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Abstract Bispecific antibodies with specificity for CD3
and a tumor antigen can redirect cytolytic T cells to kill
tumor targets, regardless of their natural specificity. To
assess the clinical potential of bispecific antibodies for
treatment of human cancers we have, in the present
study, adapted a totally syngeneic mouse model to the
targeting of mouse T cells against mouse tumors in
immunocompetent mice. We show that gp52 of the
mouse mammary tumor virus (MTV) can serve as a tu-
mor-specific antigen for redirected cellular cytotoxicity.
Chemically crosslinked and genetically engineered bi-
specific ‘antibodies with specificities for gp52 and
murine CD3 e-chain induced activated mouse T cells to
specifically lyse mouse mammary tumor cells from cul-
tured lines and primary tumors from C3H-MTV™
mice. Retargeted T cells also blocked the growth of
mammary tumors in vitro as well as their growth in
syngeneic mice. These findings identify murine MTV-
induced mammary adenocarcinomas as a solid-tumor,
animal model for retargeting T cells with bispecific
antibodies against syngeneic breast cancer.
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Introduction

T lymphocytes have been successfully retargeted with
bispecific antibodies (bsAb) to react against selected
tumors both in vitro and in animals [12, 33]. These
bifunctional reagents react with triggering sites on the
cytotoxic T cells and with cell-surface components on
the tumor cells. Irrespective of their native specificities,
the T cells are redirected by the bsAb to attack the
selected tumor cells in a fashion that is independent of
major histocompatability antigens.

A variety of animal models have been developed to
explore the clinical potential of bsAb for use in treating
cancer patients [4]. Several models have used targeted
human T cells in immunocompromised mice to treat
established human tumor xenografts, including ovarian
carcinoma [13, 19], colon carcinoma [22, 23], and
Hodgkin’s lymphoma [27]. Although experiments us-
ing these models showed that targeted T cells could
block tumor growth in vivo, their use in preclinical
studies is limited. For example, xeno-responses be-
tween effector and host cells could give misleading
results regarding the activation conditions needed to
produce antitumor activity, or incompatabilitics be-
tween donor and host adhesion molecules and their
ligands might lead to abnormal migration of effector
cells. A completely syngeneic mouse model in which
a bsAb specifically targeted mouse T cells against
mouse tumors would circumvent these problems. How-
ever, very few mAb are available that recognize tumor-
specific or tumor-associated antigens in the mouse.
Previous studies have used bsAb directed against im-
munoglobulin idiotypes expressed by B lymphomas [6,
42, 43] or against a Thy-1 alloantigen on a T-cell
leukemia [38] to study targeted T cell responses
against tumors in mice. However, with the exception of
one study with a rat colon cancer cell line [5], T cells
have not been targeted against solid tumors in syn-
geneic animal models, a challenging test for bsAb
therapy.



The purpose of the present study was to retarget
T cells to react against breast cancer cells in a com-
pletely syngeneic animal model. Toward this end, we
have used mouse tumors induced by the mammary
tumor virus (MTV) [18, 21, 30]. MTV is a B-type
retrovirus that lacks an oncogene but nevertheless in-
duces tumors by insertional mutagenesis [20]. After
a lag period of 6—9 months following viral infection,
mammary adenocarcinomas develop in most females of
the highly susceptible mouse strains. The viral envelope
protein, gp52, is expressed on the surface of mammary
tumor cells induced by MTV [10, 20] and was chosen
as the tumor marker for retargeting T cells with bsAb
against cultured mammary tumor lines and primary
tumor cells as well.

Several potential problems have limited the clinical
development of bsAb. The most commonly used pro-
cedures for producing bsAb, chemical crosslinking or
isolating the products of quadroma cell lines [12, 35,
36], have been troubled by inherent problems asso-
ciated with complex chemical manipulations, with in-
volved purification procedures, by variability between
batches, and by instability of fused cell lines. In addi-
tion, the presence of multimers, aggregates, or intact Fc
portions within bsAb preparations could lead to T cell
receptor crosslinking in vivo, which has led to systemic
T cell activation and dose-limiting toxicity in some
clinical studies [1, 7, 9, 39]. For these reasons, we have
tested a relatively new type of bsAb, a genetically en-
gineered bispecific F(ab'), heterodimer [bsF(ab’), ]
formed by using the known heteroreactivity of c-Fos
and c-Jun leucine zippers [16]. Such bsF(ab’), proteins
are relatively easy to produce and consist of well-de-
fined, homogeneous, monomeric proteins that should
be unable to crosslink T cell receptors in the absence of
tumor cells. In the current study, we show that gp52-
expressing mouse breast cancer cells are susceptible to
cytotoxic T cells retargeted by either chemically cross-
linked or genetically engineered bsAb both in standard
in vitro assays and in syngeneic animals.

Materials and methods
Mice

C3H/HeNCrMTV ™, C57BL/6N, and BALB/cAnN (BALB/c) mice
were obtained from NCI FCRDC (Frederick, Md.). They were used
between 5 and 24 weeks of age. C3H/HeNCr MTV™ exbreeder
female mice with primary mammary tumors were obtained from the
same source.

Tissue culture media

The “standard medium” used for culturing cells consisted of RPMI-
1640 medium (Biofluids, Rockville, Md.) supplemented with 5%
heat-inactivated fetal calf serum (FCS; Gibco BRL, Gaithersburg,
Md.), glutamine (2 mM), penicillin (100 U/ml), and streptomycin
(100 U/ml). “Activation medium” consisted of RPMI-1640 medium
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supplemented with penicillin (100 U/ml), streptomycin {100 U/ml),
glutamine (2 mM), pyruvate (1 mM), non-essential amino acids (1x)
(M.A. Bioproducts; Walkersville, Md.), 50 uM 2-mercaptoethanol
(Eastman Kodak, Rochester, N.Y.), and 10% heat-inactivated FCS.
Sp2/0 transfectants expressing anti-CD3-Fos F(ab’), or anti-gp52-
Jun F(ab’), were grown in serum-free medium consisting of a 1:1
mix of Iscove’s modified Dulbecco medium/nutrient F12 supple-
mented with insulin (10 pg/ml) and transferrin (10 pg/mi).

Tumor cells

The following tumor cells were used: 64PT, a BALB/c MTV ™ tumor
line generously provided by Dr. Fred Miller of the Michigan Cancer
Foundation (Detroit, Mich.) [26]; C57BL/6 MC1 (B6MC1), a tumor
that we induced with methylcholanthrene and adapted to growth in
tissue culture; Mm5mt/c, an MTV*C3H mammary adenocar-
cinoma line [24]; EL4, a C57BL/6N T-lymphoma line (available
from ATCC, Rockville, Md.); and freshly explanted tumor cells from
primary mammary tumors in C3HMTV " exbreeders. The cell lines
were grown in standard medium. Mm5mt/c and 64PT cells were
harvested following treatment with a mixture of 0.05% trypsin and
0.02% versine (Gibco BRL). B6MCI1 cells grew as loosely adherent
cells and were harvested by repeated pipetting. Cells from primary
solid tumors were dispersed by a 2 to 3-h incubation of tissue slices
in a combination of collagenase (type IV, Sigma, St. Louis, Mo.),
hyaluronidase (Sigma type V), and DNase (Sigma, type IV) [29]. In
some of the experiments tumor cells were surface-labeled with tri-
nitrophenol [15}.

Antibodies

The following polyclonal antibodies, mAb, and bsAb were used:
P2AEI12 (anti-gp52), an IgG2b mouse antibody against MTV gp52
[17] kindly provided as the hybridoma line by Dr. Larry Arthur
(NCI FCRDC); 145-2C11 (2C11) (anti-CD3), a hamster IgG anti-
body against the & chain of murine CD3 [147; anti-NK 1.1 mAb [37];
2.4G2, an anti-(mouse Fc RII} mAb [41]; affinity-purified rabbit
anti-dinitrophenol(DNP) antibody [32]; 2CI1xP2AE12 (anti-
CD3-Fos x anti-gp52-Jun) and 2C11 x anti-TAC (anti-CD3-Fos x
anti-CD25-Jun), bsF(ab’), constructs, heterodimerized by c-Fos and
c-Jun leucine zippers [16]. The V. and Vy cDNA, used in the
production and expression of P2AE12-F(ab’)-Jun were cloned as
described [16]; 2C11 x P2AE12 [anti-CD3 x anti-gpS2 (heterocon-
jugate)] and 2C11 x anti-DNP [anti-CD3 x anti-DNP (heterocon-
jugate)], produced by chemically crosslinking intact mAb [40]. All
mAb were purified from ascites fluid by ion-exchange chromatogra-
phy and gel filtration [2]. bsk(ab’), proteins were purified by ion-
exchange chromatography [16].

Flow cytometry

Cells (10%/tube) were incubated with saturating concentrations of
fluorescein-isothiocyanate(FITC)-labeled anti-gp52 mAb in the
presence of anti-Fc, R mAb and washed as described [34]. Fluores-
cence was measured on viable cells using either a FACStar™ or
a FACScan flow cytometer (Becton Dickinson, San Jose, Calif.) with
488-nm argon laser excitation. Dead cells were excluded on the basis
of low- and high-angle light scatter or on their labeling with
propidium iodide.

Radiolabeled-antibody-binding assays

Antibody binding was determined essentially as described by Dower
et al. [11]. Briefly, antibodies were radiolabeled by the chloramine
T method to a specific activity of 3—5 pCi/pg. Binding assays were
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done at 0°C in Hanks balanced salts solution (HBSS) containing
0.1% bovine serum albumin. Cells (160 ul at 3 x 107/ml), serial
twofold dilutions of radiolabeled antibody (32 ul), and medium (160
ul) were mixed in 1.5-ml Eppendorf centrifuge tubes and incubated
for 3h on ice. In control samples, medium was replaced by 160 pl
unlabeled antibody at 1 mg/ml. After mixing, 110 yl aliquots of the
suspensions were layered on 200 pl FCS in 400-ul microcentrifuge
tubes, in triplicate, and centrifuged at 14000 rpm for 20 sec. The
bottoms of the tubes were cut and measured in a gamma counter.
The number of molecules bound per cell was calculated from the
difference between experimental and control values, using the speci-
fic activities of the antibodies, and the numbers of ceils used. The
number of binding sites and the affinity constant were determined by
Scatchard analysis. Affinity constants were also estimated from the
amount of unlabeled antibody giving 50% inhibition of binding of
a constant amount of radiolabeled antibody. Radiolabeled bs(Fab’),
was stable for at least 48 h at 37° C in serum by HPLC size analysis.

Effector cells used in cytolysis experiments

For in vitro cytolysis experiments, splenocytes from C57BL/6 mice
were used as effectors because they could be depleted of natural
killer (NK) activity; they were NK-depleted by incubating them for
40 min at 0°C with an optimal concentration of anti-NK1.1 in
HBSS containing 5% FCS. They were then suspended in a 1/10
dilution of Low-Tox-M rabbit complement (Cedarlane, Hornby,
Ontario), incubated for 40 min at 37° C. These cells were cultured in
activation medium containing 100 Cetus units/ml human recom-
binant interleukin-2 (rIL-2; Chiron, Emeryville, Calif.) for 5 days by
two procedures: In the experiments shown in Fig. 2, cells were
incubated in V-bottom microtiter wells at (0.5-1)x 10° cells/ml,
200 pl/well. For Fig. 3, cells were incubated in 25-cm? flasks, 2 x 108
cells/ml, 10 mi/flask. On day 3, 5 ml activation medium was added to
each flask.

Effector cells in growth-inhibition experiments

Dispersed splenocytes from BALB/c mice were cultured for 5 days in
activation medium containing irradiated (2000 c¢Gy) C57BL/6
splenocytes (one-half the number of BALB/c cells), rIL-2 (10 Cetus
units/ml), chromatographically purified bacterial lipopolysaccaride
from wild-type S. minnesota (50 ng/ml) (List Biological Labs.,
Campbell, Calif.), and 1 pM indomethacin (Sigma). Splenocytes were
cultured in either 10 ml medium in horizontal 25-cm? tissue-culture
flasks (2 x 107 cells/flask) for in vitro growth-inhibition assays, or in
25 ml medium in horizontal 75-cm? tissue-culture flasks (7 x 107
cells/flask) for in vivo assays. On day 3, for the in vitro growth
inhibition assays, an additional one-half volume of fresh activation
medium was added to each flask. This method of activation was
chosen because it gave consistent anti-tumor activity in vivo.

In vitro cytolysis assays

bsAb and anti-Fc,R mAb were added to effector cells and both were
serially diluted; this was followed by addition of (5-10) x 10 **Cr-
labeled target cells. After 3-4 h incubation, lysis was determined by
3ICr release as described [15]. Data points represent the averages of
three or four replicates and standard errors were always within 10%
of the mean.

In vitro growth-inhibition assay

The ability of retargeted T cells to inhibit the growth of tumor cells
in vitro was measured using a modification of the procedure of Qian

et al. [25]. Graded numbers of activated BALB/c spleen cells were
cultured in round-bottom microtiter wells with bsAb and 5x 103
64PT cells (which grow adherently) for 3 days in a total volume of
0.2 ml in standard medium containing 10 units/ml rIL-2. Non-ad-
herent cells were removed by washing three times and the number of
remaining viable adherent cells was determined by adding 100 ul
standard medium to each well, followed by 25 pl 1 mg/ml 2,3-bis(2-
methoxy-4-nitro-5-sulfophenyl)-2 H-tetrazolium-5-carboxanilide in-
ner salt (XTT) [28] (Diagnostic Chemical, Charlottetown, P.EL,
Canada). Plates were incubated for 2-4 h at 37°C, and the
Ayso determined in an enzyme-linked immunosorbent assay reader.
For some experiments, results are expressed as units of growth
inhibition, analogous to the lytic unit used in cytolysis assays [8].
One unit of growth inhibition equals 10° divided by the number of
effector cells causing 50% inhibition of the maximum growth.

In vivo tumor neutralization assay

Tumor neutralization tests were carried out by using a modification
of the procedure described by Winn [44]. Normal adult female
BALB/c mice, five per group, were injected subcutaneously on day
0 in the flank with 0.1 ml phosphate-buffered saline containing
1 x 10° 64PT cells, activated BALB/c splenocytes, variable amounts
of bsAb and 83 pg/ml anti-Fc R mAb. Preliminary experiments
showed that 10° 64Pt cells injected alone grew in all mice tested,
while 10° cells grew in four out of five mice, and 5 x 10% cells grew in
only two of five mice. Effector cells and antibody were incubated on
ice for at least 30 min and were then mixed with tumor cells at room
temperature immediately before injection. Tumor size was measured
as the average of two perpendicular diameters for 1-2 months, and
mice were sacrificed when tumors exceeded 2 cm in average dia-
meter. Data are reported in terms of the numbers of mice that either
had or had not developed palpable tumor by the end of the experi-
ment. Tumor-positive mice always had tumors greater than 1 cm in
average diameter.

Results

The expression of gp52 by MTV-induced mammary
tumor cells

The relative levels of gp52 expressed by cells from the
64PT and MmS5mt/c MTV-induced tumor cell lines
and by B6MC1 control cells are shown in Fig. 1A-C.
The 64PT and Mm5mt cells gave brightly-labeled
single peaks with FITC-anti-gp52, whereas the B6MC1
cells were negative. Since C3H MTV ™ mice develop
primary mammary tumors with high frequency, we
examined several of these tumors from ex-breeder fe-
male mice for gp52 expression. Fluorescence-activated
cell sorter (FACS) profiles of single-cell suspensions
prepared from three representative freshly explanted
tumors from different mice are shown in Fig. ID-F.
Cells from the primary tumors showed greater hetero-
geneity in gp52 staining than the cultured tumor lines,
but the contribution of non-tumor stromal cells to the
gp52 profiles is unknown.

The binding of P2AE12 to 64PT cells was measured
quantitatively using a radioactive binding assay. As
seen from the data presented in Table 1, the intact
P2AE12 binds with an affinity (K,) of about 10 M~ *,
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Fig. 1A-F gp52 expression by
various cells. A 64PT mammary
tumor line; B MmSmt mammary
tumor line; C B6MC1
methylcholanthrene-induced
tumor line; D-F freshly
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Table 1 Binding constants and numbers of binding sites for parental
and bispecific antibodies. K; values were determined as the recipro-
cal of the concentration giving 50% inhibition of binding of
radiolabeled intact parental antibody. K, values were determined by

Scatchard analyses of direct binding curves. ND not determined

Antibody Cell 1077xK; 1077xK, 107*xN
(M™h) M™) {molecules/cell)

2C11 EL4 10.0 9.8 1.9

2C11 Fab EL4 0.67 ND ND

P2AE12 64PT 8.3 11.0* 8.2°

P2AE12 Fab 64PT 0.14 ND ND

2C11 x P2AE12 EL4 1.0 3.6 1.7
[bsF(ab),] 64PT 0.29 ND ND

*The average of two independent determinations

as judged by Scatchard analysis of the binding curves
or by inhibition of binding of radiolabeled P2AE12
with unlabeled antibody. Approximately 8 x 10* anti-
body molecules bind per cell at saturation, suggesting
that each 64PT cell expresses, on average, 1.6 x 10°
gp52 molecules, assuming that each antibody binds
divalently. The P2AE12 Fab binds with a much lower
affinity than the intact antibody, and was estimated by
inhibition experiments to bind with a K, of about
(1-2)x 10°* M~ 1,

Cytolysis of MTV-induced tumor cells by retargeted
T cells

We tested whether the chemically crosslinked intact
bispecific antibody, anti-CD3 x anti-gp52 (heterocon-
jugate), could induce splenic T cells to lyse gp52*
tumor cells. Activated C57BL/6 spleen cells, which
were allogeneic to some targets, were used as effectors
because NK cells could specifically be removed from
splenocytes of this strain (see Materials and methods).

Such effector cells, targeted with either anti-CD3
x anti-gp52 (heteroconjugate) or anti-CD3 x anti-
DNP (heteroconjugate) bsAb mediated the lysis of
trinitrophenol-modified Mm5mt/c MTV-induced tu-
mor cells (Fig. 2A), but a mixture of intact anti-CD3
plus anti-gp52 was unable to mediate lysis. In other
experiments (not shown) we found that bsAb in the
absence of effector cells were not toxic for tumor cells
and splenic effector cells that were freshly explanted or
precultured without activating agents were unable to
mediate targeted lysis. The specificity of lysis is shown
in Fig. 2B, where trinitrophenol-modified B6MC1
cells (which do not express gp52, Fig. 1) are lysed by
effector cells targeted with anti-CD3 x anti-DNP (het-
eroconjugate), but not with anti-CD3 x anti-gp52 (het-
eroconjugate). Freshly explanted primary mammary
adenocarcinoma cells were also lysed by the cytolytic
T cells targeted with anti-CD3 x anti-gp32 (heterocon-
jugate) (Fig, 2C).

For in vivo studies, it would be preferable to use
a bsAb with a well-defined chemical structure and size
and without an Fc portion. We therefore produced
a genetically engineered bsF(ab’), from the 2C11 anti-
CD3 mAb and the P2AE12 anti-gp52 mAb, using
a leucine zipper to direct the formation of the hetero-
dimeric structure. Table 1 shows that this bsAb bound
to both CD3 (EL4 cells) and gp52 (64PT cells) with
similar, but slightly higher affinities than the Fab frag-
ments of the parental antibodies. Since the K; values
are only approximate estimates of binding constants, it
is not clear that the small differences in affinities be-
tween the Fab and the bsAb are significant. Figure 3
compares the lysis mediated by the genetically engin-
cered bsF(ab'), with that mediated by the conventional
heteroconjugate. Despite the low affinity for both effec-
tor and target cells, the bsF(ab’), successfully retar-
geted lysis against 64PT tumor cells. In fact, the
cytolytic activity induced by anti-CD3 x anti-gp52
F(ab’), was typically higher than that from the
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Fig. 2A—C Lysis of gp52™* tumor cells by retargeted cytolytic T cells.
Preactivated C57BL/6 spleen cells were retargeted with (M) anti-
CD3 x anti-dinitrophenol(DNP) heteroconjugate, 2 pg/mi; (A) anti-
CD3 x anti~-gp52 heteroconjugate, 2 pg/ml; (A) a mixture of anti-
CD3 plus anti-gp52, 1 ug/ml each, and (@) no antibody, and tested
for the ability to lyse A trinitrophenol(TNP)-labeled Mm5mt/c cells
(gp527); B TNP-labeled B6MC1 cells (gp527), and C freshly ex-
planted primary mammary adenocarcinoma cells (gp52+). All wells
contained 2 pg/ml 24G2 anti-Fc,R mAb. Levels of spontaneous
lysis ranged from 8% for TNP-modified 64PT cells to 20% for
freshly explanted tumor cells

randomly crosslinked bsAb. Intact anti-CD3 x
anti-DNP heteroconjugate failed to mediate killing of
64PT.

40
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0 T T L T
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BsAb CONCENTRATION
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Fig. 3 Comparison of lysis induced by randomly crosslinked (H)
and genetically engineered (A) anti-CD3 x anti-gp52 bsAb. Preac-
tivated, natural-killer-depleted C57BL/6 effector spleen cells were
incubated with 64PT target cells at an effector : target ratio of 25:1.
Anti-CD3 x anti-DNP heteroconjugate (@) was used as a negative
control

Inhibition of in vitro growth of mammary tumor cells
by targeted T cells

Earlier studies of T cells retargeted against tumor cells
with heteroconjugates showed a closer correlation of in
vivo antitumor activity with in vitro growth inhibition
than with in vitro cytolysis of the tumor cells [25].
Thus, we tested whether murine T cells could inhibit, in
vitro, the growth of a syngeneic MTV*' mammary
tumor line when retargeted against gp52 with bsAb. To
this end, alloactivated BALB/c splenocytes were co-
incubated for 3 days with anti-CD3 x anti-gpS52 bsAb
and 64PT, after which nonadherent cells were removed
and the number of remaining viable tumor cells deter-
mined colorimetrically using the XTT assay [28].
Splenic T cells, retargeted by either anti-CD3 x anti-
gp32 heteroconjugate or by the bsF(ab'),, inhibited
tumor growth. Figure 4 shows a dose response curve
for the anti-CD3 x anti-gp52 bsF(ab’), and illustrates
how the growth inhibition wunits presented in
Table 2 were calculated. These units, like Iytic units [8],
are used to compare antitumor activities between treat-
ment groups within an experiment. Intact anti-CD3,
anti-CD3 x anti-DNP (heteroconjugate), and anti-
CD3 x anti-CD25 bsF(ab'),, were much less effective in
blocking tumor growth when compared to the anti-
CD3 x anti-gp52 bsAb (Table 2). What is more impor-
tant, the addition of antibodies to the Fc,R reduced the
potency of the randomly crosslinked bsAb and anti-
CD3 but did not interfere with the cytotoxic activity
of the anti-CD3 x anti-gp52 bsF(ab’),. The activity
of intact 2C11 alone in inhibiting tumor growth is
consistant with earlier studies [3] showing that human
peripheral blood T cells mediate tumor growth inhibi-
tion by secreting cytotoxic or c¢ytostatic factors upon
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Fig. 4 Inhibition of growth of gp52* tumor cells in vitro by retar-
geted T cells. Activated spleen cells were cultured with 5 x 10° 64PT
mammary adenocarcinoma cells/well for 3 days with the following
concentrations of anti-CD3 x anti-gp52 bsF(ab’),: A 3 pg/ml
A 0.75 pg/ml, W 0.2 pg/mi, 11 0.05 ug/ml, @ no antibody. The num-
ber of adherent tumor cells was determinated on day 3 and the
percentage inhibition of tumor growth relative to tumor alone was
calculated. X-axis values refer to ratio of splenocytes to tumor cells
on day 0. The growth inhibition units were calculated from the
effector: target ratios giving 50% inhibition of tumor growth, as
described in Materials and methods. As examples, the effector :tar-
get ratios at the 50% inhibition points (intersections of experimental
curves with dashed lines) are indicated for curves representing
0.05 pg/ml and 0.75 pg/ml bsAb, and the calculated growth in-
hibition units are shown in parentheses below the dashed (50% in-
hibition) line. This figure shows how the growth inhibition units
presented in Table 2 were calculated

Table 2 In vitro inhibition of 64PT tumor cell growth by activated
murine T cells targeted with bispecific antibodies. Growth inhibition
units (u) were calculated from the effector: target ratios giving 50%
inhibition of tumor growth on day 3, as described in Materials and
methods. Effector cells were BALB/c splenocytes preactivated for
5 days. Where indicated, 1 ug/ml 2.4G2 anti-Fc R antibody was
added. Fc,R Fc, receptor, DN P dinitrophenol

Antibody Antibody  Growth inhibition
(ng/ml)
—anti-Fc R +anti-F¢,R
None — <2 <2
Anti-CD3 3 13.8 29
Anti-CD?3 X anti-gp52 3 <31 253
(heteroconjugate)
Anti-CD3 x anti-DNP 3 6.9 2.9
(heteroconjugate)
Anti-CD3 x anti-gp52 3 27.8 28.6
[bsF(ab’),] 0.75 9.1 -
0.19 3.6 -
0.05 24 -
Anti-CD3 x anti-CD25 3 2.6 3.0
[bsF(ab), ]

T cell receptor (TcR) crosslinking. The decreased activ-
ity of 2C11 mAb in the presence of anti-Fc R antibody
suggests that Fc, R™ cells crosslink TcR and activate
T cells when intact antibodies to CD3 are present. The
source of the low, but significant, amount of tumor
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growth inhibition observed with anti-CD3 x anti-
(human)CD25 bsF(ab’), is unknown. It is possible that
a small amount of aggregates in the preparation caused
this non-specific inhibition.

Neutralization of tumor growth in vivo

Lastly, preactivated, retargeted T cells were able to
block the growth of syngeneic mammary tumor cells in
vivo. We chose the 64PT tumor for these experiments,
because the tumor cells grew rapidly and reliably when
injected subcutaneously into normal syngeneic hosts.
Data presented in Table 3 show that the growth
of 64PT tumor cells was totally blocked by pre-
activated splenocytes retargeted with anti-CD3 x
anti-gp52 bsF(ab’), and anti-CD3 x anti-gp52 (hetero-
conjugate), even in the presence of anti-Fc,R mAb.
As a control, the non-gp52-binding bsAb, anti-
CD3 x anti-CD25 bsF(ab’),, failed to prevent tumor
growth, showing both the requirement for tumor speci-
ficity and the inability of anti-CD3 in this irrelevant
bsF(ab’), to interfere with tumor growth. Intact anti-
CD3 or mixtures of intact anti-CD3 and anti-gp52
partially blocked tumor growth in some experiments
but not in others (data not shown). It is likely that this
activity is due to the release of cytokines induced by
TcR crosslinking as seen in the in vitro experiments of
Table 2. Anti-CD3 x anti-gp52 [heteroconjugate or
bsF(ab’), ] failed to block tumor growth in the absence
of effectors (data not shown).

Discussion

In the present study we demonstrate that mouse mam-
mary tumors growing in normal mouse strains treated
with a bsAb having anti-CD3 and anti-gp52 specifici-
ties provide a suitable model for testing the clinical
potential of bsAb therapy. We and others [13, 19, 22,
23, 27] have previously shown that targeted human
T cells could block the growth of human tumor xeno-
grafts in immunocompromised mice, but these studies
could not adequately address problems related to T cell
activation and lymphocyte homing. In searching for
a syngeneic animal model our greatest problem was to
find a tumor-specific antigen that could be recognized
by the target-specific half of the bsAb. The mammary
adenocarcinomas used in this study express gp52,
which, we show, allows tumor-specific retargeting.
gp52 is an envelope glycoprotein expressed by the
MTYV that induced the tumors. MTV acquires its envel-
ope from the host-cell plasma membrane during a bud-
ding process that does not lyse the tumor cell, and gp52
is expressed on the tumor-cell surface in the absence of
mature virus production [31]. The mammary adeno-
carcinoma line, 64PT, expresses relatively high
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Table 3 Inhibition of

subcutaneous growth of 64PT Effector Antibody Antibody  Tumor” Tumor™
tumors in BALB/c mice. Tumor  cells per mouse  mice mice
cells (107/ml) and activated {Hg)
BALB/c splenocytes were mixed
with the indicated bispecific Experiment 1
antibodies and 2.4G2 anti-Fc,R — None - 5 0
mAb (83 pg/ml) at an + None ~ 5 0
effector: target ratio of 10:1, and + Anti-CD3 x anti-gp52 [bsF(ab'), ] 8.3 0 5
0.1 ml was injected per mouse + Anti-CD3 x anti-gp52 [bsF(ab'), ] 4.1 0 5
on day 0. Data indicate the + Anti-CD3 x anti-gp52 8.3 0 5
number of mice with (tumor™) (heteroconjugate)
and without (tumor ) detectable  Experiment 2
subcutaneous tumors on day 42 — None - 5 0
(experiment 1) or day 56 + None _ 5 0
(experiment 2) + Anti-CD3 x anti-gp52 [bsF (ab'), ] 10 0 5

+ Anti-CD3 x anti-gp52 [bsF(ab’); ] 33 1 4

+ Anti-CD3 x anti-gp52[bsF(ab’), ] 1.1 0 5

+ Anti-CD3 x anti-CD25 [bsF(ab’),] 10 5 0

+ 5 5 0

amounts of gp52 (Fig. 1), and grows well when trans-
planted subcutaneously in BALB/c mice (Table 3). We
do not know whether 64PT sheds MTYV particles but, if
it does, the levels of shed virus were too low to block
targeted antitumor activity in our studies. Among the
mouse strains that develop MTV-induced breast
cancer, gp52 is selectively expressed by the mammary
adenocarcinoma cells, and our studies show that tumor
cells dispersed from primary MTV-induced tumors can
be lysed in vitro by retargeted T cells (Fig. 2).

Mouse T cells, retargeted with an appropriate bsAb,
generate antitumor activity against mouse mammary
adenocarcinoma cells in each of three different types of
assay; cytolysis (Figs. 2, 3), growth inhibition in vitro
(Table 2) and tumor neutralization in mice (Table 3).
Cytolysis and growth inhibition are generally thought
of as representing two fundamentally different mecha-
nisms. Lysis, as measured in short-term >!Cr-relcase
assays, requires a direct link between effector and target
cell, and involves the exocytosis of cytolytic compo-
nents at the effector cell:target cell interface. By con-
trast, growth inhibition, as measured by longer-term
viability assays, can be mediated by cytokines, such as
tumor necrosis factor o or interferon v, that are se-
creted into the medium and act directly on tumor cells,
regardless of whether they are in close contact with the
effector lymphocytes [3, 25]. Both cytolysis and growth
inhibition require TcR crosslinking, but cytokine secre-
tion can occur with TcR crosslinking in the absence of
tumor targets. This mechanism could account for the
observation in Table 2 that intact anti-CD3 can inhibit
tumor growth in vitro, a blockage that is reversed by
anti-Fc,R mAb presumably by preventing TcR cross-
linking. In addition to directly acting on tumors,
cytokines released in vivo at a tumor site could poten-
tially create an inflammatory response, attracting and
activating other types of effectors, such as macro-
phages, NK cells, and granulocytes.

The existence of mAb against murine CD3 and gp52
has made possible the production of bsAb that specifi-
cally target T cells against mammary tumors. We com-
pared the targeting ability of a genetically engineered
bsF(ab’), with that of a conventional randomly cross-
linked bsAb, and found the bsF(ab’), to be a superior
targeting agent in mediating lysis (Fig. 3), and roughly
equivalent to the random crosslink in mediating tumor
growth inhibition in vitro (Table 2) and tumor neutral-
ization in vivo (Table 3). Although the heterocon-
jugates are easier to produce than the genetically
engineered bsF(ab’), proteins, they exhibit batch-to-
batch variation in aggregation state and chemical com-
position. These bsAb would therefore be expected to
give variable results in animals and would be unsuit-
able for studies done in patients. Compared to other
homogeneous bsAb preparations such as quadromas
or hinge-disulfide-linked hetero-F(ab'),, the Fos-Jun-
linked bsF(ab'), proteins should be much easier to
produce and isolate in pure form. Moreover, the ab-
sence of the Fc region on the genetically engineered
bsF(ab’), proteins removes the need to digest the prod-
uct with proteases. Removal of the Fc piece will prob-
ably be essential for in vivo targeting to prevent the
removal, lysis, or premature activation of T cells by

Fc,R-bearing cells. Premature activation is a real con-

cern, since general activation of T cells in humans by
antibodies that bind to the TcR has been associated
with central nervous system toxicity [1, 7, 9], and
similar toxicity has been reported with bsAb [39].
Our next challenge is to treat established tumors in
vivo. Initially we will examine the homing, biodistribu-
tion, and pharmacokinetics of injected bsAb. Because
the bsF{ab’), binds monovalently to both tumor and
T cell, it interacts weakly with both. This may make it
difficult to detect the homing of bsF(ab’), to T cells and
tumor, but may not adversely affect redirected tumor
cytotoxicity, where multivalent interactions between



effector and targets would increase the overall avidity
of the interaction between effector and target cells.
Transplantable tumors such as 64PT will be used first,
but since more than 80% of female mice among suscep-
tible MTV™ strains develop mammary cancers by
1 year of age, we can also experiment with primary
tumors. The development of these syngeneic animal
models should test the true potential of bispecific anti-
body therapy and aid in its optimization for use in
human cancer patients.
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