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Abstract: Neuroblastoma stem cells (NSCs) can cause drug resistance and tumor recurrence. This study aimed
to enhance the lytic effect of dendritic cells (DCs) co-cultured with cytokine-induced killer (CIK) cells. NSCs were
obtained by suspension culture, and DC-CIK cells were loaded with extracted NSC membrane-based microparticles
(MMPs) before evaluating the lytic effect of DC-CIK cells on NSCs. After inhibiting the function or expression of hu-
man leukocyte antigen-E (HLA-E) in NSCs by anti-HLA-E monoclonal antibody or siRNA, the DC-CIK cell Iytic effect
on NSCs was re-assessed. NSC nestin expression was high, but glial fibrillary acid protein expression and class
[lIB-tubulin-1 expression were low. Moreover, NSCs exhibited strong tumorigenic ability in nude mice. Loading DCs
with NSC-derived MMPs induced the differentiation of DCs and CIK cells and enhanced the killing of NSCs by DC-
CIK cells. Inhibiting the function or expression of HLA-E in NSCs further enhanced the cytolytic capability of DC-CIK
cells loaded with NSC-derived MMPs. HLA-E inhibitor can enhance the killing of NSC by DC-CIK cells loaded with

NSC-derived MMPs.
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Introduction

Neuroblastoma (NB) is an aggressive malig-
nant tumor commonly seen in childhood, and
the long-term survival rate of high-risk patients
remains very low [1, 2]. Thus, novel approaches
should be developed to enhance treatment out-
come. In recent years, the tumor stem cell the-
ory has been gradually emphasized in this con-
text [3]. Specifically, neuroblastoma stem cells
(NSCs) play a crucial role in the tumor invasion,
drug resistance, and recurrence of NB [4, 5],
and precise treatment targeting NSCs is likely
to improve the outcomes of patients with NB.
Dendritic cells (DCs) and cytokine-induced Kill-
er (CIK) cells have been increasingly applied in
anti-tumor immunotherapy, which has become
a novel modality in cancer treatment [6, 7].
Nevertheless, conventionally cultured DC-CIK
cells lack targeted killing capability, leading to
poor clinical efficacy [8].

Tumor antigen is a main source for obtain-
ing DC-CIK cells with targeted Killing ability [9].
At present, almost 1000 categories of tumor-
associated antigens have been identified; how-
ever, most tumors lack effective tumor-specific
antigens. Moreover, tumor cells are heteroge-
neous and likely to harbor mutations. Hence,
immunotherapy targeting a single antigen has
consistently proved ineffective [10]. Accordingly,
a more complete panel of tumor antigens offers
certain advantages, and complete tumor anti-
gen-loaded DCs may represent an effective
approach to obtain DC-CIK cells that target spe-
cific tumors [11].

The tumor cell membrane can release mem-
brane-based microparticles (MMPs) with a cap-
sular structure via froth exfoliation [12]. These
MMPs carry multiple tumor antigens from the
parent cells and can be effectively taken up
by DCs via the classical endocytotic pathway
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and degraded by the intracellular lysosome,
which accelerates the DC presentation of tumor
cell antigens [13, 14]. Therefore, NSC-derived
MMPs could be used as a complete cell antigen
complement to sensitize DCs and establish a
highly specific and effective novel immunother-
apy that targets NSCs, a technique that has not
yet been reported.

Human leukocyte antigen-E (HLA-E), which is
expressed on the surface of tumor cells, is a
major ligand of the inhibitory receptor CD94/
NKG2A of natural killer (NK) cells and cytotoxic
T lymphocytes (CTLs), which represent one of
the main mechanisms underlying tumor im-
mune escape [15]. Moreover, HLA-E correlates
with the unfavorable features of NB [16, 17]. T
cells expressing CD3 and CD56 (CD3*CD56'T
cells) are the main effector cells functioning
among CIK cells [18]. Similar to other T cells,
CD3*CD56'T cells also express CD94/NKG2A/
B, ILT2/LIR1, KIR, and other inhibitory recep-
tors. HLA-E expressed in tumor cells may inhi-
bit the activity of CD3*CD56'T cells via these
receptors and influence the anti-tumor effect
of CIK cells [19]. In this study, NSC-derived
MMPs were loaded onto DC-CIK cells to
enhance their killing of NSCs. In addition, the
influence of HLA-E inhibitor on this immuno-
therapy was evaluated.

Materials and methods
Ethical approval

All human samples were donated freely, and
informed consent was obtained from all chil-
dren/guardians. Ethical approval was obtained
from the Institutional Review Board of Sun Yat-
sen University in China and followed the Declar-
ation of Helsinki principles [20].

Materials

Recombinant human epidermal growth factor,
recombinant human basic fibroblast growth
factor, and recombinant human leukemia inhib-
iting factor were purchased from Peprotech
(NJ, USA). DMEM/F12 culture medium, 1640
culture medium, B27, and fetal bovine serum
were bought from Gibco (NY, USA). A low-adher-
ence culture flask was purchased from Corning
(NY, USA). Mouse anti-human CD3, CD56, CD4,
CD8, CD83, and CD86 were provided by Bio-
Legend (CA, USA). A total RNA extraction Kkit,
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RNA reverse transcription kit, and RT-PCR
quantitative detection kit were purchased from
Takara (Nagoya, Japan). The anti-HLA-E mono-
clonal antibody TFL-O07 was supplied by the
Terasaki Foundation Laboratory.

Primary culture

Primary cell culture was used to grow and
expand NB cells isolated from two children
with newly diagnosed NB; both patients had
been diagnosed with stage IV disease accord-
ing to the international NB staging system.
One patient was a 2-year-old boy with a primary
tumor in the left adrenal region and metastatic
disease in his skeleton and bone marrow. The
N-MYC gene was amplified in this tumor. The
second patient was a 3-year-old girl with a
primary tumor in the right adrenal region and
metastatic disease in the posterior mediasti-
num and bone marrow. In this case, the N-MYC
gene was unamplified. Neither patient had
previously received chemotherapy or radiother-
apy. Following the collection of a bone marrow
specimen sufficient for clinical diagnosis, the
remaining specimen was used for primary cul-
ture as previously described [21]. The cells
obtained from these two patients were desig-
nated NB1 and NB2. HLA-E was highly expres-
sed in the tumor tissues and primary cultur-
ed tumor cells, as detected by immunohisto-
chemical staining [22] and western blot [23],
respectively.

Suspension culture

NB1 and NB2 cells were cultured in DMEM
solution containing 10% fetal bovine serum
and incubated at 37°C in an atmosphere of
5% CO, and 90% relative humidity. A low-adher-
ence culture flask was inoculated with cells
at the logarithmic phase, and the suspension
was cultured in an incubator. The culture solu-
tion was replaced with DMEM/F12 medium
containing 20 ng/ml of basic fibroblast growth
factor, 20 ng/ml of epidermal growth factor,
2% of B27, and 20 ng/ml of leukemia-inhibit-
ing factor [24]. The cell concentration was
adjusted to 1 x 10%/ml. Half of the culture solu-
tion was replaced every 3 d, and the cells were
passaged at a ratio of 1:3 every 7 d. The third
and fourth generations of the cells inside the
cell spheres were prepared for subsequent
experiments.
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Immunofluorescence

After 3 d of culture, NB1, NB2, and correspond-
ing cells inside the cell spheres were collected.
The cells were adjusted to a concentration of
1 x 108 cells/L and seeded in a 24-well cul-
ture plate with a cover slip. When the cells
attached to the wall, they were fixed with para-
formaldehyde for 10 min, washed with phos-
phate-buffered saline (PBS), and then washed
with PBS containing 0.1% Triton X-100 before
being blocked with 5% bovine serum albumin
for 30 min at room temperature for 1 h. The
cells were then incubated with nestin primary
antibody for 2 h. The cells were washed in PBS
and then incubated with Cy3-conjugated sec-
ondary antibody for 30 min in a dark room
before being stained with 4’, 6-diamidino-2-
phenylindole. The cells were washed again in
PBS, mounted after drying, and photographed
under a fluorescence microscope.

Reverse transcription-polymerase chain reac-
tion (RT-PCR)

Cells inside the NB1 and NB2 cell spheres
were collected after being cultured for 3 days.
Total RNA was extracted and reverse tran-
scribed to cDNA using the following conditions:
extension at 30°C for 10 min and annealing
at 42°C for 30 min, followed by termination
at 99°C for 5 min and cooling at 5°C for 5
min. The expression levels of the stem cell
marker nestin, glial cell marker glial fibrillary
acid protein (GFAP), and neuron marker class
IlIB-tubulin (Tuj-1) were detected by RT-PCR as
previously described [25].

Animal model

The right armpits of nude mice were subcuta-
neously inoculated with third-generation cells
from the NB1 and NB2 cell spheres at a density
of 1 x 107 cells/mouse (n = 6 for each group),
and equivalent quantities of NB1 and NB2 cells
were injected subcutaneously into the right
inguen as controls. The tumor formation time
and rate of NSCs were observed. An emerg-
ing node at the inoculation site, as judged by
macroscopic observation, represented tumor
formation. The experiment was repeated three
times, and animals were observed for 10 d. The
nude mice were inoculated with NB1, NB2, and
corresponding cells from the cell spheres at a
density of 1 x 10* cells/mouse, and the above
experimental procedures were repeated.
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MMP extraction

Supernatant was collected after NSCs derived
from NB1 and NB2 were cultured. The MMPs
of NSCs were extracted by ultrafiltration and
differential centrifugation methods and diluted
with physiological saline for filtration and pack-
aging. The concentrations of protein and nucle-
ic acid were detected under ultraviolet light,
and the quantity of endotoxin was evaluated
using the Tachypleusamebocyte lysate test
before storing the samples at -20°C according
to previously described methods [26].

DC induction

Mononuclear cells were collected from the
peripheral blood of volunteers, washed, centri-
fuged in physiological saline, re-suspended in
1640 culture solution, and then cultured at
37°C in 5% CO, for 2 h. The suspension cells
were aspirated for subsequent CIK culture. The
adherent cells were cultured in 1640 culture
solution containing 10% fetal bovine serum,
1000 U/ml cytokine rhGM-CSF, and 4500 U/ml
rhiL. Half of the culture solution was exchanged
after 3 d and supplemented with rhGM-CSF
and rhiL-4. After 5 d of culture, the cells were
divided into two groups. In the control group,
1000 U/ml TNF-a was added to the culture,
whereas 1 pg/ml MMPs of NSCs was added to
the culture in the experimental group. After
induction and culture for 72 h, the maturation
of DCs was observed under an inverted light
microscope. Partial DCs from both groups were
collected, and the expression levels of CD83
and CD86 in DCs were quantitatively measured
by RT-PCR and flow cytometry as previously
described [27].

DC-CIK cell induction

The density of the cell suspension was adjust-
ed to 1 x 10° cells/ml, and the cells were trans-
ferred to a culture flask containing 1000 U/ml
IFN-y and cultured at 37°C and 5% CO, for 24 h
in medium supplemented with CD3 monoclonal
antibody (100 ng/ml) and rhiL-2 (500 U/ml).
After 8 d of culture, DCs loaded with MMPs in
the experimental group and DCs in the control
group were each mixed and co-cultured with
CIK cells at a ratio of 1:100. The solution was
exchanged every 3 d and supplemented with
rhil-2. The morphology, growth, and prolifera-
tion of DC-CIK cells were observed under an
inverted light microscope. The cells and super-
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natant were collected after 15 d of culture, and
the cell survival rate was assessed by Trypan
blue staining [28]. Partial DC-CIK cells were
collected from each group. The percentages of
cells that were CD3*, CD3*CD8*, CD3*CD56",
or CD3*CD4" were calculated by flow cytometry
[29].

The methyl thiazolyl tetrazolium (MTT) assay

The effector cells were divided into the control
group (DC-CIK cells not loaded with MMPs) and
the experimental group (DC-CIK cells loaded
with MMPs). The third generation of stem cells
derived from NB1 and NB2 was used as target
cells, and the cell concentration was adjusted
to 1 x 10° cells/ml. A total of 100 ul of cell
suspension was cultured in each well of a
96-well plate for 6 h. When the target cells had
attached to the wall, the effector cells (DC-CIK
cells) were added to the 96-well plate at an
effector/target ratio of 10:1 or 20:1. After co-
culture for 48 h, the morphologies of effector
and target cells were observed under an invert-
ed light microscope. The Killing rate was evalu-
ated with an MTT assay, and the absorbance
(A) value was measured at a wavelength of 570
nm. The cell lysis rate was calculated as previ-
ously described [30].

Anti-HLA-E antibody treatment

Third-generation stem cells derived from NB1
and NB2 were used as target cells, and the
cell concentration was adjusted to 1 x 105/ml.
A total of 100 pl of cell concentration was
cultured in each well of a 96-well plate and sup-
plemented with the monoclonal antibody TFL-
007 [31] at a final concentration of 25 ug/ml.
After culture for 6 h, the cells were attached
to the wall. DC-CIK cells or DC-CIK cells loaded
with MMPs were used as effector cells, and the
experimental procedures above were repeated
at an effector/target ratio of 20:1.

SiRNA

SiRNA was designed based on the HLA-E mRNA
sequence (NM_005516). The target sequence
was ATCTCCGAGCAAAAGTCAAATGA (525-547)
[32]. The forward primer sequence was 5-CU-
CCGAGCAAAAGUCAAAUGA-3’, and the reverse
primer sequence was 5-AUUUGACUUUUGCU-
CGGAGAU-3'. Stem cells derived from NB1 and
NB2 that expressed high levels of HLA-E were
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plated in a 24-well plate at a density of 5 x 104
cell/well, cultured for 18 h, and transfected
with 50 pmol siRNA and 2.5 pl Lipofecta-
mine 2000 in a total volume of 0.5 ml as previ-
ously described [33]. NSCs in which HLA-E was
down-regulated were defined as NSCs1-E* and
NSCs2-E™* cells. For the controls, siRNA was
substituted with PBS and nonspecific siRNA.

Statistical analysis

The SPSS 12.0 statistical software was used
for data analysis. All data are expressed as the
mean z standard deviation (x £ s). Multi-group
comparisons were conducted using a one-way
ANOVA. The mean values among groups were
statistically compared using t-tests. The level
of significance was set at o« = 0.05, and a P
value < 0.05 was considered to indicate statis-
tical significance.

Results

NSCs exhibited suspension growth and cell
sphere formation

First, NGCs were obtained using a suspension
culture method, and their morphology was
observed under a light microscope. NB1 and
NB2 cells attached to the wall and grew in a
short shuttle shape at the bottom of a culture
flask containing serum. When cultured for 24
h in a medium without serum, partial suspen-
sion cells formed circular clones. After 3 d of
culture, a large quantity of cell spheres consist-
ed of dozens of round cells. When the spheres
were separated into a single-cell suspension,
the passaged cells formed new cell spheres.
The cells in the sphere were closely connected,
and the cell spheres were robust and exhibited
high refraction (Figure 1A).

NSCs expressed molecular biomarkers of neu-
ral stem cells

To identify whether the cells in the sphere were
neural stem cells, immunofluorescence and
RT-PCR were employed to measure the expres-
sion levels of the differentiation-associated bio-
markers nestin, GFAP, and Tuj-1 in tumor cells.
Immunofluorescence revealed that cell spheres
culturedin serum-free medium highly expressed
nestin, whereas the expression of nestin was
low in cells cultured in medium containing
serum (Figure 1B). The protein (Figure 1C) and
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Ordinary culture B Suspension culture

A Suspension culture

Ordinary culture

Figure 1. Neuroblastoma stem cells obtained by suspension culture. A. Morphology of cells in suspension culture
and common culture observed under light microscopy. Cell spheres formed in suspension culture were robust
with high refraction. B. Immunofluorescence showing that cell spheres highly expressed nestin compared to the
common culture. C. Immunofluorescence showing nestin was highly expressed in cells from the spheres, whereas
the expression of GFAP and Tuj-1 was low or non-existent. D. RT-PCR detection of neural differentiation-associated
markers showed nestin, but not GFAP and Tuj-1, was expressed in cells from the spheres. M: marker; 1: Nestin; 2:
GFAP; 3: Tuj-1. The data are representative of five independent experiments. All micrographs were captured at 400

x magnification. The scale bar denotes 10 pm.

mRNA (Figure 1D) expression levels of nestin,
GFAP, and Tuj-1 were further compared, and
nestin was highly expressed in cells from the
spheres, whereas the expression of GFAP and
Tuj-1 was low or even non-existent. Cells from
the spheres retained their stem cell status and
did not differentiate into gliocytes or neurons.

NSCs possessed strong tumorigenic ability in
nude mice

To evaluate the tumorigenicity of NSCs, the
tumor formation time and rate in nude mice
were compared between NB cells and their
counterparts from the cell spheres. When the
NSCs derived from NB1 and NB2 cells were
subcutaneously inoculated into nude mice at a
density of 1 x 107 cells/mouse, tumor forma-
tion was observed 3-5 d after inoculation, and
the tumor formation rate was 100%. When an
equivalent quantity of ordinary NB cells was
inoculated, the tumor formation was delayed to
7-9 d after inoculation, but the tumor formation
rate remained the same at 100% (Figure 2A
and 2B). However, when the NSCs were subcu-
taneously inoculated into the nude mice at a
density of 1 x 10* cells/mouse, tumor forma-
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tion was evident in all mice after 2 weeks,
whereas no significant tumor formation was
observed when an equivalent quantity of ordi-
nary cells was inoculated (Figure 2C). Thus, the
tumorigenicity of NSCs was relatively strong in
nude mice.

NSC-derived MMPs induced differentiation of
DCs

To load the MMPs into DCs, NSC-derived MMPs
were extracted using ultrafiltration and differ-
ential centrifugation methods to induce DC dif-
ferentiation. After being loaded with MMPs for
70 h, DCs exhibited increased volume and a
tree root-like bulge in the cytoplasm. The gran-
ules became thickened and suspended, which
significantly differed from the appearance of
DCs that had not been loaded with MMPs
(Figure 3A). Flow cytometry revealed that the
co-expression rate of CD83 and CD86 on the
cell surface of DCs was 82.7% + 4.5% in the
experimental group, significantly higher than
the 48.3% + 4.5% rate in the control group
(Figure 3B). RT-PCR showed that the expres-
sion levels of CD83 and CD86 in DCs at the
RNA level were up-regulated in the experimen-
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A NB1 NB2 Figure 2. Tumorigenic ability of NSCs in nude mice. A. Tumor

samples from the nude mice grafted with NB1, NB2, and

corresponding stem cells. NSCs produced tumors of larger
| volume than ordinary NB cells in mice. B. The tumor forma-
NSCs tion time was shorter in nude mice with NSCs inoculated at a

density of 1 x 107 cells/mouse compared to inoculation with
ordinary NB cells at the same cell dose. C. The tumor forma-
tion rate in mice with NSCs inoculated at a density of 1 x 10*
cells/mouse was significantly higher than that in mice inocu-
lated with ordinary NB cells at the same cell dose (100% vs.

Ordinary cells . ' 0). Data show the mean + SEM of five independent experi-
ments. *P < 0.01.
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Figure 3. DC differentiation induced by NSC-derived MMPs. A. Morphology of DCs in the presence and absence of
MMPs. B. Flow cytometry showing that the co-expression level of CD83 and CD86 on the cell surface of DCs loaded
with NSC-derived MMPs was higher than that on DCs that had not been loaded with MMPs. C. RT-PCR showed that
the expression of CD83 and CD86 in DCs at the RNA level was up-regulated in DCs loaded with NSC-derived MMPs.
M: marker; 1: DCs without MMPs loaded; 2: DCs with MMPs loaded; B-actin: endogenous control. D. Relative expres-
sion of CD83 and CD86 at the RNA level in DCs with or without NSC-derived MMPs loaded. Data show the mean *
SEM of five independent experiments. All micrographs were captured at 400 x magnification. The scale bar denotes
10 pym. *P < 0.001.
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A Control

m Control
= MMPs loaded

Cell lysis (%)

Effector-target ratio

Figure 4. Ability of DC-CIK cells loaded with NSC-derived MMPs to Kkill
NSCs. A. Morphology of NSCs under DC-CIK cell attack. After co-culture
with DC-CIK cells loaded with NSC-derived MMPs for 48 h, NSCs exhibited
an abnormal cell morphology and morphological changes typical of apop-
tosis. B. The MTT assay revealed that the cell lysis rate of NSCs was higher
when under the attack of DC-CIK cells loaded with NSC-derived MMPs
than when under the attack of the same cells that had not been loaded
with MMPs. Data show the mean + SEM of five independent experiments.
All micrographs were captured at 400 x magnification. The scale bar de-

notes 10 um. *P < 0.01.

tal group (Figure 3C and 3D). Thus, NSC-derived
MMPs were able to induce the maturation of
DCs.

NSC-derived MMPs induced the differentiation
of DC-CIK cells

To obtain DC-CIK cells that target and kill NB1
and NB2 cells, DCs and CIK cells loaded with
NSC-derived MMPs were mixed and cultured,
and the immunophenotypes of cells were
assessed by flow cytometry. Compared to the
cells that had not been loaded with MMPs,
DC-CIK cells loaded with MMPs rapidly prolifer-
ated after 3 d of mixed culture, and the cell
body was enlarged (Figure 4A). After 5-6 d of
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MMPs loaded

Effector-target ratio
10:1 20:1

culture, the proliferation rate in-
creased, and the cells grew in an
irregular cluster shape after 10 d
of culture. The survival rate of
live cells exceeded 97%, as det-
ected by Trypan blue staining. In
the experimental group, the total
quantity of DC-CIK cells was in-
creased by 68.5 + 7.3-fold, sig-
nificantly higher than the 40.9 +
4.6-fold increase in the control
group. In both groups, partial
cells were collected after 15 d
of DC and CIK cell co-culture.
The cell markers CD3, CD4, CDS8,
and CD56 were detected by fl-
ow cytometry. The phenotype of
CD3*CD8* and CD3*CD56" in
DC-CIK cells loaded with MMPs
significantly differed from that of
the control (Table 1).

The killing of NSCs by DC-CIK
cells was enhanced by loading
cells with NSC-derived MMPs

DC-CIK cells loaded with NSC-
derived MMPs were co-cultured
with NSCs from NB1 or NB2
cells. The ability of DC-CIK cells
to Kill target cells was evaluat-
ed with an MTT assay. After cul-
ture for 48 h, an abnormal cell
morphology, including cell frag-
mentation and nucleus exposu-
re, was observed in target cells
under DC-CIK cell attack. More-
over, typical morphological chan-
ges related to apoptosis, such as
nuclear chromatin aggregation, karyorrhexis,
and cytoplasm condensation, were present
(Figure 4A). The MTT assay revealed that the
ability of DC-CIK cells loaded with MMPs at an
effector/target ratio of 10:1 or 20:1 to kill NSCs
was significantly higher than that of the control
group (Figure 4B).

Inhibition of HLA-E enhanced the function of
DC-CIK cells loaded with NSC-derived MMPs

To evaluate the effect of HLA-E on DC-CIK cell
function, the expression and function of HLA-E
in NSCs from NB1 and NB2 cells was inhibited.
The ability of DC-CIK cells loaded with NSC-
derived MMPs to kill target cells was assessed

Am J Cancer Res 2017;7(2):334-345
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Table 1. Immunophenotype of DC-CIK cells loaded with NSC-derived

MMPs

characteristics of stem
cells were first identified

Tumor cell Group

Immunophenotype

in breast cancer [34]; th-

CD3* CD3*CD56*

ese cells exhibited self-

CD3*CD8* CD3*CD4*

NB1 MMPs loaded

NB2 MMPs loaded

741+71 152158
No MMPs loaded 75.6 £8.9 69.3 + 9.8*
726165 145+6.1
No MMPs loaded 71.5+5.6 70.3 £ 7.3*

19.8+6.3 13.6+4.5
73 +£8.2* 12.8+3.9
18.9+54 11.9+3.8
71+6.7* 12.3+4.1

renewal, multi-differenti-
ation, and strong tumori-
genic ability, defining th-
em as tumor stem cells.
Subsequently, tumor st-

*all P < 0.001 vs. MMPs loaded.

with an MTT assay. The combined use of DC-CIK
cells and HLA-E monoclonal antibody signifi-
cantly enhanced the killing effect of DC-CIK
cells. This improvement was maximized when
HLA-E monoclonal antibody was used in com-
bination with DC-CIK cells loaded with NSC-
derived MMPs (Figure 5A).

To verify that the effect of HLA-E monoclonal
antibody on the function of DC-CIK cells was
mediated by the inhibition of HLA-E, the expres-
sion of HLA-E in NSCs was down-regulated by
siRNA, and the ability of DC-CIK cells to Kkill
NSCs was re-assessed. Fluorescent quantita-
tive RT-PCR revealed that HLA-E was not ex-
pressed in NSCs1-E"" or NSCs2-E"°* cells. The
HLA-E gene was completely silenced (Figure
5B). The ability of DC-CIK cells to target and
kill NSCs-E"* cells was significantly higher than
that of cells in which HLA-E was not down-regu-
lated. Moreover, the ability of DC-CIK cells to
kill NSCs in which HLA-E down-regulated was
maximized when DC-CIK cells were loaded with
MMPs (Figure 5C).

Finally, the combined effect of down-regulating
HLA-E expression in target cells and using
HLA-E monoclonal antibody was investigated.
The ability of DC-CIK cells loaded with NSC-
derived MMPs to kill NSCs-E"" remained high,
but use of HLA-E monoclonal antibody failed
to further enhance this capability. Both HLA-E
monoclonal antibody and the down-regulation
of HLA-E expression in NSCs similarly enhanced
the cell lysis of NSCs by DC-CIK cells loaded
with MMPs (Figure 5D).

Discussion

In this study, NB stem cells were successfully
obtained using a suspension culture method.
The growth characteristics of NB stem cells dif-
fered from those of ordinary NB cells both in
vitro and in vivo. Similar cells exhibiting the
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em cells have been iden-

tified in multiple adult tu-

mors [35, 36] and have
been suggested to be the seeding cells of
malignant tumors and play a critical role in the
recurrence and metastasis of tumors [37, 38].
In this study, we successfully isolated stem
cells from NB, which might contribute to chang-
ing conventional knowledge of NB and provide
a new approach to NB treatment [39].

Multiple detection methods were applied to
identify the characteristics of stem cells within
cell spheres obtained by suspension culture,
which demonstrated that nestin was highly ex-
pressed in these cells. Nestin is a specific anti-
gen of nerve epithelial cells, and its expression
level gradually decreases as nerve cells differ-
entiate, a change that has been widely applied
to identify neural stem cells [40]. The expres-
sion of the astrocyte markers GFAP and Tuj-1
was low or non-existent, suggesting that the
cells inside the cell spheres retained their
stem-cell status and did not differentiate into
gliocytes or neurons. In vivo studies further
demonstrated that the tumorigenicity of NSCs
was significantly higher than that of ordinary NB
cells. NSCs exhibit directional differentiation,
high self-proliferation and even malignant bio-
logical behavior compared to ordinary NB cells.
Similar to multiple adult tumors [41-43], the
elimination of NSCs contributes to the success
of NB treatment.

At a time when conventional modalities, such
as chemotherapy, surgery, and radiotherapy,
cannot readily yield further breakthroughs in
NB treatment, an effective immunotherapy may
provide a new treatment direction [44-486]. In
this study, NSC-derived MMPs, a novel catego-
ry of antigen, were loaded onto DCs to endow
them with specific anti-tumor immunity for NS-
Cs. NSC-derived MMPs carry the specific anti-
gens expressed in parent cells. Loading DCs
with MMPs sensitized DCs and up-regulated
the DC maturation-associated markers CD83
and CD86. In recent years, multiple sources of
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Figure 5. Effect of HLA-E inhibitor on the function of DC-CIK cells loaded with NSC-derived MMPs. A. Cell lysis rate
of NSCs co-cultured with DC-CIK cells or DC-CIK cells loaded with NSC-derived MMPs in the presence or absence
of HLA-E monoclonal antibody. B. Fluorescent quantitative RT-PCR revealed that the HLA-E gene was completely
silenced in NSCs. M: marker; 1: blank control; 2: nonspecific siRNA control; 3: NSCs derived from NB1 cells; 4: NSCs
derived from NB2 cells; B-actin: endogenous. C. Cell lysis rate of NSCs co-cultured with DC-CIK cells or DC-CIK cells
loaded with NSC-derived MMPs in the presence or absence of HLA-E gene silencing. D. Combined effect of HLA-E
monoclonal antibody and down-regulation of HLA-E expression in NSCs on the cell lysis of NSCs by DC-CIK cells in
the presence of absence of NSC-derived MMP loading. mAb: monoclonal antibody. Data show the mean + SEM of
five independent experiments. *P < 0.05; **P < 0.001; ***P > 0.05.

tumor complete antigens have been reported, ability of DC-CIK cells to kill and target NSCs in
such as exposing tumor cells to radiation, tumor vitro. These results suggest that NSC-derived
cell lysate, tumor cell-derived RNA, and apop- MMPs are likely to adhere to DCs and induce
totic bodies [13, 47]. DCs loaded with complete endocytosis. NSC-derived MMPs can be pro-
antigens were able to induce a polyvalent im- cessed and presented to CIK cells by DCs,
munoreaction, likely via MHC-I and MHC-II thereby activating their specific recognition and
antigen-presenting pathways, and amplify killing. Additionally, we found that co-culturing
immunological reactivity by inducing a synergis- DCs loaded with NSC-derived MMPs and CIK

cells enhanced the proliferation rate of CIK
cells, which might contribute to the ability of

To obtain specific CTLs for NSCs, DCs loaded DC-CIKs to counteract adverse events in the

with NSC-derived MMPs were co-cultured with tumczcr :miciqtanvironr?feni [4hS] a]r)d tehxert a ‘ZUC
CIK cells. Flow cytometry showed that the per- cesstul anti-tumor effect when turther used in

tic effect between specific CTL and Th cells.

centage of CD3*CD8* and CD3*CD56* double- vIve.

positive cells was significantly higher among Atypical HLA-I molecules on the tumor cell
DC-CIK cells loaded with NSC-derived MMPs surface can assist in the immunologic escape
than among cells that had not been loaded with of malignant tumors and present a barrier to
MMP. This increase significantly enhanced the immunotherapy against tumors [17]. To over-
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come the effect of HLA-E expressed in NSCs on
DC-CIK cell function, HLA-E monoclonal anti-
body was supplemented when DC-CIK cells
were applied to kill NSCs. DC-CIK cells further
enhanced the cell lysis rate of target cells by
approximately 90%. The effect of HLA-E mono-
clonal antibody on the anti-tumor function of
DC-CIK cells was consistent with the HLA-E
gene silencing of target cells. HLA-E monoclo-
nal antibody blocked the binding between tu-
mor cell-derived HLA-E and inhibitory receptors
on CIK cells and enhanced the cytolytic activity
of CD3*CD56*T cells and other effector cells.
This synergistic effect of DC-CIK cells in combi-
nation with HLA-E monoclonal antibody might
contribute to decrease the quantity of infused
immunocytes without compromising the anti-
tumor effect, thus reducing the side effects of
immunotherapy when applied in vivo [49, 50].

HLA-G, another atypical HLA-I molecule, was
not investigated in the present study. HLA-G is
highly expressed in multiple tumors, including
NB [51]. Moreover, HLA-G can inhibit the acti-
vity of NK cells and CTLs to assist tumors in
escaping from immune Kkilling. Nevertheless,
HLA-G cannot directly bind with CD94/NKG2A,
whereas the leading peptide of HLA-G binds
with HLA-E to form a complex that activates
the CD94/NKG2A receptor, which transmits
the inhibiting signal [52]. In a recent study, a
proteomic comparison was adopted to analyze
363 categories of proteins in glioma, which de-
monstrated that the inhibitory effect of tumor
cells on immunocytes was mediated by HLA-E
[53]. Thus, HLA-G expressed in NSCs may not
affect the current results.

In conclusion, HLA-E inhibitor can enhance the
ability of DC-CIK cells loaded with NSC-derived
MMPs to target and kill NSCs. In future prac-
tice, conventional treatment may be used to
minimize the tumor burden of NB patients,
followed by therapy with DC-CIK cells loaded
with NSC-derived MMPs in combination with
HLA-E monoclonal antibody to eliminate NSCs.
This novel modality may decrease the recur-
rence of NB, a possibility that deserves further
investigation.
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