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A B S T R A C T

Gastric cancer (GC) as the third most common cause of cancer-associated mortality worldwide is one of the
cancers with very high heterogeneity. Cancer stem cells (CSCs) as a small subset of cancer cells in solid tumors
with the self-renewal, differentiation and tumorigenic ability are responsible for tumor initiation, progression,
recurrence, metastasis, and resistance to current treatments. Therefore, eradication of CSCs is very vital to cure
cancer. Here, we first isolated and identified sphere-forming cells in tumor tissue from four GC patients and then
analyzed T cell responses induced by monocyte-derived dendritic cells (DCs) loaded with total mRNA of sphere-
forming cells in terms of interferon-gamma (IFN-γ) gene expression and specific cytotoxicity. Spheroid colonies
were formed in serum-free media. Sphere-forming cells dissociated from tumorspheres heterogeneously ex-
pressed CD44, CD54, and epithelial cell adhesion molecule (EpCAM) markers and generated one tumor in nude
mice. These results demonstrated that gastric CSCs were enriched in tumorspheres. Cytokine-matured DCs
loaded with mRNA of sphere-forming cells were able to induce IFN-γ gene expression in T-lymphocytes after a
12-day co-culture. mRNA level of IFN-γ gene in these lymphocytes was more highly expressed compared to
stimulated T-lymphocytes by DCs transfected with normal tissue (6.4–9.39 folds). Cytotoxic activity of primed T-
lymphocytes with antigens of sphere-forming cells was significantly higher than normal tissue antigens and
mock DCs (P≤0.0001). Taken together, DCs loaded with mRNA of sphere-forming cells that elicit effectively
specific T cell-mediated immune responses in vitro, may be considered as a promising therapeutic vaccination in
GC patients in future.

1. Introduction

Gastric cancer (GC) is the fifth common cancer worldwide as well as
the third cause of cancer-associated mortality. Surgery, chemotherapy,
and radiotherapy are used for GC treatment [1]. However, the 5-year
relative survival rate due to high relapse rates, metastatic nodule, and
resistance to chemotherapeutic drugs is low (20–30%) [2].

Cancer stem cells (CSCs) are rare populations of tumor cells and
characterized by self-renewal, differentiative, and tumorigenic proper-
ties [3]. The CSC hypothesis suggests that upon eradicating stationary
and circulating CSCs, cancer due to differentiation and/or cell death
could regress [4,5]. The CSCs due to their role in the tumor onset,

progression, metastasis, and recurrence, as well as drug resistance are
very much considered for therapeutic targets, especially im-
munotherapy [6–9] which induces CSC-specific cytotoxic reactions.
Dendritic cell (DC)-based immunotherapy is a very promising strategy
to prime antitumor-specific T cell responses.

Dendritic Cells (DCs) are professional antigen presenting cells
(APCs) and the most effective activator of resting or naive T cells in vitro
and in vivo [10]. DCs in the tumor site and regional lymph nodes
mediate antitumor immune responses by activating T cells, in particular
CD8+ T lymphocytes [11]. Immature DCs due to high endocytic ac-
tivity and low activation have high capacity in the antigen uptake.
Thus, generation of these cells from peripheral blood monocytes and
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also their incubation with tumor proteins, peptides, and lysates or
transfection with DNA and RNA in vitro is the basis of cancer im-
munotherapy [12]. Among DCs loaded with different forms of antigen,
use of RNA has several advantages. A key advantage of using RNA is the
ability to amplify in vitro. Therefore, a limited amount of tumor tissue is
sufficient for the production of a large number of DCs pulsed with an-
tigen [13]. Another advantage is that all tumor-associated antigens
(TAAs) without the need to identify and know will be processed and
presented on DC surface at the same time, resulting in induction and
expansion of both CD4+ and CD8+ T cells. RNA, unlike protein and
peptide antigens, does not require DCs with the specified HLA allele for
the priming of CD4+ and CD8+ T cells. RNA due to easy degradation as
well as quick clearance of organism minimizes the chance of causing
side effects such as generation of autoantibodies and autoimmune dis-
ease [14]. In addition to relatively easy administration of RNAs relative
to naked DNA, short-lived RNA constructs, unlike DNA, are not in-
tegrated into the DCs genome. Therefore, these constructs do not result
in the introduction of oncogenic activity into DCs that returned to the
patient [14,15].

It was reported that the characteristics of spheroid (three-dimen-
sional) cultures of CSCs in areas such as gene expression profiles, tumor
heterogeneity and morphology resemble original cancer [16–18].
Therefore, formation of spheroid colonies in single cell-based assays
could be reliability objectives for development of immunotherapy tar-
geting CSCs. It is also believed that three-dimensional tumorspheres can
provide patient-derived CSCs (sphere-forming cells) for evaluation of
DC-based approaches, especially DCs pulsed with total mRNA, in order
to induction of tumor-specific T cell responses, what defined the main
goal of our study.

Identification, characterization, and classification of CSCs remain
controversial. None of the known markers for the identification of CSCs
in all types of tumors, even a particular type of cancer such as gastric
cancer are universal and reliable [3,18–21]. The most commonly used
marker of gastric CSCs (GCSCs) is CD44 protein that reproduce a GC
tumor in a mouse xenograft model. Other protein such as CD44V8-10,
CD133, CD24, CD54, CD90, CD49f, CD71, EpCAM, and ALDH1 are also
considered as reliable gastric GCSCs markers [22]. Therefore, in present
study, we used sphere-forming cells regardless expression markers for
DC-based immunotherapy.

In this study, we first isolated and identified sphere-forming cells
from the patients with GC. Then, we utilized autologous DCs trans-
fected with total mRNA of sphere-forming cells as the whole antigen for
priming T cell response. Finally, the response of T cells induced by
antigens of sphere-forming cells was compared with the response of T
cells induced by antigens of gastric normal tissue and mock DCs.

2. Materials and methods

2.1. Isolation and in vitro expansion of sphere-forming cells from gastric
tumor specimens

Tumor tissue fragments were obtained from four patients listed in
Table 1 after surgical removal. After mechanical and enzymatic dis-
sociation of tumor samples, single cells were cultured in a serum-free
DMEM/F12 (Biosera, NUAILLE, France) medium supplemented with
8mM HEPES (Biosera), 20 ng/ml EGF (Gibco, Carlsbad, California,

USA), 10 ng/ml bFGF (Gibco), 4 μg/ml heparin (Sigma-Aldrich, St.
Louis, Missouri, USA), 2% B-27 supplement (Gibco), 100 U/ml peni-
cillin, 100 μg/ml streptomycin and 0.4 μg/ml amphotericin B in T-75
low attachment flask (Corning, New York, USA) at 37 °C in a humidified
5% CO2 incubator for 1–2months.

2.2. Flow cytometry analysis of cell surface markers CD44, CD54 and
EpCAM

Cells were dissociated from primary spheres with TrypLE™ Select
1× (Gibco) solution for 60min at 37 °C and stained using manu-
facturer-suggested concentrations (Biolegend, San Diego, California,
USA) of monoclonal antibodies against CD44 (FITC-conjugated), CD54
(PE-conjugated), and EpCAM (APC-conjugated) for 15–20min on ice in
the dark. After staining and washing, the cells were analyzed by a flow
cytometry (BD FACSCalibur, Franklin Lakes, New Jersey, USA). The
FlowJo software package (FlowJo, http://www.flowjo.com) was used
for processing data. Controls were carried out using FITC-IgG1, PE-
IgG1, and APC-IgG1 isotype control antibodies.

2.3. In vivo tumorigenicity assay

Male nude mice (C57BL/6 strain), 4–6-weeks old were used in tu-
morigenicity experiments. All animal experiments were complied with
the ARRIVE guidelines and carried out in accordance the National
Institutes of Health guide for the care and use of Laboratory animals as
well as were approved by Institutional Animal Care and Use Committee
of Mashhad University of Medical Sciences. Sphere-forming cells
(1× 106 cells/ml) suspended in serum-free DMEM/Matrigel (Sigma-
Aldrich) (1:1) were subcutaneously injected into the right flank of mice
in North Research Center, Pasteur Institute of Iran. The mice were kept
for four weeks to form a tumor.

2.4. mRNA isolation and amplification

Total mRNA from sphere-forming cells and gastric normal tissue
were isolated using mRNA Isolation Kit (Roche, Basel, Switzerland)
according to the manufacturer's instructions. The SMART mRNA
Amplification (Clontech, California, USA) and mMESSAGE mMACHINE
T7 Transcription (Ambion, California, USA) Kits were used for gen-
eration of large amounts of mRNA and in vitro transcription, respec-
tively. GFP mRNA as a reporter gene was also transcribed in vitro.

2.5. DC generation

Peripheral blood mononuclear cells (PBMCs) were obtained from
30ml heparinized peripheral blood of patients via Ficoll-Hypaque
(Biosera). PBMCs were plated in T-25 flasks in RPMI-1640 (Biosera)
complete medium (containing HEPES and glutamine) supplemented
with 10% heat-inactivated FBS (Gibco) and incubated for 2 h at 37 °C.
Unattached cells as peripheral blood lymphocytes (PBLs) were gently
washed away and frozen in freezing medium (80% FBS+10%
Glucose+ 10% DMSO) for future use. Adherent blood monocytes were
then cultured in RPMI-1640 complete medium supplemented with 10%
heat-inactivated autologous plasma, 1000 U/ml GM-CSF (Biolegend)
and 500 U/ml IL-4 (Biolegend) for 6 days.

2.6. DC transfection

Prior to electroporation, a total of 1×106 immature DCs was wa-
shed three times in cold OPTI-MEM medium (Gibco), resuspended in
100 μl OPTI-MEM medium containing 5 μg total mRNA and placed in a
5mm gap cuvette. Electroporation was performed at 300 V for 500 μs
using a BTX ECM 830 squarewave electroporator (Genetronics Inc., San
Diego, CA, USA). Immature DCs electroporated without mRNA were
called mock DCs. For assessing RNA transfection efficiency, immature

Table 1
Clinicopathological characteristics of patients.

Patient Sex/age Site Grade Stage

1 M/52 None-cardia Poor T3N0M0
2 M/59 Cardia Moderate T3N1M0
3 M/71 None-cardia Poor T4aN3aM0
4 M/62 None-cardia Moderate T2N0M0
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DCs were electroporated with GFP mRNA. The electroporated im-
mature DCs were immediately transferred to 6-well plates with 3ml
RPMI-1640 complete media containing 10% heat-inactivated auto-
logous plasma, 1000 U/ml GM-CSF and 500 U/ml IL-4 and incubated
for 2–4 h. Maturation agents including 1000 U/ml TNF-α (Gibco),
700 U/ml IL-1β (Gibco), 16,500 U/ml IL-6 (Gibco) and 1 μg/ml PGE2
(Sigma-Aldrich) were then added to culture media. DCs were cultivated
for 18–36 h at 37 °C in 5% CO2.

2.7. Cell surface marker analysis of immature and mature DCs by Flow
cytometry

Immunophenotyping of immature and mature DCs was performed
by staining cell surface antigens using a panel of monoclonal antibodies
(Biolegend) specific for CD14 (monocytes), CD1a (DCs), CD80 (mono-
cytes and DCs), CD83 (DCs), CD86 (monocytes and DCs), CD40 (DCs),
HLA-DR, and CCR-7 as well as the appropriate isotype-matched con-
trols.

2.8. Co-culture of total mRNA-transfected DCs with autologous PBLs

DCs transfected with total mRNA of sphere-forming cells and gastric
normal tissue as well as mock DCs were separately added to autologous
PBLs at a 1:10 (stimulator: responder) ratio in RPMI1640 complete
medium supplemented with 10% heat-inactivated autologous plasma in
round bottom 96-well plates, and cultured at 37 °C in 5% CO2 for
12 days. IL-2 (Gibco) at 20 U/ml was added on day 3.

2.9. Interferon-gamma gene expression in T lymphocytes stimulated by
mRNA-transfected DCs

Total mRNA was isolated from T lymphocytes stimulated by DCs
transfected with total mRNA of sphere-forming cells and gastric normal
tissue using mRNA Isolation Kit (Roche) according to the manufac-
turer's instructions followed by DNase treatment. Concentration and
purity of mRNA and cDNA synthesis were determined using spectro-
photometer (WPA Biowave II, Great Britain) and Easy cDNA Synthesis
Kit (Pars Tous Biotechnology, Mashhad, Iran), respectively. The mRNA
level of IFN-γ gene was quantitated by real-time PCR. Real-time PCR
was done using a Mx3000P QPCR System (Stratagene, La Jolla, CA,
USA) in the presence of SYBR-green. The reaction conditions were:
95 °C for 10min and 40 cycles at 95 °C for 30 s, 56 °C for 30 s, and 72 °C
for 30 s. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
amplified as an internal control gene. The relative quantitation of IFN-γ
gene expression was analyzed using the comparative Ct method (Fold
change= 2−ΔΔCt) [23]. 2−ΔΔCt= [(Ct IFN-γ gene - GAPDH gene)sti-
mulated T-lymphocytes with mRNA-loaded DCs of sphere-forming cells
- (Ct IFN-γ gene - GAPDH gene)stimulated T-lymphocytes with mRNA-
pulsed DCs of gastric normal tissue]. Primer sequences for IFN-γ were
5′-GCTCTGAGACAATGAACGCT-3′ (forward) and 5′-AAAGAGATAATC
TGGCTCTGC-3′ (reverse). Primer sequences for GAPDH were also
5′-GGAAGGTGAAGGTCGGAGTCA-3′ (forward) and 5′-GTCATTGATGG
CAACAATATCCACT-3′ (reverse).

2.10. Calcein-acetyoxymethyl cytotoxicity assay

The cytotoxic activity of stimulated T-lymphocytes was determined
using a calcein-release cytotoxicity assay. Briefly, 1× 106 sphere-
forming cells (target cells) re-suspended in serum-free RPMI1640
complete medium were incubated with 15 μM calcein-AM (Sigma-
Aldrich) at 37 °C for 30min with occasional shaking. After washing
three times with PBS, the cells were re-suspended in PBS containing 5%
FBS. The calcein-AM labelled target cells (5× 103 cells/well) were
incubated with T lymphocytes stimulated by DCs loaded with total
mRNA of sphere-forming cells and gastric normal tissue, as well as
mock DCs at various effector:target cell ratios (1:1, 10:1, 20:1) in 96-

well U-bottomed microtitre plates (triplicate wells/sample) at 37 °C for
4 h. After centrifugation and transferring 100 μl of the supernatant from
each well into black 96-well flat-bottomed plates (SPL Life Sciences,
Gyeonggi-do, Korea), the fluorescence of each supernatant was mon-
itored at 490 nm excitation and 520 nm emission wavelengths using
Synergy™ H4 Hybrid Multi-Mode Microplate Reader (Biotek, Vermont,
USA). The cytotoxicity of the stimulated T-lymphocytes was calculated
by the following formula: % Specific Lysis= [(experimental re-
lease− spontaneous release) / (maximum release− spontaneous re-
lease)]. Maximum release and spontaneous release were obtained from
incubation of target cells with and without detergent (2% Triton X-
100), respectively.

2.11. Statistical analysis

Statistical calculations were performed using GraphPad Prism ver-
sion 7. Results were expressed as mean ± SE. Groups were compared
using One-Way ANOVA. P≤ 0.0001 was considered statistically sig-
nificant.

3. Results

3.1. Tumorigenic spheroid colonies formed from tumor tissue of patients
with GC

CSCs that formed spheroid colonies in culture have extensive simi-
larities to endogenous CSCs in human tumor tissues [21,24]. Therefore,
we dissociated and cultivated four GC biopsies under serum-free con-
ditions to induce the formation of spheroid colonies and then examined
surface proteins of sphere-forming cells to determine the identity of
gastric CSC (GCSC) markers. Primary spheres were seen in culture after
four weeks (Fig. 1A). Flow cytometry analysis in accordance with our
previous report [18] as well as results of previous studies [19,20] de-
monstrated that sphere-forming cells dissociated from primary spheres
overexpressed CD44, CD54, and EpCAM surface markers (Fig. 1B).
Moreover, inoculation of sphere-forming cells into three im-
munocompromised mice for each patient showed that these cells were
able to form a tumor in 100% of the mice after four weeks (Fig. 1C).
Thus, these data indicated that sphere-forming cells were of gastric
origin, overexpressed CD44, CD54, and EpCAM GCSC markers and
generated tumors in nude mice, suggesting that GCSCs are enriched in
spheroid colonies.

3.2. Monocytes-derived DCs phenotype

DCs are large irregular cells with typical dendritic morphology and
were generated from adherent monocytes isolated from PBMCs
(Fig. 2A). DCs staining using various markers of activation and ma-
turation revealed that expression levels of surface molecules CD83,
CD40, and HLA-DR (as maturation markers), CD80 and CD86 (as acti-
vation markers), and chemokine receptor CCR7 in mature DCs com-
pared to immature DCs increased. Furthermore, downregulation of
CD14 expression, as well as upregulation of CD1a expression in both
immature and mature DCs indicated that monocytes had fully devel-
oped into DCs (Fig. 2B).

3.3. Upregulation of IFN-γ gene confirmed stimulation of T lymphocytes by
DCs loaded with total mRNA of sphere-forming cells

To measure IFN-γ mRNA expression in stimulated T-lymphocytes by
DCs transfected with total mRNA of sphere-forming cells compared
with stimulated T-lymphocytes by DCs pulsed with total mRNA of
gastric normal tissue, we used comparative real-time PCR. Stimulated
T-lymphocytes with mRNA-pulsed DCs of gastric normal tissue were
used as control. The results showed that IFN-γ gene expression in sti-
mulated T-lymphocytes with antigens of sphere-forming cells isolated
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Fig. 1. Tumor spheres derived from human GC specimens overexpressed surface markers of CD44, CD54, and EpCAM as well as exhibited high tumorigenicity in vivo.
A) Primary spheres were directly generated from tumor cells dissociated from human GC specimen. (Left panel: original magnification 4×; right panel: original
magnification 40×). B) Flow cytometry analysis of CD44, CD54 and EpCAM expression in sphere-forming cells. After staining using anti-CD44 FITC, anti-CD54 PE
and anti-EpCAM APC monoclonal antibodies, sphere-forming cells showed heterogeneous staining. The frequency of CD44+ cells, CD44+CD54+ cells and
CD44+EpCAM+ cells were 84%, 14%, and 69.8%, respectively. C) A tumor formation in nude mice injected with sphere-forming cells. Abbreviations EpCAM,
epithelial cell adhesion molecule.
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from patients was upregulated in comparison with stimulated T-lym-
phocytes with antigens of gastric normal tissue (Fig. 3). IFN-γ gene
expression in stimulated T-lymphocytes with mRNA-loaded DCs of
sphere-forming cells in patients 1,2 3, and 4 was 6.4, 7.6, 8.17 and 9.39
fold greater than the control, respectively.

3.4. Stimulated T-lymphocytes with antigens of sphere-forming cells induced
specific lysis of sphere-forming cells

To evaluate the cytotoxic activity of stimulated T-lymphocytes by
DCs loaded with total mRNA of sphere-forming cells, we used a 4-h
calcein release assay. As shown in Fig. 4, cytotoxicity against sphere-
forming cells was demonstrated for all four patients at effector:target
cell ratios of 1:1 (ranging 6.4% to 11.5%), 10:1 (ranging 19% to
23.6%), 20:1 (ranging 41% to 50.2%). Lysis of sphere-forming cells by
stimulated lymphocytes by DCs transfected with total mRNA of gastric

normal tissue and mock DCs was also observed at various effector:target
cell ratios. However, lysis of sphere-forming cells by stimulated T-
lymphocytes with antigens of sphere-forming cells was significantly
higher than lysis of sphere-forming cells by stimulated T-lymphocytes
with antigens of gastric normal tissue and mock DCs (P≤0.0001).

4. Discussion

CSCs played the important role in carcinogenesis and recurrence of
GC. Eradication of residual GCSCs after surgery due to chemotherapy
and radiotherapy resistance, metastasis and relapse is also difficult.
Therefore, DC-based immunotherapy aimed at targeting GCSCs would
offer an appealing therapeutic strategy for treating GC [2,3]. Enrich-
ment of GCSCs using tumorsphere cultivation technique caused the
propagation of stem-like cells from tumors. Tumorspheres expanded in
serum-free medium containing several growth factors display stem cell-

Fig. 2. Monocytes-derived DCs. A) Differentiation of monocytes to mature DCs (Left panel: monocytes, original magnification 4×; right panel: DCs, original
magnification 4×). Monocytes were cultivated in the presence of GM-CSF and IL-4 cytokines to differentiate immature DCs. After transfection, DCs maturation was
induced in the presence of maturation factors (TNF-α, IL-1β, IL-6, and PGE2). B) Representative histograms of flow cytometric analysis of DCs. Immature and mature
DCs were stained using a panel of monoclonal antibodies (anti-CD14, -CD1a, -CD80, -CD83, -CD86, -CD40, -HLA-DR, and -CCR-7). (Bright line - isotype control, Gray
line - immature DC, Black line - mature DC. Abbreviations PGE2, prostaglandin E2.
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like properties and maintain their molecular expression profiles as well
as their tumorigenic phenotype [18,25]. Thus, we used the sphere-
forming assay for enrichment of stem-like cells. Expression of CD44,
CD54 and EpCAM markers as well-known GCSCs surface markers were
analyzed in sphere-forming cells. All three markers associated with
metastasis of GC [18–20]. Our study showed that CD44, CD54 and
EpCAM markers were expressed in sphere-forming cells. However, the
percentage of cells expressing these markers in tumorspheres was dif-
ferent. In the other words, spheroid colonies contain various kinds of
cells, implying sphere heterogeneity. Thus, we used all sphere-forming
cells dissociated from tumorspheres regardless of the type of expression
marker for DC-based immunotherapy.

DCs as inducing CD4+ and CD8+ T cell-mediated responses play a
unique and important role in antitumor immunity as well as the re-
jection of tumors [26,27]. DC maturation is vital for effective stimula-
tion of T cell responses. Phenotypic characterization of monocytes-de-
rived DCs from four GC patients indicated that these cells are CD14lo,
CD1ahi, CD83med, CD40hi, CD80med, CD86hi, HLA-DRhi and CCR7hi. In
fact, DCs were able to induce upregulation of CD80, CD86, CD83,
CD40, and CCR7 in presence of maturation agents. In DC-based im-
munotherapy, the choice of antigen and the method of antigen loading
are two very important issues. In the current study, we have chosen to
use total mRNA of sphere-forming cells. Previous studies have shown
that DCs loaded with mRNA offers numerous advantages over other DC-
based approaches [13,28]. mRNA advantages are similar to the whole
cell lysate, especially induction of both CD4+ and CD8+ T cell re-
sponses simultaneously. In this study, consistent with previous experi-
mental investigations [29–31], we demonstrated two methods that DCs
loaded with total mRNA of sphere-forming cells were able to stimulate
and activate lymphocytes. The first method was characterized by mRNA
expression level of IFN-γ gene in stimulated T-lymphocytes. IFN-γ gene
expression levels in stimulated T-lymphocytes by DCs pulsed with total
mRNA of sphere-forming cells dissociated from four patients were 6–9
folds more than stimulated T-lymphocytes by DCs loaded with total
mRNA of gastric normal tissue. The second method was determined by
the cytotoxic activity of stimulated T-lymphocyte. Our results showed
that DCs pulsed with antigens of sphere-forming cells induced a lytic
activity against sphere-forming cells. Cytotoxic activity of primed T-
lymphocytes by DCs loaded with total mRNA of sphere-forming cells at
various effector:target cell ratios was significantly higher than DCs
pulsed with total mRNA of gastric normal tissue and mock DCs in each
patient (P≤ 0.0001).

Although in our study, DCs transfected with total mRNA of sphere-
forming cells elicited CTLs that were able to recognize and lyse sphere-
forming cells, a point that cannot be overlooked is that total mRNA as
antigen source contain specific antigens of sphere-forming cells as well

as self-antigens, resulting in tolerance break and destruction of gastric
normal tissue. However, the benefit of using total mRNA as the whole
antigen from tumors for loading DCs have been demonstrated in many
patients without induction of autoimmunity [32–34]. Furthermore,
subtractive hybridization techniques can be used for enrichment of
specific transcripts of sphere-forming cells and removal of common
transcripts (auto-antigens) between sphere-forming cells and gastric
normal tissue [35,36]. Moreover, our data showed that primed T-lym-
phocytes by normal gastric antigens of all four patients lysed very few
sphere-forming cells at effector:target cell ratios of 1:1 (ranging 0.7% to
1.7%), 10:1 (ranging 2% to 2.7%), 20:1 (ranging 3% to 5.8%). There
were no significant differences in cytotoxic activity between primed T-
lymphocytes by normal gastric antigens and mock DCs. Thus, DCs
loaded with antigens of sphere-forming cells might specifically induce
CTLs, leading to lysis of sphere-forming cells.

Some previous studies have demonstrated that tumor cell mRNA-
transfected DCs enhance T lymphocyte proliferation and induce tumor
Immunity and cytotoxic T lymphocyte responses in vitro [8,9,37,38].
However, most antitumor immune responses may be directed against
differentiated tumor cells because> 95% and usually< 5% of tumor
mass form differentiated tumor cells and CSCs, respectively. Therefore,
considering CSC hypothesis as well as CSCs role in cancer development,
metastasis, recurrence, and chemoradiotherapy resistance, enrichment
of CSCs can provide more effective therapeutic strategies, especially
DC-based approaches.

5. Conclusion

The sphere-forming capability is useful for the propagation and
enrichment of GCSCs. Our findings demonstrated that DCs loaded with
total mRNA of sphere-forming cells could elicit T cell-mediated immune
responses in patients with GC in vitro. Therefore, considering adverse
autoimmune events or other side effects, DCs pulsed with antigens of
sphere-forming cells due to the lysis of GCSCs by primed T-lymphocytes
in vitro can be utilized as a therapeutic vaccination against autologous
CSCs in GC patients in the future.
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Fig. 3. Gene expression analysis of IFN-γ in stimulated T-
lymphocytes by DCs loaded with total mRNA of sphere-
forming cells. Comparative real-time PCR results showed that
mRNA expression of INF-γ gene in stimulated T-lymphocytes
by DCs pulsed with total mRNA of sphere-forming cells iso-
lated from four patients was upregulated compared with sti-
mulated T-lymphocytes by DCs transfected with total mRNA
of gastric normal tissue (6.4–9.39 folds). Stimulated T-lym-
phocytes with mRNA-loaded DCs of gastric normal tissue
were used as control.
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