
Abstract. Introduction: Bispecific antibodies (BiAbs) are used
to enhance targeting of T cells and other cytotoxic agents to
tumors while minimizing non-specific tissue toxicities. This
study compares the targeting efficacy of 3 BiAbs derived from
chemically heteroconjugating a T cell-directed monoclonal
antibody (mAb) to 9184, 9187 or 9189, which are mAbs
directed at extracellular antigens expressed on human prostate
carcinoma cell lines. Materials and Methods: 9184 (anti-
Her2/neu), 9187 (anti-gp55) and 9189 (anti-gp42) were each
heteroconjugated to anti-CD3 to produce BiAbs capable of
binding to ("arming") anti-CD3 activated T cells (ATC) and
redirecting their cytotoxicity to prostate cancer cells expressing
the respective antigen. ATC from cancer patients and/or normal
subjects were armed with each BiAb and tested in co-cultures
with PC-3, DU 145, and LNCaP cells for binding, cytotoxicity,
and cytokine secretion. Results: All 3 tumor-directed mAbs
bound to each of the prostate cancer cell lines. ATC armed with
9184Bi statistically augmented cytotoxicity directed at PC-3 and
increased IFN-Á, TNF-·, and GM-CSF secretion as well as
induced IFN-Á EliSpots above that seen for 9187Bi, 9189Bi,
ATC alone or ATC armed with an irrelevant BiAb. 9184Bi-
armed ATC mediated significant cytotoxicity against LNCaP
and DU 145 cells as well. When we armed ATC from 6 cancer

patients with 9184Bi, 9184Bi markedly enhanced cytotoxicity of
ATC from 5 of the 6 patients. Conclusion: Arming ATC with
BiAbs augments cytotoxicity directed at prostate cancer lines
expressing the target antigens. Arming with 9184Bi was the most
effective at redirecting cytotoxicity at PC-3 cells and inducing
cytokine secretion. As an alternative to mAb therapy with anti-
HER2, the HER2 antigen may provide a suitable target for
redirecting anti-cancer immune cells, immunobiologicals, or
other agents to HRPC.

Approximately 231,000 new cases and 29,000 deaths are

expected from prostate cancer in 2004 (Cancer Statistics,

American Cancer Society). About 40% of the men develop

metastatic disease with a mean survival of 3 years after

diagnosis. Those who develop hormone refractory prostate

cancer (HRPC) have a median survival of 6-12 months (1).

Even minor responses in these patients may improve quality

of life or decrease bone pain due to metastases (2).

HER2/neu (HER2) oncogene encodes a 185-kDa

transmembrane receptor related to the epidermal growth

factor receptors (3) and is over-expressed in breast, ovarian,

lung, gastric, oral, and prostate cancers (4-8). The benefits

of treatment with the humanized anti-HER2 mAb

trastuzumab (Herceptin®) in patients with breast cancer

have been well documented; however, despite reports of

over-expression of HER2 in men with HRPC (5,6,8), a

phase II clinical trial failed to demonstrate any benefits of

trastuzumab therapy for HRPC (9). Failure of the anti-

HER2 mAb to improve responses in prostate cancer

patients, however, does not necessarily exclude the receptor

as an antigen for targeted T cell therapy. In addition to

other tumor-associated antigens (TAA) on prostate tumors,

therefore, HER2 may provide a specific target for delivery

of cytotoxic agents to sites of prostatic cancer. 
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One such strategy of targeting TAA utilizes mAbs to

redirect anti-CD3 activated T cell (ATC) cytotoxicity to

tumors. Heteroconjugating TAA mAb to anti-CD3 creates

bispecific monoclonal antibodies (BiAb) that bind to

("arm") ATC and produce an artificial T cell receptor

(TCR) specific for the TAA. We have previously shown, for

example, that anti-CD3 ATC armed with OKT3 x 9184

(anti-CD3 x anti-HER2) bind, enhance cytotoxicity directed

at MCF-7 and SK-BR-3 breast cancer lines, and secrete

tumoricidal cytokines (10). Using a similar approach, other

investigators have demonstrated specific cytotoxicity in vitro
and in vivo against prostate cancer using genetically

modified T cells that express receptors for prostate-specific

membrane antigen (PSMA) (11). 

The mAb 9184 specifically binds to the HER2 antigen

while mAbs 9187 and 9189 bind, respectively, to 55-kD and

42-kD surface glycoproteins widely expressed on epithelial

tumor cells. A cocktail comprised of 9184, 9187 and 9189 is

known to react with 95% of fresh breast cancer specimens

and has been used to purge breast cancer cells from stem

cell products prior to stem cell transplantation (12). Since

these antigens may also be expressed in prostate cancer, we

evaluated and compared the efficiency of 9184, 9187, and

9189 to target prostate cancer cells and whether arming

ATC with BiAb constructs of OKT3 x 9184 (9184Bi), OKT3

x 9187 (9187Bi), and OKT3 x 9189 (9189Bi) effectively

augments ATC cytotoxicity directed at prostate cancer cells. 

We report that arming ATC with 9184Bi, 9187Bi, or

9189Bi markedly enhanced cytotoxicity directed at the PC-

3 prostate cancer cell line compared to unarmed ATC. The

most effective BiAb for augmenting cytotoxicity and

inducing interferon-Á (IFN-Á), tumor necrosis factor-·

(TNF-·), and granulocyte-macrophage colony stimulating

factor (GM-CSF) secretion was 9184Bi. 9184Bi-armed ATC

similarly augmented specific lysis of the androgen-

responsive prostate cancer cell line, LNCaP, as well as

another HRPC cell line, DU 145. Arming ATC from cancer

patients with 9184Bi was similarly effective for mediating

specific cytotoxicity against tumor cell targets. These studies

provide evidence that the HER2 antigen expressed on

prostate cancer cells provides a viable target for antigen-

directed cytotoxic therapies. 

Materials and Methods

Preparation and arming of ATC. Peripheral blood mononuclear cells

(PBMC), isolated by Ficoll-Hypaque density gradient

centrifugation from whole blood of normal donors or from the

leukopheresis products of patient donors, were activated with 20

ng/ml soluble OKT3 (Ortho Biotech, Raritan, NJ, USA), and

cultured in the presence of IL-2 (13,14). After 6-14 days of ex vivo
expansion, ATC were harvested and phenotyped. ATC expansion

products of donors averaged 88.0%±6.9 CD3-positive cells

(44.2%±18.2 CD4 and 44.8%±14.2 CD8). In subsequent testing,

no correlation was found between cytotoxicity of the armed ATC of

each donor and the %CD3 cells (r=-0.2426; p=0.6432), the %CD4

cells (r=0.3472; p=0.5002) or the %CD8 cells (r=-0.5692;

p=0.2384) comprising each expansion product. ATC were armed

with BiAbs at the indicated doses (per million ATC unless

otherwise designated) for 1 h at 4ÆC. Blood collection for research

was conducted under Internal Review Board approved protocols at

Roger Williams Medical Center and signed consents were obtained

from normal and patient donors. 

Unarmed or armed ATC were cryopreserved using standard

freezing protocols in RPMI 1640, 10% DMSO (Sigma Chemical

Co., St. Louis, MO, USA) and 10% FCS. 

Tumor lines and mAbs. The prostate cancer lines PC-3, DU 145,

and LNCAP and the breast cancer cell line SK-BR-3 (ATCC,

Rockville, MD, USA) were cultured per ATCC directions. OKT3

(anti-CD3) is a MIgG2a mAb. 9184 (anti-HER2), 9187, and 9189

are MIgG1 mAbs that bind to 185kD, 55kD, and 42kD antigens

(gifts from Nexell Therapeutics), respectively (12). Anti-CD2 is a

MIgG2b (gift from Nexell Therapeutics). Rituximab is humanized

anti-CD20 IgG1 (Genentech, San Francisco, CA, USA).

BiAb heteroconjugation. BiAbs were engineered by heteroconjugating

cross-linked mAbs. OKT3 or CD2 was cross-linked with 2-

iminothiolane HCl (Pierce, Rockford, IL, USA) and 9184, 9187,

9189, or Rituximab was cross-linked with sulphosuccinimidyl 4-(N-

maleimidomethyl) cyclohexane-1-carboxylate (Pierce), purified on

PD-10 columns (BioRad Laboratories, Hercules, CA, USA), and

heteroconjugated overnight at 4ÆC (10). 9184Bi, 9187Bi, or 9189Bi

were analyzed by non-reducing SDS-PAGE (10). 

Binding of mAbs to cell lines. Phycoerythrin (PE)-conjugated rabbit

anti-mouse IgG or fluorescein isothiocyanate (FITC)-conjugated

rabbit anti-mouse IgG1 (Caltag Laboratories Inc., Burlingame, CA,

USA) were used to detect binding of 9184, 9187, and 9189. Binding

was determined by incubating 5 x 106 PC-3, LNCAP, DU 145, or

SK-BR-3 cells with 1 Ìg of mAb in 100 ÌL for 30 min at room

temperature in the dark, washing in PBS containing 1% BSA, and

labelling for 30 min with anti-mouse Abs. 

Binding of BiAb to prostate carcinoma cells. To test for aggregation

mediated by BiAbs, rosetting assays were performed in flat-

bottomed microtiter plates. 9184Bi-, 9187Bi-, 9189Bi-, anti-CD2 x

9184-, or anti-CD3 x anti-CD20- armed ATC at 5, 50, or 500 ng

were co-incubated with PC-3, LNCaP, DU 145, or SK-BR-3 cells

at E:T of 10:1 overnight at 37ÆC. Rosettes were inspected with

inverted microscopy.

Specific cytotoxicity. Cytotoxicity assays were performed using a 51Cr

release assay as previously described (10). Twenty-four hours after

adding the test populations, 100 ÌL of supernatant was tested for
51Cr release in a gamma scintillation counter. Specific lysis of

target cells was determined using the following formula: (counts

per minute [cpm] test - cpm spontaneous) / (cpm max – cpm

spontaneous) x 100. Spontaneous release was determined by

incubation of targets with media alone.

Cytokine assays. Tumor cells (2 x 105/well) were seeded in 24-well

plates and incubated overnight at 37ÆC. The next day, armed and

unarmed ATC (2 x 106/well at E:T of 10:1) were added to wells with
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Figure 1. Panel A: Binding of 9184, 9187, and 9189 to PC-3 prostate cancer cell lines. MAbs 9184, 9187, 9189 or isotype control was incubated with PC-
3 cells and a PE-conjugated rabbit anti-mouse IgG1 was used to detect binding to PC-3. Panel B: Binding of 9184, 9187 and 9189 to SK-BR-3 breast
cancer lines. 1 mg of 9184, 9187, 9189 or isotype control was incubated with SK-BR-3 cells and a PE-conjugated rabbit anti-mouse IgG1 was used to
detect binding to PC-3. Panel C: Relative binding of 9184 to PC-3, LNCaP, DU 145 and SK-BR-3 (positive control breast cancer line) cells. 1 mg of 9184
or isotype control (GAM-) was incubated with PC-3, LNCaP, DU 145, or SK-BR-3 cells and a FITC-conjugated rabbit anti-mouse IgG1 was used to
detect binding to the various cells lines. 



and without target cells for 24 h at 37ÆC. The supernatants were

tested by ELISA for IFN-Á, TNF-·, and GM-CSF (Biosource,

Camarillo, CA, USA) and reported as means±SD in pg/ml/106 ATC. 

EliSpots. PC-3 tumor cells (2 x 106/well) were seeded overnight in

24-well plates at 37ÆC. The next day, armed and unarmed ATC

were added at a E:T of 10:1 to co-cultures with and without tumor

cells for 2 h, removed from the adherent tumor cells, and plated

(0.6-2 x 104 cells/plate) onto EliSpot plates and developed (15,16).

Spots were counted using a dissecting microscope and Quantity

One colony counting software (Biorad).

Statistical analysis. All statistical analyses were performed using

GraphPad Prism version 4.00 for Windows (GraphPad Software, San

Diego, CA, USA). Results from cytotoxicity and cytokine assays were

compared using One-Way Anova followed by Bonferroni’s Post Tests.
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Figure 2. Aggregation (arrows) of BiAb-armed ATC with PC-3 targets after overnight incubation at 37ÆC at a 10:1 E:T ratio. A: PC-3 cells alone; B:
9184Bi-armed ATC with PC-3 targets; C: 9187Bi-armed ATC with PC-3 targets; D: 9189Bi-armed ATC with PC-3 targets; E: Unarmed ATC with PC-
3 targets; and F: Irrelevant (OKT3 x anti-CD20) BiAb-armed ATC with PC-3 targets. Real-time photographs were taken at 200X magnification.



Results

mAb binding. In prostate cancer cell lines, HER2 is

moderately and comparably expressed in both androgen-

receptor-positive (LNCaP) and -negative (PC-3 and DU

145) human prostate cancer cell lines(17). Compared to the

other HRPC cell line DU 145, in which HER2 is distributed

intracellularly as well as on the cell surface, PC-3 cells

express predominantly cell-surface associated HER2 (17)

making these cells the initial choice candidate for

comparing targeting of the HER2 versus the glycoprotein

antigens. Flow cytometry data for binding of 9184, 9187, and

9189 to PC-3 and SK-BR-3, a strong HER2-positive breast

cancer cell line, is shown in Figure 1A and Figure 1B,

respectively. All three mAbs were found to bind both cell

lines. Of the 3 mAbs, 9184 showed the highest % cellular

binding to SK-BR-3 cells (100%) and PC-3 cells (97%), with

mean fluorescent intensities of 4567.2 and 81.2, respectively.

Antigen binding of 9184 was comparable between PC-3, DU

145 and LNCaP (Figure 1C). 9184Bi binding and saturation

of ATC at doses between 50 and 500 ng have been

previously reported (10).

ATC armed with the heteroconjugated BiAbs aggregate and
lyse tumor cells. Heteroconjugation of OKT3 with 9184,

9187, or 9189 produced 9184Bi, 9187Bi, and 9189Bi. Anti-

CD2 was heteroconjugated to 9184 as a control for T cell

activation. By SDS-PAGE analysis followed by

densitometry, active products of the heteroconjugation,

which resolve as dimers and multimers, comprised 23.5%

(9184Bi), 18.3% (9187Bi), 26.4% (9189Bi) and 17% (anti-

CD2 x 9184) of the final products.

As an initial screening for activity of the

heteroconjugates, ATC armed with 50 ng of 9184Bi, 9187Bi

or 9189Bi rosetted with PC-3, DU 145, LNCaP, and SK-BR-

3 cells when incubated at 37ÆC overnight at an E:T ratio of

10:1. Results from a representative aggregation study using

each of the BiAbs co-cultured with PC-3 cells are shown in

Figure 2. In comparison to ATC armed with each of the

BiAbs, non-specific rosetting was low for unarmed ATC

(Figure 2E) or ATC armed with an equivalent arming dose

of OKT3 x anti-CD20 (Figure 2F). 

Consistent with the ability to rosette target cells, ATC

from 3 normal donors armed with 9184Bi, 9187Bi, or 9189Bi

demonstrated enhanced 51Cr-release in the specific lysis of
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Figure 3. Specific cytotoxicity directed at PC-3 target mediated by ATC armed with the respective BiAbs as indicated in the panels (9184Bi), (9187Bi)
and (9189Bi). Each panel shows the mean±SD of 3 experiments using ATC from 3 normal subjects. In each experiment, unarmed ATC (●), ATC
armed with 5 ng (●●), with 50 ng (▼), with 500 ng (▼▼) per million ATC of the indicated BiAb was tested for specific cytotoxicity in 51Cr release assay
as described in methods. Arming of ATC with 50 ng of irrelevant OKT3 x anti-CD20 (■) was used as a control for each set of 3 experiments. Ranges
for E:T are given since the actual E:T was determined by cold cell counts of the target population just prior to the addition of the effector cells. There are
slight variations in the E:T due to variable target cell growth overnight and the real E:T are adjusted according to the actual counts at the time of the assay. 



PC-3 cells compared to each donor’s unarmed ATC. Figure

3 shows composite titration curves for unarmed ATC and

ATC armed with 5, 50, and 500 ng of 9184Bi (Panel A),

9187Bi (Panel B), and 9189Bi (Panel C) at E:T ratios

between 5:1 and 25:1 where each point represents the

mean±SD % cytotoxicity of 3 titration curves at each E:T

range. A 17%±6.7 mean increase in cytotoxicity was

observed with each E:T doubling. Unarmed ATC against

PC-3 cells provided <23% cytotoxicity at the highest E:T of

25:1. The superior efficacy of 9184Bi was most prominent

at the arming dose of 5 ng and was followed by ATC armed

with 9187Bi and then 9189Bi.

Increasing the arming doses of 9187Bi from 5 to 50 ng led

to a 25-30% increase in mean % cytotoxicity at all E:T;

arming at 500 ng did not significantly increase cytotoxicity

further. Arming with irrelevant BiAb did not increase

cytotoxicity above that seen for ATC alone. Additionally, a

cocktail of ATC armed with 50 ng of 9184, 9187, and 9189

did not increase cytotoxicity against PC-3 cells above that

observed for 9184-armed ATC alone (data not shown). 

ATC armed with 50 ng of 9184Bi from 3 normal donors

were evaluated to compare cytotoxicity redirected at the other

prostate cancer cell lines (Figure 4). All three targets were

lysed with the highest specific cytotoxicity directed at LNCaP

followed by PC-3, and then DU 145. For all 3 prostate cancer

cell lines and at E:T of ≥6.25, arming significantly enhanced

specific cytotoxicity directed at the target cells compared to

each respective donor’s unarmed ATC. 

Cytokine secretion by ATC armed with BiAbs. IFN-Á, TNF-·

and GM-CSF have tumoricidal effects, therefore, we

compared secretion of these cytokines by ATC, from 3

normal donors, armed with each of the BiAbs in the

presence or absence of PC-3 cell targets. ATC were armed

with 50 ng of 9184Bi, 9187Bi or 9189Bi and co-cultured with

PC-3 at an E:T of 10:1 or seeded at an equivalent number in

cultures without PC-3 cells. IFN-Á and TNF-· produced by

9184Bi-armed or 9187Bi-armed ATC exposed to PC-3

target cells significantly (p<0.001) increased above the

background levels (<25 pg/106 ATC/24 h) secreted by

armed ATC alone or unarmed ATC, ATC armed with CD2

x 9184, or irrelevant BiAb with PC-3 targets (Figure 5A).

Consistent with the IFN-Á ELISA results, the number of

IFN-Á-secreting 9184Bi-armed ATC quantitated by EliSpot

assay significantly (p<0.01) increased (Figure 5B) after a 2 h

exposure to PC-3 cells. 

Since cytokine secretion did not increase significantly in

ATC armed with 9189Bi, we tested only 9184Bi and 9187Bi

ANTICANCER RESEARCH 25: 43-52 (2005)
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Figure 4. Specific cytotoxicity of 9184Bi-armed ATC from three normal subjects (N1, N2, and N3) directed at PC-3 (Panel A), DU 145 (Panel B), and
LNCaP (Panel C). Results are presented as the mean±SD of triplicate samples from each normal donor. 
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Figure 5. Cytokine secretion as a function of armed targeting. Panel A, IFN-Á, TNF-·, and GM-CSF secretion (pg/106 ATC/24 h) in co-cultures of
ATC alone or ATC armed with 9184Bi, 9187Bi, 9189Bi, anti-CD2 x 9184 and OKT3 x anti-CD20 (Irrel) in the presence or absence of PC-3 tumor cells
as measured by the respective ELISA. Panel B, Quantitation of the number of IFN-Á secreting ATC (EliSpots). Results are presented as the mean±SD
of triplicate determinations in both panels.



for TNF-· and GM-CSF secretion. IFN-Á and TNF-·

secretion were significantly (p<0.001) higher in the 9184Bi-

armed ATC compared to the 9187Bi-armed. A high

background level of GM-CSF secretion appears to be a

characteristic inherent to ATC and is consistent with

previous observations (10). GM-CSF produced by 9184Bi-

armed ATC exposed to PC-3 cells, however, was significantly

(p<0.001) increased above unarmed ATC. Based on these

data, we focused on 9184Bi for the remaining studies.

Specific cytotoxicity mediated by armed ATC from cancer
patients. ATC expanded from 6 cancer patients were armed

with 9184Bi to compare the cytotoxic activity of patients’

armed ATC to the specific cytotoxicity mediated against PC-

3 cells by 9184Bi-armed ATC from 10 normal donors. The

mean and medians for specific cytotoxicity directed at PC-3

by 9184Bi-armed ATC for each group are represented in box

plots (Figure 6) at the E:T intervals indicated. Compared to

9184Bi-armed ATC, unarmed ATC-mediated specific lysis

was significantly lower (<20% at all E:T; data not shown) in

the normal donor (p=0.017) and patient (p=0.04) groups.

The mean specific lysis mediated by the cancer patients’

9184Bi-armed ATC did not differ significantly from the

normal donor 9184Bi-armed ATC (p=0.16). 

Discussion

Since a significant proportion of patients with prostate cancer

develop advanced, hormone-refractory metastatic disease for

which there is no cure, our approach uses a strategy that

combines the targeting of new antigens with mAbs and

redirection of cytotoxic T cells. This investigation presents the

targeting of new antigens and development of a new

approach for prostate cancer that may maximize the delivery

of therapeutic agents to tumor cells while minimizing the

toxicity profile. 

ANTICANCER RESEARCH 25: 43-52 (2005)
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Figure 6. Comparison of specific cytotoxicity mediated by 9184Bi-armed ATC from 10 normal donors to 9184Bi-armed ATC from 6 cancer patients. The
box plot summarizes the specific lysis data for 10 normal subjects at E:T intervals from 0-5:1 to 21-30:1. Note that all E:T were not performed for each
normal subject. The top and bottom of each box indicate the 25th and 75th percentiles with the solid lines indicating the median and the flags indicating
the 10th and 90th percentiles. 



Although mAb therapy with trastuzumab (anti-HER2) or

Rituximab (anti-CD20) has been successfully used for the

treatment of stage IV breast cancer or B-cell lymphomas,

respectively, and HER2 over-expression occurs in HRPC, a

phase II clinical trial failed to demonstrate any benefits of

trastuzumab therapy for HRPC (9). In addition to direct anti-

tumor effects mediated by the mAb per se, mAbs directed at

extracellular antigens can deliver or target other agents to the

tumor. For example, mAb J591-directed at prostate-specific

membrane antigen (18) and, more recently, mAb BLCA-38

(19) directed at a 30-kDa glycoprotein are effective at delivering

cytotoxic agents and/or radiopharmaceutical agents to prostate

cancer tumors. In this study, we compared the potential of 9184,

9187, and 9189, each heteroconjugated to anti-CD3, to redirect

ATC cytotoxicity to prostate cancer cell lines in vitro. Arming

ATC with BiAb bypasses MHC restrictions of cytotoxicity (20)

and creates a targeting antibody receptor on every ATC. Our

earlier studies show that CD3 binding, via the BiAb bridge, to

the tumor induces robust specific cytotoxicity, cytokine

secretion, and proliferative responses in T cells (Grabert et al.,
submitted for publication). Both CD4+ and CD8+ ATC

mediate specific cytotoxicity via the perforin/granzyme system,

but CD8+ cells are more potent as cytotoxic effectors (10). 

9184, 9187, and 9189 showed similar MFIs and binding

patterns on PC-3 cells and there was no correlation between

the MFIs and the magnitude of cytotoxicity or cytokine

secretion induced by the respective BiAbs. Screening of

prostate cancer cell lines with 9184 was consistent with

previously reported expression levels of HER2 for these

lines (17) and showed comparable binding of 9184 to PC-3,

LNCaP, DU 145, and at a greater level to SK-BR-3 cells. 

When ATC from normal donors were armed 5-500 ng with

9184Bi, 9187Bi, or 9189Bi, specific lysis directed at PC-3 cells

was significantly enhanced (9184Bi>9187Bi>9189Bi)

compared to unarmed ATC. For subsequent evaluations, we

used the lowest optimal dose of 50 ng for BiAb arming of

ATC. Similar efficacy at this dose level was reported for

9184Bi-armed ATC targeting of MCF-7 and SK-BR-3 (10)

and for OKT3 x T84.66 (anti-CD3 x anti-carcinoembryonic

antigen) used to target LS174T colon carcinoma cells (21).

ATC from 3 normal donors armed with 9184Bi lysed each

prostate cancer cell line in a pattern similar for each of the

donors (LNCaP>PC-3>DU 145). Since 9184 binding was

comparable for each prostate cell line, this observation most

likely represents differential sensitivity of each prostate

cancer cell line to the mechanisms of cytotoxic T cell

lymphocyte-mediated cytotoxicity (22). 

With engagement of their TCR, ATC secrete

immunomodulatory cytokines (23,24) that may enhance Th1

responses in patients (25-29). To determine the effectiveness

of the artificial antibody TCR, we co-cultured armed ATC

with PC-3 at an E:T of 10:1 and measured IFNÁ, TNF· and

GM-CSF secretion in 24-hour culture supernatants.

Consistent with its superior ability to mediate ATC

cytotoxicity, 9184Bi-armed ATC secreted significantly higher

concentrations of each cytokine compared to ATC armed with

the other BiAbs. Cytotoxicity mediated by armed ATC from

normal donors is frequently more robust than that mediated

by ATC from cancer patients whose T cell functions may be

defective from their disease (30) and/or chemotherapy. We

found, however, no significant difference between armed ATC

efficacy from normal subjects and cancer patients. 

We are currently performing a phase I dose escalation

clinical trial infusing armed ATC to target HER2/neu in

patients with HRPC. The first patients accrued to the trial

received 8 infusions of 9184Bi-armed ATC (20 billion ATC

total), however, the availability of commercial trastuzumab,

which decreases the potential for significant human anti-mouse

antibody (HAMA) responses, provided a strong rationale to

use anti-CD3 x trastuzumab instead. To date, 7 HRPC patients

with bulky disease have completed the infusion protocol with

the highest dose received currently at 80 billion (total dose)

Her2Bi-armed ATC. The dose of armed ATC is still relatively

low and it remains to be seen whether higher doses of Her2Bi-

armed ATC will induce clinical responses in patients with less

disease. In animal studies, Her2Bi-armed ATC traffic

specifically to tumors and mediate anti-tumor efficacy in

animal models (31). Taken together, these findings suggest that

HER2-directed, non-toxic immunobiologic agents might be

used, either alone or in combination with other cytotoxic

agents, to maximize the anti-tumor effect in patients with

prostate cancer. It is anticipated that this strategy may be most

efficacious in patients with minimal residual disease.

Therefore, although the phase II trial with trastuzumab failed

to produce responses in HRPC patients, the HER2 antigen

may still provide a viable target for redirecting cytotoxic

biologicals, such as ATC, or other agents to HRPC. 
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