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ABSTRACT

Adoptive cell therapy with various purified populations of human
lymphoid and monocytoid effector cells which have been in vitro activated
with recombinant interleukin 2 and -y-interferon was performed in an in

vivo nude mouse model of human ovarian cancer. Administration i.p. of
human interleukin 2-activated populations of large granular lymphocytes
resulted in a significant extension of mean survival time (30 to 60 days)
in this ovarian carcinoma model. In addition, T-cells activated with
interleukin 2, in a similar fashion to large granular lymphocytes, also
significantly prolonged survival of animals with ovarian carcinoma. In
contrast, monocytes, with or without 7-interferon activation, did not
improve survival of tumor-bearing mice. In vitro results using direct
isotopie release assays to measure efficacy of effectors against the ovarian
cancer cells before and after activation, especially the activated natural
killer cells, paralleled the effects on survival in the nude mouse model.
However, the results with T-cells were somewhat inconsistent in vitro
regarding their in vivo efficacy. We assume this is due to a delayed
generation of activated killing in T-cells that is generated in vivo. These
experimental results in this model system of human ovarian cancer
indicate that transfer of autologous activated cells may have a role in the
treatment of ovarian cancer patients.

INTRODUCTION

A variety of experimental models of human ovarian carci
noma have been examined in an effort to identify an optimal
system for studying the biology of this disease and to evaluate
the potential role of new therapeutic strategies. Both in vivo
and //; vitro systems have been used to study ovarian carcinoma;
human ovarian tumor xenografts in nude mice or immunode-
ficient animals (1-3) and growth of xenografts in privileged
sites (4) have been the most frequent in vivo models used.
However, none of these models has exhibited all of the features
of an ideal model of human ovarian carcinoma: (a) histopath-
ology consistent with human ovarian carcinoma; (h) a repro
ducible pattern of mÃ©tastaseswhich parallels the human disease
(5); (c) direct drug sensitivity profiles similar to the human
ovarian carcinoma; (d) immunological and biological proper
ties consistent with human ovarian carcinoma; and (c) markers
suitable for following response to treatment. Recently, a xeno-
graft model for human ovarian carcinoma, using a modification
of NIHrOVCAR-31 (6), was selected for growth in nude mice

and fulfills all of the above requirements for a model of human
ovarian carcinoma. The tumor cell is transplantable, grows
progressively in nude mice, and parallels the pathology of
human disease in animals by developing intra abdominal carci-
nomatosis with ascites, progressing to death due to respiratory
compromise and bowel obstruction. The details of this xeno-
graft model, regarding all of these criteria, have been described
previously (7).
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NK cells have recently been identified as a subpopulation of
normal lymphoid cells which are present in most mammalian
and avian species. NK cells have spontaneous cytotoxic reactiv
ity against a variety of tumor cells, and this reactivity can be
rapidly augmented by the in vivo or in vitro administration of
interferon (8). NK cells have been associated with a morpho
logically identifiable subpopulation of cells (LGL) which com
prise approximately 5% of the blood peripheral mononuclear
leukocytes. There is increasing evidence that NK cells may
mediate natural resistance /// vivo against tumor cells and may
play an important role in immune surveillance (8-10). NK cells
may comprise an early defense mechanism, which may be able
to act prior to the development of T-cell-mediated immunity
and may also be of particular importance in resistance to
metastatic spread of tumors (11-19). Since it does not share
the requisite lag period between exposure to foreign agents and
the development of specific immunity, the natural cellular im
mune system seems adequate to play an important role in
primary defense. The documentation of an in vivo role of NK
cells mostly relates to the demonstrated in vivo resistance of
rodents against the growth of NK-susceptible cell lines (11-
14). The major evidence has come from correlations between
resistance to in vivo growth of tumor cell lines and the levels of
NK activity in recipients. Therefore, LGL would be a logical
choice of an effector cell for adoptive cell transfer. In addition,
since augmented NK activity (14, 15) can be shown to be very
effective against primary tumor cells, they were used as com
pared with T-cells and macrophages as more classical potential
effectors of tumor immunity. With radiolabeled LGLs and T-
cell populations, less than 20% of the cells was found to migrate
from the peritoneal cavity within 24 h after inoculation (20).
However, RBC rapidly migrated into the peripheral blood.
Therefore, it appears that most of the injected lymphocytes
persist in the peritoneal cavity for long periods of time, increas
ing the likelihood for an effective antitumor reactivity in this
site.

In the present study we examined the possible therapeutic
efficacy of LGL, T-cells, and monocytes in an adoptive cell
immunotherapy model. In addition, the effect of preactivation
of these potential effector cells was examined. The use of IL-2,
generating LAK, has been shown to be active against tumor
cells both in vitro (15) and in vivo (21). A comparison between
LAK and IL-2 activated NK has been examined, especially ///
vitro.

MATERIALS AND METHODS

Ovarian Carcinoma Cell Growth. NIH:OVCAR-3 was initiated from
malignant ascites of a patient with common epithelial ovarian carci
noma. The characteristics of this cell have been described in detail
previously (7).

Ovarian Patient Blood. Mononuclear leukocytes were prepared from
SOml <>!'lii-parini/i-d peripheral blood from ovarian carcinoma patients.

Patients were selected on the basis of cycles of pelvic radiation. All
patients were tested 2 to 3 wk posttherapy.
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In Vivo Passage of Tumor Cells. NIH:OVCAR-3 was passaged in
vivo by i.p. inoculation of ascites into 6- to 9-wk-old athymic mice
(BALB/c genetic background) which are maintained in a specific-
pathogen-free animal facility at the National Cancer Institute-Frederick

Cancer Research Facility. The peritoneal cavity of animals with ascites
tumor was irrigated with sodium chloride solution (0.9%, w/v), and the
washings were combined with the ascites. The cell suspensions thus
obtained were centrifuged (300 x g at 4Â°Cfor 10 min), and the cell

pellet was resuspended in sodium chloride solution (0.9%, w/v), after
which aliquots were counted, as nuclei, on an electron cell counter
(Model ZB1; Coulter Electronics, Hialeah, FL). Passages 3 to 6 of
OVCAR were used for this study, with new stock being derived from
frozen passage 2 cells. Between 10' and IO8cells were injected i.p. into

subsequent recipients. Ascites cells were tested periodically by the
mouse antibody production test and by this criterion were deemed to
be negative for 13 mouse-associated viruses assayed by this procedure.

Isolation of LGL. Nylon wool nonadherent normal PBL were sepa
rated on discontinuous gradients of Percoli (Pharmacia, Sweden) (9).
Lymphocytes were removed by resetting with sheep RBC at 29Â°Cfor

l h (8). Cell preparations consisted of an average of 80 to 90% LGL,
as determined by morphological analysis on Giemsa-stained cyto-
preparations (8), and were 75% OKM1+ (10), 80 to 85% B73.1* (22),
and <5% OKT3* (10), as determined by flow cytometry. T-cells were
collected from high-density fractions (9) and consisted of <2% B73.1+,
>95% OKTir, and >95% OKT3+ cells (10). Blood monocytes were

prepared by elutriation as previously described and were greater than
90% pure by esterase staining, Wright's staining, and latex bead inges

tion (23-25).
Culture Medium. Complete medium was RPMI1640 (Biofluids, Inc.,

Rockville, MD), supplemented with 10% human AB serum (M. A.
Bioproducts, Walkersville, MD), 0.1 M nonessential amino acids
(GIBCO, Grand Island Biological Company, Grand Island, NY), 2 M
sodium pyruvate (GIBCO), 4 M glutamine (NIH media unit), and
gentamycin (50 //n ml) (Sigma, St. Louis, MO).

Activation of Effector Cells. LGL or T-cells were pretreated for 24
to 72 h at 37'C at a concentration of 1 to 2 x IO6cells/ml in complete

medium containing recombinant IL-2 (1000 units/ml) (Biogen, Inc.).
Monocytes were activated for 24 h with IFN--y (100 units/ml) (recom
binant IFN-y, Biogen, Inc.). Monocytes prepared from counterflow
elutriation were activated in Teflon labware as previously described (24,
25). Effector cells used for direct cytotoxicity determination were
washed twice in complete medium containing 10% human serum ad
justed to desired effector cell ratio for cytotoxicity assay and then
assayed for cytolytic activity. Cells pretreated for in vivo adoptive cell
transfer experiments were washed twice in Ca2*- and Mg2+-free Hanks'
balanced salt solution and resuspended to 1 x IO7 cells/ml for in vivo

administration.
Cytotoxicity Assay. Effector cells were tested in an 18-h 51Cr cyto

toxicity assay (8) against K562 (derived from a patient with chronic
myelogenous leukemia in blast crisis) and OVCAR-3. Significant '< r

release was observed at 4 to 6 h. However, maximal lysis was demon
strated at 18 h. Therefore, for comparative purposes the longer assay
was routinely used.

Target cells were labeled for 1 h at 37Â°Cwith 100 Â¿iCiof 51Cr(New

England Nuclear). The effectontarget ratio varied from 100:1 to 3:1
depending on the available number of effector cells. Cytotoxicity was
determined by the amount of "'( 'r released from target cells, according

to the formula

i pin in experimental wells
- cpm in wells with target cells alone

% of specific lysis = *â€”. â€”â€” x 100
cpm incorporated in target cells

A 6% increase in isotope release above base line was statistically
significant at P < 0.05 (Student's t test).

Data Analysis. Survival data were statistically compared using the
Mann-Whitney / test. Nonparametric ranking analysis compared the
survival time of individual animals in each experimental group relative
to the Hanks' balanced salt solution control group.
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Table 1 Relationship between survival and dose of OVCAR-3 cells

Dose of OVCAR-3
(XIO-*)0.5

1.0
5.0

10.0Mean

survival time
(days)"43.7

42.3
38.7
34.7

" Six mice per group.

RESULTS

Characteristics of NIH:OVCAR-3 in Vivo Growth. In order
to determine the survival time in animals relative to the dose
of OVCAR-3 cells, a titration of tumor cell dose relative to
survival time was performed. Table 1 summarizes the results of
this experiment where escalating doses from 5 x IO5to 1 x IO7
tumor cells were injected i.p. into specific-pathogen-free nude
mice. Animals were then examined weekly for the appearance
of ascites as well as survival time. Routinely animals were
autopsied upon death to determine organ involvement (lungs,
spleen, liver, kidney, heart) and the presence of bulky carcinoma
in the peritoneal cavity. As shown, the mean survival times of
6 mice per group varied from 43.7 days with the lowest dose (5
x 10*) to 34.7 days with 1 x IO7cells. In all animals examined,
the tumor retained the morphological characteristics (see "In
troduction" and Ref. 7) of the original sample. The tumor

remained confined to the peritoneal cavity and produced vary
ing amounts of ascites. There were multiple small growths on
peritoneal surfaces as well as extensive bowel involvement
leading to obstruction from bulky tumors.

Effect of Adoptive Cell Transfer on Survival. In order to
examine the therapeutic efficacy of activated cells transferred
to tumor-bearing mice, an adoptive cell therapy protocol model
was examined. Fig. 1 diagrams the experimental approach in
which 1 x IO7ovarian carcinoma cells were injected i.p. on Day
0. Twenty-four h later, and repeatedly at 7-day intervals to Day
28, animals were either given i.p. injections (total volume, 1
ml) of cells which were untreated or pretreated with various
lymphokines (see "Materials and Methods"). Preliminary data

indicate that activated effectors must be given within the first 4
days to see therapeutic efficacy (data not shown). Experiments
are presently under way to examine delaying therapy and intro
ducing chemotherapy to minimize disease. After the 28-day
administration animals were given no subsequent injections.
They were then followed for the appearance of abdominal
swelling as well as their survival time.

Table 2 is a summary of the results of a typical experiment
examining the mean survival time of adoptive cell transfer of
cell populations. The survival times of animals given injections
of OVCAR-3 in the control and the lymphokine-treated animals
were not significantly different. Animals that were given injec
tions of 5 doses of untreated LGL with or without IL-2 simul
taneously i.p. demonstrated no significant increase in mean or
median survival time. However, animals that were given mul
tiple injections of both IL-2 and IL-2-pretreated LGL demon-

| Tharopy Period 1

Observation Period

ITumor Injection

Fig. I. OvarÃancarcinoma therapy protocol model for activated cell transfer
treatment.
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Table 2 Effect of adoptive cell transfer of human effector cells plus IL-2 on
OVCAR-ÃŒ

70-1

AdministeredasGroup*ControlIL-2LGLLGLLGLLGLT-cellsT-cellsT-cellsT-cellsMacrophagesMacrophagesPBLPBLPretreat

mentdosesIL-2IL-2IL-2IL-2IFN-7IL-2IL-2Addition

to
cells doses

(10,000units/mouse)IL-2IL-2IL-2IL-2IL-2IL-2Mean36.437.535.539.941.461.0*37.235.742.564.2"35.542.538.560.0*Survival

timeMedian353636404260*37363961*37413660*Range(31-47)(31-45)(32-39)(33-44)(35-48)(46-90)(30-44)(30-42)(33-47)(48-81)(31-42)(37-48)(32-40)(58-64)

" Each group contained 15 animals. Animals were given 5 x 10" cells per
treatment. The schedule of treatment and dose of IL-2 are as shown in Fig. 1 and
in "Methods and Materials."

* Significantly different from control as determined using Mann-Whitney

nonparametric analysis.

strated a significant increase in the mean survival time. All
animals in this group survived for 46 days or longer, which was
longer than in any other group.

Adoptive Transfer of Leukocyte Subsets. Because of these
results with NK cells, it was considered important to compare
the possible contribution of other effector cells in resistance to
growth of this ovarian carcinoma cell line. Table 2 demonstrates
the effects of other human leukocyte subsets on the survival of
animals given injections of the ovarian carcinoma cell line.
Similar to LGL, when T-cells were used a significant extension
in mean and median survival time was only seen with 112
activated T-cells plus additional IL-2. Injection with lympho-
kines (IL-2 or IFV-, ) alone induced no significant extension of

survival time (Table 2; data not shown). Monocytes activated
with IFN-7 demonstrated a small but insignificant increase in
the mean (and median) survival time. Therefore, both the NK
cells (LGL) and T-cells were capable of extending survival time
by approximately 30 days in animals given injections of a lethal
dose of OVCAR-3 cells.

Direct Lysis of Activated Leukocytes. Since previous studies
have demonstrated that LGL are capable of mediating direct
cytolysis of both allogeneic and autologous primary tumor cells,
it was of interest to examine various effector cell populations
for the ability to mediate cell lysis against this OVCAR-3
carcinoma. Therefore, ovarian carcinoma cells from ascites
were taken and examined using human effector cells in a direct
18 li "''( Yrelease assay. Results of these studies are summarized

in Fig. 2.
All effector cells were activated by pretreatment at 37"C for

24 h prior to analysis. The majority of the cytotoxicity dem
onstrated against the ovarian carcinoma in an 18-h assay was
mediated by the LGL. Similar patterns of cytotoxic activity
were seen in 6-h assays, but levels of lysis against the OVCAR
cells were generally one-half. Low but significant levels of lysis
were consistently seen with untreated LGL; however, significant
augmentation of effector cell function was observed after over
night pretreatment of these effector cells with IL-2. In contrast,
T-cells, with or without IL-2 pretreatment, or macrophages,
with or without IFN--y activation, demonstrated little or no

cytotoxic activity. Therefore, the major immediate effector ac
tivity in the in vitro assay appeared to be mediated by LGL.

In the in vivo studies it was possible that some of the resist

100:1 33:1 11:1
Effector-forget Ratio

Fig. 2. Direct cell lysis by human effector cells of OVCAR-3 ascites. Shown
are various effectontarget cell ratios versus percentage of specific lysis above
median control with untreated LGL (O), IL-2-activated LGL (â€¢),T-cell-unacti-
vated (D), T-cells activated with IL-2 {â€¢).monocytes unactivated (A), and mac
rophages activated with IFN-y (A).

100:1 33:1 3:1
EffectonTorget Ratio

Fig. 3. Direct cell lysis by human and mouse effector cells of OVCAR-3
ascites. Shown are various effectontarget cell ratios versus percentage of specific
lysis above median control with LGL plus IL-2 (O), T-cells plus IL-2 (â€¢),
macrophages plus UN-, (D), mouse spleen cells activated with polyinosinic-
polycytidylic acid (â€¢),and mouse PEC activated with Corynebacterium pun-urn
(A).

ance to tumor growth was mediated by effector cells of the nude
mice. Therefore, experiments were performed to examine the
level of reactivity of mouse effector cells, either activated or
untreated against the primary OVCAR-3 cell line in an 18-h
"Cr release assay. Fig. 3 demonstrates a typical result of this

type of experiment. No significant cytotoxic activity was seen
in multiple experiments using mouse spleen cells or PEC which
had been activated with polyinosinic-polycytidylic acid stabi
lized with poly-L-lysine and solubilized in carboxy methyl cel
lulose. In other experiments, unactivated mouse spleen or PEC
demonstrated no significant cytotoxic activity against human
ovarian carcinoma cells (data not shown) and rule out the role
of natural effector cells in the nude mice.

Activity of Ovarian Patients. In order to evaluate the potential
of this approach for the therapy of patients with ovarian carci-
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noma, it was important to determine if the peripheral leukocytes
of such patients have effector cell activity. Since ovarian carci
noma patients often receive chemotherapy and/or radiation
therapy, the effects of these treatments on the circulating num
ber of leukocytes were examined. We found that in Patients 1,
2, and 3, cells collected prior to radiation therapy had sufficient
numbers and significant killing of K562 (the standard NK
target) and low-level reactivity against the OVCAR-3 in an 18-
h 5lCr release assay (Table 3). However, patients receiving
increasing cycles of radiation therapy developed a marked leu-

kopenia with a marked decrease in the levels of NK reactivity
against either K562 or OVCAR-3. In addition, two patients, 5
and 8, had insufficient cells in the circulation to test for NK
reactivity after receiving radiation therapy.

Activated Effector Phenotype. In order to analyze progenitor
and effector cells involved in generation of LAK against ovarian
tumor cells, leukocyte populations were fractionated and tested
for their ability to generate cytotoxicity. To characterize the
active precursor cells capable of generating LAK, Percoli sub
sets of PBL were further enriched: LGL for expression of Leu
11 and NKH1 or T-cells for OKT8. Examination of the LGL
enriched population demonstrated that both Leu 11' and Leu
11" LGL were capable of generating LAK activity against the

ovarian carcinoma cells to a similar degree. Interestingly, ex
amination of the T-cell population for the cytotoxic/suppressor
subset demonstrated consistently that the T3+ T8~ population

was responsible for all of the LAK activity (Table 4, Experi
ments 1 and 2). Experiments performed to analyze the effector
phenotype of LAK cells were performed from unseparated
lymphoid cells (Table 5). The data represented were obtained

Table 3 NK reactivity of ovarian carcinoma patients

Table 5 Ability of various lymphoid subsets to mediate LAK against ovarian
tumor targets

Patient1

2
3
4
5
6
7
8Radiation

therapyPre

PrePre1

cycle
2 cycles
2 cycles
3 cycles
4 cyclesTotal

WBC recovery
x 10-*100

5550

48
10
36
26
15NK

reactivity"toK56238.7Â«

39.2*
42.7*
19.7*
NT*

0.1
0.7
NTOVCAR-313.7*

14.2*
21.3*

1.5
NT
2.2
0.9
NT

* Tested at an effectortarget ratio of 50:1 in a 6-h "Cr release assay.
* Statistically significant where P < 0.05 relative to medium control.
" NT, not tested due to insufficient cell numbers.

Table 4 Ability of various lymphoid subsets to generate LAK against ovarian
tumor targets

Markers*Effector

population"Experiment

1PBLLGL

(E-)LGL-Leu
11*LGL-Leu

11'T-cellsT8*T8-Experiment

2PBLLGL

(E-)LGLNKH1*LGLNKH1-T-cellsLeu

489<1<210>95>95>9587<14<198Leu2Câ€”â€”â€”38895288693833Leu1197891<2<1<1<1â€”â€”â€”â€”â€”NKH11183968<1<1<1985935<1Ovarian

carcinoma,
lytic units
(30%)/107101811752088<1101.078691611.7

â€¢Effector cells from PBL, LGL [erythrocyte-rosette depleted (E~) and anti
body-selected subsets (Leu*/Leu 11")], and T-cells (T8*/T8~) were separated on
Day 0 and cultured for 3 days in IL-2 (1000 units/ml).

Markers refer to phenotype on Day 3.

Marker*Effector

population'Unseparated

lymphocytes
T3+
T3-
T8*
T8-1.1-114959814

97
96Leu

2343667

87
12Leu

1151fNKH178

9724Ovarian

carcinoma
lytic units
(30%)/1075.912

60
<128

c â€”,not tested.

" Effector cells were separated on Day 3.
* Markers refer to phenotype on Day 3.
c â€”,not tested.

after 3 days of IL-2 culture of mononuclear cells. Cultured
effector cells were then divided in T3+ or T3~ or T8+ or T8~

subpopulations. Analysis of the cytotoxic activity of these var
ious subsets against fresh ovarian tumor cells demonstrated the
highest level of activity against all three targets mediated by the
T3~ lymphocytes. Interestingly, a high percentage (97%) of
these T3~ cells bears the NKH1 marker. In contrast, the T3+

lymphocyte subsets demonstrate low but consistent cytotoxic
activity. The T8+ lymphocyte subsets contributed no cytotoxic

activity against the ovarian tumor cells. These results are dif
ferent from previous reports (15, 26), and they are currently
being examined in greater detail.

DISCUSSION

The results using this in vivo human ovarian carcinoma (7)
have clearly demonstrated that this tumor line is a useful model
for the evaluation of the efficacy of adoptive cell transfer. The
results have demonstrated that both human IL-2-activated LGL
(NK cells) and IL-2-activated T-cells are capable of inducing
significant extension of survival in nude mice with human
ovarian carcinoma. It should be noted, however, that with both
LGL and T-cells the administration of activated cells without
additional IL-2 injections did not result in a significant exten
sion of survival. Therefore, the simultaneous treatment with
effector cells and IL-2 was required. In addition, it should be
noted that no cures were demonstrated, only the extension of
survival time. However, in this experimental system, large
numbers of tumor cells (IO7 or greater) were present in the

peritoneal cavity, and limited numbers of allogeneic effector
cells (5 million) were administered, resulting in less than a 1:1
effectontarget ratio in vivo. In addition, it is apparent that more
than one type of effector cell may be involved in vivo in this
model of ovarian carcinoma. These effector populations dem
onstrated high levels of killing against K562 cells (data not
shown) prior to activation and based on morphological and
surface phenotypic criteria were >80% NK cells. Presumably
NK cells, because of their preexisting cytolytic activity as dem
onstrated in direct cytotoxicity assays in Fig. 2 and repeatedly
in direct assays using fresh LGL against OVCAR cells (data
not shown), act immediately against the ovarian carcinoma
cells. However, maximal activation, as evidenced by maximum
survival time, was maintained only when cells were adminis
tered in the presence of IL-2, which is presumably capable of
maintaining activity in the peritoneal cavity. In contrast, the
efficacy of the T-cells may be explained by the hypothesis that
the administration of T-cells in the presence of IL-2 provides
the proper environment for the generation of cytotoxic T-
lymphocytes. Although 24-h IL-2-pretreated T-cells had no
detectable direct activity against the ovarian carcinoma cells,
cytotoxic T-lymphocytes may have developed in the peritoneal
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cavity as a result of antigenic stimulation in the presence of IL-
2. These results indicate that initially noncytolytic cells are
important in mediating this tumor cell rejection, presumably
due to their development of cytotoxic activity in vivo.

Although direct cytotoxic results demonstrated that 1-day-
activated T-cells did not demonstrate direct cytotoxic activity,
extended culture of 72 h or beyond with recombinant IL-2
showed that T3+ cells were capable of demonstrating significant
cytotoxicity. However, analysis of subsets from LAK-stimulated
cells demonstrated that the nature of the effector phenotype
indicated that more than one effector cell population was in
volved in generating the LAK activity. Clearly the T3+ T8~ cell

contributes both as a progenitor and as an effector cell in LAK
activity. However, in addition, the LGL population, which is
T3~ T8~ and bears the Leu 11 and NKH1 markers, contributed

much of the IL-2-generated LAK activity and therefore is
consistent with the in vivo data. These results would indicate,
and are consistent with, the concept that LAK is not generated
from a unique precursor or mediated by a unique effector cell
but rather that LAK cells are generated from different lympho
cyte precursors and that the cytotoxic effector function consists
of at least two different cell types which contribute to the overall
cytotoxicity.

This nude mouse ovarian model has provided an excellent
opportunity to examine the possible value of adoptive cell
transfer as a novel approach to the therapy of ovarian carci
noma. Many patients with ovarian cancer after induction chem
otherapy have residual disease documented at second-look sur
gery. Chemotherapy i.p. or radiation therapy has been used in
this group of patients, but the clinical utility of this procedure
remains to be established. The encouraging results seen with
the LGL and T-cell adoptive therapy in the nude mouse may
lead to an additional form of therapy for ovarian carcinoma
patients. Since the patients examined prior to X-irradiation
therapy, although limited in number at the present time, did
demonstrate significant NK reactivity in the circulation both
against the ovarian carcinoma cell line as well as KS62, i.p.
therapy with adoptive cell transfer in ovarian carcinoma pa
tients may be feasible. By using continuous flow cell separation
techniques, large quantities (greater than Id1") of autologous

cytotoxic lymphocytes could be administered for autologous
i.p. therapy. However, it is critical that this adoptive cell therapy
be performed when tumor burden is minimal, but prior to
irradiation therapy initiation, since any attempts to recover
circulating white cells from postirradiation therapy patients
might result in insufficient numbers of cells for adoptive cell
therapy. IL-2-augmented NK cells have been directly shown to
be capable of lysing K562 and the ovarian carcinoma cell line.
The nude mouse ovarian carcinoma model may be a good
predictive system for other biological response modifiers due
to the lack of lymphoid effector cells in the peritoneal cavity.
In fact, mouse models (20) have demonstrated that adoptive
transfer of lymphoid cells into the peritoneal cavity results in
long periods of residence of these transferred cells with limited
migration out of the peritoneal cavity. Therefore, the trans
ferred lymphoid cells have a contained area and should be
capable of minimizing residual disease after chemotherapy.
Promising results were obtained in survival experiments in the
xenogeneic nude mouse model of ovarian cancer. Human effec
tor cells, especially LGL and T-cells together with IL-2, when
administered i.p. weekly for 5 doses subsequent to i.p. tumor
inoculation of the human ovarian carcinoma cells, were capable
of extending survival. IL-2 has already been demonstrated to
have potent immunoregulatory effects in both animal experi

mentation (11-13, 16, 19) and in human studies (11, 14, 15,
17, 18) performed in vitro and now in vivo in human adoptive
cell transfer experiments (21, 26, 27). It seems quite possible
that i.p. inoculation of IL-2 in conjunction with autologous
cells might provide a useful therapy for the treatment of selected
patients with ovarian carcinoma. IL-2 has been described to
activate lymphoid cells termed "LAK cells" (15), which are

capable of adoptive immunotherapy (21, 26, 27). This immu-
notherapy is especially feasible because of the availability of
recombinant IL-2 and the experience being gained currently in
the use of this material in clinical trials in cancer patients and
in patients with acquired immunodeficiency syndrome.
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