
Method of Using CD1d Over-expression in Human Dendritic Cells to Enhance
CD8+ T Cell-Based and Invariant Natural Killer T Cell- based Antitumor
Immunity 10011.CROSS-REFERENCE TO RELATED APPLICATION [2]. This application
claims the benefit of Singapore Patent Application No. 201101737-3 filed on
10 March 2011, the entire contents of which are incorporated herein by
reference. [3]. Field  [4]. The invention relates to methods and vectors
suitable for use in cancer vaccine and/or treatment [5]. Background Art
[6]. Cancer is one of the main diseases of current times causing 13% of all



deaths globally. The term cancer vaccine may refer to a vaccine that aims
to either prevent infections with cancer-causing viruses, preventing the
development of cancer in certain high risk individuals (vaccines against
infectious agents) or treats existing cancer (therapeutic vaccines). One
approach to cancer vaccination is to separate proteins from cancer cells
and immunize cancer patients against those proteins, in the hope of
stimulating an immune reaction that would kill the cancer cells.
Therapeutic cancer vaccines seek to target an antigen specific to the tumor
and distinct from proteins of the vaccine. It is very difficult to select
an appropriate adjuvant to simulate an immune response as cancer cells have
developed within the person's body in the presence of the immune system.
WO 2012/121678.PCT/SG2012/000080 10071.Therapeutic cancer vaccines are
being developed for the treatment of breast, lung, colon, skin, kidney,
prostate, and other cancers. Most clinical trials investigating a
therapeutic cancer vaccine have failed or had very modest responses by
standardized oncologic assessment criteria (RESIST). There have been two
therapeutic cancer vaccines approved, one in Russia for the treatment of
Kidney cancer and one in the U.S.A. for late stage prostate cancer. Both of
these rely on autologous cell therapeutics and must be prepared
specifically for each patient. 10081.Dendritic cells (DCs), known as
professional antigen-presenting cells (APCs) are one of the attractive
manipulation targets in cancer immunotherapy due to their indispensable
ability to initiate and regulate anti-tumor T cell immunity.' With approval
of the first DC-based vaccine, Sipuleucel-T (APC8015, trade name Provenge),
manufactured by Dendreon Corporation, autologous DC-based therapy is being
established as a new modality for cancer treatment (2). However, the
preparation of autologous cell therapeutics is expensive for patients and
technically demanding for clinicians, not to mention the difficulty for
large-scale industrial production (2). Such patient-customized vaccine is
faced with inherent problems such as limited DC number, high variability in
DC quality and function, serious logistic issue and high production cost.
From industrial standpoint, "Herculean effort" is required to produce such
an autologous cell therapy on large-scale (2).Great numbers of DC cells are
needed because of the high variability in DC quality and function as the
current process results in only  



an average percentage of the adapted DC cells able to stimulate a response.
Hence, a more effective adjuvant is required. 10091.It is gradually
appreciated that the cross-talk between DCs and innate lymphocytes may play
an important role at the initiation of adaptive immune response (6).
Invariant natural killer T (iNKT) cells are innate lymphocytes evolved to
recognized lipid or glycolipid antigens presented by CD1d, a nonclassical
class I-like major histocompatibility complex (MHC) molecule (7). iNKT
cells represent a unique subset of T-lymphocytes that they express an
invariant T-cell receptor (TCR) a chain (Va14-Ja18 in mice and Vo24-Jal 8
in humans) paired with a semi-invariant TCR f3 chain (V(32, V137 or V138.2
in mice and V011 in humans) (7). Although iNKT cells possess some
similarities with natural killer (NK) cells and cytotoxic T lymphocytes
(CTLs) in terms of functions and gene expression patterns,(8,9) they may
only kill CD1d-positive leukemic cell lines(10,11) or tumor cell lines that
have been transfected with CD1d and pulsed with a-galactosylceramide
(a-GC)(12). Functionally, iNKT cells more closely resemble that of helper T
cells (8,9) and have a memory-activated phenotype (7). One prominent
feature of iNKT cells is that they may release copious amounts and wide
variety of cytolcines quickly after activation (7, 14). Earlier studies
have failed to enhance T cell priming by using the a-GC- and OVA
peptide-loaded DCs and they speculated that it may be due to the
elimination of such DCs by the activated iNKT cells or specific CD8+ T
cells (35). Currently, most studies on iNKT cells have used a potent
agonist a-GC as stimulus. However, the nature, strength and context of
stimulus as well as the  types and activation status of APCs may have
profound impacts on iNKT cell activation. As demonstrated in mouse studies,
systemic administration of a-GC could result in uncontrolled iNKT cell
activation and cause side effects such as "cytokine storm" or iNKT cell
anergy (13, 14). The induction of iNKT cell response by a-GC-loaded DCs
could reduce these undesired effects (15), but the stimulated iNKT cells
can kill these DCs (16, 17) and render them incapable of initiating a
specific protective immunity. Hence, one strategy to manipulate iNKT cell
response is to use synthetic iNKT cell-agonists (18). Through
structure-guided design, these novel iNKT-cell agonists may minimize the
side effects associated with iNKT cell overstimulation by strong agonists
(e.g. a-GC), while inducing differential cytolcine production. A pure
Thl-like or Th2-like response can be generated by these synthetic a-GC
analogs, which may be attributed to their different affinity to the iNKT
TCRs, although the detailed mechanisms remain unclear. 100101.Cancer
immunotherapy offers great promise in the fight against cancer, especially
for persistent malignant cells. The major strength of the approach lies in
stimulating the patient's own immune cells to elicit immune responses
against tumors. DCs are the most efficient antigen-presenting cells for
priming naive T cells into effectors that specifically kill tumors.
However, there is an acute need to improve the priming ability in the
current DC-based approaches. 100111.Summary 



WO 2012/121678PCT/SG2012/000080 [0012].In this study, we examined, for the
first time, whether the enforced up- regulation of CD 1 d in DCs can be
used to exploit the iNKT cell adjuvant activity and assist the priming of
CD8+ T cells against tumor antigen. [0013].Accordingly a first aspect of
the invention is an expression vector comprising a polynucleotide that
encodes a CD 1 d operably linked to a regulatory sequence capable of
up-regulating expression of said polynucleotide in a host cell.
[0014].Preferably the polynucleotide encodes a CD1d comprising SEQ ID NO.
1. 100151.In one embodiment the expression vector is for use in the
manufacture of a 



vaccine for the treatment of a cancer. [0016].Preferably the expression
vector is able to stably or transiently express the CD1d in dendritic cells
or their progenitors. In one embodiment the vector is a baculoviral vector
carrying the CD1d polypeptide [0017].Preferably the host cell is a
dendritic cell or a progenitor cell of dendritic cell such as a human
embryonic stem cell or a human induced pluripotent stem cell. In one
embodiment the dendritic cell is derived from a human embryonic stem cell
or a human pluripotent stem cell. [0018].Another aspect of the invention
comprises a method of manufacturing a vaccine for enhancing an immune
response to a dendritic cell comprising the steps of: a) culturing the
dendritic cells in vitro; and b) introducing a polynucleotide that encodes
a CD1d and overexpresses the CD1d in the dentritic cell. [0019].Preferably
the polynucleotide comprises SEQ ID NO. 1. 



[0020].Preferably the dendritic cell is generated from a human embryonic
stem cell or a human pluripotent stem cell.  WO
2012/121678PCT/SG2012/000080 [0021].Preferably the polynucleotide is
introduced to the denritic cell in culture by the expression vector of the
invention. [0022].Another aspect of the invention comprises a method of
enhancing an immune response to a dendritic cell for treating a patient in
need of a cancer treatment comprising the steps of: a) culturing the
dendritic cells in vitro; b) introducing a polynucleotide that encodes a
CD1d and overexpresses the CD 1 d in the dentritic cell; and c) introducing
the CD1d-overexpressing denritic cell to the patient in need of a cancer
treatment. 



[0023].In one embodiment the dendritic cell is isolated from the patient.
[0024].In another embodiment the dendritic cell is generated from a human
embryonic stem cell or a human pluripotent stem cell. [0025].Preferably the
polynucleotide comprises SEQ ID NO. 1. [0026].Another aspect of the
invention comprises use of the expression vector of the invention for the
preparation of a medicament for the treatment of a cancer.  [0027]. Another
aspect of the invention comprises a cancer vaccine comprising a
CD1d-overexpressing dendritic cell having upregulated expression of a CD 1
d polynucleotide. [0028].Preferably the dendritic cell is selected from a
group consisting of a cell 



isolated from an individual having cancer and a cell generated from a human
embryonic stem cell or a human pluripotent stem cell. [0029].Preferably the
the CD 1 d polynucleotide of the vaccine comprises SEQ ID NO. 1.
[0030].Brief description of drawings   [0031J. Figure 1. Generation of
human DCs from hESCs using a three-step culture protocol. (A-D)
Morphological changes of the cells during the differentiation process. (A)
Differentiated HES-1 cells grown on 0P9 cells for 9 days. (B) Harvested
HES-1/0P9 coculture grown in suspension with GM-CSF for 10 days. (C)
HES-1/0P9 coculture further differentiated in suspension with GMCSF and
IL-4 for 8 days. (D) Morphology of the HES-1-derived DCs cultured on normal
cell culture dish. (E) Phenotype of differentiated H1, H9 and HES-1 after
the three-step culture as analyzed by flow cytometry. Histograms are
showing the staining by antibodies against indicated markers (red line) and
their isotype controls (black line). The percentages of the positive cells
are indicated.  [0032]. Figure 2. Transduction of purified Hl.DCs by
baculoviral vectors. (AC) Morphology of the cells before and after
purification. To purify H1 .DCs from the differentiated H1, the pre-sort
population (A) was stained with anti-CD209 antibody and sorted by flow
cytometer to generate a homogenous post-sort population (B). These
post-sort H 1 .DCs grew as attached cells on normal cell culture surface
(C). (D) Fluorescence image of these H1 .DCs 2 days after transduction by
BV-CMV.eGFP at MO! of 100. (E) Phenotypic analysis of these H1 .DCs 2 days
after transduction by BV-PacPAK6. Histograms are showing the staining by
antibodies against indicated markers (red line) and their isotype controls
(black line). The numbers are showing the change of mean fluorescence
intensity (AMFI). (F) Allostimulatory function of H 1 .DCs after
baculoviral transduction. The H1 .DCs were transduced by BV-PacPAK6 at the
indicated MOIs. Two days later, the DCs were incubated with CFSE-labeled
pan-T cells at the indicated ratios. PHA was used to stimulate pan-T cells
as positive control. After incubation of 5 days, the cells were stained
with APC mouse anti-human CD3 antibody and the T cell proliferation was
measured by CFSE dilution using flow cytometer. The numbers in the
histograms are showing the percentage of divided T cells. [0033].Figure 3.
CD1d-overexpression in Hl.DCs using baculoviral vectors is 



functional in promoting human iNKT cell expansion. (A) The expression of
CD1d on H1 .DCs 2 days after transduction with BV-PacPAK6 (BV) or BV-
CMV.CD1d-WPRE (BVCD1d) at the indicated MOIs was analyzed using flow
cytometry. Histograms are showing the staining by antibody against CD ld
(red line) and the isotype control (black line). The numbers are showing
the percentage of the positive cells. (B-E) In vitro expansion of iNKT
cells induced by CD1doverexpressing Hl.DCs. Two days after baculoviral
transduction, Hl.DCs were co-cultured with (B) human PBLs or pan-T cells in
the presence of a-GC or with (C) pan-T cells in the presence or absence of
a-GC for 7 days. iNKT cells were then analyzed by flow cytometry. Dot plots
and the percentages of the iNKT cells in total T cells are shown. (D) The
comparison of iNKT cell expansion induced by autologous moDCs and
CD1d-overexpressing H1 .DCs after 7 days coculture with PBLs. (E) The
expansion of iNKT cells induced by a-GC-pulsed baculovirus-transduced CD 1
d-overexpressing Hi .DC s. [0034]. Figure 4. CD1d-overexpression in Hl.DCs
enhances priming of CD8+ T cells against tumor antigen. (A-B) The induction
of tumor antigen-specific T cell response by CD1d-overexpressing Hl.DCs.
The HI.DCs were first transduced by baculoviral vectors and then pulsed
with a-GC for 24 h one day after transduction. Two days after transduction,
the DCs were pulsed with MART-1 peptide for 4 h and used to stimulate HLA
A2+ PBLs. After coculture of 9 days, the samples were stained with
anti-CD3, anti-CD8 and A*0201/ELAGIGILTV Pentamer and analyzed by flow
cytometer. The numbers in the dot plots indicate the percentage of
Pentamer+ CD8+ cells in CD3+ population. (C) The cocultures were
restimulated with MART-1 peptide-pulsed HI.DCs on day 9 of coculture and
analyzed one week after restimulation. To restimulate the coculture primed
by autologous moDCs, MART-1 peptide-pulsed autologous moDCs were used. (D)
To measure antigen-specific CTL activity, the cocultures were stimulated
for the third time on day 7 after second stimulation with MART-1
peptide-pulsed H1 .DCs and used as effectors for lysis of tumor cells one
week later. [0035]. Figure 5. CD1d-overexpression strategy can be applied
to moDCs for enhancing T cell priming. (A) The expression of CD1d on moDCs
2 days after transduction with BV-PacPAK6 (BV) or BV-CMV.CD1d-WPRE (BVCD1d)
at  MO! of 100 was analyzed using flow cytometry. Histograms are showing
the staining by antibody against CD ld (red line) and the isotype control
(black line). The numbers are showing the percentage of the positive cells.
(B) The expansion of iNKT cells induced by a-GC-pulsed CD1d-overexpressing
autologous moDCs. Dot plots and the percentages of the iNKT cells in total
T cells are shown. (C-D) The induction of tumor antigen-specific T cell
response by CD ld-overexpressing autologous moDCs. The moDCs were first
transduced by baculoviral vectors. Two days after transduction, the moDCs
were pulsed with MART-1 peptide for 4 h and used to stimulate HLA A2+ PBLs.
After coculture of 9 days, the samples were stained and analyzed by flow
cytometer. The numbers in the dot plots indicate the percentage of
Pentamer+ CD8+ cells in CD3+ population. [0036]. Figure 6. Enhancing T cell
priming by CD1d-overexpression depends on DC and iNKT cell interaction. (A)
The reduction of T cell priming ability of CD1d-overexpressing human DCs by
blocking CD1d with anti-CD1d antibody. The Hl.DCs or moDCs were first
transduced by BV-CMV.CD1d-WPRE (BVCD1d). Two days after transduction, the
DCs were pulsed with MART-1 peptide for 4 h and blocked by anti-CD1d
blocking antibody or its isotype control before used to stimulate HLA A2+
PBLs. After co-culture of 9 days, the samples were stained and analyzed by
flow cytometer. The numbers in the dot plots indicate the percentage of
Pentamer+ CD8+ cells in CD3+ population. (B-C) Cytokine production during
the co-culture of CD1d-overexpresing Hl.DCs and PBLs. In B, Hl.DCs were
transduced with BV or BVCD1d and incubated with PBLs two days after
transduction. In C, CD1d-overexpresing Hl.DCs were pretreated with
anti-CD1d blocking antibody or its isotype control before co-culturing with
PBLs. The supernatants were collected after co-culture for 3 days and
cytokine concentration was measured by CBA assay. Results represent mean
SD, n = 4. The p values are derived from two-sided Student's t test. (D)
Inhibition of T cell priming ability of CD1d-overexpressing human DCs by
glycolipid biosynthesis inhibitors. The DCs were first transduced with
BVCD1d. One day after transduction, the DCs were treated with PPMP or
NB-DGJ for 24 hours. Two days after transduction, the MART-1 peptide-pulsed
DCs were used 



to stimulate HLA-A2+ PBLs. The percentages of Pentamer+ CD8+ cells in CD3+
population after 9-day co-culture are indicated in the representative
contour plots. (E) Comparison of DC surface marker expression after
transduction with BV and BVCD1d. The DCs were transduced with BV or BVCD1d,
stained and analyzed by flow cytometer two days after transduction.
Histograms show the staining by specific antibodies against indicated
markers and the isotype control. [0037].Detailed Description
100381.Regulation of CD1d expression and their presentation of either
foreign- or self-antigens on the DC surface may present a novel strategy to
affect the iNKT cell activation and its immunological outcome. In this
present study, we investigate for the first time the effect of
CD1d-overexpression in human DCs on the activation of iNKT cells and the
immunological effect on the priming of naive CD8+ T cells against tumor
antigen. Starting with the human embryonic stem cell (hESC)-derived DCs
(hESC-DCs) that providing us a standardized and unlimited source of human
DCs, we show that CD1d can be overexpressed in these hESCDCs using
baculoviral vectors carrying the CD1d gene. Based on these platforms, we
further show that baculovirus-mediated CD1d-overexpression is functional in
promoting iNKT cell expansion and enhances the immunogenicity function of
these modified DCs. Moreover, this CD1d-overexpression strategy can be
extended to monocyte-derived human DCs. [0039]. Here we report that the
overexpression of CD1d in human DCs can enhance the priming of naive CD8+ T
cells against tumor antigen. By using the human embryonic stem cell
(hESC)-derived DCs as a standardized source of human DCs, we showed that
CD1d can be overexpressed in these human DCs using a baculoviral vector
carrying the CD1d gene. The overexpressed CD1d  molecules are functional as
demonstrated by increased expansion of invariant natural killer T (iNKT)
cells when the modified DCs were used to present agalactosylceramide
(a-GC). Pulsed with a tumor antigenic peptide, these CD1doverexpressing
human DCs showed enhanced capability to prime nave CD8+ T cells. The
priming ability was reduced after incubation of CD1d-overexpressing human
DCs with the anti-CD 1 d antibody, suggesting the importance of the
interaction between DCs and iNKT cells for the enhanced priming.
CD1doverexpressing human DCs also induced a pro-inflammatory cytokine
profile that may favour the priming. Moreover, this CD1d-overexpression
strategy can be extrapolated to monocyte-derived human DCs. Therefore,
overexpression of CD1d in human DCs provides a novel strategy to enhance DC
immunogenicity that can possibly be adopted for human cancer immunotherapy.



100401.Without being limited to any theory we reason that one possible
explanation for the negative results observed in earlier human cell studies
that tried to utilize iNKT cell adjuvant activity is the use of a-GC. This
potent agonist may overstimulate the human iNKT cells and result in
elimination of the a-GCloaded DCs. Therefore, overstimulation of iNKT cells
could certainly pose a problem for using the a-GC and tumor antigen
double-loaded DC strategy to induce anti-tumor immunity, indicating that
optimal stimulation of iNKT cells could be critical. The strength of such
optimal stimulation may lie between that provided by the physiological
level of endogenous iNKT ligands and that rendered by the potent agonist
like a-GC. Hence, the up-regulation of antigen/CD1d complexes on the DC
surface may provide such optimal strength to  activate iNKT cells. To this
end, we propose a novel strategy that employs enforced overexpression of CD
1 d on human DCs to utilize the human iNKT cell adjuvant activity. We
demonstrated that such CD1d-overexpressing human DCs were effective in
promoting tumor antigen-specific CTL response. [0041].Throughout the
description the following terms have the explained meaning or the meaning
that would be understood by a person having ordinary skill in the art. DC,
dendritic cell; hESC, human embryonic stem cells; hESC-DC, human embryonic
stem cell-derived dendritic cell; iNKT cell, invariant natural killer T
cell; a-GC, a-galactosylceramide; BV, baculovirus carrying BacPAK6 viral
gene; BVCD1d, baculovirus carrying CD1d gene; MOI, multiplicity of
infection; CFSE, carboxyfluorescein diacetate succinimidyl ester; MART-1,
melanoma antigen recognized by T cell 1; PPMP, DL-threo- 1 -Pheny1-2-
palmitoylamino-3-morpholino-l-propanol; NB-DGJ,
N-(nButyl)deoxygalactonojirimycin; RLU, relative light unit; CBA,
cytometric bead array; Hl.DC, Hl-derived dendritic cell. Vectors  [0042].A
first aspect of the invention is an expression vector comprising a 



polynucleotide that encodes a CD1d operably linked to a regulatory sequence
capable of up-regulating expression of said polynucleotide in a host cell.
[0043].Preferably the polynucleotide encodes a CD 1d comprising SEQ ID NO.
1. [0044].Preferably the expression vector is for use in the manufacture of
a vaccine for the treatment of a cancer. [00451.Preferably the expression
vector is a baculoviral vector carrying the CD1d polynucleotide or any
other vectors that may stably or transiently express the CD1d in dendritic
cells or their progenitors. 12  



WO 2012/121678PCT/SG2012/000080 [0046].The present invention also provides
a vector comprising a polynucleotide of the invention, for example an
expression vector comprising a polynucleotide of the invention, operably
linked to regulatory sequences capable of directing expression of said
polynucleotide in a host cell. [0047].Any CD 1d nucleic acid specimen, in
purified or non-purified form, can be utilised as the starting nucleic acid
or acids. [0048].PCR is one such process that may be used to amplify
isolated CD1d sequences. This technique may amplify, for example, DNA or
RNA, including messenger RNA, wherein DNA or RNA may be single stranded or
double stranded. In the event that RNA is to be used as a template,
enzymes, and/or conditions optimal for reverse transcribing the template to
DNA would be utilized. In addition, a DNA-RNA hybrid that contains one
strand of each may be utilized. A mixture of nucleic acids may also be
employed, or the nucleic acids produced in a previous amplification
reaction described herein, using the same or different primers may be so
utilised. [0049].The specific nucleic acid sequence to be amplified, may be
a fraction of a 



nucleic acid or can be present initially as a discrete nucleic acid, so
that the specific sequence constitutes the entire nucleic acid. It is not
necessary that the sequence to be amplified is present initially in a pure
form; it may be a minor fraction of a complex mixture, such as contained in
whole human DNA. [0050].DNA utilized herein may be extracted from a body
sample, such as blood, tissue material, lung tissue and the like by a
variety of techniques known in the art. If the extracted sample has not
been purified, it may be treated before amplification with an amount of a
reagent effective to open the cells, or animal cell membranes of the
sample, and to expose and/or separate the strand(s) of the nucleic acid(s).
This lysing and nucleic acid denaturing step to expose and separate the
strands will allow amplification to occur much more readily. [0051]. The
deoxyribonucleotide triphosphates dATP, dCTP, dGTP and dTTP are added to
the synthesis mixture, either separately or together with the primers, in
adequate amounts and the resulting solution is heated to about 90 degrees -
100 degrees C from about 1 to 10 minutes, preferably from 1 to 4 minutes.
After this heating period, the solution is allowed to cool, which is
preferable for the primer hybridization. To the cooled mixture is added an
appropriate agent for effecting the primer extension reaction (called
herein "agent for polymerization"), and the reaction is allowed to occur
under conditions known in the art. The agent for polymerization may also be
added together with the other reagents if it is heat stable. This synthesis
(or amplification) reaction may occur at room temperature up to a
temperature above which the agent for polymerization no longer functions.
Thus, for example, if DNA polymerase is used as the agent, the temperature
is generally no greater than about 40 degree C. Most conveniently the
reaction occurs at room temperature. [0052].Primers direct amplification of
a target polynucleotide (eg CD1d). Primers used should be of sufficient
length and appropriate sequence to provide initiation of polyrmerisation.
Environmental conditions conducive to synthesis include the presence of
nucleoside triphosphates and an agent for polymerisation, such as DNA
polymerase, and a suitable temperature and pH. [0053].Primers are
preferably single stranded for maximum efficiency in 



amplification, but may be double stranded. If double stranded, primers may
be first treated to separate the strands before being used to prepare
extension products. Primers should be sufficiently long to prime the
synthesis of CD 1 d of the invention, into extension products in the
presence of the inducing agent for polymerization. The exact length of a
primer will depend on many factors, including temperature, buffer, and
nucleotide composition. Oligonucleotide primers will typically contain
12-20 or more nucleotides, although they may contain fewer nucleotides.
[0054].Primers should be designed to be substantially complementary to each
strand of the CD1d genomic gene sequence. This means that the primers must
be sufficiently complementary to hybridise with their respective strands
under conditions that allow the agent for polymerisation to perform. In
other words, the primers should have sufficient complementarity with the 5'
and 3' sequences  flanking the mutation to hybridise therewith and permit
amplification of the CD1d genomic gene sequence. [0055].Oligonucleotide
primers of the invention employed in the PCR amplification process that is
an enzymatic chain reaction that produces exponential quantities of CD 1 d
gene sequence relative to the number of reaction steps involved. Typically,
one primer will be complementary to the negative (-) strand of the CD1d
gene sequence and the other is complementary to the positive (+) strand.
Annealing the primers to denatured nucleic acid followed by extension with
an enzyme, such as the large fragment of DNA polymerase I (Klenow) and
nucleotides, results in newly synthesised + and - strands containing the
target CD1d gene sequence. Because these newly synthesized sequences are
also templates, repeated cycles of denaturing, primer annealing, and
extension results in exponential production of the region (i.e., the CD 1 d
gene sequence) defined by the primers. The product of the chain reaction is
a discreet nucleic acid duplex with termini corresponding to the ends of
the specific primers employed. [0056].Oligonucleotide primers may be
prepared using any suitable method, such 



as conventional phosphotriester and phosphodiester methods or automated
embodiments thereof. In one such automated embodiment,
diethylphosphoramidites are used as starting materials and may be
synthesized as known in the art. [0057]. The agent for polymerisation may
be any compound or system which will function to accomplish the synthesis
of primer extension products, including enzymes. Suitable enzymes for this
purpose include, for example, E. coli DNA polymerase I, Klenow fragment of
E. coli DNA polymerase, polymerase muteins, reverse transcriptase, other
enzymes, including heat-stable enzymes (ie, those enzymes which perform
primer extension after being subjected to temperatures sufficiently
elevated to cause denaturation), such as Taq polymerase. Suitable enzyme
will facilitate combination of the nucleotides in the proper manner to form
the primer extension products that are complementary to each CD 1 d gene
sequence nucleic acid strand. Generally, the synthesis will be initiated at
the 31  end of each primer and proceed in the 5' direction along the
template strand, until synthesis terminates, producing molecules of
different lengths. [0058].The newly synthesised CD1d strand and its
complementary nucleic acid strand will form a double-stranded molecule
under hybridizing conditions described above and this hybrid is used in
subsequent steps of the process. [0059].The steps of denaturing, annealing,
and extension product synthesis can be repeated as often as needed to
amplify the target polymorphic gene sequence nucleic acid sequence to the
extent necessary. The amount of the specific nucleic acid sequence produced
will accumulate in an exponential fashion. This may also be achieved via
real time PCR as known in the art. 



[0060].Preferably, the method of amplifying CD1d is by PCR, as described
herein or real time PCR and as is commonly used by those of ordinary skill
in the art. Alternative methods of amplification have been described and
can also be employed as long as the CD1d sequence amplified by PCR using
primers of the invention is similarly amplified by the alternative means.
Such alternative amplification systems include but are not limited to
self-sustained sequence replication, which begins with a short sequence of
RNA of interest and a T7 promoter. Reverse transcriptase copies the RNA
into cDNA and degrades the RNA, followed by reverse transcriptase
polymerizing a second strand of DNA. Another nucleic acid amplification
technique is nucleic acid sequence-based amplification (NASBA) which uses
reverse transcription and T7 RNA polymerase and incorporates two primers to
target its cycling scheme. NASBA can begin with either DNA or RNA and
finish with either, and amplifies to 108 copies within 60 to 90 minutes.
Alternatively, nucleic acid can be amplified by ligation activated
transcription (LAT). LAT works from a single-stranded template with a
single primer that is partially single-stranded and partially
double-stranded. Amplification is initiated by ligating a cDNA to the
promoter oligonucleotide and within a few hours, amplification is 108 to
109 fold. The QB replicase system can be utilized by attaching an RNA
sequence called MDV-1 to RNA complementary to a DNA sequence of interest.
Upon mixing with a sample, the hybrid RNA finds  its complement among the
specimen's rnRNAs and binds, activating the replicase to copy the tag-along
sequence of interest. Another nucleic acid amplification technique, ligase
chain reaction (LCR), works by using two differently labeled halves of a
sequence of interest that are covalently bonded by ligase in the presence
of the contiguous sequence in a sample, forming a new target. The repair
chain reaction (RCR) nucleic acid amplification technique uses two
complementary and target-specific oligonucleotide probe pairs, thermostable
polymerase and ligase, and DNA nucleotides to geometrically amplify
targeted sequences. A 2-base gap separates the oligonucleotide probe pairs,
and the RCR fills and joins the gap, mimicking normal DNA repair. Nucleic
acid amplification by strand displacement activation (SDA) utilizes a short
primer containing a recognition site for hincII with short overhang on the
5' end that binds to target DNA. A DNA polymerase fills in the part of the
primer opposite the overhang with sulfur-containing adenine analogs. HincII
is added but only cuts the unmodified DNA strand. A DNA polymerase that
lacks 5' exonuclease activity enters at the site of the nick and begins to
polymerize, displacing the initial primer strand downstream and building a
new one which serves as more primer. SDA produces greater than 107 -fold
amplification in 2 hours at 37 degrees C. Unlike PCR and LCR, SDA does not
require instrumented temperature cycling. Another amplification system
useful in the method of the invention is the QB Replicase System. Although
PCR is the preferred method of amplification if the invention, these other
methods can also be used to amplify the CD 1d sequences as described in the
method of the invention. 100611.Polynucleotides of the invention may be
incorporated into a recombinant replicable vector for introduction into a
host cell. Such vectors may typically comprise a replication system
recognized by the host, including the intended polynucleotide encoding the
desired polypeptide, and will preferably also include transcription and
translational initiation regulatory sequences operably linked to the
polypeptide encoding segment. Expression vectors may include, for example,
an origin of replication or autonomously replicating sequence (ARS) and
expression control sequences, a promoter, an enhancer and necessary
processing  information sites, such as ribosome-binding sites, RNA splice
sites, polyadenylation sites, transcriptional terminator sequences, and
mRNA stabilizing sequences. localization signals may also be included where
appropriate, which allow the protein to move across cell membranes, and
thus attain its functional topology. Such vectors may be prepared by means
of standard recombinant techniques well known in the art. 



100621.An appropriate promoter and other necessary vector sequences will be
selected so as to be functional in the host, and may include, when
appropriate, those naturally associated with CD 1 d genes. Examples of
workable combinations of cell lines and expression vectors are known in the
art. Many useful vectors are known in the art and may be obtained from such
vendors as Stratagene, New England Biolabs, Promega Biotech, and others.
Promoters such as the cmv, trp, lac and phage promoters, tRNA promoters and
glycolytic enzyme promoters may be used in prokaryotic hosts. Useful yeast
promoters include promoter regions for metallothionein, 3-phosphoglycerate
kinase or other glycolytic enzymes such as enolase or glyceraldehyde-3
-phosphate dehydrogenase, enzymes responsible for maltose and galactose
utilization, and others. Vectors and promoters suitable for use in yeast
expression are known. Appropriate non-native mammalian promoters might
include the early and late promoters from SV40 or promoters derived from
murine Moloney leukemia virus, mouse tumour virus, avian sarcoma viruses,
adenovirus II, bovine papilloma virus or polyoma. In addition, the
construct may be joined to an amplifiable gene (e.g., DHFR) so that
multiple copies of the gene may be made. For appropriate enhancer and other
expression control sequences. 100631.While such expression vectors may
replicate autonomously, they may also replicate by being inserted into the
genome of the host cell, by methods well known in the art.
100641.Expression and cloning vectors will likely contain a selectable
marker, a gene encoding a protein necessary for survival or growth of a
host cell transformed with the vector. The presence of this gene ensures
growth of only those host cells that express the inserts. Typical selection
genes encode proteins 



that a) confer resistance to antibiotics or other toxic substances, e.g.
ampicillin, neomycin, methotrexate, etc.; b) complement auxotrophic
deficiencies, or c) supply critical nutrients not available from complex
media, e.g., the gene encoding D-alanine racemase for Bacilli. The choice
of the proper selectable marker will depend on the host cell, and
appropriate markers for different hosts are well known in the art.
[0065].The vectors containing the nucleic acids of interest can be
transcribed in vitro, and the resulting RNA introduced into the host cell
by well-known methods, e.g., by injection, or the vectors can be introduced
directly into host cells by methods well known in the art, which vary
depending on the type of cellular host, including electroporation;
transfection employing calcium chloride, rubidium chloride, calcium
phosphate, DEAE-dextran, or other substances; microprojectile bombardment;
lipofection; infection (where the vector is an infectious agent, such as a
retroviral genome); and other methods. The introduction of the
polynucleotides into the host cell by any method known in the art,
including, inter alia, those described above, will be referred to herein as
"transformation." The cells into which have been introduced with nucleic
acids described below are meant to also include the progeny of such cells.
Polynucleotides  [0066].An isolated CD1d nucleic acid molecule is disclosed
which molecule typically encodes a CD 1 d polypeptide. The nucleic acid
molecule comprises any nucleic acid capable of encoding a functional CD1d
polypeptide. Preferably the nucleic acid molecule comprises a nucleic acid
capable of encoding a CD1d capable of enhancing an immune response when it
is introduced into a DC in a functional immune system. An allelic variant,
or analog, including fragments, thereof is also included where it is
capable of enhancing an immune response when it is introduced into a DC in
a functional immune system. Specifically provided are DNA molecules set out
in SEQ ID NOS: 1 or DNA molecules that hybridize to the DNA molecules set
out in SEQ ID NOS: 1. [0067]. Preferred DNA molecules according to the
invention include DNA molecules comprising the sequence set out in SEQ ID
NOS: 1. 



19 [0068].A polynucleotide is said to "encode" a polypeptide if, in its
native state or when manipulated by methods well known to those skilled in
the art, it can be transcribed and/or translated to produce the mRNA for
and/or the polypeptide or a fragment thereof. The anti-sense strand is the
complement of such a nucleic acid, and the encoding sequence can be deduced
there-from. [0069].An "isolated" or "substantially pure" nucleic acid
(e.g., an RNA, DNA or a mixed polymer) is one which is substantially
separated from other cellular components which naturally accompany a native
human sequence or protein, e.g., ribosomes, polymerases, many other human
genome sequences and proteins. The term embraces a nucleic acid sequence or
protein that has been removed from its naturally occurring environment, and
includes recombinant or cloned DNA isolates and chemically synthesized
analogs or analogs biologically synthesized by heterologous systems.
[0070]."CD1d gene sequence," "CD1d gene," "CD1d nucleic acids" or "CD1d
polynucleotide" each refer to a polynucleotide that contains specific
domain such as IgC_MHC_I_alpha3; Class I major histocompatibility complex
(MHC) alpha chain immunoglobulin domain. Preferably the nucleic acid
molecule comprises a nucleic acid capable of encoding a CD1d, an allelic
variant, or analog, including fragments, or mutants thereof. The CD1d or an
allelic variant, or analog, including fragments, or mutants thereof that
includes the IgC_MHC_I_alpha3; Class I major histocompatibility complex
(MHC) alpha chain immunoglobulin domain. A sequence set out in SEQ ID No.
1. [0071].These terms, when applied to a nucleic acid, refer to a nucleic
acid that 



encodes a CD1d polypeptide, fragment, homologue mutant or variant,
including, e.g., protein fusions, mutants or deletions. The nucleic acids
of the present invention will possess a sequence that is either derived
from, or substantially similar to a natural CD1d encoding gene or one
having substantial homology with a natural CD1d encoding gene or a portion
thereof. The coding sequences for human CD1d amino acid sequence shown in
SEQ ID NOS: 2. [0072].A nucleic acid or fragment thereof is "substantially
homologous" ("or  substantially similar") to another if, when optimally
aligned (with appropriate nucleotide insertions or deletions) with the
other nucleic acid (or its complementary strand), there is nucleotide
sequence identity in at least about 60% of the nucleotide bases, usually at
least about 70%, more usually at least about 80%, preferably at least about
90%, and more preferably at least about 95-98% of the nucleotide bases.
Examples of coding sequence for working substantially homologous fragments
are shown in SEQ ID NO: 1, with the amino acid sequence shown in SEQ ID NO:
2. [0073].Alternatively, substantial homology or (identity) exists when a
nucleic acid or fragment thereof will hybridise to another nucleic acid (or
a complementary strand thereof) under selective hybridisation conditions,
to a strand, or to its complement. Selectivity of hybridisation exists when
hybridisation that is substantially more selective than total lack of
specificity occurs. Typically, selective hybridisation will occur when
there is at least about 55% identity over a stretch of at least about 14
nucleotides, preferably at least about 65%, more preferably at least about
75%, and most preferably at least about 90%. The length of homology
comparison, as described, may be over longer stretches, and in certain
embodiments will often be over a stretch of at least about nine
nucleotides, usually at least about 20 nucleotides, more usually at least
about 24 nucleotides, typically at least about 28 nucleotides, more
typically at least about 32 nucleotides, and preferably at least about 36
or more nucleotides. [0074].Thus, polynucleotides of the invention
preferably have at least 75%, more preferably at least 85%, more preferably
at least 90% homology to the sequences shown in the sequence listings
herein. More preferably there is at least 95%, more preferably at least
98%, homology. Nucleotide homology comparisons may be conducted as
described. A preferred sequence comparison program is the GCG Wisconsin
Bestfit program. The default scoring matrix has a match value of 10 for
each identical nucleotide and -9 for each mismatch. The default gap
creation penalty is -50 and the default gap extension penalty is -3 for
each nucleotide. 



[0075].In the context of the present invention, a homologous sequence is
taken to  include a nucleotide sequence which is at least 60, 70, 80 or 90%
identical, preferably at least 95 or 98% identical at the amino acid level
over at least 20, 50, 100, 200, 300, 500 or 1000 nucleotides with the
nucleotides sequence set out in SEQ ID. NO: 1. In particular, homology
should typically be considered with respect to those regions of the
sequence that encode contiguous amino acid sequences known to be essential
for the function of the protein rather than nonessential neighbouring
sequences. Preferred polypeptides of the invention comprise a contiguous
sequence having greater than 50, 60 or 70% homology, more preferably
greater than 80, 90, 95 or 97% homology, to one or more of the nucleotides
sequences encoding polypeptide sequence SEQ ID NO: 2. Preferred nucleic
acids preferably contain specific domains as mentioned above.
[0076].Nucleotide sequences are preferably at least 15 nucleotides in
length, more preferably at least 20, 30, 40, 50, 100 or 200 nucleotides in
length. Generally, the shorter the length of the polynucleotide, the
greater the homology required to obtain selective hybridization.
Consequently, where a polynucleotide of the invention consists of less than
about 30 nucleotides, it is preferred that the % identity is greater than
75%, preferably greater than 90% or 95% compared with the CD1d nucleotide
sequences set out in the sequence listings herein. Conversely, where a
polynucleotide of the invention consists of, for example, greater than 50
or 100 nucleotides, the % identity compared with the CD1d nucleotide
sequences set out in the sequence listings herein may be lower, for example
greater than 50%, preferably greater than 60 or 75%. [0077].Nucleic acid
hybridisation will be affected by such conditions as salt concentration,
temperature, or organic solvents, in addition to the base composition,
length of the complementary strands, and the number of nucleotide base
mismatches between the hybridizing nucleic acids, as will be readily
appreciated by those skilled in the art. Stringent temperature conditions
will generally include temperatures in excess of 30 degrees C., typically
in excess of 37 degrees C., and preferably in excess of 45 degrees C.
Stringent salt conditions will ordinarily be less than 1000 mM, typically
less than 500 mM, and preferably less than 200 mM. However, the combination
of parameters is much more important than the measure of any single
parameter. An example of stringent hybridization conditions is 65C and
0.1xSSC (1xSSC = 0.15 M NaC1, 0.015 M sodium citrate pH 7.0). 



[0078].The "polynucleotide" compositions of this invention include RNA,
cDNA, genomic DNA, synthetic forms, and mixed polymers, both sense and
antisense strands, and may be chemically or biochemically modified or may
contain non-natural or derivatized nucleotide bases, as will be readily
appreciated by those skilled in the art. Such modifications include, for
example, labels, methylation, substitution of one or more of the naturally
occurring nucleotides with an analog, internucleotide modifications such as
uncharged linkages (e.g., methyl phosphonates, phosphotriesters,
phosphoamidates, carbamates, etc.), charged linkages (e.g.,
phosphorothioates, phosphorodithioates, etc.), pendent moieties (e.g.,
polypeptides), intercalators (e.g., acridine, psoralen, etc.), chelators,
alkylators, sumoylated site mutants and modified linkages (e.g., alpha
anomeric nucleic acids, etc.). Also included are synthetic molecules that
mimic polynucleotides in their ability to bind to a designated sequence via
hydrogen bonding and other chemical interactions. Such molecules are known
in the art and include, for example, those in which peptide linkages
substitute for phosphate linkages in the backbone of the molecule. Method
of manufacturing cells for use in treatment [0079].Another aspect of the
invention includes a method of manufacturing a vaccine for enhancing an
immune response to a dendritic cell comprising the steps of: a) culturing
the dendritic cells in vitro; b) introducing a polynucleotide that encodes
a CD1d and overexpresses the CD1d in the dendritic cell. [0080].In one
embodiment the dendritic cell is generated from a human 



embryonic stem cell. The hESC-DCs may provide a potential and interesting
solution to those issues. The hESC-DCs are much cheaper to produce due to
the feasibility for large-scale production. They can be functionally
defined to ensure  therapeutic efficacy via quality control of DC product.
The use of hESC-DCs has less logistic issue since the products may go
directly from manufacturers into clinics. Moreover, the production of
hESC-DCs is scalable to provide unlimited number of DCs, which will benefit
patients who require multiple doses of vaccines. [0081].Preferably the
polynucleotide is introduced to the dendritic cell in culture by the
expression vector as described above. [0082].Another aspect of the
invention includes a method of enhancing an 



immune response to a dendritic cell for treating a patient in need of a
cancer treatment comprising the steps of:    a) culturing the dendritic
cells in vitro;    b) introducing a polynucleotide that encodes a CD 1 d
and overexpresses the CD 1 d in the dendritic cell;    c) introducing the
CD1d-overexpressing dendritic cell to the patient in need of a cancer
treatment. [0083].In one embodiment the dendritic cell is isolated from the
patient. [0084].In one embodiment the dendritic cell is generated from a
human embryonic stem cell. [0085].An embodiment of the present invention
resides in a method for inducing 



CD1d expression in dendritic cells in vitro in the manufacture of a
medicament for treating a patient in need of a cancer treatment comprising
the steps of: isolating cells from an individual donor; culturing the cells
in vitro; introducing a polynucleotide that encodes CD 1 d and
overexpresses the CD 1 d in the dendritic cell; introducing the
CD1d-overexpressing dendritic cell to the patient in need of a cancer
treatment. [0086]."Treatment" and "treat" and synonyms thereof refer to
both therapeutic treatment and prophylactic or preventative measures,
wherein the object is to prevent or slow down (lessen) a cell proliferative
condition. Those in need of such treatment include those already diagnosed
with cancer.  WO 2012/121678PCT/SG2012/000080 [0087].As used herein a
"therapeutically effective amount" of a compound will be an amount of cells
that are capable of preventing or at least slowing down (lessening) a
cancerous condition, in particular increasing the lifespan of the patent.
Dosages and administration of cells of the invention may be determined by
one of ordinary skill in the art. An effective amount of the cells to be
employed therapeutically will depend, for example, upon the therapeutic
objectives, the route of administration, and the condition of the mammal.
Accordingly, it will be necessary for the therapist to adjust the dosage
and modify the route of administration as required to obtain the optimal
therapeutic effect. [0088].Preferably, the CD1d-overexpressing dendritic
cell of the invention is used 



in cancer such as melanoma, colorectal adenocarcinoma and other tumors.
Cell Preparation [0089].A "cell", as used herein, refers to a biological
sample obtained from a tissue in the body, or from body fluid. Frequently
the cell will be a "clinical sample," which is a sample derived from a
patient such as a fine needle biopsy sample. A "cell" may also include
cells isolated from fluids such as blood, serum and the like. Cell samples
can be generated from human embryonic stem cells or isolated and obtained
from tissues from lung, bladder, brain, uterus, cervix, colon, rectum,
esophagus, mouth, head, muscle, heart, skin, kidney, breast, ovary, neck,
pancreas, prostate, testis, liver gonads, stomach or from any other organ
or tissue known to those skilled in the art. [0090].Cell samples are
obtained from the body and include cells and extracellular matter. Cell
samples may be from humans or non human animals. Cell samples can be from
any organ or fluid. Cell samples can be obtained using known procedures,
such as excision, a needle biopsy, blood extraction or the like. The cells
are to be processed in a manner that allows culturing and reprogramming of
the cells. Accordingly, cells obtained from a subject, donor or individual
are ideally washed then immediately cultured. Cell culture [0091].The hESCs
may be cultured as known in the art on a relevant culture 



media such as an artificial medium to grow the cells in vitro for research
or medical treatment like Matrigel or mTeSR1. The cells may be passaged
though several generations as known in the art to keep the cells
continuous. The culture media may contain nutrients to nourish and support
the cells. Culture medium may also include growth factors added to produce
desired changes in the cells. [0092].Cancer treatment [0093].Cancer refers
to a proliferation of cells such as a tumour. Frequently a tissue sample
will be used to verify a patient has cancer and is in need of a treatment
as would be known to those skilled in the art. A "clinical sample," which
is a sample derived from a patient such as a fine needle biopsy sample may
be used. Tissue samples can be obtained from any tumors such as those of
the lung, colon, breast, or cancer tumours located at other sites for
example but not limited to bladder, brain, uterus, cervix, colon, rectum,
esophagus, mouth, head, skin, kidney, lung, ovary, neck, pancreas,
prostate, testis, liver and stomach. [0094]. A "tumour" refers to an
abnormal growth of tissue that may be comprised of cells that for example,
proliferate rapidly. Tumours may be present, for example, in the breast,
bladder, brain, uterus, cervix, colon, rectum, esophagus, head, skin,
kidney, lung (including Non Small Cell Lung Cancer), ovary, neck, pancreas,
prostate, testis, liver and stomach. 



[0095].The cancer may be treated with a vaccine of the invention comprising
a dendritic cell with up-regulated CD1d expression. [0096].In one
embodiment the expression vector described above is used for the
preparation of a medicament for the treatment of a cancer. [0097].Another
aspect of the invention comprises a cancer vaccine comprising a
CD1d-overexpressing dendritic cell having upregulated expression of a CD1d
polynucleotide.  WO 2012/121678.PCT/SG2012/000080 



[0098].Preferably the CD1d-overexpressing dendritic cell is selected from a
group consisting of a cell isolated from an individual having cancer and a
cell generated from a human embryonic stem cell. [0099].Preferably the CD1d
polynucleotide comprises SEQ ID NO. 1. [00100]. The term
"CD1d-overexpressing dendritic cell" refers to a cell that has a CD1d
expression level higher than an natural human dendritic cell. CD 1d
expression can be quantified by any means known in the art. Densitomic
analysis of western blots, fluorescent antibody tagging such as FACS flow
cytometer or other methods known in the art. [00101]. Vaccine treatment can
be given as a single dose, preferably it is given as at least 2 dose or a
plurality of doses. Thus, the present invention also relates to
compositions including pharmaceutical compositions comprising a
therapeutically effective amount of CD1d-overexpressing dendritic cell. As
used herein a compound will be therapeutically effective if it is able to
affect tumor growth. [00102]. Pharmaceutical forms of the invention
suitable for injectable use include sterile aqueous solutions (where water
soluble) or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions and or one or more carrier. It
must be stable under the conditions of manufacture and storage and must be
preserved against the contaminating/destructive action of microorganisms
such as, for example, bacteria and fungi. [00103]. The carrier can be a
solvent or dispersion medium containing, for 



example, buffer solution for maintaining the cells water, ethanol, polyol
(for example, glycerol, propylene glycol and liquid polyethylene glycol,
and the like), suitable mixtures thereof, and vegetable oils. The proper
fluidity can be maintained, for example, by the use of a coating such as,
for example, lecithin, by the maintenance of the required particle size in
the case of dispersion and by the use of surfactants. Preventing the action
of microorganisms in the compositions of the invention is achieved by
adding antibacterial and/or antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, thimerosal and the like. In  many
cases, it will be preferable to include isotonic agents, for example,
sugars or sodium chloride. Prolonged absorption of the injectable
compositions can be brought about by the use in the compositions of agents
delaying absorption, for example, aluminum monostearate and gelatin.
1001041. Sterile injectable solutions are prepared by incorporating the
active compounds in the required amount in the appropriate solvent with
several of the other ingredients enumerated above, as required, followed by
filtered sterilization. Generally, dispersions are prepared by
incorporating the various sterilized active ingredient into a sterile
vehicle which contains the basic dispersion medium and the required other
ingredients from those enumerated above. Examples of preferred embodiments
[00105]. Human embryonic stem cell-derived dendritic cells (hESC-DCs) may
potentially provide a platform to generate "off-the-shelf' therapeutic
cancer vaccines. To apply the hESC-DCs for cancer immunotherapy in a
semiallogeneic setting, it is crucial for these cells to "jump-start"
adaptive anti-tumor immunity before their elimination by host alloreaction.
Herein, we investigated whether CD1d up-regulation in hESC-DCs may exploit
invariant natural killer T (iNKT) cell adjuvant activity and boost
anti-tumor immunity. Using a baculoviral vector carrying the CD1d gene, we
produced CD1d-overexperssing hESC-DCs and demonstrated that the
up-regulated CD1d was functional in presenting agalactosylceramide (a-GC)
for iNKT cell expansion. Pulsed with MART-1 peptide, the
CD1d-overexpressing hESC-DCs displayed enhanced capability to prime CD8+ T
cells without relying on a-GC-loading. Blocking the CD 1 d with antibody
reduced the immunogenicity, suggesting the importance of hESC-DC and iNKT
cell interaction in this context. The CD1d-overexpressing hESC-DCs 



also induced a pro-inflammatory cytokine profile that may favor the T cell
priming. Moreover, similar immunostimulatory effect was observed when the
CD1d up-regulation strategy was applied in human monocyte-derived dendritic
cells. Therefore, our study suggests that the up-regulation of CD1d in
hESC-DCs provides a novel strategy to enhance their immunogenicity. This
approach holds potential for advancing the application of hESC-DCs into
human cancer immunotherapy. [00106]. Cancer immunotherapy offers great
promise in the fight against cancer, especially for persistent malignant
cells. The major strength of the approach lies in stimulating the patient's
own immune cells to elicit immune responses against tumors. DCs are the
most efficient antigen-presenting cells for priming naive T cells into
effectors that specifically kill tumors. However, there is an acute need to
improve the priming ability in the current DC-based approaches. [00107]. We
have developed a new technology to enhance the priming ability of DCs by
overexpressing CD1d using our in-house developed baculoviral vectors. We
demonstrate that CD1d-overexpressing human DCs are effective in improving
the activation of invariant natural killer T (iNKT) cells, a type of T
cells that function as helper T cells with memory-activated phenotype,
which then prime nave CD8+ T cells against tumor antigen. [00108]. We
reason that the following factors that are absent in previous DC-based
approaches may facilitate the T cell priming by our CD 1 d-overexpressing
human DCs:  1001091. The direct interactions between CD1d-overexpressing
DCs and iNKT cells. Pre-treatment with anti-CD 1 d antibody to block CD 1 d
severely reduced the T cell priming ability of CD1d-overexpressing human
DCs (Figure 6), suggesting the importance of the interaction between DCs
and iNKT cells through the binding of overexpressed CD1d to TCR in T cell
priming. The mechanism for human system remains unclear, but without being
limited to any particular theory it is possible that the DC and iNKT cell
interaction somehow licenses the DCs to appropriately activate CD8+ T
cells. 1001101. The favorable cytokine secretion profile. The cytokine
environment may play an important role at the initiation stage of an
adaptive immune response. The proper activation of iNKT cells may provide
the necessary cytokines to "jump-start" such adaptive immunity. Our result
showed CD1d-overexpressing hESCDCs induced a pro-inflammatory cytokine
profile (Figure 6) that may favor the initiation of antigen-specific T cell
response. 



1001111. The possible effect of baculoviral transduction on DCs. The
baculovirus as a double-stranded-DNA virus may act on myeloid DCs via
toll-like receptor-independent pathway and in human moDCs that baculovirus
may induce functional maturation. In our study with hESC-DCs, however, we
did not observe obvious phenotypic and functional changes after
transduction with baculoviral vectors at MOI of 100 (Figure 2). The
baculoviral transduction alone did not enhance the T cell priming ability
in hESC-DCs (Figure 4), though there was slight improvement in moDCs
(Figure 5D), implying that the effect of baculoviral  transduction cannot
be excluded. Therefore, in our experimental setting, it is likely that the
enhanced T cell priming ability of CD1d-overexpressing human DCs is a
result of the combined effect of the direct interaction of DCs and iNKT
cells, the cytokines produced by iNKT cells through the recognition of
endogenous antigen presented on the overexpressed CD1d on DCs, and the
possible basal activation via baculoviral transduction. [00112]. Our
approach not only works well in human embryonic stem cell (hESC)- derived
DCs (hESC-DCs), we demonstrate for the first time that anti-tumor immunity
of monocyte-derived human DCs can be enhanced as well. [00113].
Self-renewing hESCs are inherently immortal, and their proliferation
capacity is preserved during long-term cell culture. Hence, they have
become a reliable and accessible source of unlimited amounts of uniform
human cells. Using hESCs as biological materials to produce cell therapy
products enables standardization and large-scale production of cancer
immunotherapy vaccines. The advantages over the current DC approaches
include: [00114]. Produce clinical-grade DC vaccine with consistent
phenotype and maturation status. Quality control for each batch of DC
product is possible to ensure defined functions and therapeutic efficacy.
It would also be possible to employ our increasing understanding of DC
biology to enhance DC immunogenicity through genetic modification of hESCs
or hESC-derived DCs.  [00115]. Generate enough cells as a single batch of
semi-allo-vaccines for repeated vaccination and for multiple patients,
independent of human leukocyte antigen (HLA) haplotype, which may eliminate
variability in the quality and composition of the vaccines, and facilitate
reliable comparative analysis of clinical outcomes. 



[00116]. Increase cost-effectiveness by eliminating the need for continuous
production of tailor-made individual vaccines, simplifying the logistics,
and reducing the laboriousness of the vaccine production and delivery
process. [00117]. Materials and methods [001181 Cell Culture [00119]. A
hESC line HES-1 (ES Cell International, Singapore) was maintained on mouse
embryonic fibroblasts as described before (23). Two other hESC lines H1 and
H9 (WiCell Research Institute, Madison, WI) were maintained on feeder-free
culture condition on Matrigel (BD Biosciences, San Jose, CA) -coated 6-well
plate using mTeSR1 medium (STEMCELL Technologies, Vancouver, Canada)
according to manufacturer's technical manual. A mouse bone marrow stromal
cell line 0P9 (ATCC, Manassas, VA) was maintained with a-MEM (Invitrogen,
Carlsbad, CA) supplemented with 20% FBS (HyClone, Logan, UT). [00120].
Frozen human PBMCs or HLA-A2+ PBMCs or peripheral blood pan-T cells from
healthy donors (STEMCELL Technologies) were thawed and cultured in complete
RPMI 1640, which is composed of RPMI 1640 (Invitrogen) supplemented with
10% heat-inactivated human serum AB (Gemini Bio-Products, West Sacramento,
CA), 2 mM L-glutamine (Invitrogen), 0.1 mM nonessential  amino acids
(Invitrogen) and 0.1 mM 2-mercaptoethanol (Invitrogen). The human
peripheral blood lymphocytes (PBLs) were generated from PBMCs via removing
the monocytes by plastic adherence. 1001211. A human melanoma cell line
Malem-3M (ATCC) was cultured with IMDM (Invitrogen) with 20% FBS. A human
colorectal adenocarcinoma cell line SW-480 was maintained in Leibovitz's
L-15 Medium (Invitrogen) with 10% FBS. 



[00122]. Generation of Human DCs from hESCs or Monocytes [00123]. Human DCs
were generated from hESCs based on a three-step protocol as previously
described (4). In brief, the hESC aggregates were harvested at the time of
subculture and seeded at a density of 2x106 per flask to a T75 flask
containing overgrown 0P9 cells in a-MEM supplemented with 10% FBS and 100
AM monothioglycerol (Sigma-Aldrich, St Louis, MO). The coculture was fed by
changing half of the medium every three days. After 9-10 days of coculture,
the differentiated hESCs were harvested by enzyme digestion with 1 mg/ml
collagenase IV (Invitorgen) and 0.05% trypsin-0.5 mM EDTA (Invitrogen). The
cells were then resuspended in a-MEM supplemented with 10% FBS and 100
ng/ml GM-CSF (PeproTech, Rocky Hill, NJ) and cultured in poly
2-hydroxyethyl methacrylate (Sigma-Aldrich) -coated T75 flask. The
suspension culture was fed by changing half of the medium every four days.
After 8-10 days, the expanded DC precursors were further differentiated
into DCs by culturing in StemSpan serum-free expansion medium (STEMCELL
Technologies) supplemented with lipid mixture 1 (Sigma-Aldrich), 100 ng/ml
GM-CSF and 100 ng/ml IL-4 (PeproTech) [designated as DC differentiation
medium] for 7-9 days with feeding  by changing half of the medium every
four days. To purify the DCs from the cell culture, the cells were stained
with APC mouse anti-human CD209 antibody (BD Biosciences) and sorted using
a FACSAria flow cytometer (BD Biosciences). To produce human DCs from
monocytes, frozen human PBMCs were thawed and cultured on T75 for 2 h. The
plastic-adherent cells were differentiated in DC differentiation medium for
6 days and these monocyte-derived human DCs (moDCs) were then used in the
experiments. [00124]. Baculovirus Preparation and Transduction of human DCs
[00125]. To generate baculoviral vectors carrying the CD1d gene, a transfer
plasmid pFastBac 1 (Invitrogen) was used. To construct the plasmid, the
human cytomegalovirus immediate early gene promoter and enhancer (CMV
promoter) was amplified by polymerase chain reaction (PCR) and placed
between BamHI and EcoRI cloning sites of pFastBacl. Then, the woodchuck
hepatitis virus post-transcriptional regulatory element (WPRE) was
PCR-amplified from psubCMVeGFP-WPRE (kindly provided by Professor H.
Bileler, University of Zurich, Switzerland) and inserted between SpeI and
XbaI sites of pFastBacl. The coding sequence of human CD1d was cloned from
pORF9-hCD1D (Invivogen, San Diego, CA) through PCR to include the Kozak
sequence upstream of its start codon and Sall and SpeI restriction sites at
its termini. These two sites were used to insert the CD1d gene.
Baculovirus, named as BVCD1d, was produced using the above-described
plasmid and propagated in 519 cells according to Bac-to-Bac Baculovirus
Expression System manual (Invitrogen). A control baculovirus, named as BV,
was produced using BacPAK6 viral DNA (Clontech, Mountain  View, CA) that
does not express transgene in mammalian cells. Baculoviruses were purified
as described previously (24). Their infectious titers (plaque-forming
units, pfu) were determined by plaque assay using Sf9 cells. 



[00126]. For baculoviral transduction, the human DCs were resuspended in DC
differentiation medium at a density of 105/100 Al. To transduce the DCs at
desired multiplicity of infection (MO!), various numbers of baculoviruses
were suspended in 100 Al PBS and added to the cells. After 4 h incubation,
the DCs were washed twice and resuspended in DC differentiation medium. Two
days after transduction, the eGFP expression was detected under a
fluorescence microscope. To detect CD1d expression, the DCs were stained by
PE mouse anti-human CD1d antibody (BD Biosciences) and analyzed by a
FACSCalibur flow cytometer (BD Biosciences). [00127]. Measurement of
Allostimulatoty Function of Human DCs [00128]. To measure the
allostimulatory function of DCs, frozen human peripheral blood pan-T cells
were thawed and used as responders. 107 pan-T cells were first resuspended
in 1 ml PBS containing 5% heat-inactivated FB S. Carboxyfluorescein
diacetate succinimidyl ester (CFSE; Invitrogen) was added at a final
concentration of 0.5 AM to label the T cells in dark at room temperature
for 5 min. After washing three times with PBS containing 5%
heat-inactivated FBS, the T cells were resuspended in complete RPMI 1640 at
a density of 106/ml. To set up allogeneic stimulation assay, 2x105 pan-T
cells were co-cultured with graded number of DCs suspended in complete RPM!
1640. A polyclonal activator, phytohemagglutinin (PHA; Sigma-Aldrich) that
stimulates T cell  proliferation was used as positive control. After
incubation of 5 days, the cells were stained with APC mouse anti-human CD3
antibody (BD Biosciences) and the T cell proliferation was measured by CFSE
dilution using a FACSAria flow cytometer. [00129]. Stimulation and
Detection of iNKT Cell Expansion CTL Expansion, CTL Activity and Cytokine
Production [00130]. To analyze the effect of CD ld-overexpression in DCs on
the expansion of human iNKT cells, the hESC-DCs were transduced by
BV-CMV.CD1d-WPRE. One day after transduction, the DCs were pulsed with
10Ong/m1 a-GC (Axxora, Switzerland) for 24 h. Two days after transduction,
105 a-GC-pulsed DCs were washed and co-cultured with 106 PBL or pan-T cells
in complete RPMI 1640 with or without 100 ng/ml a-GC. Seven days after
coculture, to detect iNKT cells, the samples were stained with APC mouse
anti-human CD3 (BD Biosciences), PE anti-Vo24 TCR (Beckman Coulter, Brea,
CA) and FITC anti-V1311 TCR (Beckman Coulter) and analyzed by a FACSAria
flow cytometer. [00131]. To stimulate the antigen-specific CTL response,
the HLA-A2+ Hl-derived DCs (H1 .DCs) or moDCs were used to present the
HLA-A2-restricted epitope MART-126-35A27L (ELAGIGILTV; MART-1 peptide;
ProImmune, Oxford, UK). The DCs were first transduced by BV-CMV.CD1d-WPRE
and pulsed with or without 100 ng/ml a-GC for 24 h one day after
transduction. Two days after transduction, the DCs were pulsed with 10
p.g/m1 MART-1 peptide for 4 h. After washing, 105 DCs were co-cultured with
106 HLA A2+ PBLs in complete RPMI 1640. After co-culture of 9 days, to
detect antigen-specific CTLs, the samples 



were stained with APC mouse anti-human CD3, FITC-labeled anti-CD8
(ProImmune) and R-PE-labeled A*0201/ELAGIGILTV Pentamer (ProImmune) and
analyzed by FACSAria flow cytometer. In some experiments, the
CD1doverexpressing human DCs were pretreated with anti-CD 1 d blocking
antibody (eBioscience, San Diego, CA) or its isotype control (eBiosciecne)
before applying for T cell priming. To study the effect of glycolipid
biosynthesis inhibition on T cell priming, the BVCD 1 d-transduced human
DCs were treated with 20 i.t.M DLthreo-1 -Phenyl-2-palmitoyl
amino-3-morpholino-1 -prop anol (PPMP; Sigma-Aldrich) or 150 tiM
N-(n-Butyl)deoxygalactonojirimycin (NB-DGJ; Merck KGaA, Darmstadt, Germany)
for 24 hours one day after transduction. In other experiments, the
cocultures were restimulated with 105 MART-1 peptide-pulsed DCs on day 9 of
coculture and analyzed one week after restimulation. To measure
antigen-specific CTL activity, the cocultures were stimulated for the third
time on day 7 after second stimulation with 105 MART-1 peptide-pulsed DCs
and used as effectors for lysis of tumor cells one week later. 1001321. To
measure tumor antigen-specific CTL activity, a luminescence-based assay was
used. In brief, the tumor cells Malme-3M or SW-480 were labeled with
luciferase by transfection with a plasmid containing a luciferase
expression cassette using Lipofectamine 2000 (Invitrogen). Two days after
transfection, 104 tumor cells were used as targets and incubated with the
effectors described above at desired effector to target (E:T) ratios. After
6-hour incubation, D-Luciferin (Caliper Life Sciences, Hopkinton, MA) were
added to a final concentration of 150 1.1g/ml. Ten minutes later,
luminescence was measured and the percentage of  specific lysis was
calculated using the relative light unit (RLU) of the experimental sample
(with effectors, RLUExp), the sample with maximum viability (with medium
only, RLUmedia), the sample without viability (with 1% SDS, RLUsDs) as
following: % of specific lysis = [1 - (RLUExp-RLUsDs) (RLUmedia-RLUsDs)] x
100. [00133]. To study cytokines secreted during co-culture of DCs and
PBLs, 105 Hl.DCs were transduced by baculoviral vectors. The transduced DCs
were then incubated with 106 PBLs in 300 1.1.1 complete RPMI 1640. Three
days later, the supernatants were collected and cytokine concentration was
measured with Cytometric Bead Array (CBA) assay using the CBA Human Soluble
Protein Master Buffer Kit and the CBA Flex Sets that detect INF-y, IL-4 and
TNF (BD Biosciences). In some experiments, CD1d-overexpresing Hl.DCs were
pretreated with anti-CD 1 d blocking antibody or its isotype control before
co-culturing with PBLs. [00134]. Results 



[00135]. Generation of human DCs from hESCs [00136]. To generate a reliable
source of human DCs, a hESC line, HES-1 was used as the starting material.
First, the HES-1 cells were induced for myeloid differentiation by
coculturing on 0P9 cells for 9-10 days (Figure 1A). To further expand the
myeloid lineages, the HES-1/0P9 cocultures were harvested and grown in
suspension with GM-CSF for 8-10 days (Figure 1B). The expanded myeloid
cells were then induced to differentiate into DCs by culturing in
suspension with GM-CSF and IL-4 for 7-9 days (Figure 1C). When the cells
were  grown on normal culture dish, they formed very fine extending
dendrites, one of the features that characterizes the DCs (Figure 1D). Flow
cytometery analysis showed that these differentiated HES-1 expressed CD209
(DC-SIGN), CD1 1 c, CD86 and HLA-DR (Figure 1E), which are typical DC
surface markers. To remove the contamination of mouse-derived feeder cells,
we also used two other hESC lines that were grown in feeder-free condition
to generate human DCs. These two lines H1 and H9 were both able to
differentiate into DCs as demonstrated by the expression of surface markers
(Figure 1E), although in our hands H1 line was more reliable and consistent
in terms of yield and the Hi-derived DCs were used in the following
experiments. [00137]. Transduction of hESC-DCs by baculoviral vectors
[00138]. To test the feasibility of using baculoviral vector to transduce
the hESCDCs, we first sorted the DCs from the mixed population of
differentiated HESCs (Figure 2A) using FACSAria flow cytometer after
staining with APC mouse antihuman CD209 antibody. After sorting the cell
population became uniform in size and morphology (Figure 2B). More
importantly, the cells tolerated and survived the sorting condition as
demonstrated by the attachment to the normal cell culture dish (Figure 2C).
With these purified hESC-DCs, we tested the transduction with baculoviral
vector BV-CMV.eGFP. Live cell fluorescence image shows that using MOI of
100, about 30% of the HI .DC became eGFP+ 2 days after transduction (Figure
2D), suggesting that baculoviral vectors are able to transduce these DCs.
1001391. To understand the effect of baculoviral transduction on phenotype
and function of the hESC-DCs, we transduced the H1 .DCs at different MOIs.
At MOI  



of 100, the baculoviral transduction did not significantly affect the cell
surface expression of CD40, CD83, CD86 and HLA-DR (Figure 2E). However, at
MOI of 500, the expression of these surface molecules was significantly
reduced (Figure 2E). The DC function after baculoviral transduction was
further evaluated by their ability to stimulate allogeneic T cells. At MOI
of 100, the baculovirustransduced H1 .DC stimulated allogeneic T cell
proliferation in a dose-response manner similar to that induced by mock
transduced cells (Figure 2F). Again, at MOI of 500, the allostimulatory
function of baculovirus-transduced DCs was obviously affected (Figure 2F).
These results indicate that we may use baculoviral vectors at MOI of 100
for the following transgene functional study, but not at MO! of 500.
1001401. CD1d-overexpression in hESC-DCs using baculoviral vectors [00141].
Previously, we showed that the including of WPRE sequence can enhance the
baculovirus-mediated transgene expression.13'15'16 Here we included the
WPRE sequence in BV-CMV.CD1d-WPRE vectors in order to further increase the
CD1d expression in hESC-DCs. With this construct, up to 51% of the Hl.DCs
expressed CD1d 2 days after transduction using MOI of 100 (Figure 3A). The
use of MOI of 500 failed to further increase the CD1d expression (Figure
3A). The baculoviral transduction alone did not up-regulate the CD1d
expression in H1 .DCs (Figure 3A). [00142]. CD1d up-regulation in hESC-DCs
is functional in promoting human iNKT cell expansion  1001431. To study
whether these overexpressed CD1d on hESC-DCs are functional, BVCD1d-
transduced Hl.DCs were evaluated for their capability to present an
exogenous glycosphigolipids a-GC for inducing iNKT cell expansion after
coculture of 7 days. As shown in Figure 3B-D, the CD1d-overexpression in
Hl.DCs enhanced their ability to induce iNKT cell expansion in the presence
of a-GC. As shown by using human PBLs as responders, CD1d-overexpressing
Hl.DCs were more efficient than the mock-transduced Hl.DCs and the
BVPacPAK6-transduced Hl.DCs for inducing iNKT cell expansion (Figure 3B).
To exclude the possible a-GC presentation by B cells and the residual
monocytes in the PBLs, pure human peripheral blood pan-T cells were used as
responders and similar result was obtained (Figure 3B). It was noticeable
that the induction of iNKT cell expansion by CD1d-overexpressing Hl.DCs
depended on the presence of a-GC, while there was no observable cell
expansion in the absence of a-GC (Figure 3C). The efficiency of these
CD1d-overexpressing Hl.DCs was better than the unmodified autologous human
monocyte-derived DCs (Figure 3D). To exclude the possible effects of free
antigen, a-GC-pulsed Hl.DCs were used and the result showed that
a-GC-pulsed CD1d-overexpressing Hl.DCs were good enough for iNKT cell
expansion and outperformed those a-GC-pulsed ByPacPAK6-transduced Hl.DCs
(Figure 3E). 100144 CD1d-overexpression in hESC-DCs enhances priming of
CD8+ T cells against tumor antigen [00145]. To investigate the effect of
the CD1d-overexpression in Hl.DCs on their ability to prime
antigen-specific CTL response, these modified Hl.DCs were 



pulsed with a-GC and MART-1 peptide and co-cultured with nave HLA-A2+ PBLs
from healthy donors. After one stimulation co-culture for 9 days, the
pentamer staining was performed to identify the MART-1 peptide-specific
CD8+ T cells (Figure 4A and 4B). The result showed that without loading the
a-GC, CD1d-overexpression in Hl.DCs alone significantly enhanced the
expansion of these nave CD8+ T cells while compared with the
BV-PacPAK6-transduced Hl.DCs (p<0.009) and the autologous monocyte-derived
DCs (p<0.04) (Figure 4B). On the hand, the loading of a-GC had no obvious
beneficial effect in terms of priming these antigen-specific CD8+ T cells
by the mock-transduced DCs, the BV-PacPAK6-transduced Hl.DCs and the
CD1d-overexpressing Hl.DCs (Figure 4B). On the contrary, the priming
ability of the CD1d-overexpressing H1 .DCs was even significantly decreased
with the loading of a-GC comparing with those without a-GC loading (p<0.04)
(Figure 4B). Without loading the MART-1 peptide, there were no observable
specific expansion of CD8+ T cells by pentamer staining, suggesting that
the expansions were antigen-specific and depended on the presence of MART-1
peptide (Figure 4A and 4B) further confirming the specificity of the CD8+ T
priming. These results suggest that CD1d-upregulation alone is able to
enhance the immunogenicity of the hESCDCs and this effect does not depend
on the loading of exogenous iNKT-cell ligand. [00146]. Re-stimulation with
MART-1 peptide-loaded Hl.DCs further expanded these MART-1 peptide-specific
CD8+ T cells and the expansion was more obvious in the coculture initially
primed by CD1d-overexpressing Hl.DCs  (Figure 4C). Moreover, after third
sitmulation with antigen-loaded H1 .DCs, these MART-1 peptide-specific CD8+
T cells killed the HLA-A2+ and MART-1+ tumor cell line Malme-3M, but not
the HLA-A2+ and MART-1- tumor cell line SW-480 (Figure 4D), indicating that
these T cells were functional and specifically lysed the target tumor
cells. [00147]. CD1d-overexpression strategy can be applied to moDCs for
enhancing T cell priming 1001481. Considering the importance of autologous
moDCs as one of the useful cell sources in DC-based immunotherapy, we
explored the effect of this CD1doverexpression strategy in moDCs for
priming antigen-specific T cell response. After transduction with
BV-CMV.CD1d-WPRE at MO! of 100, up to 60% of moDCs expressed CD1d on day 2
(Figure 5A). Baculoviral transduction alone did not up-regulate the CD1d
expression as demonstrated in moDCs transduced by BV-PacPAK6 (Figure 5A).
Similar to the findings with Hi .DCs, a-GC-pulsed CD1d-overexpressing moDCs
were obviously superior in expanding the iNKT cells than those a-GC-pulsed
BV-PacPAK6-transduced moDCs (Figure 5B). Without loading the a-GC, CD 1d
overexpression in moDCs enhanced the priming of MART-1-specific CD8+ T
cells (Figure 5C and 5D) while comparing with BV-PacPAK6-transduced moDCs
(p<0.04) and mock-transduced moDCs (p<0.004). These results suggested that
the CD1d-overexpression strategy was not confined to hESC-DCs, but can be
extrapolated to moDCs. [00149]. Enhancing T cell priming by
CD1d-overexpression depends on DC and iNKT cell interaction 



1001501. To determine whether the stimulatory effect of CD1d-overexpression
on the priming of antigen-specific T cells by human DCs is CD1d-restricted,
the antigen-loaded CD1d-overexpressing DCs were first blocked with
anti-CD1d antibody before applying for T cell priming. In both experiments
with CD1doverexpressing Hl.DCs and moDCs, pretreatment with the blocking
anti-CD1d antibody decreased the MART-1 peptide-specific CD8+ T cell
responses while comparing with pretreatment with isotype control (Figure
6A). This suggests that the stimulatory effect of CD1d-overexpression on T
cell priming is CD1ddependent and may depend on the interaction of DCs and
iNKT cells. To investigate the possible change of cytoldne profile that may
affect the T cell priming, we measure the concentration of several
cytolcines in this setting of enhanced DC and iNKT cell interaction due to
CD1d up-regulation. The supernatants from Hi .DC and PBL co-cultures were
collected on day 3 and analyzed by CBA assay. Although there was some
noticeable effect of baculoviral transduction on cytokine production as
shown by the reduced TNF production (Figure 6B), we found that the
BVCD1d-transduced H1 .DCs induced more pronounced IFN-y production as
compared to the control that used BV-transduced Hl.DCs (Figure 6B). No
difference was observed in terms of IL-4 and TNF production between the
experiments using BVCD id-transduced Hl.DCs and BVtransduced H1 .DCs
(Figure 6B). Pretreating the CD1d-overexpressing H1 .DCs with anti-CD 1 d
antibody reduced the IFN-y production while comparing to the treatment with
isotype control (Figure 6C). These results suggest that CD1d up-
regulation may induce a pro-inflammatory cytokine profile that favors T
cells priming by DCs. [00151]. To evaluate the involvement of endogenous
lipid antigen in the stimulatory effect of CD1d up-regulation, the
BVCD1d-transduced human DCs were treated with glycolipid biosynthesis
inhibitors PPMP or NB-DGJ one day after baculoviral transduction. The
results showed that such treatment inhibited the T cell priming ability of
CD1d-overexpressing HI .DCs and moDCs (Figure 6D), suggesting the
contribution of endogenous lipid synthesis in the adjuvant effect.
Furthermore, to exclude the possible phenotype difference between BV-and
BVCD 1 d-transduced human DCs that may affect the T cell priming ability,
the expression levels of HLA-A2 and CD80 were measured two days after
transduction. Similar HLA-A2 and CD80 expression levels were observed in
BV-and BVCD id-transduced human DCs (Figure 6E), which indicates that the
stimulatory effect of CD1d up-regulation is not due to the up-regulated
expression of HLA class I or costimulatory molecule in BVCD1d-transduced
DCs. [00152]. Discussion [00153]. In the last decade despite the advances
in early detection and standard treatment have steadily reduced the death
rates in many types of cancers, the high relapse rates in cancer patients
remain. This is due to the persistence of malignant cells known as minimal
residual disease, which can be not managed by the existing therapies, but
poses suitable target for tumor-specific T cells. However, it is still a
priority to investigate the strategies that maximize the immunogenicity of
DCs to consistently generate maximum anti-tumor immunity, wherein the
optimal  



T cell priming remains an important initial step. Cumulating evidences
underscore the importance of interaction between DCs and innate lymphocytes
such as natural killer (NK) cells and y5 T cells in the initiation of
specific T cell response. DC-NK cell cross talk may induce antitumor CTL in
the absence of CD4+ T cells. NK cells may enhance the generation of CD8+ T
cell immunity against intracellular parasite. The interaction between DCs
and y6 T cells may also help the priming of anti-mycobacterial CD8+ T cell
response. These studies suggest the exploitation of these interactions may
possibly strengthen the tumor-specific CTL response. [00154]. Besides
exploiting the adjuvant activity of innate immune system, the exploring of
novel dendritic cell source to induce antitumor immune response is equally
important. The hESC-DCs may provide a potential and interesting solution to
current issues with cancert vaccine. The hESC-DCs are much cheaper to
produce due to the feasibility for large-scale production. They can be
functionally defined to ensure therapeutic efficacy via quality control of
DC product. The use of hESC-DCs has less logistic issue since the products
may go directly from manufacturers into clinics. Moreover, the production
of hESC-DCs is scalable to provide unlimited number of DCs, which will
benefit patients who require multiple doses of vaccines. Therefore, it is
of translational significance to investigate novel adjuvant strategies
based on such a novel DC source. [00155]. iNKT cells are a unique T cell
population that lies between innate and adaptive immune system, because
they express TCR of the adaptive immune system and act like cells from
innate immune system in terms of their specificity  and behavior. Once
activated, iNKT cells promptly release an array of cytokines that influence
many immune cells, thus they are dubbed as the 'Swiss-Army knife' of the
immune system. Therefore, the optimal activation of iNKT cells that
promotes pro-inflammatory instead of tolerizing immune response hold great
promise in the development of anti-tumor immunotherapy. Most of the early
works in mouse models have focused on the exploitation of the innate
functions of iNKT cells using the potent iNKT cell ligand a-GC. One study
in mice has first reported that a-GC enhance malaria vaccine-induced
protective immunity (29). Another study has demonstrated that a-GC-loaded
and peptide antigen-pulsed DCs are more efficient in stimulating CD8+ T
cells than peptide-pulsed DCs (30). However, these have failed to enhance T
cell priming using a-GC- and OVA peptide-loaded DCs and speculated that it
may be due to the elimination of the a-GC- and OVA peptide-loaded DCs by
activated iNKT cells or specific CD8+ T cells.24 There were limited studies
with human iNKT cells and the results were quite contrasting, which may
reflect the differences in the experimental settings and the delicacy of
the stimuli that decide the effect of iNKT cells between being
pro-inflammatory or anti-inflammatory. In two studies that added free a-GC
and antigenic peptide into the coculture of PBMCs and autologous DCs, both
groups observed suppressed expansion of antigen-specific CTLs, for which
Osada et al and Ho et al attributed it to the Th2 cytokines released by
CD4+ iNKT cells and the lysis of APCs or CD1d-bearing activated T cells,
respectively.25,26 These studies implicate that the use of free a-GC could
be an issue in clinical setting, which may be presented not only by DCs,
but also other cells like B cells and  monocytes that may result in various
iNKT cell response and different immunological outcomes. In one study with
more clinically-orientated experimental setup, Moreno et al used a-GC and
tumor antigen doubled-loaded moDCs to coculture with PBLs and observed that
a-GC promoted the CTL priming while using IL-12-overexpressing moDC, but
not with unmodified moDCs.27 Therefore, it remains to be understood the
exploitation of iNKT cells to enhance priming of anti-tumor CD8+ T cell
response. 1001561. We reason that one possible explanation for the negative
results observed in the above-mentioned human cell studies is the use of
a-GC. This potent agonist may overstimulate the human iNKT cells and result
in elimination of the a-GCloaded DCs (16, 17, 31, 34). Fujii et al. have
also failed to enhance T cell priming by using the a-GC- and OVA
peptide-loaded DCs and they speculated that it may be due to the
elimination of such DCs by the activated iNKT cells or specific CD8+ T
cells (35). Therefore, overstimulation of iNKT cells could certainly pose a
problem for using the cc-GC and tumor antigen double-loaded DC strategy to
induce anti-tumor immunity, indicating that optimal stimulation of iNKT
cells could be critical. The strength of such optimal stimulation may lie
between that provided by the physiological level of endogenous iNKT ligands
and that rendered by the potent agonist like cc-GC. Hence, the
up-regulation of antigen/CD 1 d complexes on the DC surface may provide
such optimal strength to activate iNKT cells. To this end, we propose a
novel strategy that employs enforced overexpression of CD 1d on human DCs
to utilize the human iNKT cell 



adjuvant activity. We demonstrated that such CD1d-overexpressing human DCs
were effective in promoting tumor antigen-specific CTL response. 1001571.
Currently, most of the iNKT cell-based studies have used a potent agonist
a-GC as stimulator. It was demonstrated in murine studies that systemic
administration of this strong iNKT cell agonist could result in
uncontrolled iNKT cell activation and cause side effects such as "cytokine
storm" and iNKT cell anergy.28'29 The induction of iNKT cell response by
a-GC-loaded DCs could reduce these unwanted effects;3 however, the
a-GC-loaded DCs could overstimulate iNKT cells and result in lysis of
DCs,31'32 rendering these DCs unable to initiate a specific protective
immune response. It is believed that the amount of signal received by T
cells via TCR is crucial in determining the T cell response. One strategy
to control the iNKT cell activation is to synthesize a-GC analogs with
different length of lipid chain31 or modified galactose head group32. These
structural modifications may fine tune the iNKT TCR affinity of the a-GC
analog/CD1d complex and affect the duration of iNKT cell and DC
interaction. On the other hand, the concentration of antigen/CD 1 d
complexes on the surface of DCs may also determine the strength of TCR
signaling in iNKT cells. In the absence of a-GC, the unpulsed DCs failed to
induce iNKT expansion, suggesting that the physiological level of
endogenous iNKT ligands are not potent enough to activate iNKT cells.33
However, in the presence of a-GC, simultaneously loading the DCs with MHC
class I binding OVA peptide and a-GC failed to enhance T cell priming,
which may be due to the elimination of a-GC-loaded and peptide-pulsed DCs
by the expanded and activated iNKT.24 Therefore, providing an  optimal
stimulation to iNKT cells could be critical for their adjuvant effects on T
cell priming and the strength of this stimulation may lie between that
provided by physiological level of endogenous iNKT ligands and that
rendered by the potent iNKT ligand like a-GC. 1001581. In this study, we
propose that the overexpression of CD1d on the DC surface may provide an
optimal stimulation to iNKT cells and a novel strategy to exploit the
adjuvant effect of iNKT cells for T cell priming. To investigate such a
hypothesis, we started with the hESC-DCs (Figure 1), which may not only
provide a standardized and unlimited source of human DCs for our
experiments but also have great potential for clinical application in
irnmunotherapy. To purposely up-regulate the CD 1 d expression in the
hESC-DCs, baculoviral vectors carrying the CD1d gene were used for
transduction (Figure 3). This baculovirusmediated CD1d-overexpression was
functional as demonstrated by the enhanced stimulation of a-GC-induced iNKT
cell expansion (Figure 3). Interestingly, these CD1d-overexpressing
hESC-DCs after pulsing with tumor antigenic peptide did show enhanced
capability to prime nave CD8+ T cells (Figure 4). Moreover, this
CD1d-overexpression strategy can be extrapolated to moDCs as demonstrated
by the enhanced T cell priming ability of CD1d-overexpressing moDCs (Figure
5). We reason that the following factors may facilitate the T cell priming
by CD1doverexpressing human DCs in the absence of a-GC loading: (1) the
direct interactions between CD1d-overexpressing DCs and iNKT cells.
Pretreatment with anti-CD1d antibody to block CD1d severely reduced the T
cell priming ability of CD1d-overexpressing human DCs (Figure 6),
suggesting the importance  of the interaction between DCs and iNKT cells
through the binding of overexpressed CD 1 d to TCR in T cell priming.
Although study in murine system showed that the ligation of CD4OL on iNKT
cells to CD40 on DCs may trigger DCs maturation and induce strong adaptive
immune response,34 the mechanism for human system remains unclear, but it
is possible that the DC and iNKT cell interaction somehow licenses the DCs
to appropriately activate CD8+ T cells. (2) the favorable cytokine
secretion profile. The cytokine environment may play an important role at
the initiation stage of an adaptive immune response. The proper activation
of iNKT cells may provide the necessary cytokines to "jump-start" such
adaptive immunity.28 Our result showed CD1d-overexpressing hESC-DCs induced
a pro-inflammatory cytokine profile (Figure 6) that may favor the
initiation of antigen-specific T cell response. (3) the possible effect of
baculoviral transduction on DCs. It was reported in murine system that
baculovirus as a double-stranded-DNA virus may act on myeloid DCs via
toll-like receptor-independent pathway35 and in human moDCs that
baculovirus may induce functional maturation36. In our study with hESC-DCs,
however, we did not observe obvious phenotypic and functional changes after
transduction with baculoviral vectors at MO! of 100 (Figure 2). The
baculoviral transduction alone did not enhance the T cell priming ability
in hESC-DCs (Figure 4), though there was slight improvement in moDCs
(Figure 5D), implying that the effect of baculoviral transduction can not
be excluded. Therefore, in our experimental setting, it is likely that the
enhanced T cell priming ability of CD1doverexpressing human DCs is a result
of the combined effect of the direct 



interaction of DCs and iNKT cells, the cytokines produced by iNKT cells
through the recognition of endogenous antigen presented on the
overexpressed CD1d on DCs and the possible basal activation via baculoviral
transduction. 1001591. Interestingly, we also observed that the
simultaneous loading of a-GC didn't further increase but instead decreased
the T cell priming ability of CD 1 doverexpressing hESC-DCs (Figure 4). In
the presence of a-GC, there was obvious iNKT cell expansion induced by
CD1d-overexpressing hESC-DCs (Figure 3). These expanded and activated iNKT
cells may be detrimental to the DC priming of CTL as previously reported
that activated iNKT cells can induce apoptosis in CD40+ DCs.37
Overstimulation of iNKT cells by a-GC may result in iNKT cell allergy2938
as well as lysis of a-GC-loaded APCs via TCR engagement.3I'32 It was
reported that the NK:DC ratios may be important for the immunological
outcome for DC-NK cell interaction, wherein low NK:DC ratios resulting in
DC maturation and high NK:DC ratios resulting in DC death.39 Similarly,
these effects may need to be considered during DC-iNKT cell interaction,
wherein excessive expansion of iNKT cells may result in the elimination of
antigen-presenting DCs and the subsequent T cell response. Our finding here
further emphasizes the importance of the optimal activation of iNKT cells
for enhanced T cell priming. 1001601. Overall, this study has demonstrated
that the enforced expression of CD 1 d on hESC-DCs and monocyte-derived DCs
enhanced the DC efficacy in priming CD8+ T cells against tumor antigen. The
easy process to generate large amount of uniform hESC-DCs, their genetic
manipulability, and their competence in  inducing anti-tumor immunity
indicate that the hESC-DCs can potentially be used as an unlimited cell
source to produce "off-the-shelf" DC-based vaccines. [00161]. Those skilled
in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically
described. The invention includes all such variation and modifications. The
invention also includes all of the steps, features, formulations and
compounds referred to or indicated in the specification, individually or
collectively and any and all combinations or any two or more of the steps
or features. [00162]. Each document, reference, patent application or
patent cited in this text is expressly incorporated herein in their
entirety by reference, which means that it should be read and considered by
the reader as part of this text. That the document, reference, patent
application or patent cited in this text is not repeated in this text is
merely for reasons of conciseness. 



[00163]. Any manufacturer's instructions, descriptions, product
specifications, and product sheets for any products mentioned herein or in
any document incorporated by reference herein, are hereby incorporated
herein by reference, and may be employed in the practice of the invention.
[00164]. The present invention is not to be limited in scope by any of the
specific embodiments described herein. These embodiments are intended for
the purpose of exemplification only. Functionally equivalent products,
formulations and methods are clearly within the scope of the invention as
described herein. [00165]. The invention described herein may include one
or more range of values (eg size, concentration etc). A range of values
will be understood to include all  values within the range, including the
values defining the range, and values adjacent to the range which lead to
the same or substantially the same outcome as the values immediately
adjacent to that value which defines the boundary to the range. 1001661.
Throughout this specification, unless the context requires otherwise, the
word "comprise" or variations such as "comprises" or "comprising", will be
understood to imply the inclusion of a stated integer or group of integers
but not the exclusion of any other integer or group of integers. It is also
noted that in this disclosure and particularly in the claims and/or
paragraphs, terms such as "comprises", "comprised", "comprising" and the
like can have the meaning attributed to it in U.S. Patent law; e.g., they
can mean "includes", "included", "including", and the like; and that terms
such as "consisting essentially of" and "consists essentially of" have the
meaning ascribed to them in U.S. Patent law, e.g., they allow for elements
not explicitly recited, but exclude elements that are found in the prior
art or that affect a basic or novel characteristic of the invention.
[00167]. Other definitions for selected terms used herein may be found
within the detailed description of the invention and apply throughout.
Unless otherwise defined, all other scientific and technical terms used
herein have the same meaning as commonly understood to one of ordinary
skill in the art to which the invention belongs. [00168]. While the
invention has been described with reference to specific methods and
embodiments, it will be appreciated that various modifications and changes
may be made without departing from the invention. 
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5. The expression vector of any one of claims 1 to 4 wherein the vector is
able to stably or transiently express the CD1d in the dendritic cells or a
progenitor cell. 6. The expression vector of any one of claims 1 to 4
wherein the host cell is a dendritic cell or a progenitor cell such as a
human embryonic stem cell or a human induced pluripotent stem cell. 7. The
expression vector of claim 6 wherein the dendritic cell is derived from a
human embryonic stem cell or a human pluripotent stem cell. 8. A method of
manufacturing a vaccine for enhancing an immune response to a dendritic
cell comprising the steps of: a) culturing the dendritic cells in vitro; b)
introducing a polynucleotide that encodes a CD 1 d and overexpresses the
CD1d in the dentritic cell. 9. The method of claim 8 wherein the
polynucleotide comprises SEQ ID NO. 1. 10. The method of claim 8 or 9
wherein the dendritic cell is generated from a human embryonic stem cell or
a human pluripotent stem cell. 



11. The method of any one of claims 8 to 10 wherein the polynucleotide is
introduced to the dendritic cell in culture by the expression vector of any
one of claims 1 to 7. 12. A method of enhancing an immune response to a
dendritic cell for treating a patient in need of a cancer treatment
comprising the steps of:    a) culturing the dendritic cells in vitro;
b) introducing a polynucleotide that encodes a CD 1 d and overexpresses the
CD 1 d in the dendritic cell;    c) introducing the CD1d-overexpressing
dendritic cell to the patient in need of a cancer treatment. 13. The method
of claim 12 wherein the dendritic cell is isolated from the patient. 



14. The method of claim 12 wherein the dendritic cell is generated from a
human embryonic stem cell or a human pluripotent stem cell. 15. The method
of any one of claims 11 to 13 wherein the polynucleotide comprises SEQ ID
NO. 1. 16. A use of the expression vector of any one of claims 1 to 7 for
the preparation of a medicament for the treatment of a cancer. 17. A cancer
vaccine comprising a CD1d-overexpressing dendritic cell having upregulated
expression of a CD1d polynucleotide. 18. The cancer vaccine of claim 17
wherein the dendritic cell is selected from a group consisting of a cell
isolated from an individual having cancer and a cell generated from a human
embryonic stem cell or a human pluripotent stem cell. 19. The cancer
vaccine of claim 17 or 18 wherein the CD1d polynucleotide comprises SEQ ID
NO. 1. 












