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Abstract Bispecific antibodies (bsAb) have attracted
much attention over the past several years as a mean to
improve immunotherapy of cancer. Due to their dual
specificity, bsAb are able to redirect effector cells against
tumor targets. In this study, the development and pre-
clinical testing of a new quadroma-derived bsAb,
HEA125x197, recognizing the tumor-associated Ep-
CAM antigen and the high affinity Fc receptor for IgG,
CD64, is reported. Using granulocyte-colony stimulat-
ing factor (G-CSF) and interferon-gamma (IFN-y)-
stimulated polymorphonuclear neutrophils to induce
CD64 expression, bsAb HEA125x197 elicited strong
cytotoxic activity towards allogeneic and autologous
ovarian carcinoma cells. The cytolytic efficiency of this
antibody was comparable to that of a previously de-
scribed bsAb, HEA125xOKT3, targeting preactivated T
lymphocytes against Ep-CAM-carrying tumor cells.
Based on the pan-carcinoma specificity and the stable
expression of Ep-CAM, bsAb HEA125x197 may
broaden the spectrum of bispecific reagents for the
treatment of epithelial malignancies.
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Introduction

Bispecific antibodies (bsAb) are artificial proteins which
carry two different antigen binding sites. They can be
produced either by chemical coupling of different im-
munoglobulin Fab’ fragments at the hinge region or by
cell fusion of two hybridoma cell lines, resulting in a
quadroma cell that secretes amongst other immuno-
globulin combinations bsAb [26]. Alternatively, genetic
engineering allows the creation of a variety of bispecific
molecules of different sizes and binding strengths [17].
By virtue of their dual specificity, bsAb can trigger ef-
fector cells via a membrane receptor and at the same
time link them to a tumor cell. This interaction leads to
the subsequent destruction of the tumor cell [34].

Most of the early studies investigating bsAb for
therapy of malignancies have focused on T lymphocytes
as effector cells. For this, T cell activation was achieved
by ligation of the T cell receptor-associated CD3 epsilon
chain. Such anti-T cellxanti-tumor cell bsAb have been
used for the treatment of non-Hodgkin’s lymphoma and
solid tumors like ovarian and renal cell cancer [4, 7, 15].
To become fully activated, T cells require costimulatory
signals via the CD28 receptor, making this approach not
easy to perform. Unfortunately, the global activation of
T cells in the circulation following intravenous bsAb
application causes severe and dose-limiting side effects
through the release of several cytokines.

More recently, cells of the myeloid lineage comprising
granulocytes, monocytes, macrophages and dendritic
cells (DC) have received attention as potentially better-
suited effector cells. Polymorphonuclear neutrophils
(PMN) are for instance the most abundant circulating
white blood cells, and are able to elicit strong cytolytic
and phagocytic activities. They release soluble chemo-
tactic factors that recruit further nonspecific and specific
immune effector cells [6]. Myeloid cells express constit-
utively or upon activation Fc receptors which represent
exquisite trigger molecules for the induction of cyto-
toxicity [22]. Especially the high affinity receptor for
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1gG, termed FcyRI or CD64, has been identified as an
attractive target molecule for bsAb-based immunother-
apy of cancer [5]. CD64 constitutes an activating Fc
receptor on monocytes, macrophages and DC, whereas
its expression can be induced on neutrophils and
eosinophils by interferon-gamma (IFN-y) or granulo-
cyte-colony stimulating factor (G-CSF) treatment.
Importantly, induction of FcyRI on granulocytes and
substantial upregulation on macrophages can be easily
achieved in patients by systemic application of the
respective cytokine or growth factor [16].

Several bsAb recognizing the CD64 molecule in
conjunction with an epithelial tumor-associated antigen
(TAA) have been established. The tyrosine kinase
receptor HER2/neu [12, 20, 21, 32, 33, 35], the EGF
receptor [3, 30, 37] and the MUCI antigen [1] are
prominent examples of the second binding specificity for
those bsAb being prepared or having already entered
clinical testing. So far, most bsAb trials taking advan-
tage of FcyRI targeting have demonstrated low toxicity
and resulted in tumor regression in some patients [3].
Ep-CAM (also known as 17-1A, GA733-2 and EGP-2
antigen) represents another epithelial glycoprotein that
is overexpressed on virtually all carcinoma cells [18, 19].
One striking feature of this antigen is its stable expres-
sion during malignant transformation; the molecule is
retained even in highly de-differentiated carcinomas. In
addition, Ep-CAM is not released into the blood of
patients [2].

The present study demonstrates the cytotoxic efficacy
of the newly developed bsAb HEA125x197 by redirect-
ing activated polymorphonuclear granulocytes towards
autologous ovarian carcinoma cells. The cytolytic po-
tency of this reagent is throughout comparable to that of
the recently described bsAb HEA125xOKT3 (Ep-
CAMxCD3) in combination with preactivated T lym-
phocytes. To the best of our knowledge, this is the first
report on the characterization of an Ep-CAMXCD64-
reactive bsAb.

Materials and methods

Production and purification of bsAb HEA125x197

Bispecific antibody HEA125x197 (specificity Ep-CAMxCD64) was
produced using the mouse hybrid-hybridoma technique. Briefly,
bsAb was prepared by fusing the hybridoma cell lines HEA125
(IgG1, directed against the epithelial glycoprotein Ep-CAM) [18]
and 197 (IgG2a, directed against an epitope distinct from the ligand
binding site of the high-affinity FcyRI, CD64) [9]. After several
rounds of subcloning and testing for the secretion of bi-isotypic
antibodies a stable quadroma cell line was established. Quadroma
cells were cultured in a Miniperm bioreactor (Vivascience, Han-
nover, Germany). Supernatant containing the antibody mixture
was purified first by affinity chromatography on a protein A-
Sepharose CL-4B column (Amersham Pharmacia Biotech Europe,
Freiburg, Germany) to remove IgG1 parental antibodies. Subse-
quently, the eluant was subjected to HPLC purification on a
Bakerbond ABx column (T.J. Baker, Philipsburg, N.J.) which al-
lowed separation of bispecific antibody using a morpholinoethane
sulfonic acid (MES)/sodium acetate gradient. The purity of eluted

material was assessed by SDS-PAGE under reducing conditions.
The establishment of the HEAI125xOKT3 (specificity Ep-
CAMXCD3) hybrid-hybridoma that was employed for compara-
tive cytotoxicity studies has been described recently [29].

Cell lines

The Ep-CAM-expressing ovarian adenocarcinoma cell line SK-
OV-3 and the promyelocytic leukemia line HL-60 were obtained
from the American Type Culture Collection (Manassas, Va.). Cells
were grown in RPMI 1640 medium (Life Technologies, Paisley,
U.K.) supplemented with 10% heat-inactivated FCS (Conco,
Wiesbaden, Germany), 2 mM L-glutamine, and 1 mM sodium
pyruvate. The CiMe cell line was newly established from an HLA-
A*0201-positive patient with ovarian carcinoma. Tumor cells were
separated from ascitic fluid by density gradient centrifugation and
cultured in DMEM medium (Life Technologies) containing 10%
fetal calf serum (FCS), penicillin/streptomycin, 2 mM L-glutamine,
and 1% insulin-transferrin-sodium selenite media supplement
(Sigma, St. Louis, Mo.). The phenotype of CiMe cells was analyzed
by flow cytometry and cytospin staining: they express cytokeratins
8 and 18, MHC class I, Ep-CAM, CD40 and CD95. The costim-
ulatory molecules CD80 and CD86 are absent from the cell line.

Isolation of peripheral blood lymphocytes
and polymorphonuclear cells

Peripheral blood lymphocytes (PBL) and PMN were isolated from
buffy coat obtained from healthy donors via the blood bank of the
University of Heidelberg or from heparinized peripheral blood of
ovarian cancer patients. Isolation of PBL was carried out by den-
sity centrifugation of diluted (1:2 in PBS) buffy coat on Ficoll-
Paque Plus (Amersham Pharmacia Biotech) at 400 g for 20 min at
room temperature. The PBL interphase was washed twice in
complete RPMI 1640 medium. For PMN isolation, buffy coat was
mixed with an equal volume of dextran solution [3% dextran T-500
(Amersham Pharmacia Biotech) in 0.9% NaCl] and incubated in
an upright position for 20-30 min at room temperature. The upper
layer (leukocyte-rich plasma) was aspirated and centrifuged
(10 min at 250 g, 5°C). The pellet was resuspended in 0.9% NaCl
and overlaid with 10 ml Ficoll-Paque Plus. After centrifugation
(40 min at 400 g at 20°C without brake), the neutrophil/RBC pellet
was subjected to hypotonic lysis to remove residual erythrocytes.
Culture of PBL and PMN was performed in RPMI 1640 supple-
mented with 2% heat-inactivated FCS, 2 mM L-glutamine, 1 mM
pyruvate, and 0.05 mM 2-ME.

Effector cell activation

In order to activate resting T cells, PBL were cultured at a con-
centration of 2x10° cell/ml in medium containing OKT3 (5 pg/ml;
the authors’ own preparation) and recombinant human IL-2 (20 U/
ml; Eurocetus, Frankfurt, Germany). After 3 days, cells were wa-
shed twice to remove remaining cell-bound antibody and cultured
overnight in medium alone. On day 4, a cytotoxicity assay was
performed. The PMN were activated by incubation in the presence
of IFN-y (150 U/ml; Roche Diagnostics, Mannheim, Germany)
and G-CSF (300 U/ml; Neupogen) for 3 days.

Cytotoxicity assay

Cytotoxicity assays were carried out in RPMI 1640 supplemented
with 10% heat-inactivated FCS, 2 mM L-glutamine, 1 mM pyru-
vate, 0.05 mM 2-ME, and 1 mM HEPES. Fc-receptor binding of
the PMN was blocked by the addition of 2.5 mg/ml polyclonal
human immunoglobulin (Endobulin; Immuno, Heidelberg,
Germany). Cytolytic activity was assessed using a standard >'Cr
release assay. Target cells (2x10°) were labeled with 200 pCi
sodium °'CrO, (Amersham Pharmacia Biotech) followed by 4



washing cycles, and resuspended in medium at a concentration of
1x10%/ml. Effector cells were adjusted to a concentration of 5x10°/
ml. Increasing numbers of effector cells in 100 pl were titrated to
5x10% target cells/well in 50 pl; 50 pl of antibody solution (10 pg/
ml) was added to each well. The whole assay was set up in triplicate
and incubated for 4 h at 37°C. One hundred microliters of super-
natant were harvested and assayed for °'Cr release in a gamma
counter (Cobra Auto Gamma; Canberra Packard, Dreieich, Ger-
many). Maximum release was determined by incubation of labeled
target cells in 100 pl of 10% sodium dodecyl sulphate (SDS), and
spontaneous release was calculated from a sample to which 100 pl
of medium was added instead of effector cells. The percentage of
specific release was determined as:

experimental release — spontaneous release
maximum release — spontaneous release

% specific lysis = x 100

Flow cytometry

Target and effector cells were analyzed for surface markers by in-
direct immunofluorescence. Approximately 1x10° cells were stained
with the following mAb: HEA125 (anti-Ep-CAM, IgGl), 197
(CD64, 1gG2a) and HD20 (anti-idiotype, IgG1, serving as a neg-
ative control). Isotype-specific, FITC-labeled goat-anti mouse IgG1
and IgG2a antibodies (Southern Biotechnology Associates, Bir-
mingham, Ala.) were used as second-step reagents. Dead cells were
discriminated by propidium iodide staining (Sigma, Deisenhofen,
Germany). To prevent mAb interaction with the natural ligand
binding site of Fc receptors, all incubations were carried out in the
presence of 2.5 mg/ml polyclonal human IgG (Endobulin). Anal-
ysis was performed on a FACScan cytometer (Becton Dickinson,
Heidelberg, Germany) using CellQuest software.

Results

Establishment of the quadroma line, production
and purification of bsAb HEA125x197

The quadroma cell line HEA125x197 was raised by
fusion of the HGPRT-deficient hybridoma HEA125
(anti-Ep-CAM, IgGl1 isotype) and the iodoacetamide-
treated hybridoma 197 (anti-CD64, IgG2a isotype).
After cell fusion, 39 clones grew out under selection in
HAT medium. They were initially tested for the pro-
duction of both parental immunoglobulin species by a
double isotype ELISA and for reactivity with cells ex-
pressing the respective antigens using flow cytometry.
The quadroma line showing the highest immunoglobu-
lin secretion rate was subsequently cloned twice by
limiting dilution and established as hybrid-hybridoma
clone HEA125x197.

For medium-scale production of bsAb, a modular
miniaturized bioreactor was employed. Since quadroma
cell lines produce the desired bispecific antibody as well
as different immunoglobulin missense combinations,
the bsAb had to be purified by a 2-step method. The
first step consisted of protein A affinity chromatogra-
phy and the second step of HPLC separation of the
protein A eluant on a Bakerbond ABx column. The
HPLC elution profile using a sodium acetate gradient
in MES is depicted in Fig. 1A. Samples of the eluted
fractions were separated by SDS-PAGE and analyzed
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Fig. 1 A Purification of bsAb HEA125x197 by HPLC separation
on a Bakerbond ABx column. Elution was performed using a
sodium acetate gradient in morpholinoethane sulfonic acid (MES).
The shaded peak contained the bispecific antibody. B SDS-PAGE
analysis under reducing conditions of HEA125x197 preparations in
comparison with parental mAb. Lanes I and 7, molecular weight
marker; lane 2, crude bioreactor harvest; lane 3, protein A-Sepha-
rose CL-4B purified material of harvest; lane 4, HPLC-purified
bispecific antibody; lane 5, purified mAb HEA125; lane 6, purified
mAD 197. The positions of immunoglobulin heavy (H) and light (L)
chains are indicated

by flow cytometry to identify those fractions containing
the bsAb.

A representative SDS-PAGE under reducing condi-
tions is displayed in Fig. 1B. Noteworthy, the apparent
electrophoretic mobilities of the parental antibodies
differed in the case of the light chains (lanes 5 and 6).
This allows a rough estimate of the relative amounts of
both parental immunoglobulins. After protein A puri-
fication of the crude bioreactor-derived supernatant
(lane 2), a clear overrepresentation of IgG2a immuno-
globulin species containing bsAb and parental antibody
197 was seen, which also reflects a loss of parental an-
tibody HEA125. By a further purification procedure
using a Bakerbond ABx column the parental 197
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antibody was removed, resulting in a high enrichment of
bsAb (lane 4) as indicated by the nearly equimolar
representation of both immunoglobulin light chains.
The yield of pure bsAb HEA125x197 was in the range of
10-20% of total immunoglobulins.

Fig. 2 Flow cytometric analysis
of reactivity of bsAb
HEA125%197. Binding of indi-
cated mAb and bsAb to SK-
OV-3 (Ep-CAM ™" and CD64")
and HL60 (Ep-CAM ™ and
CD64™") target cells was
detected with isotype-specific,
FITC-labeled second-step
reagents. CD64 expression on
HL60 cells was induced by
treatment with IFN-y (150 U/
ml). The shaded histograms
represent the negative controls
using the irrelevant mAb HD20
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Immunoreactivity of the purified bsAb was evaluated
by flow cytometry (Fig. 2). For this, the ovarian carci-
noma cell line SK-OV-3 (Ep-CAM ", CD64") and the
myeloid cell line HL60 (CD64 ", Ep-CAM") served as
target cells. Surface expression of the CD64 antigen on
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HL60 cells was up-regulated by culturing the cells in
medium containing IFN-y. The parental mAb HEA125
(IgG1) binds to its antigen on SK-OV-3 cells, and can
solely be detected with FITC-labeled GAM-IgG1 anti-
bodies. Since CD64 antigen is not expressed on SK-OV-
3 cells, no staining was observed. By contrast, bsAb
HEA125x197 interacted with the Ep-CAM antigen and
was detected by both isotype-specific antibodies GAM-
IgGl- and GAM-IgG2a-FITC. The corresponding
staining was performed on HL60 cells. To minimize
nonspecific Fc receptor-mediated binding, all incuba-
tions were carried out in medium containing 5% pooled
human IgG. On myeloid HL60 cell line parental anti-
body 197 (IgG2a) bound to the CD64 antigen as de-
tected by GAM-1Gg2a-FITC second step reagent. mAb
HEA125 did not show any specific reaction with HL60
cells that are devoid of the Ep-CAM antigen. Again,
only bsAb HEA125x197 was reactive with HL60 cells
using both GAM-IgG1l- and GAM-IgG2a-FITC sec-
ondary antibodies. These results clearly demonstrated
that the two binding sites of the bispecific antibody are
functional in that they interact with both Ep-CAM and
CD64 molecules.

bsAb HEA125%197 induce lysis of Ep-CAM-expressing
ovarian carcinoma cells by activated allogeneic PMN:
comparison with cytotoxicity elicited by T lymphocytes

The ability of bsAb HEA125x197 to direct allogeneic
PMN against carcinoma cells was tested by a chromium
release assay. Polymorphonuclear effector cells from
healthy donors were isolated from buffy coat by dextran
sedimentation followed by density gradient centrifuga-
tion. Stimulation of PMN was achieved by incubation
for 3 days in medium containing IFN-y and G-CSF. As
target cells we used the cell line CiMe which was es-
tablished recently from a patient with advanced ovarian
carcinoma, and which was shown to express Ep-CAM.
In the presence of 10 pg/ml bsAb HEA125x197, a
standard chromium release assay with increasing effec-
tor:target (E:T) cell ratios was carried out. In previous
titration experiments this bsAb concentration was found
to be optimal (data not shown). The parental antibodies
HEA125 and 197 — alone and as a mixture — at the same
concentration as well as medium served as negative
control.

The results of a representative experiment are shown
in Fig. 3A. At an E:T cell ratio of 100:1, bsAb
HEA125x197 yielded 43% specific lysis of CiMe cells.
Addition of parental mAbs or a mixture of them resulted
in background lysis of 10% or less. The specific cyto-
toxicity induced by the bsAb declined with the decrease
of E:T ratios used (21% at 50:1, 10% at 25:1 and 4% at
12:1). In the respective controls background lysis was
always below 5%. Cell line SK-OV-3 was even more
susceptible to bsAb HEA125x197-induced lysis by
PMN; 62% specific cytotoxicity was obtained at an E:T
ratio of 100:1 (data not shown). To block binding of

625

A 50 0 Medium
45 1 mHEA125
40+ o197
35 4 BHEA125 + 197
m HEA125x197

% specific lysis

100:1

50:1 25:1 12:1

effector : target ratio

B 60 — O Medium
@mHEA125
50 + oOKT 3
@ HEA125 + OKT2
@ 407 m HEA125xOKT3
[
=
1) 1
= 30
7]
2
w 20+
S
10 +
0
100: 1 50:1 25:1 12:1

effector : target ratio

Fig. 3 A BsAb HEA125x197-induced cytotoxic activity of allog-
eneic PMN towards the ovarian carcinoma line CiMe. PMN were
stimulated in vitro by INF-y (150 U/ml) and G-CSF (300 U/ml).
The indicated antibodies were added at a final concentration of
10 pg/ml. >'Cr-labeled target cell were incubated with the effector
cells at different E:T ratios for 4 h. B bsAb HEA125xOKT3-
induced cytotoxicity of allogeneic PBL towards the CiMe target
cells. PBL were stimulated in vitro by IL-2 (20 U/ml) and mAb
OKT3 (5 pg/ml). The indicated antibodies were added at a final
concentration of 10 pg/ml

antibodies via the ligand binding site of Fc receptors,
polyclonal human IgG was applied in all cytotoxicity
assays.

Having established the cytotoxic capacity of bsAb
HEA125%197-directed PMN, we aimed to compare this
with the lytic potential of cytotoxic T lymphocytes. For
this, PBL of healthy volunteers were isolated from buffy
coat by Ficoll Plus separation and were stimulated with
soluble OKT3 antibody and IL-2. Effector cell targeting
to >'Cr-labeled CiMe cells was achieved by bsAb
HEA125xOKT3 recognizing the epsilon-chain of the
CD3 molecule on T lymphocytes. At the 100:1 E:T ratio,
50% of the target cells were lysed specifically (Fig. 3B).
Specific killing dropped to 35% at an E:T ratio of 25:1
and to 24% at an E:T ratio of 12:1. In this particular
experiment, background cytotoxicity in control samples
never exceeded 8%. Both cytotoxicity assays were
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performed with the identical target cell line and under
the same incubation conditions. Together, the maximum
specific lysis induced by HEA125x197-redirected PMN
was comparably high as that induced by HEA125xCD3-
redirected T cells. At lower E:T ratios, however, the
cytotoxicity caused by PMN exhausted faster than that
of T cells.

Activated PMN kill autologous carcinoma cells
in the presence of bsAb HEA125x197

An important issue concerns the question whether not
only allogeneic but also autologous PMN could be di-
rected towards ovarian carcinoma cells. For this pur-
pose, we isolated PMN from the peripheral blood of the
same patient that the cell line CiMe was established
from. The purified PMN were stimulated with IFN-y
and G-CSF for 3 days to enhance surface expression of
the CD64 molecule. The effect of cytokine stimulation
was monitored by flow cytometry (Fig. 4A). The

Fig. 4 A Phenotypic analysis of
ovarian carcinoma line CiMe

A CiMe target cells

and of autologous PMN both

isolated from the same patient.
The effector cells were activated
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presence of bsAb HEAI125x197. The maximum lysis
observed in case of autologous effector cells was entirely
comparable with the lysis achieved by allogeneic effector
cells from healthy donors.

Discussion

In the present study, we investigated the cytolytic ac-
tivity of polymorphonuclear neutrophils targeted to-
wards ovarian carcinoma cells with a newly established
bsAb, HEA125x197. This antibody is directed against
the epithelial glycoprotein Ep-CAM on carcinoma cells
and the high-affinity FcyRI receptor, CD64, on myeloid
cells. The pan carcinoma marker Ep-CAM appears to be
specially suited for immunotherapeutic approaches since
its expression is rather stable even in de-differentiated
epithelial neoplasms [19]. The quadroma line
HEA125x197 was generated by cell fusion of the pa-
rental hybridoma lines. Larger quantities of bsAb were
produced in a miniaturized bioreactor and subsequently
purified by a 2-step method. We demonstrated that the
bsAb efficiently induced the lysis of carcinoma cells by
preactivated PMN. This proof of principle was obtained
with an antibody of mouse origin. For future thera-
peutic application in patients a humanized version of the
Ep-CAMXCD64 reagent appears desirable to prevent
adverse effects based on the formation of a human anti-
mouse antibody (HAMA) response.

We compared the lytic capacity of the HEA125x197
bsAb with that of the previously described bispecific
HEA125xOKT3 reagent. Tumor cell killing mediated by
HEA125xOKT3 is induced by CD3-positive T lym-
phocytes stimulated in vitro with OKT3 mAb and low-
dose IL-2 29]. Maximum specific cytotoxicity of bsAb
HEA125x197 and preactivated PMN (43% at an E:T
ratio of 100:1) compared favorably with that achieved
with bsAb HEA125xOKT3 and preactivated T cells
(50% also at an E:T ratio of 100:1). At lower E:T ratios,
however, the cytotoxicity caused by PMN exhausted
faster than that of T cells. This may indicate that for a
sustained cytotoxic anti-tumor response a higher num-
ber of bsAb-directed PMN are required. Further on,
bsAb HEA125x197 was evaluated in an autologous
setting. This was achieved by the use of PMN from the
same ovarian carcinoma patient that the target cell line
CiMe was established from. Interestingly, the maximum
lysis of 47% reached at an E:T ratio of 100:1 with
autologous effector cells was even slightly higher than
that obtained with allogeneic effector cells from healthy
donors.

Several bsAb have already been described containing
one specificity against the CD64 molecule to redirect
myeloid effector towards epithelial tumor-associated
antigens. Russoniello et al. developed the bsAb
HCC49xH22 for the immunotherapy of TAG-72-
expressing malignancies. They demonstrated that
IFN-y-treated monocytes induced a specific lysis of
TAG-72-positive KLEB cells of about 30% [24]. The
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high molecular weight glycoprotein MUCI1 (CD227) was
used as target antigen on breast cancer cells by Ake-
wanlop et al. Their bsAb DF3xH22 solely induced
phagocytosis but not cytolysis of tumor cells by mac-
rophages stimulated by GM-CSF with or without IFN-y
[1]. Valerius et al. used bispecific immunoglobulins re-
acting with the epidermal growth factor receptor
(EGFR) which is, besides other malignancies, overex-
pressed on the majority of renal cell carcinomas. In
preclinical studies they compared several bsAb, all rec-
ognizing the EGF-receptor but different Fc receptors
(CD16, CD64, CD89) on human leukocytes. This study
provided evidence that myeloid effector cells from pa-
tients treated with G-CSF or GM-CSF in combination
with an EGFRxCD89 antibody achieved the strongest
tumor cell killing [8]. MDX-447 represents a chemically
coupled bsAb that reacts with the EGF receptor and
CDO64. It has been shown to direct macrophage-acti-
vated killer cells against glioma and epidermoid carci-
noma cells [37]. In a phase I/II dose escalation trial, this
reagent was employed with and without G-CSF to treat
refractory patients with different EGFR-positive tumors
[3].

The most extensively studied bispecific construct
binding to CD64 and an epithelial antigen represents the
murine bsAb MDX-210 and its humanized version,
MDX-H210. These antibodies recognize the HER-2/neu
protooncogene product that is overexpressed on a vari-
ety of adenocarcinomas such as breast cancer, ovarian
cancer colon cancer, renal cancer, and prostate cancer.
In numerous preclinical studies MDX-210 efficiently
redirected CD64-positive effector cells such as neu-
trophils and macrophages against HER2-carrying car-
cinoma cells [14, 25, 28, 31, 38]. Cytokine stimulation of
effector cells elicited different effects on bsAb-mediated
tumor cell elimination. Culturing of macrophages with
IFN-y enhanced both tumor cell lysis and phagocytosis,
whereas stimulation with M-CSF or GM-CSF solely
increased the phagocytic capacity [14]. Although treat-
ment of patients with GM-CSF and G-CSF significantly
increased neutrophil counts, only the application of G-
CSF induced the surface expression of CD64 on neu-
trophils and augmented bsAb-based cytotoxicity [27].

To investigate the in vivo effects of bsAb against
CD64 more closely, Heijnen et al. developed a human
FcyRI receptor transgenic mouse [10]. The animals
express the transgene under control of endogenous
regulatory elements. Treatment of mice with murine
G-CSF increased the neutrophil counts and human
FcyRI expression on PMN. Isolated PMN efficiently
killed human breast cancer cells in the presence of a
bsAb with anti-CD64 and anti-HER?2 specificity in vitro.
After intravenous administration, the bsAb coated the
mouse PMN and remained bound during their migra-
tion. PMN armed in vivo with bsAb were able to kill
tumor cells in vitro without prior stimulation [I1].
Wallace et al. studied the in vitro phagocytic capacity of
PMN and macrophages isolated from healthy donors
and patients enrolled in a phase I clinical trial receiving
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MDX-H210 and IFN-y [36]. PMN were not able to in-
duce bsAb-mediated phagocytosis prior to treatment,
but were activated by in vivo administration of IFN-y to
kill tumor cells in a chromium release assay. By contrast,
monocytes displayed a high phagocytic capacity
regardless of IFN-y-treatment of the patient.

bsAb MDX-210 and MDX-H210 have been evalu-
ated in a series of clinical trials of patients suffering from
breast, ovarian, colorectal and prostate cancer overex-
pressing the HER?2 receptor [13, 21, 23, 32, 33, 35, 37].
These studies comprise phase I, phase I/II and phase II
trials in which patients received intravenous bsAb infu-
sions, frequently in conjunction with the administration
of G-CSF, GM-CSF and IFN-y. It was demonstrated
that MDX-210 and MDX-H210 are generally well
tolerated and that they can elicit biological effects such
as elevation of cytokine levels in blood (e.g. TNF-a and
IL-6). Although these responses proved its immunolog-
ical activity, sustained anti-tumor responses occurred
only in few patients. However, in some patients with
prostate cancer a clinically significant decline of PSA
levels was noted after MDX-H210 bsAb therapy,
indicating a reduction of tumor mass [12].

One major limitation in the use of HER2 as target
molecule for immunotherapeutic approaches is its
overexpression in only a subset of carcinomas. This
makes a laborious testing by immunohistology and/or
western blotting necessary to confirm the level of ex-
pression prior to treatment. In addition, since carcino-
mas were frequently found to be heterogenous with
respect to antigen decoration, loss variants may occur
under therapy. These variant tumor cells might escape
antibody attack and give rise to a therapy-resistant cell
clone. Due to its pan-carcinoma specificity and its stable
expression even in the neoplastic state, HEA125x197
antibody may broaden the spectrum of bispecific re-
agents for the treatment of epithelial malignancies. It is
anticipated that targeting of the Ep-CAM antigen may
allow the total eradication of tumor cells. The promising
preclinical characteristics of bsAb HEA125x197 warrant
further testing in clinical studies.
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