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Abstract. In the present study, we aimed to investigate
whether EGFR or HER2 may serve as a target for T cell-
mediated immunotherapy against human bladder cancer.
Expression of EGFR and HER2 was detected on the surface
of bladder cancer cells, including Pumc-91 and T24 cells, and
their chemotherapeutic drug-resistant counterparts. Activated
T cells (ATCs) were generated from healthy PBMCs that
were stimulated by the combination of anti-CD3 monoclonal
antibody and anti-CD28 monoclonal antibody in the pres-
ence of interleukin-2 for 14 days. The ATCs were then armed
with chemically hetero-conjugated anti-CD3xanti-EGFR
(EGFRBIi-AD) or anti-CD3xanti-HER2 (HER2Bi-Ab). The
specific cytolytic activity of ATCs armed with EGFRBi-Ab or
HER2Bi-Ab against human bladder cancer cells was evaluated
by lactate dehydrogenase activity assays in vitro. In contrast
to unarmed ATCs, EGFRBi-Ab-armed ATCs and HER2Bi-
Ab-armed ATCs showed increased cytotoxic activity against
bladder cancer cells. Moreover, Bi-Ab-armed ATCs expressed
higher levels of activating marker CD69 and secreted more
IFN-y, TNF-a and IL-2 than did unarmed ATCs. EGFRBi-Ab-
or HER2Bi-Ab-armed ATCs may provide a promising
immunotherapy for bladder cancer.

Introduction

Bladder cancer is one of the most frequent malignancies in
the urinary tract, with an estimated 429,800 new cases and
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165,100 deaths occurring each year worldwide (1). The most
common histologic type of bladder cancer in China, America
and Europe is urothelial carcinoma (2). Although ~70% of
urothelial carcinoma is diagnosed as non-muscle invasive with
a favourable prognosis, ~40% of these patients will progress
to muscle invasive with a median survival of 15 months when
metastatic disease develops (3). Metastatic disease is resistant
to conventional cancer therapy, and the low cure rate in large
part is due to development of multidrug resistance (4). Novel
approaches such as immunotherapy are currently under inves-
tigation (5).

Human epidermal growth factor receptor (HER)1/EGFR
and HER?2 are implicated in the carcinogenesis of several
malignancies (6,7). They play critical roles in angiogenesis,
cell growth, and survival signalling in bladder cancer, and their
alterations are usually associated with poor prognosis (8,9).
Therapeutic antibodies and inhibitors of the EGFR or HER2
signalling pathway have shown encouraging results in the
treatment of breast and colorectal cancer (10,11). The success
of anti-HER therapy in other cancers has led to its attempt in
bladder cancer clinical trials; however, the benefits have not
been fully achieved (12-15). Therefore, an alternative approach
to improve the current strategy for bladder cancer is urgently
needed.

One advancement is the use of bispecific antibodies
(Bi-Abs), redirecting immune cells to tumour cells by having
two different antigen binding sites, with one recognizing the
tumour cells and the other recognizing the immune cells,
usually T and NK cells. Researchers have engaged in taking
advantage of immune cells to kill tumours for decades.
Treatment of non-muscle-invasive bladder cancer with
Bacillus Calmette-Guerin (BCG) demonstrated a remarkable
reduction in recurrence by activating both the innate and adap-
tive immune systems (16). In 2016, and 2017, immunotherapy
with programmed cell death 1/PD-1 ligand (PD-1/PD-L)
immune checkpoint blockade to recover T-cell potency made
a significant leap forward for patients with advanced or meta-
static bladder cancer (17-19). Administration of Bi-Abs is also
a strategy for enduring T-cell antitumour potency. Recently,
phase I clinical trials with HER2Bi-Ab armed activated
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T cells (ATCs) have shown encouraging results in women
with metastatic breast cancer and in men with metastatic
castrate-resistant prostate cancer (20,21).

In the present study, ATCs were armed with Bi-Abs to
target bladder cancer cells and their chemotherapeutic drug-
resistant counterparts. Human bladder urothelial carcinoma
cells were demonstrated to express high levels of EGFR and
HER?2 protein. A clinically approved anti-CD3 antibody was
chemically conjugated with either an anti-EGFR or anti-HER2
antibodies. The anti-CD3xanti-EGFR bispecific antibody
(EGFRBI-ADb) or anti-CD3xanti-HER?2 bispecific antibody
(HER2Bi-Ab) was then used to direct the ATCs to kill bladder
cancer cells and their chemotherapeutic drug-resistant coun-
terparts.

Materials and methods

Cell culture. The human bladder cancer cell line T24 was
provided by the Chinese Academy of Sciences Culture
Collection (Beijing). The drug-resistant bladder cancer cell
line T24/DDP was established by stepwise exposure of T24
cells to escalating concentrations of cisplatin (Sigma-Aldrich,
St. Louis, MO, USA), ranging from 0.01 to 0.60 pug/ml for
>6 months (22,23). The human bladder cancer cell line
Pumc-91 was provided by the Cell Laboratory of Peking Union
Medical College Hospital (Beijing). The drug-resistant cell line
was Pumc-91/ADM, which was established by increasing the
dosage of adriamycin gradually, and the final concentration of
adriamycin was 1.0 ug/ml (23-26). The parental cell lines were
cultured in RPMI-1640 medium supplemented with 10% heat-
inactivated foetal bovine serum (FBS), while drug-resistant
cell lines were cultured in the above-mentioned medium with
18% FBS. Cells were incubated at 37°C in a standard 5% CO,
cell incubator under a humidified atmosphere of 95% air. All
agents for cell culture were purchased from Gibco Company
(Gaithersburg, MD, USA).

Preparation of activated T cells from peripheral blood
lymphocytes (PBMCs). PBMCs were separated by Ficoll
density gradient centrifugation from healthy donors supplied
by Beijing Blood Bank. PBMCs were cultured at 1x10%ml
in RPMI-1640 medium supplemented with 10% FBS and
300 ng/ml anti-CD3 monoclonal antibody (mAb) combined
with 600 ng/ml anti-CD28 mAb (both from eBioscience, San
Diego, CA, USA) in the presence of 100 IU/ml recombinant
human IL-2 (PeproTech, Rocky Hill, NJ, USA). Fresh medium
containing fresh interleukin-2 was added every 2 or 3 days,
and cells were cultured for 14 days and then cryopreserved.
The study was performed according to the protocols approved
by the Biomedical Research Ethics Committee of Beijing
Shijitan Hospital of Capital Medical University.

Synthesis of anti-CD3xanti-EGFR (EGFRBi-Ab) and anti-
CD3xanti-HER2 (HER2Bi-Ab) bispecific antibodies and
arming of ATCs. Anti-EGFR (Erbitux®; Merck Serono,
Darmstadt, Germany) or anti-HER2 (Herceptin®; Roche,
Indianapolis, IN, USA) was reacted with sulfo-SMCC,
and anti-CD3 mAb (OKT3; eBioscience) was reacted with
Traut's reagents using a previously described method (27-29).
Cryopreserved ATCs were thawed, armed with EGFRBi-Ab
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or HER2Bi-Ab at a concentration of 50 ng/10° cells at room
temperature for 30 min, and washed to eliminate unbound
antibodies. ATCs preincubated with the combination of
Erbitux® (50 ng/10° cells), Herceptin® (50 ng/10° cells), and
OKT3 (50 ng/10° cells) were used as control unarmed ATCs.

FlowJo cytometric analysis. To detect the expression of EGFR
or HER?2 on the cell surface, bladder cancer cells (1x10°) were
incubated for 30 min on ice with Erbitux® or Herceptin®,
followed by staining with anti-human-IgG-PE (BioLegend,
San Diego, CA, USA). To detect EGFRBi-Ab or HER2Bi-Ab
bound to bladder cancer cells, T24 cells were first incubated
with EGFRBi-Ab or HER2Bi-Ab for 30 min. The combination
of Erbitux®, Herceptin® with OKT3 was used as the negative
control. Then, FITC-labelled goat anti-mouse IgG2a was used to
detect the anti-CD3 moiety of the Bi-Ab. To examine the popu-
lation of effector cells, ATCs were incubated with anti-human
CD3-FITC, anti-human CD4-PE, anti-human CD&8-APC and
anti-human CD56-APC. To detect CD69 expression on ATCs,
floating cells from T24 and ATC co-cultures were incubated
with anti-human CD69-PE and anti-human CD3-FITC. The
anti-human CD3-FITC, anti-human CD69-PE, anti-human
CD4-PE, anti-human CD8-APC, anti-human CD56-APC,
and anti-mouse IgG2a-PE secondary antibodies were from
eBioscience. The cells were assayed with a Guava EasyCyte
flow cytometer (Guava Technologies, Hayward, CA, USA),
and data analysis was carried out with FlowJo Software
Version 7.6.1 (Tree Star, Inc., Ashland, OR, USA).

In vitro cytotoxicity assay. Cytotoxicity assays were
performed using a lactate dehydrogenase (LDH) activity assay
kit (Sigma-Aldrich) according to the manufacturer's instruc-
tions, and real-time images were captured at a magnification
of x200 with an optical microscope (Olympus, Tokyo, Japan).
Target cells were seeded in triplicate in 96-well microplates at
1x10*/well before the addition of EGFRBi-Ab-armed, HER 2Bi-
Ab-armed or unarmed ATCs at the indicated effector-to-target
ratio (E/T). Effector cells and tumour cells were allowed to
interact at 37°C for 18 h. Then, supernatants were collected,
and LDH activity assays were performed to evaluate the death
of target tumour cells at E/T ratios of 5:1 and 10:1.

ELISA assay. Target cells were seeded in triplicate in 96-well
microplates at 1x10*/well before the addition of EGFRBi-Ab-
armed, HER2Bi-Ab-armed, or unarmed ATCs at E/T of 10:1.
Effector cells and tumour cells were allowed to interact at 37°C
for 18 h. Then, supernatants were collected, and the production
of IFN-vy, TNF-a and IL-2 was quantified with a human cyto-
kine ELISA kit (eBioscience) according to the manufacturer's
instructions.

Statistical analyses and reproducibility. All experiments were
repeated three times. Data were analysed using GraphPad
Prism 5 software and are presented as the mean + SD. Unpaired
Student's t-test (two-tailed) or the Mann-Whitney test was used
for comparison of two groups where appropriate. One-way
analysis of variance (ANOVA) followed by Dunnett's post hoc
test was used for multiple comparisons. P<0.05 was considered
statistically significant. Numbers with a significant difference
from a control are denoted by an asterisk in the figures.
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Figure 1. Expression of EGFR and HER?2 on human bladder cancer cells and their chemotherapeutic drug-resistant counterparts. Surface expression of EGFR
or HER2 was evaluated by flow cytometry on human bladder cancer cells Pumc-91 and T24 and their respective chemotherapeutic drug-resistant counterparts
Pumc-91/ADM and T24/DDP. Shaded histograms represent cells stained with Erbitux® (light grey) or Herceptin® (dark grey), and open histograms represent
cells stained with a non-related human IgG as control. Mean fluorescence intensity (MFI) values obtained from Erbitux® or Herceptin® staining divided by the
control human IgG staining are indicated. A representative experiment is shown from the three experiments.

Results

Confirmation of EGFR and HER2 expression on human
bladder cancer cells. The surface expression of EGFR
and HER2 on human muscle-invasive bladder cancer cells,
including Pumc-91 and T24 cells, and their chemotherapeutic
drug-resistant counterparts, Pumc-91/ADM and T24/DDP,
were assessed by flow cytometry. The drug-resistant char-
acteristics of Pumc-91/ADM and T24/DDP were confirmed
by MTT assay, reverse transcription polymerase chain reac-
tion and flow cytometry in our previous studies (22-25). As
shown in Fig. 1, mean fluorescence intensity (MFI) values
obtained from humanized anti-human EGFR Ab (Erbitux®) or
anti-human HER2Ab (Herceptin®) staining divided by control
antibody staining are indicated, and high expression of EGFR
and HER?2 was detected in all human bladder cancer cells.

Preparation and characterization of EGFRBi-Ab, HER2Bi-Ab
and ATCs. We next constructed two types of bispecific
antibodies that recognized both CD3 on T cells and EGFR
or HER2 on bladder cancer cells. Erbitux® or Herceptin®
antibody was chemically hetero-conjugated to OKT3 and
named EGFRBi-Ab or HER2Bi-Ab (27-29). The binding
specificity of EGFRBi-Ab and HER2Bi-Ab was tested against
EGFR and HER2, respectively. T24 bladder cancer cells were
stained with EGFRBi-Ab or HER2Bi-Ab, and then an anti-
mouse-IgG2a-FITC was added to detect the CD3 moiety of

the Bi-Abs. Only functional bispecific antibody was able to
bind to T24 cells and be detected through mouse origin OKT3
by anti-mouse IgG2a secondary antibody. In the control
where Erbitux®, Herceptin® and OKT3 were used without
conjugation, Erbitux® and Herceptin® were able to bind to T24
cells but could not be recognized by the anti-mouse IgG2a
secondary antibody. As shown in Fig. 2A, positively stained
cells were detected in >95% of the T24 population with a
MFI of 7.38 or 4.03 for EGFRBi-Ab or HER2Bi-Ab staining,
respectively. The scheme for flow cytometry-based binding
assays for EGFRBi-Ab and HER2Bi-Ab is demonstrated in
Fig. 2B. Moreover, evaluation of the binding of Bi-Ab to CD3*
cells has been previously shown by a similar method (27-29).

To produce a sufficient number of effector cells, PBMCs
from buffy coat were stimulated by the combination of ant-CD3
mAb with anti-CD28 mAb in the presence of IL-2 for 14 days
as described in Materials and methods, then the effector cells
were quantitatively analysed by FACS. As shown in Fig. 2C-E,
the cell population contained almost 95-96% CD3* cells
among which there were ~63.2% CD3*CD8* (Fig. 2C) and
30.3% CD3*CD4* cells (Fig. 2D). Regarding the CD3" popula-
tion, most of them were CD56-positive (Fig. 2E). Overall, these
data suggested that the effector cells were mainly composed of
ATCs and a small population of NK cells.

Activation of EGFRBi-Ab- or HER2Bi-Ab-armed ATCs
by human bladder cancer cells. Based on our previous
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Figure 2. General scheme for the generation of anti-CD3xanti-EGFR and anti-CD3xanti-HER?2 bispecific antibodies and analysis of activated T cells. (A) Flow
cytometry-based binding assay for EGFRBi-Ab and HER2Bi-Ab. Bladder cancer cell line T24 was incubated with EGFRBi-Ab (0.5 yg/ml, pink histogram),
HER2Bi-Ab (0.5 pg/ml, blue histogram) or a mixture of OKT3, Erbitux® and Herceptin® (0.5 yg/ml, black histogram), and Bi-Ab binding was examined by
detecting the anti-CD3 moiety of the Bi-Ab with PE-labelled anti-mouse IgG2a. (B) The scheme for flow cytometry-based binding assays for EGFRBi-Ab
and HER2Bi-Ab. (C-E) Flow cytometric analysis of cell-specific surface molecule expression on activated T cells. A representative experiment from the three

experiments is shown.

experiments (27-29), we chose 50 ng/10° cells as the
concentration of EGFRBi-Ab or HER2Bi-Ab with which
to arm ATCs for all subsequent experiments, and ATCs
mixed with individual OKT3, Erbitux® and Herceptin® were
used as unarmed control ATCs. The antitumour effects of
EGFRBi-Ab- or HER2Bi-Ab-armed ATCs on T24 cells were
tested at an effector/target (E/T) ratio of 10:1. After 18 h of
incubation of T24 cells with EGFRBi-Ab-armed ATCs or
HER2Bi-Ab-armed ATCs, FACS analysis showed increased
expression of CD69, an activation marker for T cells, in
Bi-Ab-armed ATCs compared with that in their unarmed-
ATC counterparts (Fig. 3A). As shown in Fig. 3B, real-time
images demonstrated that both EGFRBi-Ab-armed ATCs and
HER2Bi-Ab-armed ATCs, but not unarmed control ATCs
aggregated with T24 cells in culture, clustering around the
edge of target cell bulk, which showed specific activation of
EGFRBi-Ab- or HER2Bi-Ab-armed ATCs.

Cytotoxic effects of EGFRBi-Ab- or HER2Bi-Ab-armed ATCs
on human bladder cancer cells. EGFRBi-Ab- or HER2Bi-Ab-
armed ATCs were tested for cytotoxicity on Pumc-91, T24,
Pumc-91/ADM and T24/DDP human bladder cancer cells.
Lactate dehydrogenase (LDH) activity assays were performed

to evaluate the death of target bladder cancer cells at E/T
ratios of 5:1 and 10:1. As shown in Fig. 4, after an 18-h incuba-
tion with EGFRBi-Ab-armed ATCs or HER2Bi-Ab-armed
ATCs, the concentration of LDH with armed effectors was
significantly greater than that with unarmed effectors in all
the bladder cancer cells, indicating the specific cytotoxicity of
EGFRBi-Ab- or HER2Bi-Ab-armed ATCs on these cells.

Cytotoxic effects of EGFRBi-Ab- or HER2Bi-Ab-armed ATCs
on human bladder cancer cells with cytokine production. To
analyse the levels of T cell-derived cytokines involved in cyto-
toxicity, cell supernatants were analysed for IFN-y, TNF-a
and IL-2 production at E/T ratio of 10:1. As shown in Fig. 5,
significantly more IFN-y (Fig. 5A), TNF-a (Fig. 5B) and
IL-2 (Fig. 5C) secretion was observed from EGFRBi-Ab- or
HER2Bi-Ab-armed ATCs than from their unarmed control
ATC counterparts when ATCs were co-cultured with Pumc-91,
T24, Pumc-91/ADM or T24/DDP.

Discussion

Due to development of multidrug resistance, metastases of
bladder cancer are resistant to conventional cancer therapy.
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Figure 3. T cell activation of EGFRBi-Ab- or HER2Bi-Ab-armed ATCs by bladder cancer cells. T24 target cells (1x10*/well) were incubated with either
EGFRBi-Ab-armed ATCs (50 ng/EGFRBi-Ab/10° ATCs) or HER2Bi-Ab-armed ATCs (50 ng/HER2Bi-Ab/10° ATCs) for 18 h at effector/target (E/T) ratio
of 10:1 in a 96-well microplate. The combination of OKT3, Erbitux® and Herceptin® with ATCs served as unarmed control ATCs. (A) Expression of CD69
on EGFRBi-Ab-armed ATCs or HER2Bi-Ab-armed ATCs was detected by flow cytometry. (B) Real-time images were captured at x200 magnification. T24
cells were incubated with: a, unarmed control ATCs; b, EGFRBi-Ab-armed ATCs; ¢, HER2Bi-Ab-armed ATCs. A representative experiment from the three
experiments is shown.
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Figure 4. Cytotoxic effects of EGFRBi-Ab- or HER2Bi-Ab-armed ATCs against bladder cancer cells. Target cells (Pumc-91,Pumc-91/ADM, T24 and T24/DDP,
1x10*/well) were incubated with either EGFRBi-Ab-armed ATCs (50 ng/EFGRBi-Ab/10° ATCs) or HER2Bi-Ab-armed ATCs (50 ng/HER2Bi-Ab/10° ATCs)
in 96-well microplates. Lactate dehydrogenase (LDH) activity assays were performed with EGFRBi-Ab- or HER2Bi-Ab-armed ATCs against human
bladder cancer cells. Supernatant of co-cultures at an E/T ratio of 5:1 or 10:1 was harvested at 18 h, and an LDH activity assay was performed to determine
cytotoxicity against Pumc-91 and T24 cells (A and C) and their chemotherapeutic drug-resistant counterparts Pumc-91/ADM and T24/DDP (B and D),
respectively. ATCs with the combination of OKT3, Erbitux® and Herceptin® were named unarmed control ATCs. The data are mean = SD of triplicate
determination. A representative experiment from the three experiments is shown. “P<0.01, ““P<0.001, EGFRBi-Ab- or HER2BiAb-armed ATCs compared
with unarmed control ATCs under similar conditions.
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Pumc-91/ADM, T24 and T24/DDP, 1x10*/well) were incubated with either EGFRBi-Ab-armed ATCs (50 ng/EGFRBi—Ab/]O6 ATCs) or HER2Bi-Ab-armed
ATCs (50 ng/HER2Bi-Ab/10° ATCs) in 96-well microplates. Supernatant of co-cultures at E/T of 10:1 was harvested at 18 h and analysed using a specific
ELISA kit for cytokine production against Pumc-91 and T24 cells (A and C) and their chemotherapeutic drug-resistant counterparts Pumc-91/ADM and
T24/DDP (B and D), respectively. ATCs with the combination of OKT3, Erbitux® and Herceptin® were named as unarmed control ATCs. The data are
mean + SD of triplicate determination. A representative experiment from the three experiments is shown. “P<0.05, “P<0.01, “*P<0.001, EGFRBi-Ab- or
HER2Bi-Ab-armed ATCs compared with unarmed control ATCs under similar conditions.

As large numbers of activated T cells can be produced
ex vivo, and as mAbs specific for a tumour surface protein
have become available, Bi-Abs have shown encouraging
antitumour effects in both experimental and clinical studies
in recent years (20,21,27-32). Bi-Abs, usually comprising
an anti-CD3 mAb hetero-conjugated to a different mAb
specific to a selected tumour-associated antigen (TAA), will
empower each TAA-specific T cell to retarget tumour cells.
HER?2 and EGFR are ideal targets in antibody-based thera-
peutic strategies for tumours especially breast and colorectal
cancer (10,11). Therefore, targeting HER2 or EGFR appears to
be a reasonable way to treat bladder cancer.

In the present study, we examined the expression of
EGFR and HER2 on human muscle-invasive bladder cancer
cells and their chemotherapeutic drug-resistant counterparts.
Co-expression of HER2 and EFGR, which suggests activation
of both the AKT/PTEN/mTOR and RAS/MEK/ERK path-
ways, has been reported with worse prognosis in several types
of cancer, including bladder cancer (8,33). Synergy among
different signaling pathways is essential for more aggressive
disease and therefore deserves further consideration. We
further tested whether EGFR or HER2 is a useful target for
the development of a Bi-Ab therapy in bladder cancer, and
evaluated the antitumour effects of Bi-Ab-armed ATCs.
In vitro cytotoxicity assays demonstrated that EGFRBi-Ab-
armed or HER2Bi-Ab-armed ATCs displayed significant

cytotoxic activity against bladder cancer cells, whereas neither
the anti-EGFR antibody nor the anti-HER?2 antibody alone
had an inhibitory effect on them (data not shown). Moreover,
our investigation showed that Bi-Ab-armed ATCs expressed
higher levels of activating marker CD69 and secreted more
IFN-y, TNF-a and IL-2 than did unarmed ATCs.

The present study demonstrated that compared with
control unarmed ATCs, those armed with either EGFRBIi-Ab
or HER2Bi-Ab released high levels of LDH, indicating that
armed ATCs mediated specific cytotoxicity against bladder
cancer cells. These results showed that T-cell cytotoxicity
was dependent upon the engagement of EGFR or HER2 via
Bi-Ab linkage. Indeed, at the E/T ratio of 10:1, 50 ng Bi-Ab
per 10% ATCs showed remarkable LDH release against tumour
cells after an 18-h incubation, whereas anti-EGFR/anti-HER?2
antibody had no inhibitory effect at the concentration of
10 pg/ml after a 72-h incubation (data not shown). Moreover,
the present study supported that arming ATCs with Bi-Abs
circumvented the requirement for major histocompatibility
complex antigen recognition by ATCs. HER2Bi-Ab-armed
ATCs could not kill CD3'HER2" K562 cells, demonstrating
the specificity of the HER2Bi-Ab (28,29). Moreover, effector
cells armed with EGFRBi-Ab, but not with HER2Bi-Ab could
kill EGFR*HER?2 U87-MG cells (27).

Our results showed that ATCs armed with either
EGFRBi-Ab or HER2Bi-Ab released high levels of IFN-y,
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TNF-a and IL-2 upon incubation with bladder cancer cells.
The increased cytokine secretion indicated that the ATCs
were reactivated when encountering tumour cells. IFN-y and
TNF-a secreted by Bi-Ab-armed ATCs are directly tumouri-
cidal and can also activate endogenous immune cells in vivo,
counteracting tumour-derived suppression. Moreover, based
on flow cytometry assays, both HER2Bi-Ab-armed ATCs and
EGFRBi-Ab-armed ATCs expressed higher levels of CD69
than unarmed-ATC counterparts. CD69, a marker of early
T-cell activation, acts as a costimulatory molecule enhancing
T-cell responses following TCR-ligand interaction (34). Our
real-time images also revealed that armed ATCs but not
unarmed control ATCs aggregated with bladder cancer cells
in culture, clustering around the edge of the target cell bulk,
indicating the specific activation of EGFRBi-Ab- or HER2Bi-
Ab-armed ATCs. In several phase I clinical trials, patients
infused with HER2Bi-Ab-armed ATCs exhibited elevated
levels of cytokines in their serum, suggesting that armed
ATC administration stimulated the endogenous immunity to
develop antitumour activity (20,21).

In conclusion, both EGFR and HER?2 appear to be suitable
targets for T cell-mediated immunotherapy against bladder
cancer including chemotherapeutic drug-resistant bladder
cancer. EGFRBi-Ab- or HER2Bi-Ab-armed ATCs may
provide a promising approach for bladder cancer in the future.
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