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In vitro and in vivo antitumor effects of recombinant bispecific
antibodies based on humanized anti-EGFR antibody
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Abstract. We performed in vitro and in vivo experiments of
the anti-epidermal growth factor receptor (EGFR) x anti-CD3
bispecific diabody (hEx3-Db) with the IgG-like bispecific
antibodies (BsAbs) (hEx3-scFv-Fc and hEx3-scDb-Fc) and
the anti-EGFR therapeutic antibody cetuximab to assess the
effect of BsAbs on cancer growth inhibition. In vitro, efficacy
of the BsAbs and cetuximab were compared by growth
inhibition assays of human cell lines of bile duct (TFK-1,
HuCC-T1, OCUCh-LM1), epidermoid (A431), gastric
(Kato-III), colon (DLD-1, SW480), and breast (SK-BR-3,
MCEF-7) cancer. In vivo, in three mouse models, we evaluated
the anti-tumor activity of hEx3-Db and cetuximab, assessed
the effect of hEx3-Db alone, and compared the antitumor
activity of hEx3-Db with the 1gG-like BsAbs. In vitro, hEx3-
scFv-Fc showed nearly 100% killing activity for all cell lines.
Both in vitro and in vivo, hEx3-Db needed CD3-positive
phenotypes to induce a growth inhibitory effect. In contrast,
IgG-like BsAbs showed monotherapeutic effects in vivo by
inducing antibody-dependent cellular cytotoxicity (ADCC)
similar to cetuximab. However, enhancement was not observed
when lymphokine-activated killer cells with the T-cell pheno-
type were co-injected. Results suggest that IgG-like BsAbs
could not efficiently direct T lymphocytes toward tumor cells
to induce ADCC due to steric hindrance on binding to CD3-
and Fc-receptor-positive phenotypes. Although hEx3-scFv-Fc
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showed high cytotoxicity in vitro, its high molecular weight
limits its usefulness. With an in vivo effect comparable to
hEx3-scFv-Fc and its realistic molecular weight, hEx3-scDb-Fc
shows promise as a novel recombinant therapeutic antibody
and may be modified to enhance its potency by prevention of
steric hindrance.

Introduction

Since its identification, the epidermal growth factor receptor
(EGFR) has become an attractive target molecule for cancer
immunotherapy. Previous reports have demonstrated that
EGFR is widely expressed in a variety of solid tumors, and its
expression level is correlated with malignancy, metastatic
phenotype, and poor prognosis (1-3). Two anti-EGFR thera-
peutic antibodies, cetuximab and panitumumab, have already
been approved by the US Food and Drug Administration, and
several bispecific antibodies (BsAbs) that target EGFR are
in development (4-7).

BsAbs are attractive forms of recombinant antibodies that
can bind to two different antigen epitopes. This bispecificity
can be applied to cancer immunotherapy by cross-linking
tumor cells to immune cells, such as cytotoxic T cells, natural
killer cells, and macrophages. This linkage accelerates the
destruction of the tumor cells by immune cells, so that compared
to monospecific antibodies, the therapeutic dose can be lower
(8.9).

Advances in recombinant technology have made it feasible
to generate small recombinant BsAbs constructed from two
variable antibody fragments, such as the diabody (Db) (10),
single-chain diabody (scDb) (11), and the tandem single-chain
Fv (scFv) (12). In comparison to conventional BsAbs, the
small recombinant BsAbs are expected to facilitate tumor
penetration and homogeneous production in bacteria, and to
be low in immunogenicity (13,14). Previously, we determined
the effectiveness in cancer immunotherapy of the VH and VL
domains from the EGFR monoclonal antibody 528, and
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Figure 1. Schematic diagram of hEx3-Db (A), hEx3-scDb (B), hEx3-scFv-Fc
(C), hEx3-scDb-Fc (D).

constructed a humanized functional bispecific Db, hEx3-Db,
that retargeted lymphokine-activated killer cells with the
T-cell phenotype (T-LAK cells) against EGFR-positive cell
lines (15,16). Simplification of this Db has many advantages,
but it also involves a decrease in valence and the removal of
the Fc region. Consequently, small BsAbs are apt to show not
only rapid clearance (i.e., short half-life) but also low affinity
for the target and lack of induction of antibody-dependent
cellular cytotoxicity (ADCC).

Recent advances in recombinant technologies have enabled
the rebuilding of dissected antigen-binding regions into multi-
valent and more effective formats. To date, several kinds of
recombinant IgG-like BsAbs with a human Fc portion have
been constructed to overcome the drawbacks of small BsAbs
(17-19). Evaluation of their functions has revealed that BsAbs
with the Fc portion are attractive molecules as therapeutic
reagents because they usually have several advantageous
characteristics: prolonged half-life and multivalent binding
to two target antigens, amenable to purification with protein
A, and ADCC induction (19-22).

Yet, there are no in vivo reports of comparative experiments
with the original small recombinant formats. Therefore, we
focused on IgG-like BsAbs to improve the Db and fabricated
two IgG-like BsAbs based on hEx3-Db: hEx3-scFv-Fc and
hEx3-scDb-Fc (Fig. 1) (23,24). Both of these IgG-like BsAbs
have two pairs of humanized Fv portions with specificity for
EGFR and CD3, and were more cytotoxic than hEx3-Db.
However, the comparison of both hEx3-scFv-Fc and hEx3-
scDb-Fc, with different configurations to each other, has not
been conducted. Here, we performed comparative experiments
between these IgG-like BsAbs with hEx3-Db and cetuximab
in vitro and in vivo to explore the effect of BsAbs on cancer
growth inhibition.
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Materials and methods

Humanized bispecific antibodies. All Ex3 BsAbs used in this
report were humanized. hEx3-Db was prepared from inclusion
bodies expressed in Escherichia coli, as previously described
(15,25) and the IgG-like BsAbs, hEx3-scFv-Fc and hEx3-
scDb-Fc, were prepared from Chinese hamster ovary (CHO)
cells, as described in our previous study (24).

Cell lines. Human bile duct carcinoma (TFK-1, HuCC-T1, and
OCUCh-LM1) (26), human epidermoid (A431), human gastric
(Kato-III), human colon (DLD-1, SW480) and human breast
(SK-BR-3, MCF-7) cancer cell lines were used in this study.
The TFK-1 cell line was established in our laboratory (27),
OCUCh-LM1 was kindly provided by Dr Yamada (Osaka City
University School of Medicine, Osaka, Japan), and HuCC-T1
and Kato-III were obtained from the Japanese Cancer Research
Resources Bank (Tokyo, Japan). The cell lines, A431, DLD-1,
SW480, SK-BR-3, and MCF-7 were obtained from the Cell
Resource Center for Biomedical Research, Institute of Develop-
ment, Aging and Cancer, Tohoku University (Sendai, Japan).
These cell lines were cultured in RPMI-1640 medium supple-
mented with 10% fetal bovine serum (FBS), 100 U/ml penicillin
and 100 ug/ml streptomycin.

Preparation and stimulation of effector cells. For the induction
of T-LAK cells, peripheral blood mononuclear cells (PBMCs)
isolated by density-gradient centrifugation from a healthy
volunteer were cultured for 48 h in a culture medium supple-
mented with 100 IU/ml recombinant human interleukin 2
(IL-2), kindly supplied by Shionogi & Co., Ltd., (Osaka,
Japan) at a cell density of 1x10%ml in a culture flask (Nunc
A/S, Roskilde, Denmark) pre-coated with OKT3 monoclonal
antibody (10 pg/ml). The proliferated cells were then trans-
ferred to another flask and expanded in a culture medium
containing 100 IU/ml IL-2 for 2-3 weeks, as previously reported
(28). Surface marker analysis showed >90% of the cells were
positive for CD3 and CD8, but CD56 was almost negative
(29). In some cases, PBMCs isolated by density-gradient centri-
fugation were immediately used for in vitro growth inhibition
assays.

In vitro tumor growth inhibition assay. In vitro tumor growth
inhibition of the various cell lines was assayed with a
3-(4,5-dimethylthiazole-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium inner salt (MTS) assay kit
(CellTiter 96 Aqueous Non-Radioactive Cell Proliferation
Assay; Promega Corporation, Madison, WI, USA). The target
cells (5,000 cells in 100 ul culture medium) were plated on
96-well, half-area (A/2), flat-bottomed plates (Costar Group,
Inc., Cambridge, MA, USA). Cells were cultured overnight
to allow well adhesion. After removing the culture medium
by aspiration, 100 ul of the effector cells (T-LAK cells or
PBMCs) plus various concentrations of antibodies were added
to each well, giving a final effector to target cell (E:T) ratio of
5, 1, or 0.2. After culturing the cells for 48 h at 37°C, each
well was washed with PBS twice to remove effector cells and
dead target cells, and 95 ul of the culture medium plus 5 ul
of a fresh mixture of MTS/phenazine methosulfate solution
(Promega Corporation) was added to each well. The plates
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Table I. Percentage of growth inhibition of Ab with T-LAK cells vs. T-LAK cells alone in various cancer cell lines.

Target cells and origin ~ EGFR expression T-LAK alone Cetuximab hEx3-Db hEx3-scFv-Fc ~ hEx3-scDb-Fc
Bile duct carcinoma

TFK-1 High -10.1+£8.7 -1.6x11.7 39.1+9.0¢ 99.5+0.6° 86.2+5.3¢

HuCC-T1 High 33432 0.9+3.6 -4.9+7.7 100.9+0.8¢ 53.6+3.4¢

OCUCh-LM1 High -3.1+10.5 7.5+13.2 8.0+124 98.8+0.8¢ 76.1+£2.8¢
Epidermoid cancer

A431 High 54484 1.7£6.5 97.0+1.4¢ 98.3+0.9¢ 98.2+1.7¢
Gastric cancer

Kato-III Moderate 49.6+5.3 41.7+8.4 47.3+8.7 100.6+0.3¢ 100.6+0.3¢
Colon cancer

DLD-1 Moderate -12+35 8.4+7.0° 57.9+5.6¢ 98.6+0.8¢ 101.1+0.9¢

SW480 Moderate 12.8+2.1 18.6+9 4 39.3+5.5¢ 99.7+1.4¢ 99.4+0.6°
Breast cancer

SK-BR-3 Moderate 12.1£7.6 19.3+4.0° 56.1+3.8¢ 99.1+1.3¢ 94.7+1.49

MCEF-7 Low -49+33 8.1+2.5¢ 5.1+£5.3¢ 99.9+1.1¢ 50.9+2.6¢

Percentage + standard deviation (SD) of growth inhibition of bispecific antibodies or monospecific antibodies with T-LAK cells (Ab, 0.1 nM;
E:T ratio = 5:1). Data are representative of at least two independent experiments, with similar results. *P<0.05, °P<0.01, °P 0.001, ‘P<0.0001.

were incubated at 37°C and then read on a microplate reader
(model 3550; Bio-Rad Laboratories, Inc., Hercules, CA, USA)
at a wavelength of 490 nm. Growth inhibition of the target
cells was calculated as follows: percentage growth inhibition
of target cells = [1 - (A490 of treatment - A490 of background)/
(A490 of control - A490 of background)] x 100 (30).

In vivo tumor models. Female 8-week-old severe combined
immunodeficient (SCID) mice (Fox CHASE C.B.-17/Icr-Scid
Jer) (Clea Japan, Inc., Tokyo, Japan) were injected with
5x10° TFK-1 cells subcutaneously into the dorsal thoracic
wall on day 0. Using these mice, we evaluated three models
of efficacy.

In the first model, we evaluated the antitumor activity of
hEx3-Db and cetuximab. Ten days after TFK-1 injection,
hEx3-Db (0.2, 2, or 20 ug) or cetuximab (500 pg) were injected
intravenously via the tail vein on 4 consecutive days (days 1, 2,
3 and 4) with or without T-LAK cells (2.0x107) + IL-2 (250 TU).
In the second model, we assessed the monotherapeutic effect
of hEx3-Db alone. Ten days after the initial TFK-1 injection,
hEx3-Db (2, 20 or 200 ug) or PBS were injected intravenously
via the tail vein on 4 consecutive days (days 1,2, 3 and 4). In the
third model, we compared the antitumor activity of hEx3-Db
with the IgG-like BsAbs. Ten days after the initial TFK-1
injection, hEx3-Db (20 ug), hEx3-scDb-Fc (20 pg), or hEx3-
scFv-Fc (20 ug) were injected intravenously via the tail vein
on 4 consecutive days (days 1, 2, 3 and 4) with or without
effector cells [T-LAK cells (2.0x10%) or PBMCs (4.0x10%)] and
IL-2 (250 TU). In this experiment we used 2.0x10° T-LAK
cells to mimic physiological conditions.

Tumor size was measured with a caliper weekly for 10
weeks. When the tumors grew to approximately 5 mm in
diameter, the mice were randomly divided. Animals whose
tumors did not reach 5 mm in diameter were excluded from

the experiments. The approximate tumor volume (V, in cubic
millimeters) was calculated from linear measurements of the
width (A, in millimeters) and length (B, in millimeters) as
follows: V = (A2 x B)/2.

These animal experiments were reviewed by the Committee
on Ethics in Animal Experiments of Tohoku University and
were carried out under the Guidelines for Animal Experiments
of Tohoku University and the Law and Notification of the
Japanese Government.

Statistical analysis. Results from the growth inhibition assays
in vitro were compared by the unpaired t-test. In the mouse
models, the tumor growth inhibition in the control group was
compared with that in each treatment group using an unpaired
t-test.

Results

In vitro growth inhibition for the various cancer cell lines. To
compare the efficacy of the BsAbs (hEx3-Db, hEx3-scFv-Fc,
and hEx3-scDb-Fc) with cetuximab, we performed growth
inhibition assays for the various cancer cell lines. Expression
levels of EGFR in each cell line estimated by flow cytometry
are summarized in Table I. In comparison to cetuximab,
which had little effect on the activity of T-LAK cells, hEx3-Db
effectively inhibited the growth of several lines of cancer cells
(Table I). The most intense effect on all tested cell lines was
observed in the two IgG-like BsAbs, especially hEx3-scFv-Fc,
which showed nearly 100% killing activity even for the cell
line with the lowest EGFR expression levels, MCF-7.

In the presence of PBMCs, cetuximab inhibited the growth
of several cancer cell lines by the induction of ADCC via the
human Fc region (Table II). hEx3-Db without the Fc region
showed growth inhibition for half of the cell lines. In this
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Table II. Percentage of growth inhibition of Ab with PBMCs vs. PBMCs alone in various cancer cell lines.

Target cells PBMC alone Cetuximab hEx3-Db hEx3-scFv-Fc hEx3-scDb-Fc
TFK-1 3.8+4.1 44.9+9 8° 19.1£9.0 98.7+0.9¢ 90.3+2.2¢
HuCC-T1 -3.5+29 -0.2+2.9 0.9+1.6° 19.8+2 8¢ 15.0+2 4¢
OCUCh-LM1 32440 7.0+£12.8 6.3£12.6 92.8+1.6° 74.5+8.5¢
A431 5.1£54 9.9+12.6 61.0£5.1¢ 71.84£2.0¢ 66.8+3.7¢
Kato-III 27.9+2.7 32.0+6.3 30.3+£7.7 97.5+£1.9¢ 100.1+0.3¢
DLD-1 6.5+2.5 22.6+3.4¢ 34.3+4.6¢ 96.7£0.5¢ 93.8+1.6°
SW480 9.3+£3.9 8.4+7.1 -0.9+8.8 72.4+50¢ 68.8+2.7¢
SK-BR-3 -13.8+£3.7 46.7+4.8° 55.6+7.1¢ 89.6+2.1¢ 90.0+0.8¢
MCF-7 5.7£3.6 12.3£9.9 6.6+£7.4 95.9+0.9¢ 97.5+0.9¢

Percentage + SD of growth inhibition of bispecific antibodies or monospecific antibodies with PBMCs (Ab, 0.1 nM, E:T ratio = 5:1). Data are
representative of at least two independent experiments, with similar results. *P<0.05, °P<0.001, °P<0.0001.
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Figure 2. Percentage of growth inhibition was determined by a 48-h MTS assay. Concentrations of IgG-like BsAbs and E:T ratios of effector cells added to
TFK-1 are displayed as follows: (A) hEx3-scFv-Fc + T-LAK cells; (B) hEx3-scDb-Fc + T-LAK cells; (C) hEx3-scFv-Fc + PBMCs; and (D) hEx3-scDb-Fc +
PBMC:s. Data are presented as the mean value + SD and are representative of at least three independent experiments with similar results.

case, a small fraction of CD3-positive cells in the PBMCs
probably contributed to the cytotoxic effect. In contrast,
significant growth inhibition for all cancer cell lines was
observed in the IgG-like BsAbs, with no major differences
between hEx3-scFv-Fc and hEx3-scDb-Fc (P<0.0001), which
were unlike the results from using T-LAK cells as effector

cells. Thus, the IgG-like BsAbs, with their intense cross-
linking effects caused by bivalent binding to each antigen and
secondary immune functions such as ADCC, are highly
effective against a wide range of cancer cell lines.

For further comparison between hEx3-scFv-Fc and
hEx3-scDb-Fc, we performed the growth inhibition assay at
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Figure 3. Treatment with hEx3-Db and cetuximab on xenografted TFK-1
tumors in SCID mice. The TFK-1 cells were injected subcutaneously into
SCID mice 10 days before treatment. Then, hEx3-Db or cetuximab were
injected intravenously via the tail vein on 4 consecutive days (days 1, 2, 3
and 4) with or without T-LAK cells (2.0x107) + IL-2 (250 1U) as follows:
T-LAK cells + IL-2 (Xs); hEx3-Db (0.2 ug) + T-LAK cells + IL-2 (closed
triangles); hEx3-Db (2 ug) + T-LAK cells + IL-2 (closed squares); hEx3-Db
(20 pg) + T-LAK cells + IL-2 (closed diamonds); cetuximab (500 ug) alone
(open circles); cetuximab (500 ug) + T-LAK cells + IL-2 (closed circles).
Points, median tumor volumes from each treatment group (n=5 mice/treat-
ment group); bars, standard errors of the mean (SEM). "P<0.05, “'P<0.01, for
each group vs. the control group (T-LAK cells alone).
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Figure 4. Treatment with hEx3-Db alone for xenografted TFK-1 tumors in
SCID mice. The TFK-1 cells were injected subcutaneously into the mice 10
days before treatment. Then, hEx3-Db or PBS were injected intravenously
via the tail vein on 4 consecutive days (days 1, 2, 3 and 4) as follows: PBS
(Xs); hEx3-Db (2 pg) (closed squares); hEx3-Db (20 ug) (closed diamonds);
hEx3-Db (200 ug) (closed triangles). Points, median tumor volumes from
each treatment group (n=2-3 mice/treatment group); bars, SEM.

concentrations from 0.001-0.1 nM and at E:T ratios from 0.2
to 5 by using TFK-1 with T-LAK cells or PBMCs. In the
presence of T-LAK cells, growth inhibition with hEx3-
scFv-Fc was higher than that with hEx3-scDb-Fc, and was
dose- and E:T ratio-dependent (Fig. 2A and B). In contrast,
when PBMCs were used as the effector cells, the differences
between the effects of the two IgG-like BsAbs were less than
those in the presence of T-LAK cells, especially at high E:T

953

ratios (Fig. 2C and D). Thus, these results may suggest that the
functional mechanism of IgG-like BsAbs differs by the kind
of effector cell.

In vivo efficacy of hEx3-Db in tumor xenografted mice. To
evaluate antitumor activity in vivo, hEx3-Db and cetuximab
were injected for 4 consecutive days into SCID mice injected
with TFK-1. Compared with the group injected with T-LAK
cells alone, significant inhibition of tumor growth was
observed in the groups co-injected with hEx3-Db (n=5; 0.2 ug,
P<0.05; 2 ug, P<0.01) (Fig. 3). Even the 0.2-ug injection of
hEx3-Db showed an effect comparable to the 500-¢g injection
of cetuximab. However, the effect of cetuximab was inde-
pendent of the presence of T-LAK cells.

In vivo monotherapeutic effects of hEx3-Db in tumor
xenografted mice. To evaluate the monotherapeutic effect of
hEx3-Db alone, hEx3-Db was injected at different concen-
trations into 2 or 3 SCID mice per treatment group (inoculated
with TFK-1). No inhibitory effects were found at any hEx3-Db
concentration (2-200 ug, Fig. 4). hEx3-Db did not induce
EGFR-mediated growth inhibition or ADCC. Therefore,
effector cells with CD3-positive phenotypes are essential for
hEx3-Db to induce any antitumor effects.

In vivo efficacy of IgG-like BsAbs in tumor xenografted mice.
To compare the antitumor activity of hEx3-Db with IgG-like
BsAbs, each BsAb was injected into the xenografted mice
(n=7 or 8) with or without effector cells for 4 consecutive
days. The growth inhibitory effect of hEx3-Db was comparable
to that of hEx3-scDb-Fc (P<0.05) independent of the kind of
effector cell (Fig. 5A). Interestingly, the inhibitory effect on
tumor growth by both of the IgG-like BsAbs was significant
even in the absence of effector cells (P<0.05) (Fig. 5B and C).
Similar to the cetuximab results, ADCC induced via the fused
Fc portion and the inhibitory effect of EGFR-mediated growth
signaling probably contributed to these monotherapeutic
effects. However, no major differences in the effects of the
two IgG-like BsAbs were observed, similar to the results from
the in vitro experiment using PBMCs as effector cells, and the
co-injection of T-LAK cells did not induce a remarkable
additive effect in hEx3-scDb-Fc and hEx3-scFv-Fc.

Discussion

IgG-like BsAbs, recombinant BsAbs containing a human Fc
region, are attractive and realistically producible antibody
forms. These forms have high therapeutic potency in recruiting
cytotoxic T cells against tumor cells and inducing ADCC, and
their greater molecular weight results in longer clearance
half-lives than with the small BsAb Dbs (22,31). In addition,
the fusion of the Fc region enables convenient purification
with protein A (22,31-33).

Among the hEx3 BsAbs and cetuximab, hEx3-scFv-Fc
showed the highest cytotoxicity in vitro to many kinds of
cancer cell lines in the presence of T-LAK cells (Table I, Fig. 2).
In some cases, the construction of recombinant antibodies with
IgG-like BsAb causes steric hindrance that decreases affinity
for each antigen and impedes bispecific binding (22). These
results suggest a structural superiority of hEx3-scFv-Fc to
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Figure 5. hEx3 BsAbs inhibit growth of TFK-1 xenografts. The TFK-1 cells
(5.0x10°) were injected subcutaneously into SCID mice 10 days before
treatment. Then, hEx3-Db, hEx3-scDb-Fc, and hEx3-scFv-Fc were injected
intravenously via the tail vein on 4 consecutive days (days 1, 2, 3 and 4) with
or without effector cells [T-LAK cells (2.0x10°) or PBMCs (4.0x10°)] + IL-2
(250 TU). (A) T-LAK cells + IL-2 (Xs; n=7); hEx3-Db (20 ug) + PBMCs +
IL-2 (open diamonds; n=7); hEx3-Db (20 ug) + T-LAK cells + IL-2 (closed
diamonds; n=7); hEx3-scDb-Fc (20 ug) + T-LAK cells + IL-2 (closed
squares; n=7). (B) T-LAK cells + IL-2 (Xs; n=7); hEx3-scDb-Fc (20 ug) +
T-LAK cells + IL-2 (closed squares; n=7); hEx3-scDb-Fc (20 ug) (closed
circles; n=8); hEx3-scFv-Fc (20 ug) (closed triangles; n=8). (C) PBS (open
circles; n=5); T-LAK cells + IL-2 (Xs; n=5); hEx3-scFv-Fc (20 ug) + T-LAK
cells + IL-2 (open triangles; n=5); hEx3-scFv-Fc (20 ug) (closed triangles;
n=5). Points, median tumor volumes from each treatment group; bars, SEM.
“P<0.05, for each group vs. T-LAK cells alone or PBS (only for hEx3-
scFv-Fc alone in C).
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hEx3-scDb-Fc in the cross-linkage of effector cells to tumor
cells.

Both in vitro and in vivo, the results indicated that
CD3-positive effector cells are essential for the induction of
potent antitumor effects of hEx3-Db without Fc (Table I,
Figs. 3 and 4). In contrast, cetuximab and both IgG-like BsAbs
showed monotherapeutic effects in the in vivo therapeutic
models (Figs. 3 and 5B and C). Immune-deficient mice xeno-
grafted with human cancer can be used to evaluate ADCC
induced from human IgG1 antibodies (34) and glycosylation
in the Fc region of the antibody-heavy chain is indispensable
for both their interactions with Fc receptors and FcR-mediated
effector functions, including ADCC (35,36). We previously
confirmed that the glycosylation pattern of hEx3-scDb-Fc is
quite similar to that of humanized IgGl produced by CHO
cells (37) and the binding of hEx3-scFv-Fc mediates the
inhibition of the phosphorylation of protein kinase (23). These
facts suggest that the monotherapeutic effects of IgG-like BsAbs
based on hEx3 are due to the induction of ADCC and the
inhibition of receptor tyrosine kinase, similar to the mecha-
nisms that have been demonstrated for cetuximab (38,39).

In contrast, remarkable differences were not observed
between hEx3-scFv-Fc and hEx3-scDb-Fc in vitro (Table II,
Fig. 2C and D) or in vivo (Fig. 5B) if the functional mechanism
of the recombinant Ab was ADCC. Furthermore, co-injection
of T-LAK cells did not induce a remarkable additive effect in
either IgG-like BsAb in vivo (Fig. 5B and C). These results may
indicate that due to the steric hindrance on binding to CD3- and
Fc-receptor-positive phenotypes, the IgG-like BsAbs based on
hEx3 can not both direct T lymphocytes to tumor cells and
efficiently induce ADCC. Although further studies of animal
models are necessary to confirm ADCC dependence using
Fc-receptor-deficient mice and to compare in detail IgG-like
BsAbs with cetuximab, our results suggest the potential of a
design that can efficiently direct effector cells toward tumor
cells with the induction of secondary immune functioning for
the development of even more effective IgG-like BsAbs.

In conclusion, although hEx3-scFv-Fc showed the highest
cytotoxicity in vitro, the high molecular weight of the scFv-IgG
format (~200 kDa) makes it hard to prepare sufficient amounts
of recombinant antibodies for further study (22). With mono-
therapeutic effects comparable to hEx3-scFv-Fc in vivo,
hEx3-scDb-Fc may prove to be an attractive recombinant
therapeutic antibody and become a more potent reagent by
further modification (by exchanging domain order, redesigning
the manner of fusion between the Db and the Fc portion, and
introducing the mutation to minimize the steric hindrance).
The production of a highly effective recombinant antibody
would lead to a reduction in therapeutic dose, and thus, decrease
medical costs in clinical settings.
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