2. Three, 6, and 9 days later half
of the medium was replaced with fresh complete RPMI containing 100
units/ml rIL-2. Ten days from the initiation of the culture, 5 x IO4

allogeneic irradiated PBMC (10,000 rads) from two healthy donors
(1:1 admixture) were added to each well as feeder cells. Five days later
the responder cells were restimulated with IO4 autologous irradiated

tumor cells. After 3 weeks from the initiation of the cultures, enhanced
lymphocyte growth was observed in certain wells. The growing clones
were transferred initially to 48-well plates and again to 24-well plates
in complete medium containing 50-200 units/ml rIL-2.

Cell Surface Immunofluorescence. Cell surface immunofluorescence
was carried out as previously described (30) using an EPICS V Profile
Analyzer (Coulter Corporation, Hialeah, FL). OKT3-FITC, OKT4-
F1TC, and OKT8-FITC (Ortho, Raritan, NJ) and Leu4-phycoerythrin
(anti-CD3) and anti-IL-2R-phycoerythrin (anti-Tac) (Becton-Dickin-
son, Mountain View, CA) were used as either FITC or phycoerythrin
conjugates. Anti-HLA-A, -B, -C mAb (Daco-Dakopatts a/s Denmark),
WT31 and anti-HLA-DR mAb (Becton Dickinson) used in these ex
periments were not fluorochrome conjugated. In these cases the cells
were first incubated with the appropriate antibody at 4Â°Cfor 30 min,
washed, and further incubated with FITC-conjugated F(ab)2' fragments

of goat anti-mouse IgG (Boehringer-Mannheim Biochemical, Indian
apolis, IN). Separation of CD3+ CD8+ cells by sorting was performed

using an EPICS FACS (Coulter).

RESULTS

Phenotypic Analysis of Fresh TAL. We first determined the
relative concentrations of tumor cells and lymphocytes isolated
from ascites. In all samples examined substantial numbers of
TAL and tumor cells were recovered. Variable proportions of
tumor cells and lymphocytes were found in the ascitic fluids. In
9 of 16 individual samples the number of lymphocytes isolated
substantially exceeded the number of tumor cells; however, the
lymphocyte:tumor cell ratio ranged from 2:1 to 32:1. In the
other 6 samples of ascites the tumor cells exceeded the lympho
cytes. No tumor cells were found in one sample (TAL 13).
Results from 14 different TAL are presented in Table 1. We
further investigated the phenotype of TAL present in the as
cites. The TAL were mainly CD3+ (70-90%) with one exception

(TAL 10) and exhibited CD4:CD8 ratios ranging between 1.69
and 3.88. Results from 7 TAL are presented in Table 2. While
the CD4:CD8 ratios are within the range found in the peripheral
blood, increased proportions of HLA-DR"1" cells were found,

suggesting the presence of activated T-cells in addition to B
cells, macrophages, and NK cells. The mononuclear cells vary
in positivity for HLA-DR and CD-56 antigens, suggesting that
variable proportions of activated cells are present in the ascites.

Kinetic Study of TAL Expansion and Proliferation. Since cells
isolated from malignant ascites contained initially variable ra
tios of lymphocytes to tumor cells, the two populations were
separated using differential Ficoll gradient centrifugation. After
centrifugation through the second gradient system (75-100%
Ficoll) most of the lymphocytes were isolated and rendered 90-

95% free of tumor cells. To ensure similar culture conditions
for all samples, lymphocytes and tumor cells were admixed
when possible at the initiation of cultures at a lympho-
cyte:tumor cell ratio of 10:1. This step was considered necessary
because (a) we were interested in standardizing the culture

conditions and (b) we were concerned that the presence of
tumor cells in excessive numbers may have an adverse impact
on the proliferation of TAL. In vitro proliferation of the ovarian
TAL was characterized by an initial phase of slow growth (days
0-14) followed by a phase of accelerated growth (days 20-40).
However, in certain TAL (TAL 4 and 10) the growth of T-cells
was delayed until the fourth week in culture. The reasons for
different kinetics of growth in the initial phase are unknown. It
is possible, however, that previous chemotherapy may have
affected the proliferative abilities of ovarian TAL, or tumor-
derived factors may deliver inhibitory signals for the prolifera
tion of ovarian TAL (29). Starting in the third week significant
rates of growth were observed in all of the TAL. The autologous
tumor cells disappeared from most of the cultures by 2-3 weeks
in culture with rIL-2.

Under stable culture conditions (a cell density of 1-2 x IO6/

ml and replacement of culture medium every 48 h with fresh
complete RPMI containing rIL-2, thus maintaining a stable
concentration of rIL-2 at 100 units/ml), we observed that in
most cultures the TAL increased in numbers and reached a
peak between the sixth and eighth weeks in culture (fold in
crease: TAL 8, 343; TAL l, 350; TAL 6, 500; TAL 7, 420;
TAL 4, 620). Representative results of the kinetics of prolifer
ation of the ovarian TAL are presented in Fig. 1. These results
clearly demonstrate that ovarian TAL can be expanded and
propagated in culture over long periods of time in moderate
concentrations of rIL-2 and reach high cell numbers. A similar
kinetics of growth has been observed with 50 units/ml IL-2,
but at IL-2 concentrations below 20 units/ml at the initiation
phase, proliferation of the TAL was significantly delayed (data

Table 2 Surface phenotype of the mononuclear cells from the ascites of the
ovarian cancer patients"

% of positive cells

TAL17g101415CD373.486.972.148.380.182.4CD3CD4*60.951.253.537.863.350.9CD3CDS*18.828.732.921.916.329.1CD289.291.797.5NDCNDNDCD167.45.411.49.55.54.1CD5617.613.829.011.11.01.0HLADR69.772.685.820.915.833.0

" Mononuclear cells from freshly collected heparinized ascites were separated
by centrifugation, washed, and labeled with FITC-conjugated: Leu-4 (anti-CD3);
Leu-2a (anti-CD8); Leu-3a (anti-CD4); Leu-lib (anti-CD16); anti-HLA-DR
(class II MHC); and NKH-1 (anti-CD56) mAb.

* For dual color analysis TAL were stained with Leu 4-PE and either OKT4-
FITC or OKT8-FITC-conjugated mAb.

' ND, not determined.
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Fig. 1. Kinetics of TAL expansion in culture in the presence of moderate
concentrations of rIL-2 (100-200 units/ml). A, TAL 1; B, TAL 4; C, TAL 3. The
increase in cell number (fold) was calculated by dividing the number of TAL
counted on the respective days by the number of originally plated TAL.

4259

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/16/4257/2444665/cr0510164257.pdf by guest on 19 M

ay 2023



OVARIAN TUMOR CYTOLYSIS BY LYMPHOCYTE INFILTRATE

not shown).
We investigated the kinetics of the phenotypic changes within

the CD3+ cells of the TAL cultured with rIL-2. Estimation of
CD8+ and CD4+ cells was made weekly, up to the moment

when it was clear that no further changes in phenotype could
be expected. Representative results are presented in Fig. 2.
Initially, all TAL cultures contained higher numbers of the
CD3+ CD4+ cells than CD3+ CD8+ cells (Table 2). Between

the second and third weeks in culture, a clear change was
observed in the dominant phenotype of the T-cells within the
TAL. Of the 16 TAL samples examined, CD3+ CD8+ cells

became the dominant population in 5 samples and represented
90-95% of the total cells 4-5 weeks after the initiation of
cultures. These CD8+ TAL cell lines continued to proliferate
and expand for an additional 4-5 weeks without change in
phenotype. Three other TALs showed a significant but slow
increase in CD3* CD8+ T-cells, which represented approxi

mately 60% of the total cell population by the end of the seventh
week in culture. In two other TALs the CD8+ never exceeded

50% and ranged between 40 and 50% of the total population.
Other TALs showed a preferential increase in CD3+ CD4+
CD8~ cells, which represented >70% of the total CD3+ by the

end of the fifth week in culture. In the end all TAL cultures
consisted of > 95% CD3+ cells (data not shown).

In certain TAL the relative proportions of CD4+ cells to
CD8+ cells remained unchanged while the total cell numbers in
each of these cultures increased. This suggested that CD3+
CD8+ cells and CD3+ CD4+ cells continued to proliferate at

similar rates. To clarify this point, TAL 8 cells were treated
with OKT4 mAb and complement, and the surviving cells were
cultured in the presence of 100 units/ml rIL-2. A representative
experiment is presented in Fig. ID. CD3+ CD8+ T-cells ob

tained by negative selection from TAL 8 continued to prolifer
ate in the presence of only IL-2 and the absence of any addi
tional stimuli for the next 6 weeks. Both CD3+ CD8+ CD4"
TAL 8 and CD3+ and CD4+ CDS" TAL 8 continued to express

the same phenotype up to the moment they ceased to prolifer
ate. To confirm these observations CD3+ CD8+ and CD3+
CD4+ T-cell lines from TAL 4 were also isolated by either
negative selection or fluorescence-activated cell sorting (Table
3). Both CD3+ CD8+ and CD3+ CD4+ cells continued to

proliferate for several weeks without change in phenotype.
These results demonstrate that the major proliferating popula
tion in cultures of ovarian TAL supplemented with moderate
concentrations of rIL-2 in the initial presence (2-3 weeks) of
autologous tumor cells consisted of T-cells, and therefore T-
cells from ovarian malignant ascites can be propagated in vitro.
Most of the TAL expanded either as CD3+ CD8+ CD4~ or
CD3+ CD4+ CDS" cell lines.

Cytolytic Activity of Ovarian TAL. Freshly isolated TAL did
not lyse autologous and allogeneic ovarian tumor cells (data
not shown). When ovarian TAL were cultured in the presence
of autologous tumor cells and 100 units/ml rIL-2, we observed
in certain TAL significantly higher cytolytic activity against
autologous tumor cells than against allogeneic ovarian tumor
cells or the NK-sensitive K562 cell line. We observed that 5 of
7 CD3+ CD8+ CD4- cell lines and 2 of 3 TAL cultures where
the CDS* cells exceeded 50% of the total cell population

expressed preferential killing of the autologous tumor targets.
The term "preferential killing" is used here to indicate that the
cytotoxicity of CD8+ CTL was higher against autologous tumor

cells than against at least two allogeneic ovarian tumors and
the NK-sensitive cell line K562. Representative results from

TAL No. 1 TAL No. 2
100

80

Ã¼ 60

(O
oa

20

TAL No. 8 TAL No. 8

100

80

tu
Ã¼ 60
LU

8 Â«

20

0123456 0123456

WEEKS IN CULTURE

Fig. 2. Kinetics of the phenotype changes in the TAL cultures in the initial (3
weeks) presence of autologous tumor cells and continuous presence of rIL-2 (100
units/ml). A, TAL l; B, TAL 2; C, TAL 8; O, TAL 8 treated with OKT4 mAb
plus complement. CD3* CD4+ (D) and CD3+ CD8+ (A) T-cells. TAL l and 2
yielded mainly CD8+ T-cells, and TAL 8 yielded mainly CD4* T-cells. The
pattern of increase in CD4+ cells observed in TAL 8 was similar for all TAL
which expressed a predominant CD4* phenotype. D: At the end of the fifth week

in culture, TAL 8 were treated with OKT4 mAb plus complement (week 1) and
further incubated with complete RPMI containing 100 units/ml rIL-2. CD3*
CDS* T-cells gradually increased in numbers by over 29-fold over the next 3
weeks. Weeks 1-4 in D were after mAb plus complement treatment and therefore
represent actual weeks 5-10 in culture.

experiments with ovarian TAL are presented in Table 3. Five
CTL lines that were developed either from culture of ovarian
TAL with autologous tumor cells and moderate concentrations
of IL-2 or by selection of CD3+ CD8+ CD4~ T-cells and further

expansion in rIL-2 show the following pattern of cytotoxicity:
LU against autologous tumor > allogeneic tumors > K562.
Two other CD3+ CD8+ lines showed a different cytotoxic
profile. CD8+ TAL 12 showed a broader cytolytic ability in that

it lysed autologous tumor (451 LU), the NK-sensitive targets
K562 (>1000 LU), and less efficiently Daudi and allogeneic
tumor cells (278 and 181 LU, respectively). CD8+ TAL 16

expressed minimal cytotoxicity against all targets (data not
shown).

The results presented in Table 3 are from one experiment
that is representative of several determinations that showed a
similar pattern of reactivity. In this regard we avoided including
data from certain experiments that showed even higher levels
of cytotoxicity or preferential killing of autologous tumor cells
(e.g., TAL l and 5; Fig. 4). In contrast, when the culture of
TAL with the autologous tumor and IL-2 yielded mainly CD3+
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CD4+ T-cells, the lytic activity of the TAL was mostly nonres-

tricted to the autologous tumor. Slight differences between the
specificity of lysis were observed in these cultures. TAL 5, 6,
and 7 demonstrated preferential lysis of both autologous and
allogeneic ovarian tumors, whereas TAL 8, 9, and 10 exhibited
higher cytotoxic responses against K562 cells. In all of these
cultures CD16+ cells represented between 2 and 5% of the total

cell population. However, from a close examination of these
data, it is clear that K562 lysis cannot differentiate between
these two groups of TAL. The role of CD3+ CD4+ CDS' cells

in mediating tumor cell lysis is still unclear but deserves further
investigation. In further experiments (Tables 4 and 6) we have
identified at least one CD3+ CD4+ CDS' T-cell clone that

expressed non-MHC-restricted killing. Since more complex
mechanisms may regulate the function of the cytolytic CD4+
T-cells, the functional analysis of CD3+ CD4+ CDS' cells

within the TAL will be addressed in future studies.
Inhibition of CTL-TAL Lysis by mAb. From the results

presented above (cytotoxicity and phenotype) we hypothesize
that the TAL lines that show preferential killing of autologous
tumor targets are activated CTL. To examine the role of the
lymphocyte differentiation antigens in tumor cytolysis we in
vestigated the effects of mAb specific for such antigens on the
effector phase of cytotoxic assays. The addition of anti-CD3
(OKT3 mAb) or of operationally anti-TCR (aÃŸ)mAb (WT31
mAb) to the cytotoxic assays inhibited the cytolytic activity of
the CD8+ CTL which have shown preferential killing of autol

ogous tumor cells. Blocking of either CD3 or TCR was effective
in abolishing the cytolytic activity of ovarian ascitic CTL,
indicating that both TCR aÃŸand CD3 on the effector CTL play
a significant role in the recognition of the tumor target cells.

Table 4 Cytolytic activity of TIL clones isolated from two patients with ovarian
carcinoma

Specificity analysis of the T-cell clones isolated from the TIL from ascites of
two patients with adenocarcinoma of the ovary was evaluated by "Cr release
assay as described in "Materials and Methods." The clones listed are representa

tive for each group of clones expressing either highly specific cytolytic activity,
nonspecific cytolytic activity, or low or no cytolytic activity. The cytolytic activity
against autologous (Auto-1) and allogeneic (Allo-1 and Allo-2) tumor cells and
K562 cells was determined in a 4-h "Cr release assay at an effectortarget cell
ratio of 20:1. Analysis of the surface antigens was performed using FITC-
conjugated OKT3, OKT4, or OKT8 mAb. +, percentage of positive cells ranged
between 96 and 99%; â€”,0-5% positive cells for the respective surface antigen.

Effector phenotype % of specific
TAI.Clone

CD31.

Bulk TAL+.1
+.2
+.3
+.4
+.5
+.6
+.7

+8.

Bulk TAL+8.1
+8.2
+8.3
+8.4
+8.5

+CD4

CD8Auto-1+

51.0+
37.9-1-
18.4+
14.0-1-
11.3+
8.6+
10.0+

0.0+

-11.0-I-
4.8+

-0.0+
-8.9+
17.8+

21.5Allo-17.06.90.00.01.50.00.00.011.62.30.012.45.46.4"Cr

releaseAllo-219.54.90.81.21.25.024.2NDND6.90.0ND3.21.9K5622.26.96.95.3ND"NDND0.026.55.02.014.72.03.5

" ND, not determined.

Anti-CD3 mAb effectively inhibited the cytotoxicity of TAL l,
2, and 4 by more than 50%. The inhibition of cytotoxicity
against the same targets by anti-TCR (aÃŸ)mAb ranged from
30 to 60%. The observed inhibition was statistically significant
(Fig. 3). The autologous ovarian tumor cells and the allogeneic
ovarian tumor cells were >80% positive for MHC class I

Table 3 Cytolytic activity of in vitro cultured TALfrom ovarian malignant ascites against autologous and allogeneic tumor cells
Phenotype0 Cytolytic activity (LU/107 cells)*

TAL CD3 CD4 CD8 Auto-Tf Allo-T-10 Allo-T-2c K562

CTL lines expressing preferential killing of
autologous tumor

\d

2
3
4Â«./
8/

TAL cultures with CD3+ CDS* CD4~ cells

in excess of 50%
4

14
10

TAL cultures with CD3* CD4* CD8~ cells

in excess of 50%

99
99
99
99
99

96
98
94

10
8

10
3
2

40
40
43

92
96
90
90
96

57
55
51

202 Â±6
184 Â±6
94 Â±6

260 Â±12
890 Â±55

140 Â±4
130 Â±10
76 Â±8

53 Â±3
61 Â±6
33 Â±2

0.0
50 Â±6

0.0
0.0

98 Â±10

41 Â±3
32 Â±2
31 Â±5
59 Â±7
41 Â±3

58 Â±2
ND*

59 Â±2

32 Â±1
43 Â±2
28 Â±3
38 Â±9
43 Â±5

24 Â±1
104 Â±9
121 Â±15

567813*CD3*

CD4* CD8-lines4'&6"909594989899999681858890759797961511101022223172

Â±3198
Â±5245
Â±10141
Â±1NA36

Â±214
Â±148158

Â±12164
Â±2292

Â±15202
Â±507431

Â±118
Â±333129

Â±10214
Â±7189

Â±17ND3033

Â±120
Â±46252

Â±394
Â±2142

Â±3232
Â±2230124

Â±225
Â±430

" Phenotype of the TIL cultures at the moment when the cytolytic activity was determined.
4 Results represent the LU/107 effector cells determined from three effector:target cell ratios (30:1, 15:1. and 10:1) in duplicate experiments.
c Autologous tumor cells (Auto-T) frozen immediately after the isolation of ascites were thawed and used as targets in the cytotoxic assays. Allo-T-1 and Allo-T-2

represent two allogeneic ovarian tumors.
''Cytolytic activities against autologous PBMC and autologous TL were 5.2 and 4%, respectively, at an effectortarget cell ratio of 40:1.
' Cytolytic activity against autologous fibroblasts was 8.6% at an effectortarget cell ratio of 100:1.
7CD3* CD4~ CDS* cells from TAL 4 and 8 were cultured with 1L-2 for several weeks. CD3* CD4* CDS' and CD3* CD4~ CDS* TAL were isolated by negative

selection with OKT4 mAb or OKT8 mAb plus complement for TAL 8 and by FACS sorting for TAL 4. Both CD4* and CD8+ cells were propagated in culture with
100 units/ml rIL-2 for 7 additional days before determination of their cytolytic activity was performed.

* ND, not determined; NA, not available.
* Results of one experiment; tumor autologous to TAL 13 was not available.
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0 50 100
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Fig. 3. Inhibition of cytotoxicity of ovarian TAL against autologous tumor
cells by antibodies against T-cell differentiation antigens. A, CD3* CDS*, CTL-TAL l";B, CD3* CDS*. CTL-TAL 2; C, TAL 4; D, CD3* CDS* CTL line isolated

from TAL 4. Inhibition of cytotoxicity by anti-CD3 and WT31 mAb was signif
icant in all TAL samples. A, B, and C. inhibition by anti-CD3/anti-TCR versus
anti-CD16 (P < O.Ol); D. anti-CD3/anti-TCR versus medium (P< 0.001).

Table 5 Inhibition of TAL I and TAL 14 lysis of autologous tumor by mAb

% of cytotoxicity (%
inhibition)'-'Effcctortarget

cell
ratiosEffectors"

mAbTAL

1 (CD3* CDS* CD4~) None
Anti-Thv-1.2
W6/32

Anti-HLA-DRTAL

14 (CD3* CDS* CD4') None
Anti-Thy-1.2
W6/32
Anti-HLA-DR20:152(0)

54 (-4)
16(69)
36(30)35

(0)
34 (3)
15(57)
29(17)10:124(0)

23(4)
5(79)

20(17)15(0)

17(-13)
5(66)

11 (26)
Â°TIL 1 was cultured for 45 days; TAL 14 was cultured for 38 days.
* Results of a 4-h "Cr release assay.
c Percentage of inhibition was calculated comparing the cytotoxicity values

determined in the presence of mAb with the values obtained from effectors and
targets incubated with medium alone ('None'). Inhibition by anti-MHC class I

mAb was significant at both effectontarget cell ratios in TAL l (P < 0.005) and
TAL 14 (P< 0.02) compared with the inhibition observed in the presence of anti-
Thy-1.2 mAb. or anti-MHC class II (/>< 0.375).

antigens. They expressed significantly lower levels of MHC
class II molecules (10-15% positive cells) as determined by
immunofluorescence with anti-MHC class I mAb (W6/32) and
anti-HLA-DR mAb.

To investigate whether the CD3+ CD8+ ovarian TAL lines

recognize antigens in the context of MHC class I or class II
antigens, blocking studies of cytotoxicity were performed using
these antibodies. Two effector TAL are presented in Table 5.
The irrelevant anti-Thy-1.2 mAb was used as a control. In both
TAL l and TAL 14 specific TAL killing was inhibited by mAb
against MHC class I molecules on the target cells, at two

effectontarget cell ratios. In contrast, anti-HLA-DR mAb had
a minor but insignificant inhibitory effect. These data suggested
that TAL lysis of autologous ovarian tumor cells is directed
against antigens presented in the context of HLA-class I
molecules.

Kinetics of Expression of the Cytolytic Activity of the Ovarian
Tumor TIL. Expression of the cytotoxic function over time of
the TAL against autologous and allogeneic targets was inves
tigated in several TALs where there were sufficient numbers of
autologous tumor targets available to permit multiple determi
nations over time. Determination of cytotoxic activity for a
particular TAL sample was performed against all targets at the
same time. Two representative TAL are presented in Fig. 4.
TAL 1 (CD3+ CD4- CD8+; Fig. 4Ã„)expressed significantly

higher cytolytic activity against autologous than against allo
geneic targets over the entire period they proliferated in culture.
Their cytolytic activity reached a peak at the seventh week in

400

3 4 5a 5b 6

WEEKS IN CULTURE

400

in
cc
o
o
LU

300

200

100

1 O

WEEKS IN CULTURE
Fig. 4. Cytolytic activity of TAL No. 1 and TAL No. 5 was determined against

autologous (â€¢)allogeneic (H,D) tumor cells and the NK sensitive K562 cell line
(Â§)on the weeks in culture indicated on the abscissa. Cytotoxicity was calculated
in LU 20/10' cells. A: TAL No. 5; B: TAL No. 1. Determination of the lytic

function for each TAL culture was performed in the same experiment against all
targets. The cytotoxicity of TAL No. 5 was determined twice against the same
targets at 48 hr intervals in the fifth week in culture (Fig. 4A columns 5a and 5b).
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culture (360 LU) and further sharply decreased. Restimulation
of TAL l with the autologous tumor in the twelfth week in
culture led to an increase in the autotumor cytotoxicity deter
mined in the fourteenth week in culture (autotumor, 133 LU;
K562, 44 LU); however, this activity was not long-lasting.

The cytolytic activity of TAL 2 and 3 followed a pattern of
kinetics similar to that of TAL l, but with an earlier onset of
specific cytotoxicity and an accordingly earlier decline (data not
shown). TAL 4 showed a slower increase in cytolytic activity.
Significantly higher cytotoxicity was observed after 8 weeks in
culture (210 LU) compared with 4 weeks (140 LU).

Another representative sample, TAL 5 (cultured in 100-200
units/ml rIL-2) expressed very low cytolytic activity in the first
3 weeks of culture (Fig. 4/4), while the cytotoxicity against
allogeneic targets and K562 was higher. The cytotoxicity
against autologous tumor increased over the next 3 weeks,
while the NK-like activity (K562 targets), after reaching a peak
in the fourth week, decreased. In contrast, the cytotoxicity
against two other allogeneic tumor cell lines increased at the
same time. Three experiments performed independently over
14 days (Fig. 4, Columns 5a, 5b, and 6) demonstrated fluctua
tions in the cytotoxicity against autologous and allogeneic
tumor cells but no dramatic changes in the pattern of killing.
We therefore believed that TAL 5 expressed nonspecific cyto
lytic function since no overall stable preferential killing of
autologous tumor was observed over 2 weeks. It should be
mentioned, however, that in the same period, the CD4* cells

increased in numbers in culture. After 3 weeks in culture, TAL
5 were 96% CD3*, 81% CD4*, and 29% CDS*, whereas after
6 weeks in culture they were 96% CD3*, 92% CD4*, and 7%
CDS*. These results may suggest that certain more potent
tumor-specific CDS* CTL clones are selected later in the TAL

cultures. This may be consistent with the TAL type I classifi
cation (16). Further experiments using cloned cell populations
will attempt to address this point.

Clonal Analysis of Autologous Tumor-Reactive T-Cells in the
Ovarian TAL. We investigated at the clonal level the cytolytic
function of the T-cells from the TAL expanded in culture with
autologous tumor cells and rIL-2. For this purpose two repre
sentative TAL (TAL l and 8) were initially chosen because they
developed either a predominant CD3* CDS* or a predominant
CD3* CD4* phenotype, respectively. T-cell clones were gener

ated by limiting dilution of TAL lines in the presence of IL-2.
The resulting clones were tested for cytotoxicity against fresh
autologous and allogeneic tumor cells or K562 targets.

Analysis of the TCR Â«/?*CD3+ CDS* and TCR a(l+ CD3*
CD4* clones generated from different autologous TAL systems
indicates three classes of CD3+ clones expressing lytic function.
One class of T-cell clones represents CDS* CTL that express

the preferential killing of autologous tumor. A second class of
CD3* CDS* cytolytic effectors comprise cells with broad target
reactivity. A third class of cytolytic clones represents CD3*
CD4* cytotoxic cells that expressed MHC nonrestricted cyto

lytic function. Representative clones from each group are pre
sented in Tables 4 and 6. In the TAL l system, most of the
resulting clones showed significant cytotoxic activity against
the autologous tumor cells. These CTL clones expressed sig
nificantly higher cytotoxicity against autologous ovarian tumor
cells than against allogeneic ovarian tumor cells (Table 4).
However, we isolated several clones which exhibited similar
cytolytic activity against both autologous and allogeneic tumor
cells (Table 4, Clone 1.6) and clones which, while exhibiting a
CD3+ CDS* phenotype, were noncytotoxic (Table 4, Clone

1.7). The presence of noncytotoxic CD3* CDS* cells may be

indicative of the loss over time of the cytolytic function observed
with the parental TAL 1 line (Fig. 4B) and with melanoma TIL
(5).

Of the resulting 18 clones from the TAL 8 system, 2 were
CD3* CDS*, whereas 16 were CD3* CD4*. Most of the CD3*
CD4* CDS" clones had no cytotoxic activity. One CD3* CD4*

clone (8.3) which exhibited non-MHC-restricted cytotoxicity is
presented in Table 4. However, two CD3* CDS* T-cell

clones isolated from this cloning exhibited preferential lysis
autologous tumor cells. To confirm that the finding of CD3*
CD4* cytotoxic effectors was not an isolated case restricted to
TAL 8, we isolated CD3* CD4* CD8~ clones from TAL 14.

TAL 14 cells were chosen for this purpose because they do not
share any of the HLA-A or HLA-B with the allogeneic ovarian
tumor line MDAH 2774 (A3, 24, B45, W57) while they share
HLA-A2 with a colon tumor cell line SW480 (HLA-A2, 2, B8,
17). None of these tumors expresses HLA-DR antigens. Results
from a representative experiment are shown in Table 6. Clone
14XC1 at an effectortarget cell ratio of 5:1 lysed autologous
ovarian tumor cells, allogeneic ovarian tumor cells that did not
share any presenting HLA molecule, and colon tumor cells with
equal potency; however, they did not lyse K562 or autologous
lymphocytes. Another CD3* CD4* clone, 14XC2, which has

shown minimal cytotoxicity against autologous tumor cells,
was tested in the same experiment and showed minimal lytic
activity against autologous or allogeneic targets. From the
results presented in Table 4 it is clear that bulk-cultured TAL
are more efficient effectors against autologous tumors than
TAL clones isolated at this cloning. Since the clones tested
were isolated early after recloning and have shown relatively
high rates of proliferation they may be of type II TAL according
to the recent classification of Kim et al. (16) (higher frequency
of proliferating TAL and low cytotoxicity). Further clonal
analysis studies of ovarian TAL are required to clarify this point
and address the function of CD3* CD4* cells in the ovarian

TAL system.

DISCUSSION

We performed for the first time a large case study to deter
mine whether long-term proliferating cultures of T-cells can be
developed from ovarian malignant ascites. We found that T-
cells from ascites are capable of proliferating in vitro and can
reach very high numbers, offering promise for adoptive immu-
notherapy studies. To achieve this, we removed excess tumor
cells from our samples and initiated most of the TAL cultures
in vitro with a mixture of 90% lymphocytes, 10% tumor cells,
and lower concentrations of IL-2 than previously used for
propagation of TAL. This approach has been successful in
preferentially expanding CD3* but not CD3~ cells in most of
the TAL cultures. Of these TAL, 7 CD3* CDS* CD4~ cell lines

Table 6 Lysis of autologous and allogeneic tumors by CD3* CD4* cloned

TAL 14
Targets (% of specific lysis)*-''

Effectors" TAL H-TU* 2774 SW480 K562 TAL 1

14XC1
14XC2

29
6

22
2

40
6

" Effectors were CD3* CD4* CDS' cloned T cells from TAL 14 cultured for

more than 80 days.
* Effectortarget cell ratio 5:1.
c One representative experiment of two performed is shown.
d Autologous tumor.
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have been developed. Five of these TAL lines expanded in
culture with rIL-2 as CDS* T-cell lines. Other CD3+ CDS*
CD4~ cell lines were established from TAL cultures; of these

one showed preferential killing of autologous tumor cells, and
another had a broader range of target specificity. This separa
tion was considered necessary because both CD3* CD4+ and
CD3* CDS* T-cells exhibited vigorous proliferation in com

plete medium with 100 units/ml rIL-2.
In defining the specificity of TAL-derived CTL we prefer to

use the term "preferential killing" instead of "specific killing."

We believe that these CTL lines express preferential killing of
autologous tumor when they share, in addition to the pheno-
type, a characteristic pattern of cytolytic activity (i.e., cytotox-

icity was greater against autologous tumor cells than that
against two allogeneic ovarian tumor cells, which was greater
than or equal to, in certain cases, the cytotoxicity against K562
cells). Additional evidence in support of the hypothesis that
these CD3* CD8+ CD4~ lines are CTL was provided by anti

body blocking studies. Antibodies to the TCR and CD3 on the
effector cells and to the MHC class I molecules on the autol
ogous target cells significantly inhibited the cytotoxicity me
diated by these cells. Further functional analysis of these CTL
indicated that these cells proliferated in response to the autol
ogous but not allogeneic tumor cells (data not shown). These
conclusions were strengthened by the isolation of CD3* CD8+
CD4~ T-cell clones from two TAL and the demonstration of

preferential cytolytic activity against autologous tumor cells at
the clonal level. In the same culture conditions PBMC from
the same cancer patients failed to generate tumor-reactive cul
tures. Cloning of PBMC autologous to TAL from two patients
indicated significantly lower proliferating T-cell frequencies in
PBMC cultures than in TAL.4

The observation that isolation of CDS* T-cell lines from
TAL cultures containing both CDS* and CD4* T-cells en

hanced both their lytic activity in absolute lytic units and
cytolytic specificity suggested that the activity of the tumor-
specific CDS* CTL could not only be diluted but also negatively

affected by the outgrowth of another cell population (Table 3,
TAL 4 and 8). These findings may suggest down-regulatory
influences of CD4* T-cells on CDS* T-cells as demonstrated

by recent findings in other systems (17, 18).
Our results suggest the presence in ovarian ascites of different

T-cell populations which are capable of mediating either spe
cific or nonspecific cytolytic activity. Most of the TAL cultures
that showed non-MHC-restricted cytotoxicity contain <50%
CD3* CDS* cells. Since the existence of NK effectors which
even at low concentrations (1-3%) can mediate non-MHC-
restricted cytotoxicity cannot be excluded, we analyzed at the
clonal level the existence of CD4* CTL. From the results

presented in Tables 4 and 6 it is very clear that both autologous
tumor-specific CDS* T-cells and non-MHC-restricted cytotoxic

CTL are present in the in vitro cultured TIL. The differences
between the cytotoxicity levels observed in bulk TAL cultures
and isolated CDS* and CD4* T-cells deserve further investiga

tion. In a very recent study Kim et al. (16) have distinguished
between three types of TAL. The fast-growing CTL clones also
showed low cytotoxicity. Elucidation of this phenomenon if
applicable in ovarian TAL will be the subject of future studies.

The function of CD4* T-cells in the ovarian TAL is not clear
at this time. It is also not clear whether cytolytic CD4* are

present and active in vivo or whether their function reflects
culture-induced changes in T-cell activation. Prolonged culture

' C. G. loannides and R. S. Freedman. unpublished observations.

of CD4* T-cells with IL-2 may lead to acquisition of lytic

function (30), and this may be associated with regulatory func
tions of cytotoxic (31, 32) and noncytotoxic CD4* T-cells (17,
18, 33). The presence of autoreactive CD3* CD4* CDS' cells
(30) and CD4* T-cells with regulatory function for CDS* T-

cells as demonstrated by Mukherji et al. (34) in melanoma may
also deserve further consideration in ovarian TAL.

Quantitative differences between the MHC-restricted and
non-MHC-restricted cytolytic activities were found in certain
TAL as a function of time in culture (22). It has been reported
that T-cells isolated from solid tumors (including ovarian) have
impaired growth characteristics and are functionally inhibited
(35, 36). Initial attempts to overcome their apparent inability
to grow in high concentrations of rIL-2 (1000 units/ml) have
led to lymphokine-activated killer cell-like activity (37, 38).

Our studies demonstrated that incubation with moderate
concentrations of rIL-2 and the initial presence of autologous
tumor cells in the cultures yield long-term growing CD3* CDS*
and CD3* CD4* cell lines. The overall increase in cell numbers
in our cultures resulted in significant numbers of CDS* cells
even though in certain cases the CD4* TAL expanded prefer

entially. These cells can be separated and propagated separately.
For example, TALs 5, 6, and 8 yielded 1-5x10' cells after 4-
6 weeks in culture with 100 units/ml IL-2. The CD3* CDS*
TAL represented 10-15% of these cells. Isolation of the CDS*
CTL may yield >100 x 10" CD3* CDS* cells which can be

further expanded in culture. In our preliminary experiments
CD3* CDS* cell lines isolated from TAL 4 and 8 increased in
numbers more than 29-fold in culture with 100 units/ml IL-2.
The outgrowth of CD3* CDS* CD4~ T-cell may also benefit

from the synergistic effects of IL-2 and TNF-Â«as suggested by
Wang et al. (29). When this manuscript was readied for publi
cation, Vaccarello et al. (39) reported that IL-2 and TNF-Â«
synergize in sustaining the long-term outgrowth of CD3* CDS*

TIL from solid ovarian tumors which expressed patterns of
lytic activity similar to those reported here. This finding
strengthens the hypothesis that functional CDS* CTL can be

expanded from ovarian malignancies.
In conclusion, our studies have demonstrated that lympho

cytes from malignant ovarian effusions can be propagated as T-
cell lines in long-term cultures. Therefore, ovarian ascitic tumor
may represent a novel model of study of tumor-lymphocyte
interactions and of the regulation of CTL function by cells and
lymphokines. Since the development of malignant ascites is
common to other malignancies, investigation of this model may
be beneficial for other human tumors. Thus, investigation of
cytotoxic and regulatory TAL may advance our understanding
of the phenomenon of cellular recognition in autologous human
systems.
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