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ABSTRACT
A bispecific Hah'), fragment with anti-CD3 and antitumor specificity

was used to target activated human peripheral blood lymphocytes (PBL)
against OVCAR-3 human ovarian carcinoma cells growing i.p. in athymic
mice. Mice were given injections of OVCAR-3 cells on day 0 and treated
with i.p. injections of activated PBL coated with the |anti-CD3 (TR66) x
antitumor (MOvlS)) bispecific F(ab')2 on day 4, using an approximate

effectontarget ratio of 1:1. Treatment was evaluated for the ability either
to block tumor growth at 15 days or to prolong survival of tumor-bearing
mice. After 15 days, the incidence of mice with tumor growth was 20%
among those given PBL coated with bispecific F(ab');, whereas the

incidence among mice untreated or treated with PBL alone or PBL with
either parental antibody ranged from 80 to 94%. The mean survival time
of tumor-bearing mice treated with PBL and bispecific F(ab'). was 104

days, which was 3.5 times that of untreated mice and twice that of mice
given PBL alone or PBL with either parental antibody. These results
provide support for the concept that treatment of ovarian cancer patients
with targeted I -cells could prove beneficial.

INTRODUCTION

Lymphocytic and myeloid effector cells can be directed by
bispecific antibodies to lyse or block the growth of tumor cells
(1-3). A particularly potent group of cytotoxic cells includes
several T-cell subsets, all of which can be retargeted against
tumor cells with bispecific antibodies having specificity for the
T-cell receptor/CD3 complex on the effector cell, and a tumor
antigen on the target cell (4-6). Because of their remarkable
ability to specifically kill tumor cells in vitro, several laborato
ries have developed procedures by which effector cells that are
retargeted by bispecific antibodies might be used to treat tumors
in cancer patients. Most of these studies have used mouse
models (7-12), but one group has reported having some success
in treating glioblastoma patients with T-cells targeted with

bispecific antibodies (13).
Bispecific antibodies have been produced by a variety of

procedures, including random chemical cross-linking of MAbs3
via lysyl residues (4, 5, 14-19), specific cross-linking of F(ab')

fragments by hinge sulfhydryl residues (20,21), and by isolating
hybrid antibodies from products secreted by hybrid-hybridoma
cells (22-24). In this study we tested the second type of prepa
ration, a bispecific F(ab')2, with anti-CD3 and anti-human

ovarian carcinoma activities, for the ability to block the i.p.
growth of human ovarian tumor cells in athymic mice. Using
the ovarian xenograft model, we showed previously that human
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PBL in the presence of randomly cross-linked bispecific anti
bodies could inhibit the growth of an established tumor (12).
We show here that PBL and a bispecific F(ab')2 enhance the
long-term survival of athymic mice bearing established human

ovarian carcinoma.

MATERIALS AND METHODS

Monoclonal Antibodies. The following MAbs were used for this study:
MOvlS (anti-ovarian carcinoma) (25), purified from ascitic fluid by
protein A-Sepharose affinity chromatography; TR66 (anti-CD3) (23),
kindly provided in purified form by Dr. A. Lanzavecchia (Basel Institute
for Immunology, Basel, Switzerland); OKT3 (anti-CD3) (26) and 3G8
(anti-CD 16) (27) purified from ascites as described (14); and anti-Leu-
M3 (anti-CD 14) (28), purchased from Becton Dickinson Immunocy-

tometry, San Jose, CA.
Preparation of F(ab')2 Fragments. F(ab')2 from MOvlS and TR66

(both IgGl) was prepared essentially as described by Parham (29).
Briefly, the purified MAbs were incubated for 5 h at 37Â°Cwith pep-

sin:immunoglobulin, 3:100 (w/w), pH 4. The reaction was stopped by
adding 1 M Tris base to a final pH of 7. The F(ab')2 fragments were

separated from the reaction mixture by elution with a linear salt
gradient (0-0.4 M NaCl) on a fast protein liquid chromatography HR
5/5 MONO-S column (Pharmacia LK.B Biotechnology, Inc., Piscata-
way, NJ). The F(ab')2 fragments were then analyzed by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis using a Pharmacia Phast
System and by gel filtration using a TSK-3000 high performance liquid
chromatography column (Bio-Rad, Richmond, CA). Yields were typi
cally 40-50% of the theoretical maximum, and purified fragments were
devoid of detectable amounts of intact IgG.

Preparation of Monomeric Bispecific Antibodies. Monomeric bispe
cific l-'(ab'): were prepared by a method similar to that of Glennie et
al. (21). F(ab')2 fragments were concentrated to 20 mg/ml and ex

changed into 50 mM sodium borate, pH 8-100 IHMNaCl-1 IHMEDTA
using an Amicon (Beverly, MA) filtration apparatus. They were next
reduced to the F(ab')-SH by adding 20 mM cysteine for l h at 37Â°C.
The two F(ab')-SH preparations were cooled to 4Â°Cand then passed

through a Bio-Gel P-6DG gel filtration column (Bio-Rad) equilibrated
with 50 min ammonium citrate, pH 6.3-100 mM NaCl-1 mM EDTA.
A 30-fold molar excess of bis-maleimidomethyl ether dissolved in
dimethylformamide (50 mM solution) was added to the MOvlS F(ab')-

SH, and after 10 min at room temperature the reaction mixture was
passed through a P-6DG column equilibrated in the same buffer. The
MOvlS F(ab')-bis-maleimidomethyl ether and the TR66 F(ab')-SH

were then immediately mixed at a molar ratio of 1:1. After l h of
incubation the reaction was stopped by addition of 1 mM 5,5'-di-
thiobis(2-nitrobenzoic acid). F(ab')2 was separated from unreacted Fab'

and the residual reactants using a Sephacryl S-200 (Pharmacia) column
equilibrated in PBS. The separation of bispecific from monospecific
F(ab')2 was achieved by hydrophobic interaction chromatography on a

TSK Phenyl 5-PW high performance liquid chromatography column
(Bio-Rad) using a linear salt gradient (1-0 M ammonium sulfate).
Binding activity of bispecific F(ab')2 fragments was tested by incubating

the preparations with either PBL (for the anti-CD3 component) or
IGROV1 or OVCAR-3 (for the MOvlS component), followed by
staining with fluorescein isothiocyanate-goat anti-mouse F(ab')2. Flu-
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orescence was measured using a FACScan flow cytometer with CON
SORT 30 software (Becton Dickinson).

Target Cells. In this study we used two human ovarian carcinoma
lines: IGROV1 (30), a gift from Dr. J. Benard (Institute Gustave
Roussy, Villejuif, France); and OVCAR-3 (31). IGROV1 was main
tained in vitro in RPMI 1640 supplemented with 0.6 mg/ml ululami no,
0.1 mg/ml penicillin, 0.27 mg/ml streptomycin, and 5% heat-inacti
vated fetal bovine serum (culture medium). OVCAR-3 was passaged in
athymic nu/nu mice in the pathogen-free DCBDC Animal Holding
Facility (NCI-Frederick Cancer Research Facility, Frederick, MD).
Because of clumping, numbers of OVCAR-3 cells were determined by
counting nuclei as described (12).

Isolation and Activation of PBL. Human peripheral blood mononu-
clear cells were isolated from the blood of leukapheresed healthy donors
by Ficoll-Hypaque density gradient centrifugation. Monocytes were
removed either by Sepracell-MN density gradient (32) or by plastic
adherence (l h at 37Â°C)followed by nylon wool adsorption (33). We

were unable to detect monocytes in the PBL using flow cytometry with
anti-LeuM3 following depletion by either procedure. For activating T-
cells, OKT3-coated flasks were prepared as follows: flasks (175 cm2;

tissue culture grade) were incubated under sterile conditions for 3 h at
room temperature with OKT3 at 30 ^g/ml in 30 ml sodium borate
buffer (pH 8.5), washed 3 times with culture medium, and left in
medium for l h before use. PBL were cultured (37"C, 5% CO2) for 3
days at 1 x 106/tnl in the coated flasks in 200 ml culture medium
containing 100 units/ml recombinant IL-2 (Cetus Corporation, Emery
ville, CA). The PBL were then removed from the OKT3-coated flasks,
washed, and cultured in medium containing 100 units/ml recombinant
IL-2 for at least 24 h before use in order to allow reexpression of CD3
molecules by T-cells. Activated PBL used in antitumor tests were
greater than 90% CD3 positive and less than 1% CD 16 positive by
flow cytometry.

In Vitro Cytotoxic Assay. A standard 4-h 5lCr release assay was used
with IGROV1 target cells in U-bottomed 96-well plates (34). After "Cr
labeling, target cells (5 x 103/well) were incubated in triplicate with
different concentrations of effector cells and antibodies. OVCAR-3
cells, freshly collected from tumor-bearing mice, were cultured in vitro
for 3-5 days before the assay. "Cr-labeled OVCAR-3 cells (1 x IO4/

well) were incubated as described for IGROV1 but for 18 rather than
4 h. For both sources of target cells the spontaneous release of "Cr,

determined by incubating the labeled cells for 4 (IGROV1) or 18
(OVCAR-3) h with medium alone, was <10%. The maximum "Cr
release was determined by lysing cells in 2% Triton x-100. The per
centage of specific lysis was calculated as

100
Experimental released cpm - spontaneous released cpm

Maximum released cpm - spontaneous released cpm

In Vivo Experiments. Pathogen-free, 7-12-week-old female athymic
nu/nu mice were obtained from the NCI-Frederick Cancer Research
Facility. The mice were housed in laminar flow racks and received
autoclaved food and water. Age-matched mice were given i.p. injections
of 0.5 ml of PBS containing 1 x IO7OVCAR-3 cells on day 0. On day

4 the mice were treated i.p. over a 4-h period, with 2 equal doses of
1.4-1.5 x IO7 viable PBL alone or PBL pretreated with the bispecific

antibodies or the control antibodies. PBL from only one donor were
used for each experiment and a different donor was used for each
experiment. PBL were pretreated with antibodies by resuspending the
cells in 300-400 Â¿tlof PBS and maintaining them for 1 h on ice with
or without 5 ^g of antibody/IO7 PBL, a saturating dose. PBL were then
diluted in PBS to 3 x IO7ml and injected into the mice without removal
of the unbound antibody. For the short-term experiments, mice were
sacrificed 15 days after tumor injection, and the treatment was evaluated
by determining whether mice had detectable peritoneal tumor, which
grows primarily in ascites form ( 12). To this end, the peritoneum was
lavaged with 15 ml of PBS (3 cycles of 5 ml each) and after centrifuging,
the cell pellet was evaluated microscopically. For the long-term exper
iments, survival of mice was followed over a 5-month period.

Statistical Analysis. Each of the in vivo experiments included the
following groups of tumor-bearing mice: untreated, treated with PBL

alone; or treated with PBL mixed with bispecific or control MAbs.
Some experiments were excluded for either of two predetermined
reasons: (a) to ensure the adequacy of the tumor preparation, we
excluded the experiments in which less than 86% of the untreated mice
developed tumors (P < 0.05 by the Fisher exact test), a level based on
our historical control for OVCAR-3 (12). Only 1 of the 15 short-term
experiments was excluded for this reason; (b) to better discriminate
between the effects of PBL alone and PBL with antibody, we also
excluded from the evaluation those experiments in which the natural
killer-like activity of PBL alone was able to block tumor growth in
more than 14% of the treated mice (P < 0.05 by the Fisher exact test).
Three of the 15 short-term experiments and 1 of the 4 long-term
experiments were excluded from the data evaluation on this basis. For
statistical analysis of the short-term experiments that passed the two
exclusion criteria described above, the cumulative incidence of tumor-
positive mice in the groups treated with PBL and antibodies was
compared to that in groups treated with PBL alone using a standard x2
test. For the long-term survival experiments the log rank test (35) was
used to compare the survival curves.

Pathology. Mice bearing OVCAR-3 were sacrificed 4 days after
tumor injection. The peritoneal cavity was washed with 50 ml of PBS
and selected organs were removed and washed in PBS to remove all
detactable tumor cells. After fixation in Bouin's solution, organs were

embedded in paraffin wax. Five-Mmsections were prepared and stained
by a standard peroxidase method (36), using an anti-human cytokeratin
antibody (No. 18; Boehringer Mannheim, Indianapolis, IN).

RESULTS
Anti-CD3/Antitumor Bispecific F(ab')2 Preparation. A mon-

omeric bispecific F(ab')2 was constructed from TR66 (anti-

CD3) and MOvlS (antitumor) by a modification of the method
of Glennie et al. (21). In this procedure, Fab' fragments from

each of the two parental MAbs are covalently linked via their
hinge sulfhydryl residues using a bis-maleimide reagent. Since
TR66 F(ab')2 and MOvlS F(ab')2 are easily separated by hy-

drophobic interaction chromatography, this method was used
to purify the hybrid F(ab')2 from the two parentals (Fig. \A).

Parental antibodies (fractions 20-35 and 50-70) resulted from
incomplete reduction of their F(ab')2 fragments during the

preparation. Two peaks and a trailing shoulder eluted between
the positions of the parental antibodies. From these, three
different pools were prepared: pool A, fractions 40-45; pool B,
46-49; and pool C, 50-52. The parental antibodies and the
three pools were analyzed by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (Fig. 1,5 and C). Under nonreducing
conditions (Fig. IB) the parental F(ab')2 fragments and the

three pools showed a band with an apparent molecular weight
of 110,000. Furthermore the pools (Fig. I, Lanes 3-5) exhibited
three other bands : one at about M, 83,000, probably corre
sponding to F(ab')2 material lacking a light chain; one at M,

25,000 corresponding to free light chain; and one at about M,
160,000 corresponding to F(ab')3 material. Pool C (Fig. 1, Lane

5) showed three more bands, corresponding to higher molecular
weight species. Under reducing conditions (Fig. 1C), MOvlS
F(ab')2 showed a single band (M, 25,000) corresponding to

overlapping light and Fd chains (Fig. 1, Lane /), while TR66
F(ab')2 gave resolved light chain and Fd bands (Fig. 1, Lane 2).

Pools A, B, and C (Fig. 1, Lanes 3-5) exhibited two main
bands, one corresponding to light chain (M, 25,000) and a
second corresponding to thioether-linked Fd chains. In pool C
(Fig. 1, Lane 5), higher molecular weight material was also
readily apparent, presumably representing higher degrees of
thioether cross-linking of Fd chains.

Activity of Bispecific F(ab')2- The binding activity of the three

pools was tested by flow cytometry on activated human PBL
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Fig. 1. Characterization of bispecific F(ab')3. A, hydrophobia interaction chro-
matography elution profiles of parental F(ab')2 fragments ( : TR66. frac
tions 20-35; MOvlS, fractions 50-70) and of the conjugation mixture after
partial purification by gel filtration on Sephacryl S-200 ( ). B and C sodium
dodecyl sulfate-polyacrylamide gel electrophoresis analysis of parental F(ab')2

fragments and pools taken from the intermediate region of the hydrophobic
interaction chromatography profile. B, nonreducing conditions, 7.5% polyacryl-
amide slab gel; C, reducing conditions, 12.5% polyacrylamide. Lanes I, MOvlS
F(ab')2; Lane 2, TR66 F(ab')2; Lane 3, pool A, hydrophobic interaction chroma
tography fractions 40-45; Lane 4, pool B, fractions 46-49; Lane 5, pool C,
fractions 50-52.

and on the IGROV1 human ovarian carcinoma line. The data
in Table 1 show that MOvlS F(ab')2 bound only to IGROV1
cells whereas TR66 F(ab')2 bound only to PBL. By contrast the

three pools stained both cell types, indicating that they con
tained both parental MAb specificities. To verify that the bis
pecific F(ab')2 did indeed contain both activities in a single
molecule, the three pools were tested in a "Cr release assay for

the ability to target activated PBL against IGROV1 cells. As
shown in Table 2, all three pools significantly increased the
cytotoxicity of PBL over the levels seen in the absence of
antibody or in the presence of MOvlS or TR66 F(ab')2 alone.

The highest activity was obtained with pool B. This fraction
was therefore selected for further in vitro and in vivo analysis.
The same pattern of retargeted cytotoxic activity of the parental
MAbs and pools was observed with OVCAR-3 target cells; here
too, pool B gave at least a 4-fold increase in lytic units (37) of
cytotoxicity over the no-antibody control (data not shown).
Most of the cytotoxicity studies were done with IGROV1
instead of OVCAR-3 (the cell line used for in vivo studies),
since the latter cell line tends to grow as large clumps, making
cytotoxicity measurements imprecise.

In Vivo Experiments. The i.p. growth of OVCAR-3 tumor
cells is well established by 4 days after injecting 1 x IO7 tumor

cells (12), the point at which mice were treated with retargeted,
activated T-cells in the present study. The average number of
tumor cells recovered by peritoneal lavage from mice sacrificed
4 days after tumor injection was 3-4 x IO7cells. We were also

able to verify the presence of established tumor at this time by
identifying implanted cells within the pancreas and mesenteric
lymph nodes of mice examined by histopathology (Fig. 2).
Pancreatic invasion by tumor cells was detected in 5 of 10 mice
examined on day 4.

The effect in vivo of activated T-lymphocytes, targeted against
OVCAR-3 cells with bispecific F(ab')2 fragments, was initially

determined by looking for tumor cells in peritoneal lavage fluid
collected from individual mice 15 days after tumor injection.
Mice were treated on day 4 with PBL corresponding to an
effectontarget ratio of about 1:1, with or without antibody. The
combined results of 11 independent experiments are reported
in Table 3. Almost all of the 149 untreated mice (group 1) had
tumor cells. Only 6% of untreated mice lacked or had trace
levels (<103) of tumor cells in the peritoneal lavage pellet. The

mean size of the cell pellet obtained from the lavage fluid of
tumor-positive mice was 0.7 ml (range, 0.5-1 ml). The cell
pellet from athymic mice with blocked tumor growth was
<0.05 ml, and tumor cells were undetectable or only micro
scopically evident. Treatment with PBL alone (group 2) gave
marginal protection (17% of mice) relative to untreated con
trols, and addition of either parental MAb (groups 3 and 4) did
not improve the protection obtained with PBL alone. By con
trast, 81% of the mice treated with PBL and the bispecific
F(ab')2 (group 5) were protected (P < IO"4 compared to group
2). Among these mice, traces (< 1O3)of tumor cells were detected

in peritoneal lavage fluid from 19% of the animals while no
tumor cells were detected in 62%.

The definitive test for the antitumor effect of PBL targeted
with bispecific antibodies was animal survival. The combined
data from three different experiments are reported in Fig. 3
and Table 4. None of the untreated mice survived for 150 days,
and the mean survival time for this group was 30 days. Mice
treated with PBL alone (group 2) or with PBL and control
MAbs (groups 3 and 4) survived marginally better with mean
survival times of 46 to 50 days. Treating mice with a combina-

Table 1 Binding of parental MAbs and bispecific F(ab')i fragments to PBL and
y-I cells"

PBLMAbMOvlS

F(ab')2
TR66 F(ab')2
Pool A*

PoolB
Pool C%

positive*9

92
96
89
96Mean

Flf135277

180
270IGROV-1%

positive8686

82
88Mean

Fl108103

121
126

" Evaluated by flow cytometry.
* Percentage of positive cells; positive and negative peaks were clearly sepa

rated.
' Fl, mean fluorescence channel of the positive peak. â€”¿�,little or no positive

peak. In the absence of MAb. the mean fluorescence channels of the negative
peaks were 6 and 5 for PBL and IGROV-1. respectively.

d Fractions obtained by hydrophobic interaction chromatography (see Fig. 1).

Table 2 Cytotoxicity of activated T-cells directed against IGROV-l target cells
with bispecific F(ab')Â¡fragments"

% of cytotoxicity at
effector:target ratio of

MAbNoneM0vl8TR66

F(ab')2Pool

APoolBPool

C50:121302572757425:125211855675812:11715133657496:113810284031
" Evaluated by a standard 4-h "Cr release assay. Final antibody concentration,

1 ni: ml.
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â€¢¿�

Fig. 2. Histopalhological examination of pancreas and surrounding mesentery
from mice bearing OVCAR-3 tumor cells. Tumor cells (dark) were stained with
an anti-human cytokeratin antibody. Sections are from 2 different mice 4 days
after tumor injection. Top, pancreas with imbedded OVCAR-3 tumor cells;
bottom, mescmene lymph node with OVCAR-3 tumor cells, x 400.

Table 3 Short-term effects of targeted PBL on i.p. tumor growth in nu/nu mice"

Group12345MAbPBL_+MOvlS

+TR66
F(ab')2+MOvlS

x TR66F(ab')2 +Mice*14964152052%

protected'61772081P"0.025NSNS<io-4

Â°Mice were given OVCAR-3 cells on day 0, treated as indicated on day 4, and

tested for tumor on day 15. Results are the means of 11 different experiments.
* Total number of mice.
' Mice with no detectable tumor or with a trace of tumor cells (<I03 tumor

cells/pellet).
* P for group 2 is in comparison with group 1. Groups 3-5 are compared to

group 2. NS, not significant.

tion of PBL and either control mAb (Groups 3 and 4) did not
extend the mean survival time beyond that reached by treating
with PBL alone. Only the mice treated with PBL and the
bispecific antibodies (group 5) showed a marked increase in the
mean survival time (104 days), and 7 of these mice were alive
and appeared healthy 150 days after treatment. Two of the 7
surviving mice were sacrificed and autopsied. In one, there was

no gross evidence of neoplasia in the peritoneum; in the other,
we found small tumor implants in the mesentery, with consid
erable tumor necrosis and mineralization. To rule out the
possibility that tumor growth inhibition was a consequence of
long-term immunity, two of the other surviving mice were
treated i.p. with 1 x IO7OVCAR-3 cells. The number of tumor

cells recovered by peritoneal lavage 15 days after tumor chal
lenge was about the same as that obtained from untreated mice,
thus confirming the susceptibility of the mice to tumor growth.

DISCUSSION

We show here that human PBL targeted by monomeric
(antitumor x anti-CD3) bispecific F(ab')2 antibody can signifi

cantly prolong the survival of athymic mice bearing established
human ovarian carcinoma (Fig. 3; Table 4). The human ovarian
carcinoma model was selected because the tumor remains lo
calized to the peritoneum during early stages of growth, similar
to the situation in ovarian cancer patients, and can therefore be
treated with peritoneal injections of targeted lymphocytes. In
this model, the homing of targeted lymphocytes to the tumor
should be relatively uninhibited, in contrast to what may occur
in a systemic model (11).

Treating tumor-bearing mice with preactivated T-cells, tar
geted against the tumor with F(ab')2 bispecific antibodies, re

sulted in 80% of the mice having little or no detectable tumor
in peritoneal lavage fluid collected 11 days after treatment
(Table 3). In controls, only 6 to 20% of tumor-bearing mice
had little or no detectable tumor at this time. In long-term
experiments, the mean survival time of tumor-bearing mice was
doubled by treating them with the targeted lymphocytes instead

Tumor Alone

No Ab
TR66 F(ab')2

MOvlS
MOv1S-TR66F(ab')2

40 60 80

DAYS

100 120 140 160

Fig. 3. Survival curves of OVCAR-3 bearing mice. Mice were given tumor
cells on day â€”¿�4and were treated on day 0 with PBS (tumor alone), PBL alone
(no Ab), or PBL coated with TR66 F(ab')2. MOvlS, or the Movl8-TR66 F(ab')2.

Curves, means of three different experiments.

Table 4 Long-term survival ofOVCAR-i-bearing mice treated with targeted
PEL"

Group12345MAbMOvlSTR66

F(ab')2MOvl8-TR66
F(ab')2PBL

Mice*54+

40+
24+
24+

24Meansurvivaltime'30

Â±252
Â±550
Â±846

Â±5104
Â±8r*<0.05NSNS<io-4

" Mice were given OVCAR-3 cells on day â€”¿�4and were treated with targeted

PBL on day 0. Results are the means of 3 different experiments.
* Total number of mice/group.
' Mean survival time in days Â±SD.
d t tests were done with mean survival times. P for group 2 is in comparison

with group 1. Groups 3-5 are compared to group 2. NS. not significant.
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of lymphocytes alone or lymphocytes with either parental an
tibody (Table 4; Fig. 3). Characteristic of both the in vitro
cytotoxicity studies (Table 2) and the tests with short-term in
vivo tumor growth (Table 3), addition of each parental antibody
to the lymphocytes failed to provide any greater antitumor
activity than the lymphocytes alone. Antibody-dependent cell
ular cytotoxicity presumably did not contribute to the antitumor
activity mediated by the bispecific antibody in any of the tests
used in this study because F(ab')2 preparations were used.

Although 80% of tumor-bearing mice treated with targeted
T-cells had little or no detectable tumor 15 days after tumor
inoculation, only about 30% of the treated mice survived to 150
days (Fig. 3; Table 4). These findings suggest that the treatment
initially removed most but not all tumor. Among the treated
mice, therefore, survival times were markedly increased, but
residual tumor eventually killed the majority. Histological ex
amination revealed that at least one-half of the mice had im
planted tumor by day 4 after i.p. tumor inoculation, and it is
possible that the ability of mice to be cured by treatment with
targeted T-cells was related to the extent of implantation of
tumor at this time. Other possible explanations for escape of
the tumor from targeted T-cells include rapid loss of the human
effector cells or their bispecific antibodies (12), loss of antigen
from the tumor cells, growth of the tumor in anatomical sites
inaccessible to the effector cells, and the development of tumor
resistance to antitumor activities of the targeted effector cells.
Nevertheless, we would expect that more aggressive treatment
might further improve survival rates and permit the treatment
to begin at a later time. In the present study mice were given
only a single treatment with targeted lymphocytes at an effec-

tontumor ratio of about 1:1.
Previously, we used randomly cross-linked antibody heter-

oaggregates to target human PBL against OVCAR-3 tumor
cells in athymic mice (12). Although the heteroaggregates were
easy to prepare, they are not appealing for use in in vivo, since
each preparation varies with respect to degree of cross-linking,
size distribution, and activity. Moreover, because of their mul-
tivalent nature, heteroaggregates might cause modulation of
receptors without targeting effector cells and may also be
cleared rapidly from the circulation in vivo (10, 38). Alterna
tively, one can prepare a defined monomeric bispecific antibody
with one binding site of each specificity. Two such preparations
have to date been described: the chemically cross-linked bispe
cific F(ab')2 (20, 21, 39) as has been used in the current study,

and hybrid-hybridoma antibodies, produced by fused hybridoma
cells (10, 38, 40). The results presented in this paper indicate
that the bispecific F(ab')z should serve as a suitable targeting

agent for treating tumors. In fact, the targeting antibody used
by Nitta et al. ( 13) to treat glioblastoma patients was a bispecific
F(ab')2, although it was prepared using mixed disulfide ex

change rather than a bivalent maleimide, as in the current
study.

The T effector cells used in the current study were preacti-
vated with immobilized anti-CD3 plus IL-2. We previously
found that targeted human T-cells, activated overnight with
only IL-2, could also block the i.p. growth of OVCAR-3 tumor
cells in athymic mice ( 12). In unpublished experiments we found
that these cells could also prolong survival. However, the tar-
getable T-cells activated by the two protocols are quite different
(41). Thus, in vitro tests of cytolytic activity in 4-h assays
showed that the targetable T-cells activated only by IL-2 are
CDS*, CD56+ low buoyant density T-cells, constituting less
than 5% of total PBL. By contrast, immobilized anti-CD3 plus

IL-2 activated not only the low buoyant density T-cells but also
highly density CD4+ andCD8+ resting T-cells (41). If antitumor

cytolysis in vitro is a measure, at least in part, of the in vivo
antitumor activity, then our data suggest that activated, targeted
T cells from several sources may have blocked the i.p. growth
of OVCAR-3 in the present study. We still need to determine
whether bispecific antibodies can promote effector cell activa
tion in vivo, thus removing the requirement for preactivation of
T-cells in vitro.

In addition to tumor cytolysis, another source of antitumor
activity from targeted T-cells may occur in vivo. We recently
found that targeted human T-cells, which in Winn-type tumor
neutralization assays blocked s.c. growth of a human colon
carcinoma line in athymic mice, failed to lyse the tumor cells
in a 4-h in vitro assay (42). Although they lacked cytolytic
activity, the targeted T-cells blocked tumor growth in vitro over
a period of 8-12 days by releasing tumor necrosis factor a and
7-interferon. Growth of both the tumor cells and bystander
cells was blocked, presumably by tumor necrosis factor a and
7-interferon acting well away from their sites of release. The
signal for cytokine release was T-cell antigen receptor cross-
linking. This mechanism could also apply to the current study.
Inhibition of tumor growth could be mediated by the bispecific
F(ab')2 binding simultaneously to CD3 on the effector cell and

to the MOvlS antigen on the tumor cell. Released cytokines
could block the growth of bound target cells and bystander
tumor cells as well, including any that might express negligible
levels of the MOvlS antigen. In the current study we have not
determined which mechanism(s) targeted T-cells use to block
OVCAR-3 cells in the mice. Of note, lymphocytes with anti-
CD3 F(ab')2 alone did not exhibit antitumor effects (Table 2-

4; Fig. 3), consistent with the observation (43) that anti-CD3
F(ab')2 fragments do not activate T-cells.

The MOvlS antibody has already been used in ovarian cancer
patients in tumor localization studies and shows good tumor
uptake when administered i.p. (44). Clinical protocols are cur
rently under way in which bispecific antibodies containing anti-
CD3 and MOvlS are being used to target patients' preactivated

PBL against ovarian cancer i.p. The current studies suggest
that treatment with targeted T-cells could prove beneficial to
ovarian cancer patients.
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