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Abstract: Cancer stem cells are currently under intensive investigation due to their capabilities for tumor initiation,
self-renewal, and resistance to chemotherapy. CD133 is implicated in stemness and the malignancy of tumor cells. Here, we
explored heat shock protein gp96 adjuvanted CD133 epitope vaccine against leukemia. We screened and identified three
H2-K%-restricted cytotoxic T lymphocyte (CTL) epitopes derived from CD133, CDI133419.425, CD1337p5.710 and
CD133760.769- The immunogenicity and antitumor activity of the epitope vaccine using heat shock protein gp96 as adjuvant
were further determined in CD133" leukemia xenograft mice. Finally, we demonstrate that adoptive transfer of
epitope-specific CTLs led to suppression of leukemia growth. Our data therefore provide the basis for designing a CD133

epitope vaccine to activate specific CTLs against CD133" leukemia and other cancers.

Keywords: CD133, epitope, gp96, leukemia, CTL

Leukemia is the most common blood cell CSC surface antigen marker in various malignancies,

cancer in the world. According to Cancer Statistic
2016, there are 60 140 new cases of leukemia in the
US that will lead to 24 400 deaths. Adults older than
50 years of age have susceptibility incidence rates
for developing leukemia of 2.0% (men) and 1.2%
(women). Leukemia is also the second leading cause
of death from cancer among people younger than 20

0

years Several lines of evidence indicate that

leukemia 1is initiated and sustained by a small
population of cancer stem cells (CSCs)*™.

CD133, also known as AC133 or prominin-1, is
a cell surface glycosylated protein that was first
identified in human hematopoietic stem cells. It has
five-transmembrane domains with a molecular

weight of 120 kDa!®!. CD133 has been defined as a

http://journals.im.ac.cn/cjben

including breast cancer, brain tumors, lung cancer,
glioblastoma, prostate cancer, and colon cancer'®'!,
Although its physiological functions are not entirely
known, CD133 may be involved in the regulation of
cell proliferation through the WNT pathway,
primitive cell differentiation, and epidermal-

[1213] " Because CSCs are

mesenchymal interactions
undifferentiated cells that can self-renew and
overexpress stemness markers (e.g., CD133), drug
transporters, and metastasis-related proteins, it has
been suggested that these malignant cells play a key
role in tumor initiation and progression, as well as
tumor resistance to conventional cytotoxic/anti-
proliferative therapies, including chemotherapy and

radiation-therapy!'¥.
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The expression of CD133 is also detectable in
patients with acute myeloid leukemia (AML) and
acute lymphoblastic leukemia (ALL). Further, it
seems to be associated with shorter overall survival
and poor prognosis, as well as higher resistance to
standard chemotherapy and relapse!’’. CD133
expression is induced by the AF4 transcription factor
and plays an essential role in leukemia cell survival

and growth!'®),

Moreover, imatinib therapy, an
important first-line treatment option against chronic
myeloid leukemia (CML) that targets the oncogene
product BCR-ABL, cannot effectively eliminate
CML stem cells!'"® Given that its pathways in
leukemia and many other cancers possess broad
functions in cancer initiation, metastasis, and drug
resistance, CD133 is an ideal target for therapeutic
development against cancer.

T cells, especially cytotoxic T cells (CTLs),
features  of  successful

possess  essential

immune-based strategies toward cancer. We
previously demonstrated that similar to native heat
shock  protein  gp96,  Baculovirus-expressed
recombinant gp96 as adjuvant induces a potent CTL
immune response towards antigens that were
complexed with it'”) In this study, we screened
potential T cell epitopes from CDI133. Their

immunological function and antitumor activity were

further assessed using recombinant gp96 as adjuvant.

Our study may provide the basis for designing an
epitope-based vaccine against leukemia and CSCs.

1 Materials and methods

1.1 Ethics statement

Animal studies were performed according to
the guidelines set forth by the Institute of
Microbiology, Chinese Academy of Sciences of
Research Ethics Committee. All animal experiments
were performed in strict accordance with
institutional guidelines on the handling of laboratory

animals. Mice were euthanized when the maximum
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tumor size (diameter: 2.0 cm) had been reached.
1.2 Peptide synthesis

H2-Krestricted epitopes from mouse CD133
(prominin-1 isoform s8 precursor, Genomic
sequence: NP 001157057.1) were predicted with
SYFPEITHI  (http://www.syfpeithi.de/),
(http://www-bimas.cit.nih.gov/), and

Bimas
Immune
epitope database and analysis resource (IEDB)
(http://www.iedb.org/). Predicted CD133 epitopes

CD13337,551  (QNMSSSLKSL),  CDI133450 45
(RYLNQELPKL), CD1334s5.451 (FFFLGLLCGV),
CD13301609 (NLNVNIDSI), CD133705-710

(TLRQSVWTL), and CD133760-769
(HYLHWVFYAI), as well as the negative control
HBc3 ,; (FLPSDFFPSV) and positive control
HBcg7.95 (SYVNTNMGL), peptides were
synthesized by GL Biochem (Shanghai, China).
(>95%) was
high-performance liquid chromatography (HPLC)

Their  purity confirmed by
and mass spectrometry.
1.3 Mice and cell culture

Female BALB/c (H2-KY) and DBA/2 mice
(H2-K“) were purchased from Beijing Weitonglihua
Laboratory Animal Technology Co., Ltd. (Beijing,
China). All mice were 6—8 weeks of age at the start
of all experiments and housed under pathogen-free
conditions according to institutional guidelines.

Murine L1210 lymphocytic leukemia cells were
maintained in Dulbecco’s modified Eagle’s medium
(DMEM) (GIBCO) supplemented with 10% (V/V)
heat-inactivated fetal calf serum, 25 pg/mL
streptomycin, and 100 IU/mL penicillin and
maintained in a 37 °C incubator with 5.0% CO,.
1.4 Immunization of mice

The Bac-to-Bac Baculovirus Expression System
was used to express the recombinant heat shock protein
mouse gp96 as described previously!'”’. The endotoxin
was tested using the quantitative chromogenic
Limulus amebocyte lysate assay (QCL-1000;
BioWhittaker, Walkersville, MD, USA), and its
concentration was as low as 0.01 EU/pg recombinant

K cjb@im.ac.cn
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gp96 protein. The gp96-CD133 peptide complexes
were prepared by incubation of 20 pg gp96 with 50 pg
peptide in binding buffer (20 mmol/L HEPES (pH 7.2),
20 mmol/L NaCl, and 2 mmol/L MgCl,) for 10 min
at 50 °C. Then, the preparations were placed at room
temperature for 30 min for the binding of gp96 to the
peptides.

DBA/2 mice were subcutaneously immunized
with gp96-CD133 peptide complexes, a mixture of
gp96-CD133 peptides complexes, or gp96-control
peptide complexes at weeks 1, 2, and 4 (respectively)
or as described. In tumor prophylactic and
therapeutic experiments, mice were subcutaneously
challenged (in the right flank) with 5x10* L1210
tumor cells. Tumor size was determined by
measuring the smallest diameter (a) and the largest
diameter (b) using calipers. Tumor volume (V) was
calculated using the formula: ¥ = a’b/2.

1.5 Adoptive T cell transfer

Splenocytes were isolated from the spleens of
immunized or unimmunized (control peptide)
DBA/2 mice as described®. CD3" T cells were
enriched (>90% purity) by magnetic bead separation
(Miltenyi,
splenocytes. Purified T cells (2x107 cells/mice) were

Biotec, Germany) from cultured
intravenously injected into y-irradiated (500 rads)
recipient mice.
1.6 IFN-y ELISPOT and enzyme-linked
immunosorbent assay (ELISA) analysis

The IFN-y ELISPOT assays were performed
according to the manufacturer’s protocol. Briefly,
96-well PVDF plates (BD-Pharmigen, San Diego,
CA) were pre-coated overnight at 4 °C with the
coating antibody (Ab) and blocked for 1 h at 37 °C.
Isolated murine splenocytes were placed in each
well (1x10° cells/well) in triplicate, and peptides
(10 pg/mL) were added to the well and incubated at
37 °C for 48 h. The spots were counted and analyzed
with an ELISPOT Reader (Biosys, Germany).

The levels of IFN-y, IL-2, IL-4, TNF-a and
IL-6 in culture supernatants were determined by
ELISAs following the manufacturer’s protocol

http://journals.im.ac.cn/cjben

(eBioscience, San Jose, CA).
1.7 Intracellular cytokine staining

Splenocytes from immunized mice were
stimulated with the peptides for 72 h, stained with
anti-CD8 and IFN-y, and analyzed by flow
cytometry.
1.8 T cell cytotoxicity assay

L1210 cells were labeled with 5-(6)-carboxy
fluorescein diacetate succinimidyl ester (CFSE)
(Sigma-Aldrich) as target cells and seeded into a
96-well plate. Murine splenocytes stimulated with
CD133 peptides or control peptide were served as
effector cells and added at different effector-to-target
ratios of 20:1, 10:1, 5:1 and 2.5:1. Plates were
incubated for 4 h at 37 °C, and CFSE-positive cells
were stained with propidium iodide (PI) using a
Vybrant Apoptosis Assay Kit (Invitrogen, USA) and
analyzed by flow cytometry. Cytotoxicity per well
was calculated as the percentage of dead target cells.
Each assay was performed in triplicate.
1.9 Statistical methods

The values are showed as X +s. Differences
between groups were analyzed by Student’s ¢ test. P
values <0.05 were considered significantly.

2 Results

2.1 Identification of H2-K'-restricted epitopes
from murine CD133

The MHC class I epitope prediction algorithms
SYFPEITHI, Bimas, and IEDB were used to predict
potential CD8" T cell epitopes within the full-length
mouse CD133 protein (aa 1-842) that bind H2-K‘.
Six peptides had high ranking: CD133,7; 5
(QNMSSSLKSL), CD133419 403 (RYLNQELPKL),
CD133455 461 (FFFLGLLCGYV), CD133601-609
(NLNVNIDSI), CD13379,-710 (TLRQSVWTL), and
CDI133760.760 (HYLHWVFYAI) (Fig. 1A). To
confirm that these 9- to 10-mer peptides are
K‘restricted BALB/c mice were

subcutaneously immunized with the six synthesized

epitopes,
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2 and 4, using
{21,

peptides three times at weeks 1,
recombinant heat shock protein gp96 as an adjuvan
Peptide-specific CTLs from splenocytes were detected
by IFN-y ELISPOT assays 1 week after the last
immunization. As shown in Figure 1B, CD13349 45,
CD133705.719, and CD1337¢ 760 significantly induced
CTL responses compared to the negative peptides.
No peptide-specific CD8" T cell response was
detected from CDI133,75551, CDI133450461 oOF
CD133¢p1609  peptide-immunized mice.  This
indicates that CD1334;9.425, CDI13350,7;10 and
CD1337¢0_76 are K9-restricted CTL epitopes.

2.2 CDI133 epitopes
responses in K%-restricted mice

generate specific CTL

Next, the immunogenicity of the CD133419_47,
CD133702.710 and  CD133740 769
determined  in BALB/c
subcutaneously vaccinated with CD133419 48,
CD133795_710 or CD133740_769 peptide at weeks 1, 2
and 4, with gp96 as adjuvant. The three epitopes

epitopes was

Vivo. mice  were

vaccine formulations effectively elicited T cell
responses to CDI133419.428, CDI13350,7;0 and
CD133740_769 peptides as judged by ELISPOT assays,
T-cell
immunity could be detected in control mice (Fig.
2A). As shown in Figure 2B,
increased number of IFN-y producing CD8" T cells

while only very low peptide-specific

a dramatically

in the spleen were observed between mice treated
with CD133 epitopes and control peptides (CD133
epitopes vs. control: CD8" T cells, 4.34% =+ 0.06% vs.
1.09% + 0.29%, P<0.01). In addition, splenocytes
from mice vaccinated with CD133 epitopes had
significantly higher specific cytolytic activity than
mice vaccinated with control peptides in killing
assays using L1210 lymphocytic leukemia cells as
target cells (Fig. 2C). Furthermore, the supernatants
of splenocytes stimulated with CD133 or control
peptides were measured for the production of the
cytokines IFN-y, IL-2, TNF-a, IL-6 and IL-4 by
ELISAs. As shown in Figure 2D, the levels of IFN-y,
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842 S
CD1334[9 428 { L\(S
£ 20}
CD l 33()(]]—()(]‘) ’l‘
CD13349_76 olCal. ﬁ
760-769 p @ 8 JRN ,\\ \\ \\
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Detection of CD133-derived peptide-specific CD8" T cell responses in BALB/c mice. (A) Schematic representation of the

amino acid positions of predicted H2-K -restricted epitopes from mouse CD133 protein. (B) Peptide-specific CTLs were detected
by IFN-y ELISPOT assays. CD133,75-281, CD133419_428, CD133452-461, CD133601-609, CD133702-710 or CD133760_760 peptides were
complexed with recombinant gp96 protein in vitro, respectively. BALB/c mice were immunized with gp96-CD133 peptide
complexes three times at weeks 1, 2 and 4, or with gp96-HBc5.27 or gp96-HBcg7 95 complexes as the negative and positive
controls, respectively (n=5 mice/group). * P<0.05; ** P<0.01 compared to the control. Similar results were observed in three

independent experiments.
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Fig. 2 CDI133 epitopes induce specific CTL responses in BALB/c mice. BALB/c mice were immunized with CD1334;9 423,
CD133702-710 and CD133769-769 peptides (50 pg each/mice) complexed with gp96 (20 pg per mice) three times at weeks 1, 2 and 4,
or with gp96-HBcs»7 complexes (150 pg per mice) as a control (n=5 mice/group). Mice were sacrificed at week 5, and
splenocytes were isolated for analysis. (A) Peptide-specific CTLs were detected by IFN-y ELISPOT assays. Splenocytes
(1><106 cells/well) were stimulated with 10 pg/mL of CD133419-425, CD133702-710, CD133760-760 or HBc527 peptide. (B) FACS
analysis to quantify IFN-y'CD8" T cell populations in mouse spleens. (C) Cytotoxicity assay. Splenocytes from CD133 epitopes or
control peptide immunized mice were incubated with a mixture of CD133419-428, CD133702-710 and CD133760_769 peptides, or
control peptide for 72 h and analyzed for cytotoxic activity using CFSE-labeled L1210 cells as target cells. PI staining was then
used to measure cell lysis by FACS analysis. The killing activity is indicated as the mean percentage of specific lysis (+ s.d.) at
different effector-to-target (E:T) ratios. (D) Secretion of IFN-y, IL-2, IL-4, TNF-a and IL-6 by splenocytes stimulated with
peptides for 48 h was determined by ELISA assays. *P<0.05; **P<0.01 compared to the control. Similar results were observed
in three independent experiments.

IL-2, TNF-a, IL-6 and IL-4 from CDI133
epitope-immunized mice were significantly higher
than those from control mice (P<0.01 or 0.05). No
significant humoral and T cell responses against the
adjuvant gp96 were observed in immunized mice
(data not shown), indicating low immunogenicity of
gp96 itself.

2.3

responses against murine leukemia

CD133 epitopes elicit antitumor T cell

Next, we examined whether CD133 epitopes

http://journals.im.ac.cn/cjben

are able to induce antitumor T cell responses using a
of cell
membrane CD133 in lymphocytic leukemia L1210

murine leukemia model. Expression
cells was confirmed by FACS analysis (Fig. 3A).
Heterogeneous expression of CD133 on L1210 cells
was observed as the histogram of CD133 showed
two peaks, which indicates that there may exist
CD133""- and CDI133"&"expressing L1210 cell
subsets. The prophylactic efficiency of CDI133

epitopes was first examined. DBA/2 mice were
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subcutaneously immunized with the combination of Figure 3D, ELISPOT assays revealed that
gp96-CD133419 4258, -CD13370, 710 and -CD133¢0 769 immunization with CD133 epitopes resulted in about
complexes or control peptide three times and challenged 4.6-, 0.6- and 1.2-fold increases in tumor-specific T
with L1210 leukemia cells (5x10* cells/mouse) 1 week cells compared to control peptide immunization, and
after the third immunization. Compared to control only weak CTL response was observed in control
peptide, immunization with CDI133 epitopes group. In addition, splenocytes from CDI33
significantly inhibited tumor growth, decreasing epitopes-immunized mice exhibited significantly
tumor volume and weight both by approximately higher cytotoxicity activity towards L1210 cells than

43% (both P<0.05) (Fig. 3B and 3C). As seen in those from control peptide-immunized mice (Fig. 3E).
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Fig. 3 Immunization with the CD133 epitope vaccine induced a prophylactic antitumor T cell response. (A) Flow cytometric
analysis of cell surface CD133 levels in L1210 cells. (B-E) DBA/2 mice were immunized three times with gp96-CD133419_42s,
gp96-CD133792-719 or gp96-CD133760-769 complexes (50 pg per mice), or with 150 pg gp96-HBcs.07 complex as a control (n=5
mice/group). One week after the third immunization, the mice were subcutaneously challenged with 5x10* L1210 cells/mice.
Tumor burden was measured at 2-day intervals (B). Mice were sacrificed at week 3 post tumor challenge, and tumor weight was
measured (C). Splenocytes from CDI133 epitopes or control peptide immunized mice were stimulated with CD13349 423,
CD133702-710 or CD133760-760 peptides for 48 h, respectively, or control peptide gp96-HBcs 27 for background evaluation, and
assayed by IFN-y ELISPOT assays (D). Splenocytes from CD133 epitopes or control peptide immunized mice were incubated with
a mixture of CD133419_428, CD133702-710 and CD133740_769 peptides or control peptide for 72 h and analyzed for cytotoxic activity
using CFSE-labeled L1210 cells as target cells (E). * P<0.05, ** P<0.01 compared to the control. Similar results were observed in
two independent experiments.
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To determine the therapeutic efficiency of the
CD133 epitope vaccine, DBA/2 mice were injected
with L1210 cells (5x10* cells/mice), and after 1 week
(tumor size around 100 mm®), mice were immunized
with gp96-adjuvanted CD133 epitope vaccine three
times. Compared to controls, immunization with
CD133 epitope vaccine significantly inhibited tumor
growth (Fig. 4A) and decreased tumor weight (Fig.
4B) by approximately 31 and 30%, respectively
(both P<0.05). Strong T cell-mediated cytotoxic
activity against L1210 cells was observed in mice
immunized with CD133 epitope vaccine (P<0.01)
(Fig. 4C). Together, these results indicate that
gp96-based CD133 epitope vaccines can efficiently
stimulate specific T cell responses and inhibit tumor
growth.

2.4 Suppression of tumor growth by adoptive
of T CD133
epitope-immunized mice

transfer cells from

Finally, DBA/2 mice were immunized with
gp96-adjuvanted CD133 epitope vaccine three times,
and CD3" T cells were isolated from the spleen 1 week
after the third immunization. As seen in Figures 5SA
and 5B, adoptive transfer of CD3" T cells from

CD133 epitope vaccine-immunized but not control

o]

peptide-immunized mice resulted in significant
inhibition of tumor growth (Fig. SA) and decreased
tumor weight (Fig. 5B) in irradiated recipient mice
challenged with L1210 cells. This indicates that
specific T cells play a key role in CDI33

vaccine-induced tumor inhibition.

3 Discussion

CD133 expression is frequently observed in a
subset of leukemia cells and is associated with tumor
malignancy in patients. In this study, we screened
and identified three CD133-specific CTL epitopes:
CD133419.423, CD133505.710 and CD133760 769
Moreover, demonstrated that the CDI133
epitope-based vaccine using heat shock protein gp96

we

as adjuvant exhibits antitumor activity in leukemia
xenograft mice. Adoptive transfer experiments
revealed that CD133-specific CTLs could effectively
suppress tumor growth. Our work may therefore aid
in the design of a CD133 epitope vaccine to activate
specific CTLs against leukemia and other cancers, as
well as provide the basis for using gp96 as a T cell
adjuvant in boosting T cell responses against
CD133-positive tumors and CSCs.
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Fig. 4 Immunization with the CD133 epitope vaccine induced a therapeutic antitumor T cell response. DBA/2 mice were
subcutaneously challenged with 5x10* L1210 cells/mice. Mice were immunized three times at 3-day intervals with CD133 epitope
vaccine 1 week after tumor inoculation when tumors reached a volume of ~100 mm® (n=5 mice/group). Tumor size was measured
at 2-day intervals (A). Mice were sacrificed at week 3 post tumor challenge, and tumor weight was measured (B). Splenocytes
from CDI133 epitopes or control peptide immunized mice were isolated and stimulated with a mixture of CD133419-42s,
CD133702-710 and CD133760-760 peptides or HBcs,7 for 72 h and analyzed for cytotoxic activity by FACS using CFSE-labeled
L1210 cells as target cells (C). **P<0.01 compared to the control. Similar results were observed in two independent experiments.
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Fig. 5 Growth of L1210 tumors after adoptive transfer of CD3" T cells from CD133 vaccine-immunized mice into irradiated
recipient DBA/2 mice. Purified T cells from CD133 epitope vaccine- or control peptide-immunized DBA/2 mice were
intravenously injected into y-irradiated recipient mice, followed by subcutaneous challenge with 5x10* L1210 cells/mouse (n=5
mice/group). Tumor size was measured at 2-day intervals (A), and mice were sacrificed 3 weeks post tumor inoculation for
measurement of tumor weight (B). **P<0.01 compared to the control. Similar results were observed in two independent

experiments.

In current study, three H2-K‘restricted CTL
epitopes from CDI133 were defined. The CDI133
protein contains five-transmembrane domains.
Interestingly, prediction of transmembrane domains
using TMpred (http://www.ch.embnet.org/software/
TMPRED_form.html) shows that these three defined
epitopes are all located in CDI133 extracellular
domains. This may facilitate epitope presentation
and recognition by CD8" T cells.

CSCs were first identified in human acute
myeloid leukemia (AML) cells by transplanting
AML-initiating

immune-deficient (SCID) mice, and rare tumor

cells into severe combined
populations within the tumor could form new
with

self-renewal™ 2’1, Now, compelling evidence shows

abnormal tissues indefinite potential for
that CSCs are responsible for tumorigenicity, tumor
cell growth and anti-apoptosis, invasion, recurrence,
and increased radioresistance and chemotherapy
resistance

cancer[24'25],

in multiple cancers,

glioblastoma'®,

including colon

cancer®®,

[27-28]

pancreatic

prostate cancer'”] lung cancer'™, breast cancer and

& 010-64807509

2930 In  this

specific targets and eradicating these tumor-forming

ovarian cancer regard, uncovering
cells may provide a more efficient way to develop
cancer treatments. Among the CSC markers, CD133
is expressed in a subpopulation of different tumors
that has progenitor properties of tumor formation
and aggressive invasion. Therefore, targeting CD133
with a monospecific anti-CD133 antibody conjugated
anti-CD133/CD3 bispecific antibody,
chimeric antigen receptor (CAR) T therapy, or
siRNA delivery

attractive strategies for cancer therapy in both cell
[13-14,31-35]

to a toxin,

using nanocarriers represent
and animal models
identified three new CDI133 epitopes that elicit
strong CTL

immunization with the CD133 epitope-based vaccine

In this study, we

responses in mice. Furthermore,
inhibited CD133" leukemia tumor growth in mouse
xenograft models, suggesting that CD133 is a valid
target for CTLs.

CD8" T cells are the main effector cells
responsible for tumor cytolysis by both direct

contact-mediated cytotoxicity and secretion of

K cjb@im.ac.cn
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antitumor effector cytokines. The development of
tumor-specific antigen/adjuvant or dendritic cell/T
cell-based immunotherapies to stimulate effective
innate and T cell immunity against cancer represents
a major effort in cancer immunotherapy. In this study,
we used recombinant gp96 as a T cell adjuvant for
the CD133 epitope vaccine. As a chaperone in the
endoplasmic reticulum, gp96 constitutes a relay line
for loading degraded cellular peptides onto
calreticulin and MHC molecules in a concerted and

3637 [n

regulated manner for T cell activation
addition, gp96 itself interacts with and activates
Toll-like receptors (TLRs), and elicits the innate
immune response "**°!. Our recent studies demonstrate
that Hansenula polymorpha- or Baculovirus-expressed
recombinant gp96 has capacity for peptide
association, presentation, TLR activation, and
induction of strong cellular immunoresponses,
making recombinant gp96 a promising candidate for
designing and engineering effective vaccines aimed
at eliciting T-cell responses for prophylactic and

therapeutic applications!'*?"]

. Our current findings
indicate that recombinant gp96 could efficiently
induce CTL responses against CD133" tumors,
further validating the immunological potency of
recombinant gp96 as a T cell adjuvant.
Our current study only provides a
proof-of-principle for using a gp96-based CD133
epitope vaccine against CD133" leukemia. Further
experiments are needed to validate its efficiency
against other tumors where CD133" CSCs frequently
constitute a small minority of the overall bulk tumor
population. In addition, it would be worthwhile to
investigate whether the CDI133 epitope vaccine will
stimulate T cell immune responses against non-neoplastic
normal body cells that express comparable levels of
CD133, including normal hematopoietic, neuronal,
and endothelial progenitors!'*.
In current study, we only show that the
CD133

combination have promising antitumor activity in

complexes of  gp96-three peptides

http://journals.im.ac.cn/cjben

vitro and in vivo, as polyvalent vaccines are likely to

initiate broader immune responses and less

susceptible to tumor immune escape compared to

[40-421  The antitumor immune

monovalent vaccines
activity of each single peptide needs to be
determined and compared in our future studies.

In summary, this study indicates that the
defined K‘-restricted epitopes could elicit potent
CTL responses. We further demonstrated that a
CD133 epitope vaccine using recombinant gp96 as
adjuvant has potent antitumor immune activity
against CD133" leukemia in mice. Given the key
role of CD133" CSCs in cancer development and
metastasis, our work provides valuable insight into
CD133

epitope-specific T cell responses in leukemia and

the functional implications of
developed an immunotherapeutic vaccine against

cancer.
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