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Background: Recurrence of esophageal cancer (EC) after chemotherapy may mainly be explained by the
existence of chemotherapy-resistant cells, and an effective drug against chemotherapy-resistant cells is highly
sought. The aim of this study was to investigate the cytotoxicity of bispecific antibody solitomab combined
with v 3 T cells on Ecal09 cell spheres.

Methods: We cultured Ecal09 cell spheres in serum-free medium, and the morphological differences
between wild-type Ecal09 cells and Ecal09 cell spheres were compared by microscope and flow cytometry.
Different concentrations of nanoparticle albumin-bound paclitaxel (Nab-PTX) and cisplatin were used to
treat the two groups of cells and compare their drug resistance. Flow cytometry was then used to detect the
expression level of epithelial cell adhesion molecule (EpCAM) and the cytotoxicity of y 8 T cells combined
with bispecific antibody solitomab on the two groups.

Results: Flow cytometry analysis showed that Ecal09 cell spheres were smaller in size and had less
cytoplasmic granules and CCK-8 assay showed that the viability of Ecal09 cell spheres treated with different
concentrations of Nab-PTX and cisplatin was significantly higher than that of wild-type Ecal09 cells (P<0.05).
Flow cytometry also showed that the expression level of EpCAM on Ecal09 cell spheres was higher than
that of wild-type Ecal09 cells. Co-culture experiment showed that there was no significant difference in the
cytotoxicity of y 8 T cells to wild-type Ecal09 cells and Ecal09 cell spheres without solitomab. However,
after adding solitomab, the cytotoxicity of y 8 T cells to Ecal09 cell spheres was significantly higher than that
of wild-type Ecal09 cells (P<0.05).

Conclusions: EC Ecal09 cell spheres have strong stem cell characteristics such as multidrug resistance
and may contain a high proportion of EC stem cells. Further, EC Ecal09 cell spheres have a high expression
level of EpCAM, and EpCAM may be one of the markers of EC stem cells. Therefore, EpCAM could be
used as a potential molecular target of immunotherapy for EC, and solitomab may become an effective

immunotherapeutic drug for chemotherapy-resistant EC cells.
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Introduction

Esophageal cancer (EC) is a devastating malignancy and
carries the seventh highest mortality and sixth highest
morbidity of malignant tumors worldwide (1). Nearly
two-thirds of EC patients had locally advanced stage or
distant metastasis at the time of diagnosis, by which time
they had lost the opportunity for surgery (2) and systemic
chemotherapy was the only remaining option. However,
drug resistance and tumor progression occurs soon after
systemic chemotherapy, and the overall 5-year overall
survival (OS) rate of these patients remains at 15-25% (3).
Studies have reported that EC stem cells were mainly
responsible for radiotherapy and chemotherapy resistance
and treatment failure (4,5). These cancer stem cells (CSCs)
harbor unique properties including self-renewal, high
tumorigenicity, proliferation, migration, and resistance
to conventional therapy, leading to treatment failure (6).
Therefore, finding effective drugs to eliminate these
chemotherapy-resistant cells is likely to improve the survival
rate in EC patients.

Serum-free suspension culture is to add specific growth
factors to the serum-free medium, which can make most
cancer cells stop growing and eventually die, while cancer
stem cells can continue to proliferate to form suspended
cell spheres. In 2003, Singh and Hemmati ez al. (7,8)
successfully cultured brain tumor cell spheres from glioma
and medulloblastoma cells by serum-free suspension
culture. These cell spheres were confirmed to be tumor
stem cells and expressed tumor stem cell markers. Wang
et al. successfully obtained passaging cell spheres from
KYSE150 and TE1 EC cell lines by serum-free suspension
culture. They found these sphere cells possessed cancer
stem cell characteristics such as high invasion, self-renewal
and resistance to radiation.

Epithelial cell adhesion molecule (EpCAM) is a type 1
transmembrane glycoprotein antigen, which is expressed in
a variety of epithelial tumors (9-11) and some CSCs, and is
considered to be an important biomarker of some malignant
tumors (12,13). EpCAM has become an effective marker
for the identification and isolation of some CSCs and one
of the targets of cancer immunotherapy (14). However, its
expression in EC stem cells remains unclear.

Solitomab is an EpCAM/CD3 bispecific single-chain
antibody construct which can bind to tumor cells expressing
EpCAM and T cells simultaneously to activate T cells to kill
tumor cells (15). Its anti-tumor mechanism is to activate T
cells to release granzyme and perforin, which dissolve tumor
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cells and induce apoptosis (16). Studies have confirmed that
solitomab can suppress uterine sarcoma, colon cancer, and
pancreatic cancer cell proliferation (15,17,18). However, the
effect of solitomab on EC cells has not been reported.

v & T cells are a population of non-specific killer T cells
containing a T cell receptor (T'CR) made up of y and &
chains. Unlike off T cells, y & T cells recognize their peptidic
antigens in a major histocompatibility complex (MHC)-
independent manner (19). y 8 T cells can also express
CD3, which can be effectively combined with solitomab.
Therefore, in this study, we selected v 6 T cells as effector
cells and investigated the cytotoxicity of bispecific antibody
solitomab combined with y 8 T cells on EC cell spheres, to
explore an effective drug against chemotherapy-resistant
cells.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/jtd-21-442).

Methods
EC Ecal09 cells culture

A Human EC Ecal09 cell line (RRID: CVCL_6898) was
donated by the Biotherapy Center of Qingdao Central
Hospital. The cryopreserved cells were removed from the
liquid nitrogen tank at -80 °C and then resuscitated. The
cells were cultured in fresh Roswell Park Memorial Institute
(RPMI) 1640 (HyClone, USA) containing 10% fetal bovine
serum (FBS) (Gibco, USA) at 37 °C with 5% CO, and the
culture medium was changed every 2 days.

Ecal09 cell spheres culture

When the growth density of Ecal09 cells in the medium
reached 80% or more, the cells were digested with 0.25%
Trypsin containing 0.02% EDTA (Gibco, USA) for
3 minutes. The cells were cultured in serum-free RPMI1640
medium and B27 Supplement (Huiying Biotechnology
Co., Ltd. Shanghai, China) at 37 °C with 5% CO,. On the
third day of culture, cell spheres with regular shape, small
size, and suspension growth appeared. After culturing for
7-8 days, the cells were blown regularly, and the suspended
cell spheres were collected for the experiment.

Cell chemotherapy resistance experiment

The Ecal09 cell spheres were blown into a single cell

7 Thorac Dis 2021;13(4):2404-2413 | http://dx.doi.org/10.21037/jtd-21-442


http://dx.doi.org/10.21037/jtd-21-442
http://dx.doi.org/10.21037/jtd-21-442

2406 Yu et al. Solitomab: a novel immunotherapeutic drug for esophageal cancer

suspension and centrifuged at 1,000 rpm for 5 min.
Supernatant was then discarded, and the cell concentration
was adjusted to 5x10°/mL with RPMI1640 medium of 10%
FBS. The single cell suspension was inoculated into a 96-
well plate with 5x10* cells per well, then placed at 37 °C,
with 5% CO,. On the following day, the cells were treated
with different concentrations of Nab-PTX (0, 0.1, 0.4, 1,
and 2 pg/mL) and cisplatin (0, 3, 10, 30, and 50 pg/mL)
for 48 hours and a 10 pL. CCK-8 solution was then added
to culture the cells for 3 hours. The OD value of cells in
each well was detected by Elisa at 490 nm, and the viability
rate of cells was calculated. The cell viability rate % =
(experimental group OD - blank group OD)/(control group
OD - blank group OD) x100%. The histograms of the cell
viability of wild-type Ecal09 cells and Ecal09 cell sphere
cells treated with Nab-PTX and cisplatin respectively were
then drawn.

Analysis of EpCAM expression level

The wild-type Ecal09 cells and Ecal09 cell sphere cells
were collected and washed with ice-cold PBS, and 100 pL
of cell suspension was then made. The cell suspension was
mixed with a PE-labeled anti-EpCAM monoclonal antibody
(BioLegend, United States), or a corresponding isotype
control antibody, and then incubated at room temperature
for 20 min. After incubation, the cells were washed with
PBS again and analyzed by BD Calibur flow cytometry. The
expression level of EpCAM was then analyzed by Cell quest
software.

Expansion and culture of y 0 T cells in vitro

Human peripheral blood samples were obtained from
healthy volunteer blood donors who had previously their
written informed consent. Human peripheral blood (50ml)
was collected and centrifuged and the upper plasma was
retained for cell culture. Peripheral blood mononuclear cells
(PBMC) were isolated and extracted by the lymphocyte
separation solution Ficol (GE Healthcare, Uppsala,
Sweden). Those with a cell density of 2x10°/mL were
cultured in RPMI 1640 medium containing 5% autologous
plasma and Interleukin-2 (IL-2) (Quangang Pharmaceutical
Co., Ltd. Shandong, China) and zoledronic acid (Zhengda
Tianqing Pharmaceutical Group Co., Ltd. China) were
added to the culture system with a final concentration of
500 U/mL (IL-2) and 1 pM (zoledronic acid), respectively.
Thereafter, an appropriate amount of RPMI1640 medium
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containing IL-2 (concentration of 200 U/mL) and 5%
autologous plasma were added to the culture system
according to the specific conditions.

Sorting of y 0 T cells

The v 8 T cells in culture system were collected and
incubated with anti-human TCR V3§ 2-biotin (Miltenyi,
Germany) and anti-biotin MicroBeads (Miltenyi, Germany)
at 4 °C for 15 minutes. Cells were washed twice with PBS to
remove the non-specific binding antibodies and magnetic
beads. After resuspension, vy § T cells were sorted by
VarioMACS sorting column according to the instructions
and flow cytometry then analyzed that the positive rate of
sorted cells was more than 90%.

Co-culture of y 0 T cells with EC cells

v 8 T cells cultured for 14 days were co-cultured with wild-
type Ecal09 cells or Ecal09 cell sphere cells at an effector-
target ratio of 1:1 (the number of effector cells and target
cells was 2x10°) in a 24-well plate. Solitomab (Amgen,
United States) was added to the experimental group (the
final concentration was 30 ng/mL), while solitomab was not
added to the control group. Separate culture holes of wild-
type Ecal09 cells and Ecal09 cell sphere cells were then set
up to determine the background death level. After 12 hours
of culture, all cells in the co-culture system were collected
and analyzed by flow cytometry.

Cytotoxicity assay

v 8 T cells were used as effector cells while CFSE (Invitrogen,
Carlsbad, USA) labeled wild type Ecal09 cells or Ecal09
cell sphere cells were used as target cells. The specific steps
of CFSE labeled wild-type Ecal09 cells or Ecal09 cell
sphere cells before co-culture were as follows: Cells were
re-suspended in PBS containing 1% BSA with a final cell
concentration of 5x10%mL. The cell suspension was added
with the same volume of CFSE working solution (2 pM),
incubated at 37 °C for 10 min, then added with five times the
volume of complete medium and placed on ice for 5 min to
terminate the staining reaction. The cells were washed with
PBS containing 1% BSA three times, then resuscitated with
complete culture medium for follow-up experiments. After
12 hours of co-culture, all cells in the co-culture group and
single culture group were collected into tubes and washed
twice with PBS then re-suspended in 200 pL. PBS. Each tube
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Figure 1 Morphology of wild-type Ecal09 cells and Ecal09 cell sphere by flow cytometry. SSCH, side scatter height; FSC-H, forward

scatter-height.

was added with 20 pL PI (1 pg/mL) and then was placed on
ice for 10 min. The reaction was terminated by adding 200
pL of complete medium and the cells were detected by FACS
Calibur. The CFSE ™" PI-cells detected by flow cytometry
were survivable Ecal09 cells or Ecal09 cell sphere cells and
the calculation of cytotoxicity was based on the degree of
reduction of viable target cells with the ability to retain CFSE
and exclude PI (CFSE "¢"PT").

Statistical method

SPSS 23.0 (SPSS, IBM, Chicago, USA) statistical software
was used for statistical analysis. The data were expressed
by mean = standard deviation (SD), and the mean among
samples were compared by t-test. The difference was
statistically significant at (P<0.05).

Results
Morphology of EC Ecal09 sphere cells

Under high-power microscope, EC Ecal09 cells were
irregular round or fusiform, with abundant cytoplasm,
round nucleus, compact arrangement between cells, and
adherent growth. On the third day of culture, small and
regular suspension-growing cell spheres formed in serum-
free medium and the first generation of cell spheres with
small size, round shape, and tight connection between cells
were obtained on the 12th day of culture. The cells were
then collected and passaged, and the second generation of
cell spheres with small size, round shape, less cytoplasm,
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and large nucleus were formed on the 8th day of culture.
Compared with the first generation of cell spheres, the
second generation formed faster and were smaller in size
and of a more regular in shape.

Flow cytometry analysis showed that the forward scatter
(FSC) and side scatter (SSC) values of Ecal09 cell spheres
were lower than those of wild-type Ecal09 cells, suggesting
that Ecal09 cell spheres were smaller in size and had less
cytoplasmic granules (Figure I).

Drug resistance experiment of Ecal09 cells sphere cells

After the wild-type Ecal09 cells and Ecal09 cell sphere
cells were treated with different concentrations of Nab-
PTX and cisplatin for 24 hours, the growth of both groups
of cells cultured in the 96-well plate was inhibited. With
increasing drug concentration, the proportion of surviving
cells decreased gradually, the cell morphology changed, and
the cell membranes were shrunken and incomplete.

CCK-8 assay showed that the cell viability rate of Ecal09
cell spheres was significantly higher than that of wild-type
Ecal09 cells. This suggests that Ecal09 cell spheres have
stronger drug resistance than wild-type Ecal09 cells and may
contain a higher proportion of EC stem cells (Figures 2,3).

EpCAM expression of Ecal09 cells sphere cells

The above research shows that Ecal09 cell spheres may
contain a higher proportion of EC stem cells. Many studies
have reported that the frequency and range of EpCAM

expression in some CSCs were more extensive and frequent
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Figure 2 Cell viability of wild-type Ecal09 cells and Ecal09 cell sphere cells treated with Nab-PTX. *, with the increase of Nab-PTX
concentration, cell viability rate of wild-type Ecal09 cells and Ecal09 cell sphere cells decreased, while the cell viability rate of Ecal09 cell
spheres was significantly higher than that of wild-type Ecal09 cells (P<0.05).
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Figure 3 Cell viability of wild-type Ecal09 cells and Ecal09 cell sphere cells treated with cisplatin. *, with the increase of cisplatin
concentration, Cell viability rate of wild-type Ecal09 cells and Ecal09 cell sphere cells decreased, while the cell viability rate of Ecal09 cell
spheres was significantly higher than that of wild-type Ecal09 cells (P<0.05).

than non-CSCs (14,20,21). Flow cytometry showed that
EpCAM expression was also observed in wild type Ecal09
cells and Ecal09 cell sphere cells, but the expression level
on Ecal09 cell sphere cells was higher than that of wild-
type Ecal09 cells (Figure 4).

Cytotoxicity of Solitomab combined with y o T cells to
Ecal09 cell sphere cells

Cultured vy 8 T cells (effector cells) were co-cultured with
wild-type Ecal09 cells (target cells) or Ecal09 cell sphere
cells (target cells) at the effector-target ratio of 1:1 for 10
to 12 hours. Co-culture experiment showed that there was
no significant difference in the cytotoxicity of y 8 T cells to
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wild type Ecal09 cells and Ecal09 cell sphere cells without
solitomab. However, after adding solitomab, y 8 T cells
significantly enhanced the cytotoxicity of both groups of
cells and the cytotoxicity of y 8 T cells to Ecal09 cell sphere
cells was significantly higher than that of wild type Ecal09
cells (P<0.05) (Figure 5).

Discussion

EC is one of the most common fatal cancers worldwide
with an overall 5-year OS ranging from 15% to 25% (3).
Despite advances in surgical therapy for ESCC, local
recurrence and distant metastasis are the main reasons for
postoperative treatment failure. Nearly two-thirds of EC
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Figure 4 Analysis of EpCAM expression level in wild-type Ecal09
cells and Ecal09 cell sphere cells by flow cytometry. EpCAM,

epithelial cell adhesion molecule.

patients had locally advanced stage or disseminated disease
at diagnosis and had lost the opportunity for surgery (2). In
these patients, systemic chemotherapy may be an optimal
choice. However, 40% to 75% of the patients developed
drug resistance or disease progression soon after treatment,
resulting in treatment failure (22). Therefore, finding
effective drugs is the key to treating this fatal disease.

The traditional chemotherapy regimen for advanced
EC is cisplatin combined with fluorouracil. In recent years,
chemotherapeutic drugs such as paclitaxel, docetaxel,
irinotecan, and nedaplatin have also been widely used in
clinical practice, with an objective response rate (ORR) of
15% to 45% (23). However, the duration of response (DOR)
of first-line regimens was only 4 to 6 months, with a median
survival time (MST) of 10 to 12 months (23). Most ECs in
China are esophageal squamous cell carcinoma (ESCC),
which account for 90% of all cases of EC worldwide (24).
ESCC differs from adenocarcinoma, in its epidemiology,
pathogenesis, biology, and prognosis (25). When patients
receive therapy, most cancer cells are usually eradicated, but
subpopulations of cells that are resistant to the treatment
may remain alive and lead to recurrence. This phenomenon
is mainly due to the existence of CSCs (26).

CCSs are a heterogeneous cell population with unlimited
proliferation, self-renewal, multi-directional differentiation,
pluripotency, and resistance to conventional radiotherapy
and chemotherapy (6). Unlike non-CSCs, CSCs are

static or dormant, so are resistant to treatment such as
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Figure 5 Analysis of cytotoxicity of solitomab combined with
v 8 T cells on wild-type Ecal09 cells and Ecal09 cell spheres.
*, There was no significant difference in the cytotoxicity of y &
T cells to wild type Ecal09 cells and Ecal09 cell sphere cells
without solitomab (P>0.05). y 8 T cells significantly enhanced
the cytotoxicity of both groups of cells and the cytotoxicity of y
8 T cells to Ecal09 cell sphere cells was significantly higher than
that of wild type Ecal09 cells with solitomab (P<0.05). n.s., not

significant.

radiotherapy and chemotherapy, and this can lead to tumor
recurrence or metastasis when CSCs re-enter the cell cycle
(27,28). At present, CSCs have been successfully identified
and isolated from different tumors (29,30) and studies have
reported that the existence of EC stem cells is the main
reason for radiotherapy and chemotherapy resistance (4,5).
Therefore, in this study, we used serum-free suspension
culture to induce the formation of Ecal09 cell spheres.
Serum-free suspension culture has been widely used in
the isolation and culture of various CSCs (31,32). Zhang
et al. (33) have reported the application of cell spheres
culture to isolate and enrich potential CSC subpopulations
from EC Ecal09 cell. Wang ez 4/. (34) successfully obtained
passaging cell spheres from KYSE150 and TEL EC cell
lines by serum-free suspension culture. They found that
the expression level of the stem cell gene in sphere cells
was significantly increased, and the sphere cells were more
resistant to radiotherapy than parent cells. This proved
there were more CSCs in cell spheres than in parent cells.
In the present study, EC Ecal09 cells were cultured in
serum-free RPMI1640 medium containing B27 supplement
for 3 days to form suspended cell spheres. The cell spheres
were collected and blown into single cell suspension and
then passaged. On the 12th day of culture, first generation
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cell spheres that had a strong ability for proliferation and
self-renewal were formed. Flow cytometry analysis showed
that Ecal09 cell spheres were smaller in size and had less
cytoplasmic granules than wild-type Ecal09 cells.

CSCs exhibit multidrug resistance to chemotherapeutic
drugs. Liao er al. (31) cultured spherical cells from human
ovarian cancer cell lines and primary ovarian cancer with
stronger malignant potential in growth, invasion, scratch
recovery, clone survival, migration, and chemotherapy
resistance, which demonstrated that spheroid cells had the
characteristics of CSCs. In addition, Sun ez 4/. (32) found
that cultured EC OE-19 cell spheres had more obvious
drug resistance compared with non-sphere OE-19 cells.
Nab-PTX is a new chemotherapeutic drug composed
of human serum albumin and paclitaxel complex using
nanotechnology. Studies have reported that Nab-PTX
combined with cisplatin for EC is effective and tolerable (35).
Therefore, in our study, different concentrations of Nab-
PTX and cisplatin were used on wild-type Ecal09 cells
and Ecal09 sphere cells, respectively. After 24 hours,
the growth of cells in both groups was inhibited and the
proportion of surviving cells decreased with increasing
drug concentration. CCK-8 assay showed that both group
of cells died under the different concentrations of Nab-
PTX and cisplatin, and the viability of Ecal09 cell sphere
cells was significantly higher than that of wild-type Ecal09
cells. This suggests Ecal09 cell spheres have stronger drug
resistance than wild-type Ecal09 cells and may contain a
higher proportion of EC stem cells.

EpCAM, also known as CD326, was first found in
human colorectal cancer cells with mouse monoclonal
antibody 17-1A by Hilary Koprowski in 1979. Therefore,
it is considered as a tumor-associated antigen in human
colorectal cancer tissue (36). It is a glycosylated type I
membrane protein with a molecular weight of 30-40 kDa
and consists of a extracellular domain (EpEX) which
determines the stability of EpCAM on the cell surface, a
single spanning transmembrane domain (T'M), and a short
cytoplasmic domain (EpIC) (37).

Typically, EpCAM is expressed in the first developmental
stages of highly proliferating cells such as progenitors
and embryonic stem cells, and its expression is decreased
in differentiated cells. In adults, EpCAM expression is
restricted to epithelial tissues, specifically at the basolateral
cell membranes. However, its expression increases under
pathological conditions such as inflammation and cancer,
which is of great significance to the development of cancer (38).
EpCAM is considered as one of the most important
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biomarkers of cancer and only expresses in tumors of
epithelial origin, such as pancreatic, small intestine, breast,
ovarian, esophageal, and gastric cancer, but not in ectoderm
or mesoderm tumors (39). Research on the expression of
EpCAM in renal cell carcinoma showed that EpCAM was
expressed in clear cell carcinoma, oncocytoma and papillary
carcinoma, with an expression ratio of 36.3%, 78.3% and
81.3%, respectively (40). Sun ez 4/. (32) found that there was
a high expression of EpCAM in EC tissue and EC derived
cell line OE-19EC tissue. In the present study, we used flow
cytometry to detect the expression level of EpCAM in wild-
type Ecal09 cells and Ecal09 cell sphere cells. The results
showed that EpCAM expression was observed in both
groups, which confirmed that EpCAM may be a biomarker
for EC.

Many studies have reported that the frequency and
range of EpCAM expression in some CSCs, such as
pancreatic, colon, breast, and prostate cancer are extensive
and frequent than non-CSCs (14,20,21). Sun (32) found
that the expression level of EpCAM of drug-resistant OE-
19 cell spheres induced by ACF (adriamycin, cisplatin, and
fluorouracil) was significantly higher than that of non-
spherical OE-19 cells. They suggested ACF induced the
high expression of EpCAM, reflecting the occurrence of
esophageal adenocarcinoma (EAC) and the selection of a
drug-resistant stem cell subpopulation. Terris er a/. (12)
reported that EpCAM-positive hepatocellular carcinoma
(HCC) cells were tumor initiation cells with stem or
progenitor cell characteristics and EpCAM is a new
marker of HCC stem cells. The growth and invasiveness
of HCC were determined by EpCAM-positive cells, which
provides a new therapeutic target for the treatment of
HCC. In our study, we found that the expression level of
Ecal09 cell spheres was significantly higher than that of
wild-type Ecal(9 cells by flow cytometry, suggesting that
EpCAM was expressed more frequently in EC stem cells,
which verified that Ecal09 cell spheres may contain a high
proportion of EC stem cells. It has been reported that the
mechanism of the relationship between the enhancement
of malignant potential of epithelial cells and increased
expression lever of EpCAM was related to cell cycle
signaling and increased activity of proto-oncogenes (41).
EpCAM was also associated with cellular signals through
the Wnt pathway to enhance the characteristics of CSCs
that is related to chemotherapy resistance (42). Therefore,
the exploration of therapeutic drugs targeting EpCAM for
EC is expected to improve tumor resistance to treatment.

In recent years, antibody-based therapy has become
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a promising means of tumor immunotherapy. With the
development of bispecific antibody (bsAb) engineering,
bsAb has become a new choice for cancer immunotherapy.
BsAb has the unique ability to bind two or three different
epitopes at the same time, which can be divided into
bispecific T cell binding antibody (bispecific T cell engager,
BiTE) and trispecific antibody (TrAb). Therefore, they can
act as connectors between tumor cells and immune effector
cells [neutrophils, T cells, macrophages, or natural killer
(NK) cells], thus activating immune cells and stimulating
the host's innate and acquired immune response, leading to
tumor cell lysis and enabling tumor cells to overcome tumor
immune escape mechanism and killing tumor cells (43).
Solitomab is an EpCAM/CD?3 bispecific single-chain
antibody construct which can bind to tumor cells expressing
EpCAM and T cells to activate T cells to kill tumor cells.
Its anti-tumor mechanism is to activate T cells to induce
tumor cell apoptosis by releasing perforin and granzyme
to dissolve tumor cells (15,16). It was also reported that
solitomab could induce the polyclonal activation of CD4"
and CD8" T cells, which was characterized by the re-
expression of CD69 and CD25 and the secretion of IFN-y,
TNF-a and IL-2, IL-4, and IL-10. In addition, solitomab
also strongly influences CD8" T cells to eliminate tumor
cells and CD4" T cells may also kill tumor cells due to
the upregulation of granzyme B expression (15). Other
results have also shown that a large proportion of CD8"
and CD4" T cells in peripheral blood were involved in
the killing of tumor cells by solitomab. Cioffi et /. (18)
showed that established cell lines of pancreatic cancer were
more responsive to solitomab-activated T cells than that
of primary cells, and primary cells also showed a dose- and
time-dependent response to treatment with the solitomab.
Both iz vive and in vitro experiments showed that solitomab
could effectively kill the highly tumorigenic pancreatic
CSC subpopulation. Ferrari et al. (44) co-cultured ovarian
sarcoma cells with high expression of EpCAM with
solitomab and T cells and the cytotoxicity of T cells to
tumor cells was significantly enhanced. After the tumor
cells expressing EpCAM in pleural effusion were incubated
with autologous pleural effusion, the proliferation of CD4"
and CD8" T cells was significantly enhanced, the T cell
activation markers increased significantly, and the viability
of tumor cells decreased significantly. Solitomab also had
a significant inhibitory effect on uterine cancer, uterine
sarcoma, and colon cancer cell lines (15,17,18). The safety
and efficacy of solitomab were evaluated in phase I clinical
trials of patients with lung cancer and gastrointestinal
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tumors, and showed higher anti-tumor activity in animal
models (15). However, the cytotoxicity of solitomab on
EC cells in vivo and in vitro has not been reported. In the
present study, co-culture experiment showed that there
was no significant difference in the cytotoxicity of y § T
cells to wild type Ecal09 cells or Ecal09 cell sphere cells
without solitomab, and after its addition, y & T cells could
significantly enhance the cytotoxicity of both groups of
cells. The cytotoxicity of y 8 T cells to Ecal09 cell spheres
was significantly higher than that of wild type Ecal09 cells,
which showed that y 8 T cells combined with solitomab
had stronger cytotoxicity on the subsets of tumor cells with
high expression of EpCAM. EpCAM may be a potential
molecular target of immunotherapy for EC, and solitomab
may become an effective immunotherapeutic drug for EC
resistant to chemotherapy.

Together, the Ecal09 cell spheres obtained by serum-
free suspension culture had stronger characteristics of
CSCs such as proliferation, multidrug resistance, and high
expression level of EpCAM. Our experimental results
confirm that Ecal(09 cell spheres may contain a high
proportion of EC stem cells. It is inferred that EpCAM may
be a potential molecular target of immunotherapy for EC,
and solitomab may become an effective immunotherapeutic
drug for EC resistant to chemotherapy. This study provides
an experimental basis for finding effective drugs to treat EC
resistant to chemotherapy and improving the survival of
patients with EC, and offers a theoretical basis for exploring
the synergistic anti-tumor effect of bispecific antibodies
combined with immune cells.
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