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[001]. CROSS-REFERENCE TO RELATED APPLICATION

[002]. 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.

[003]. Field
[004]. The invention relates to methods and vectors suitable for use in cancer

vaccine and/or treatment

[005]. Background Art

[006]. 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.
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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
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(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



WD 2012/ 121678PCT/ SG2012/ 000080 [0012].In this study, we exam ned, for the
first tinme, whether the enforced up- regulation of CD 1 d in DCs can be
used to expPl2e17124478 | NKT cel | adjuvant activity and assiPST/SGAGI12(#09089 ng of
CD8+ T cells against tunor antigen. [0013].Accordingly a first aspect of
the invention is an expression vector conprising a polynucl eotide that
encodes a CD 1 d operably linked to a regul atory sequence capabl e of
up-regul ati ng expression of said polynucleotide in a host cell.
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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 cytokine 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 iINKT TCRs, although the detailed mechanisms
remain unclear.

[0010]. 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 mostv 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.

[0011]. Summa



vaccine for the treatnment of a cancer. [0016].Preferably the expression
vector is able to stably or transiently express the CD1d in dendritic cells
or their WOANi2ZIEBs. | n one enbodi nent the vector is aPbaASGRONINIBO vect or
carrying the CD1d pol ypeptide [0017].Preferably the host cell is a
dendritic cell or a progenitor cell of dendritic cell such as a human
enbryonic stemcell or a human induced pluripotent stemcell. In one

enbodi ment the dendritic cell is derived froma human enbryonic stem cel
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conprises a n@?hod of “manu vaccl ne anci n ne

response to a dendriti, el | ri.sin he steps..of. ulturing, the
dendritic cel I"§841311o; Otf?%ﬁlddﬁd&gﬁn?alnrher‘ﬁg%h ?‘Qfoét tﬁ%F%E&%S&Ji‘l&@%taﬁté‘atyencodes
a CDld and overexpresses the CD1d in the dentritic cell. [0019].Preferably
the pol ynucl edid aesist iegringiag o5EPST b qelds against tumor antigen.

[0013].  Accordingly 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.

t0014]. Preferably the polynucleotide encodes a CD1d comprising SEQ ID NO. 1.

[0015]. 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
CDI1d 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 derivedvfrom 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.



[ 0020] . Preferably the dendritic cell is generated froma human enbryonic

stemcell or a human pluripotent stemcell. WO
2012/ 1216¥ORCR/13GZ812/ 000080 [0021] . Preferably the pol yROEISEE01280008¢
introduced to the denritic cell in culture by the expression vector of the

i nvention. [0022]. Anot her aspect of the invention conprises a nethod of
enhanci ng an i nmune response to a dendritic cell for treating a patient in
need of a cancer treatnent conprising the steps of: a) culturing t he

dendritic C@'ﬂbgbi ”PYéférE@'K etf?%g&l%ﬁ%&éﬁf% 9 1@&9&)‘1%%@8 ('Ij;% &pgrdes a

CD1d and ov resses the entritic ce ; I ntroduci ng
t he CD1d- overetheSS|ng»denrltlehcel o the patient in need of a cancer
e expression vector of the invention

treat nent.

[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 CD1d 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 CD1d

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 CD1d polynucleotide of the vaccine comprises SEQ ID
NO. 1.

[0030].  Brief description of drawings




[ 0023] .1 n one enbodi nent the dendritic cell is isolated fromthe patient.

[ 0024] . I n anot her enbodi nent the dendritic cell is generated froma human
enbr yoni cweteryie&d78 or a hunman pluri potent stemcell. [GOZBG2MM8H@8AbLI Yy t he
pol ynucl eoti de conprises SEQ ID NO. 1. [0026]. Anot her aspect of the

I nvention conprises use of the expression vector of the invention for the
preparation of a nedicanment for the treatnent of a cancer. [0027]. Another
aspect of the invention conprises a cancer vaccine conprising a

CoLd, over XS "B Sbefl of i 46! RO BLSE FRRSEPL R, 2.,
group consi sticaBufdf proéwbl. (A-D) Morphological changes of the cells during the

differentiation process. (A) Differentiated HES-1 cells grown on OP9 cells for 9

days. (B) Harvested HES-1/0OP9 coculture grown in suspension with GM-CSF for

10 days. (C) HES-1/0P9 coculture further differentiated in suspension with GM-

CSF 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 H1.DCs by baculoviral vectors. (A-
C) 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 HI1.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 MOI 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 H1.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 H1.DCs using baculoviral vectors is
functional in promoting human iNKT cell expansion. (A) The expression of

CDI1d on H1.DCs 2 days after transduction with BV-PacPAK6 (BV) or BV-



isolated from an individual having cancer and a cell generated froma human
enbryonic stemcell or a human pluripotent stemcell. [0029].Preferably the
the CD 1 WOpo1ynue@Beoti de of the vaccine conprises SEQ PDTING2012/000080

[ 0030] . Brief description of draw ngs [0031J. Figure 1. Ceneration of
human DCs from hESCs using a three-step culture protocol. (A-D)

Mor phol ogi cal changes of the cells during the differentiation process. (A
Differentiated HES-1 cells grown on OP9 cells for 9 days. (B) Harvested
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i ntensity (AMBagulo(ifis-thinkdstd Gl diovenexprassiig Ith@‘s H1 .DCs after
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pan-T cel l's atr t&R dgailis€aiksk LitidefS(A-ByFhv@asdudttof Anfot affidedlspedifdTT cells
as positive control. After incubation of 5 days, the cells were stal ned
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hi stograns are show ng” the percentage of divided T [ 0033] . F| gure 3.
CD1d- over expr edtsi ¢gransductibn. DOso uddym caftsadtdnedrictian, thec Délsswers 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
H1.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 (BVCDI1d) at



functional in pronoting human i NKT cell expansion. (A) The expression of
CD1d on Hl .DCs 2 days after transduction with BV-PacPAK6 (BV) or BV-
CW. CD1d-WPREI(BWIB1d) at the indicated MJs was anal yz&AGT(6200g/000080v
cytonetry. Hi stogranms are showi ng the staining by antibody against CD Id
(red line) and the isotype control (black Iine). The nunbers are show ng
the percentage of the positive cells. (B-E) In vitro expansion of i NKT
cells induced by CDldoverexpressing H .DCs. Two days after bacul oviral
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rggt ?rrrrﬁlrat ed W tﬁit%\mgrfg;%%e ngﬁ%&ssmé)trlﬁ%gw@w@ﬁc\gngeture and

anal yzed onf03gkek &Figwe 6 Enhanmhgﬂi @li pritgingdsyt Cﬂlﬂmverdxbeessonldepends pr| med

™o moasur o anhgltaegaorn cerbgfeeatfonl ) T Rl QiR IR ol mpE SR Fpil ot e

for the thirddDreowiexpedsing dhingh m@ﬁdloahhmlmd eznhvuntlrcmtfbody
pepti de-pul sed HL . DCs and used as effectors for |lysis of tunor _cells one

week |ater. [OB8sHLREgy@r emQDC@DI"GIeO\fE?te%ﬁ?@é‘g‘?dor\’yslBrVaFé@{/ CHA-WEREpp! i ed
to moDCs for eRRRIRIANITIo GRld aREd G&ﬂgauct{oﬁ\) thléhsc@wrewse@ Wfh WRXgrqn noDCs
2 days after transduction w th BV-PacPAK6 (BVY) CD1d- WPRE ( BVCD1d)
at MO of 10@eptids fanéhyandblagkedigy mte(&DdS}fomq:EmgwnnM@thgnsaMyparcentscbiovm ng

t he staining ant | r | ine and h Y ontrol
(bl ack liney. o e‘ﬁseﬁb téma?{erﬁ%‘gv%{}ﬁgpl?ée%%%erré:gﬁ s of (féﬁéé§%eos %Ile\(;se cell's.
(B) The expansweﬁm s&inethiﬁB aaalyzsd |bydﬂ6\eobyiuynaemmuhmﬁiér£mmeodar ghspr essi ng

aut ol ogous no plots and, {he perc age e i NKT cells in total
T cells are sHefifate (ﬂ@ pyreetage; Mabietamstof P %ﬁrﬁ? Sé‘ht S PRYRL o éﬁ'fi)cel I

response by C@ﬁ&q@’ﬁ[c@%&foﬁsﬁﬁfﬁg tﬁwaceﬁge%frmP@oveT&@r&n@Cﬁl WRIsCarddi 1 St
transduced by bacul oviral vectors. Two days after transduction, the noDCs

wer e pul sed wiPBLsNVARB, Ml[%EﬂW@I@ ttappduged “atthMsfycBYGDédlandlllwbath_mfAZ+ PBLs.
After cocul tur h S e [ fl ow
cytoneter. Thep%rg‘g ers a{t‘% ﬁ%‘i {Ogt s%’d@étﬁe&g é per en[ age OPI)é

Pent amer + CD8+pretechied with @El%Emdpblbdhng)mntllﬁc@@B@} its Esog;tpleecoﬁtro]Ebéfareccmg T cell
primng by CDld- overex SI n de nds. on KT cel | teraction. (A
The reduction CB]F““I“gc@lF&)EiP l?f‘gsug Taf‘ %?reéﬂieﬁt éﬁ?)l"\é]ggFE %a‘?ﬁin DCs by
bl ocki ng CD1d au# thoRk 'co@ﬁﬁiatﬁﬁhtw&qqyasur-gh%yl'@B%saW REREEpYRER rhdanSt
transduced by BV-Cw. CD1d- WPRE (BVCD1d). Two days after transduction, the
DCs were pul seddSRi mh=Marfihe1p peapies dee tevived ﬁO%ilnﬁVQﬁlé@,d&@HldW sahtiest. (B’

bl ocki ng anti o] c Qr LA A2+
PBLs. After cg&gﬁtlt%rdeﬁ%fée %i'?)‘}gl,g ?Eﬁg{sa es O&E%Z(B%fglg% Ei dﬁgna yzed by
fl ow cyt onet erglycoligid rvussyethsesis inhitiersd The r]i](tst\sere rfdstaaamducb@wpxhrB:\é@Da@e of

Pent anmer+ CD8+ ce|lls_in + popuyl ( B- during

t he co-cul turé)”(?f‘iaéf@{tﬂr H%%%B’Pegfﬁ%éweﬁééeaqu%%ggw ‘?{p@gqﬁﬁ} E@g“were
transduced w tguBVTeb BYCHIG RRSdIcReH RRE RPART 1INy BRES phI& BeY Svedé hed
transduction. In C, CDl1d-overexpresing H .DCs were pretreat ed with
anti-CDld bl ocking antibody or its isotype control before co-culturing with
PBLs. The supernatants were collected%9%fter co-culture for 3 days and

cyt oki ne concentration was neasured by CBA assay. Results represent nean
SD, n = 4. The p values are derived fromtwo-sided Student's t test. (D)
Inhibition of T cell primng ability of CDld-overexpressi ng human DCs by

gl ycolipid biosynthesis inhibitors. The DCs were first transduced with
BVCDld. One day after transduction, the DCs were treated with PPMP or
NB-DGJ for 24 hours. Two days after transduction, the MART-1 pepti de-pul sed

~ s~ n




to stinulate HLA- A2+ PBLs. The percentages of Pentaner+ CD8+ cells in CD3+
popul ation after 9-day co-culture are indicated in the representative

cont our pPWOt2812/12K78Conpari son of DC surface marker expr @3iS6GRA012{00@80
transduction with BV and BVCD1d. The DCs were transduced with BV or BVCD1d,
stai ned and anal yzed by flow cytoneter two days after transduction.

Hi st ograns show the staining by specific antibodi es agai nst indicated
markers and the isotype control. [0037].Detailed Description

100381. Regul at,| gﬁmﬁ[axeql?éﬂ z?ﬂ’fﬁﬁ? 5%@ @&?m&%%‘ &“P@ﬁtﬁ&@m?f)k%el&ﬂ e
foreign- or sef ens on 3 resen fovel Strategy to
affect the i Nipbpakatibn aﬁ:etrlwwyl corcutnet dré mdndmmdnﬂltlmgtepmkenwtve@mouﬂ plotshi s
present study, investigate far the first tine the effect o

CDLd- over expr d&2 PSRRI BReoq Tk SBBierU Rk Sopodukien WD BY #Mh t he

i munol ogi cal m‘/é@@& goit) Ibbsewlafe tAm8ucel Wil B¢ FPBCD 18 akdisedaBial anallyzddunor
antigen. Starting with the human enbryonic stemcell (hESC)-derived DCs
(hESC DCs) t hdty fgfmvmmg:r 50 dawt afted dransdpetdorn Flistagrameishew tkestpisingd?y human
DCs, we show t r HCs usi ng

bacul ovi ral ??%friés:?%tg)ro ?1%9 %a??ﬁ?}én%&f%ﬁ n?%%%g at'ahtg eh)“Lﬁie platfornms, we
further sho‘{ﬂ(Bmat t[batailed\Desuﬁotiasﬂdi ated CDld- overexpression is functi onal in
pronoting i NKT cell expansion and enhances the i munogenicity function of
these nodi f [@3d8[)Cs .Rybraasty 8f CDI & efprédslit-nd ek pesntition of il Egyighasr be
extended to nonocyte-derived human DCs. [0039]. Here we report that the

over expr essi one@fanGEdd onMhd TR LS nfad hr&RACN RS el Bifaty) t@”‘d?&cpfhe'}ﬁ!("te Ch8+ T
cell s agai nst tunor antigen. By using the human enbryonic stem cel

( hESC) deri Ve% 1:1)C§ ti%ﬁtl(?n g&?gﬂf 191'11?11?1 lo%fal:ldf tcginehqgaﬁnfgzeseﬁp s{%ﬁ? VeCt hat

CD1d can be overexpresse hese using a ulovira tor

carrying the CDld Th ver r e nol ecul es.are ctional as
denonstr at ed B?VGSHgaS%gﬁ}&e gg?gtéﬁlg%beoefgﬁé ﬂgg'rp‘l}an?re)FP ?Sﬁlroéllm hufnfa fDl&'rllso(nl NKT)
cells vvhenthe nodj fi.e d.to prese tos cer ani.de
(GO Pul sedhaRNAtOT oOR T gk e apBp HEca Eeeot B ROERER RS ng
human DCs showed enhanced capability to prine nave CD8+ T cells. The
priming abilit§P§ad celigeigt BMOs AntgsB HARNS Witk thebiman cebaemie 581 ¢4 hunan
DCs with the anti-CD 1 d antibody, suggesting the inportance of the

i nteraction bdhlBenddtsd 3K (hRRG-E9)Ithatippoviding uenlstendardizpd prd wajimited
CDldover expressi ng human DCs al so i nduced a pro-inflammtory cytoki ne
profil e that rsayrcta¥fbumnan BEspwe shavg thaBiDddwan be tolwersxizBised av thesxiE¥Ssi on
strategy can be extrapol ated to nonocyte-derived human DCs. Therefore,

over expr essi orDO§ usilshculdviralnesioRaryin@vhel €D 18 gy Blaselt snathe@)plitformghance DC
i munogeni city that can possibly be adopted for human cancer i mrunot her apy.

~ 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 CDld-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
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100401. Wthout being limted to any theory we reason that one possible

expl anation for the negative results observed in earlier human cell studies
that tri eMOt201221478ze | NKT cel|l adjuvant activity is th@CHS6202/00008C. Thi s
pot ent agoni st may overstinulate the human i NKT cells and result in
elimnation of the a-GC oaded DCs. Therefore, overstinulation of iNKT cells
could certainly pose a problemfor using the a-GC and tunor antigen

doubl e- 1 oaded DC strategy to induce anti-tunor imunity, indicating that

opt ' mal st ' rmln?t%lec?lilesoe[re miogﬁl éssd&‘ﬁ)(k{‘{]g'?tlgg bgf:/fln fegéaelc)l ex;l; Rsu?rL o?”&ktaﬁ fﬂf such

optimal stinulation nma et ween e physi ol ogi cal

| T oo HoneBra ierah (BE et G ameﬁﬂﬁfé%%dw%st Frefeeram ihe oo

surface may provide such opt| mal strength to activate i NKT cells. To thls
end, we propogelagosdeehmsier(at@gy Pulsad watipd tyor anfigendepepsider bsgsr€8sd-on of CD
1 d on hunman DCs to utilize the human i NKT cell adjuvant activity. W
denonstrat ed tohadexsrddinhgdibtmoves sidwedsahag et ¢apubdillXso prme afveeCDvE in
pronoting tunor antigen-specific CTL response. [0041]. Throughout the

description thed qlhEQ)\HnﬁE bl wha¥Ruédiea Ry Rhabiesh HEED GvarexprBRingeani ng
t hat woul d be under stood %y a person having ordinary skill in the art.

dendritic cel b, hE c EHHgB[F(f ryonl c
stem cel | -derih\l}renc' ﬁd%ﬁ?ghecgﬁ; [ N ce{ﬂf’, ﬁl|g%;é/3'z:11rnpant n tur al ﬁg{e)

cell; a-CC, a cto Icer de'B, acul Qvi us car cP V|ral
gene; BVCD1d, "% aﬁ‘é\/i%%/us cg[?ar:yl H‘é %&Ib Ceh‘s or k;ﬁ et %ﬁ éﬁfd

i nfection; CFSE, car bo r et at e gucei ni m

mel anoma ant | JEHCFRIES b@ésr‘?lEi r‘gu‘ie‘% ﬁmf‘tﬂ’fyeﬁgglﬁne Wﬂﬁ[ﬁf&
pal m t oyl am no- 3- nor phol i no-| - pr opanol ; D%]

N- (nBut yI ) deoayafasedrohs; HW‘H?CM‘P“OREU th‘? &1l -QEeTeXDEESSion tiateg An be
cytonetric bead array; H .DC, H -derived dendritic cell. Vectors [0042] A
first aspect @f{trméawm\t@nnmmyiegieaﬁedekpmgsDGﬁ Fheretore, covpsexpEsspign sof

CD1d in human DCs provides a novel strategy to enhance DC immunogenicity
that can possibly be adopted for human cancer immunotherapy.
[0040]. 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-GC-
loaded 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
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pol ynucl eoti de that encodes a CDl1d operably linked to a regul atory sequence
capabl e of up-regul ating expression of said polynucleotide in a host cell.

[ 0043] . Prebenabil2ys8he pol ynucl eoti de encodes a CD 1d comrpmissi2oug/0888) | D NO.
1. [0044].Preferably the expression vector is for use in the manufacture of
a vaccine for the treatnment of a cancer. [00451. Preferably the expression
vector is a baculoviral vector carrying the CDld pol ynucl eoti de or any

ot her vectors that may stably or transiently express the CD1d in dendritic

cells or thei racf?&a?@?ﬁkt[ogeils. J[% this end, we propose a novel strategy that employs
enforced ovérexpression of CD1d 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; BVCDI1d, baculovirus carrying CD1d géne; MOI, multiplicity of
infection; CFSE, carboxyfluorescein diacetate succinimidyl ester; MART-1,
melanoma antigen recognized by T cell 1; PPMP, DL-threo-1-Phenyl-2-
palmitoylamino-3-morpholino-1-propanol; NB-DGJ, N-(n-
Butyl)deoxygalactonojirimycin; RLU, relative light unit; CBA, cytometric bead

array; H1.DC, H1-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 CD1d 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.

[0045].  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.
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WO 2012/ 121678PCT/ SG2012/ 000080 [ 0046] . The present
a vector conprising a polynucl eotide of the invention,

I nvention al so provides
for exanple an

expressi oNoveryBi678onpri si ng a pol ynucl eoti de of the |nvémﬁﬁbmuﬂmmﬁﬁably
linked to regulatory sequences capabl e of directing expression of said

pol ynucl eotide in a host cel

purified or

|solated
RNA, 1 nclud

enzynes, and/o onditi ons for reverse transcri he t
¢ be 1 Y e soapltdgh et

DNA woul d be d

IPYEREoN, | Ppex 9 TSRIZIONA FHTFE € c

[ 0047].Any CD 1d nucleic acid specinen, in
non-purified forn1 can be utilised as the starting nucleic acid
or acids. [0048].PCR is one such process that may be used to anplify

sl 046 T BRescinlier FEARL MY, AR bltprin 86 AR EpUAT 0 o

doubl e str andeﬁtthel mvédmenequea:tantﬁiahn E?l)%eshi@ntv@ctbﬁcdmmm Ia)lymmmbatlceof

late to

diferiingyne

strand of eaCfbxﬁﬁym&?oﬂHaid'ﬁoifﬁﬂcle&ldEﬁitalHo@t&Il nucl ei c acids may al so be
enpl oyed, or the nuc ei ¢ acids produced in a previous anplification

AFFEHY naefél@gm& RfecRAGE upﬁurﬁtefdf&rn%ﬁlpuﬁﬁémn% ERybde SO

reaction de
utilised.

49? The specific nuclelc acid sequence to be anpl i fied,

a fraction of whilised 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

13
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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
necessar yWwohRat2/eh&8sequence to be anplified is present PATSIGAN12000080 a pur e
form it may be a minor fraction of a conpleéex m xture, such as contained in
whol e human DNA. [0050] . DNA utilized herein may be extracted from a body
sanpl e, such as blood, tissue material, lung tissue and the |like by a

vari ety of techniques known in the art. If the extracted sanple has not

been purified,,.l £ i L. n t of a
reagent eff ectqeg%eﬁy%ogrgﬁﬁ({uﬁgttggpP@?&%ﬁ? pgér%ﬁlpljﬁtﬁ]& fgog’lIl I1 q%ﬁ%lﬁlgtﬁ%s[xgtgp t he
sanpl e, and t deetkposeiodNthé aolutep arAloeed lne cadly whidh $9 preferdbefonuled wimeraci d(s) .

This lysing and, nucl ei ¢ acid denaturing. st t o expose and separate the
strands wil | QHYPB%Z?}W 10 1o cPRIRT xRS AAREL AN FRE flaéea%ﬁerlﬁffor [eg*régﬂg. The
deoxyri bonucl qR{ pARet EAtBRRNABALRE (SHNER hefbinl Fage TP palythediZAondy, an@étbed t o

the synthesis mXxture, either separately or together with the priners, in
adequat e anpuneastignds lfevedetoyoachhandss|canditiensi knavaainedc tagt- ablsiageno fefegr ees -

100 degrees C. f t t ' e f .+q 4.0 nut es.
After this heé)toli}gr?\%gr%gt?%oﬁ%y taﬁsg go ﬁltg (?Itct)%%lths? pa {hoﬁ\/\]gg) ltl%/ecr) r%:%:%% l\gvﬁi lgrlll%]fts
preferabl e forstablee This sgtheliglior athpléfidaton) réawtivh enayabedat rooth werepdraiuadded an

appropriate agent for effecting the priner. extension reaction. (called
herein "agent P3P 2IRATHEPICA pYeahish il agefe BB e GHof 89 _Eﬂnsw?@ 4oFSoccur
under condi ti okas kfdpWRarhple,! IfDNA tpolyhit@as8d€ Rked’ £ the AoMitEiHeZahp&Btur®ls al so be
added together with the other reagents if it is heat stable. This synthesis

(or anplifi catgensally aacqreaier thay abeelufO degres dm Mepipeanyeriertlyy phet gagfion
tenperature a j t for polynerization no |onger functions.
Bl O

Thus, for exanp nmerase i s used as the agent, the tenperature

I's general | yooa0 Or @3hef 1AL 3 Hhcafh%tlggg%]e%?,etwg?@h‘a‘ﬁ%mn?ﬁgﬁ%di'he

reaction ocCurs at room tenperature. rect ation of
a target pol yaeieeotsedeshd belafdpfficRnt henapth armsleappsdpoistedseheencé te pfdvidei ent

| engt h and appr.apri at equence to_provide initiation qf .polyrnerisation.
Envi r onment | TEBRUAT PoRAYRRRHA oE Pyt SpRdifions chadusike ), reissBe. of
nucl eosi de trijpesniepRseRBAf ﬁﬁbl&gmtmf)mspmésyﬁﬁun%%&m& pSIYaBriasioNA

pol ymerase, and a suitable tenperature and pH [O0053].Prinmers are

preferably si mgtheasddNApabancrase, andi shitehle femperaiye ynd 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 primé the synthesis of CD1d 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
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anplification, but may be double stranded. If double stranded, priners may
be first treated to separate the strands before being used to prepare

ext ensi orwprowietes Priners should be sufficiently | ongPCE/SerIVMEES
synthesis of CD 1 d of the invention, into extension products in the
presence of the inducing agent for polynerization. The exact length of a
primer will depend on many factors, including tenperature, buffer, and
nucl eoti de conposition. Aigonucleotide primers will typically contain

12-20 or nore . i . t ' . aj n & iydes.

[ 0054] . Pri nmer sfﬂ S %gﬁ{cf ﬁ%ﬁ%ﬁoy gﬂ&ltg %ﬁ%ge)@sl{ti}%ég ggﬁlg%rﬁflﬁfgégﬁn%? gflrrglh?glf} to each
strand of the geimicgemoseqoergene sequence. This nmeans that the priners nust
be sufficiently conplenmentary to hybridise with their respective strands
under condi [0085]s t lMigomkdietide hprimgantoff te Aavenmeni smplogad tin pke f BER | n

ot her words, the ,Pri mers shoul d have sufficient cong;l errenta%i t}/ with the 5
and 3' sequen@B®lific3tion| Prgesshdhaty, Sy @0 FIEEaHg b ehaR sEFaetly e RTegHErSper mi t

anpl i fi cati on ¢@fodehfal GkslitRS RO TN dGRAE sefieHRNCRtive fBrelnufdbeonkalrpt i de
primers of the invention enployed in the PCR anplification process that is
an enzynmatic oteas mvobadt iTypicallaong pothet a4l bg somplementary)teathe inegatiyedf) CD 1 d

sene Sesence L ALECHR; 15 U ) KRR P ERE LG e cal

one primarvvilS c r e hegative
gene sequence (8 drahfheAnidating ihe peiniepd @rdenitarey nucleicheidfoBowed/lgy éxtgnsiohr and.

Annealing the priners to depatured nucleic acid foll owed extension with
an enzyne, sudHthan THEFaty afﬁ&g‘ﬁ@ﬁ&?@fneﬂ\&ﬁag’mmﬂ%?ésq éﬂ? oV dand
nucl eoti des, KasiEbides,] RsNBWNYnSMPLHRBESRA + adld strafidd SdifiSinm@Nhitath&ty t he
target CDl1d gene sequence. Because these newy s%nt hesi zed sequences are

al so t enpl at e§Dldepereet eaguensel e Beequseldhese urawly, sypthpsizad saavende e alsad
extension res i i ﬂHﬁEi g - reql e eCh1ld
gene sequence?é’%@?%%égﬁ%%aﬁﬁ@e%%f ?ré{r%s hg&Bg‘gﬂﬁ’g%‘{& gﬂtlcﬁgxt%: Sé?qlnre?lggcti on is
a di screet nudh eiponetiall pebdpdtion ofithdreponi(i.¢j the ¢ ldsgeoa skqugnded defireddyds of

the specific prinmers enpl oyed. 56] .0 igonucl eoti de, priners. be
prepared Usi ngheawngrai ﬂsl%ocﬂ’ﬁ {\l‘ggxe cbﬁleﬁegc%on is § discreet Rucldle ac1dr?u¥)lex

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 CD1d gene

sequence nucleic acid strand. Generally, the synthesis will be initiated at the 3'
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as conventional phosphotriester and phosphodi ester nmethods or autonated
enbodi nents thereof. In one such automated enbodi nent,

di et hyl phsOphyiané7di t es are used as starting naterial s R0WU/SGAY12(980080
synthesi zed as known in the art. [0057]. The agent for polynerisation may
be any conpound or systemwhich will function to acconplish the synthesis
of prinmer extension products, including enzynes. Suitable enzynes for this

purpolse i nclude, for exanple, E. coli DNA polynerase |, Klenow fragnent of
E. coli I th
G ool DA PUNTRERN il T A58 I M RAEAENE ARTAE HPARE Byt

pri mer ext ensmmhe@‘iitenmlneuem@raimbgngcmcﬂehuﬂds otfdrfﬁ:eamﬂamg&ls sufficiently

el evated to cause denaturation), such as Taq pol ynerase. Suitable enzyne

wi Il facili jowss)]. combe maivip Byrdliesise® ODUd| st@ahd dad its moﬁlen&hﬁpﬁhucrfﬁﬂmei’d to form
the primer extensjon products that are co Ienent each CD,.1 d gene
sequence nucl éfand vl &y g doé‘gﬁéﬁr%dfsgr m; éulgy\‘ﬁ yi’”\ﬂ/}ziu}g 5andifens at ed at

the 31 end 0f4.&a%bBd REJVEBAd ARChHHAGERL IR sibsqrRnt s@éﬂs%me%o@kpng the
tenpl ate strand until synthesi’s term nates, producing nol ecul es of

di ff er ent gﬁ Qgégl df'féskg?tgﬁgé %’aniimgea?x'd%ﬁ né}algroahmgﬂth@ﬁﬁcantb%

conpl enent a cleic a rma doubl e-stra d nol ecul e
under hybri d| zepegted asdoftanoass nebded to beplifb theetarget! pt)lryns)llﬂy@rgpnb peuesed i n
subsequent steps, of neallng,

o e o st el SRR & e ek E e ey T b Do i IR R B

anplify the tatdeequaty pRAMBdCyileRBEuSE ald6H 68 cxpibkatiat fatiod. mqwsmsot 0 t he
extent necessary. The anount of the specific nucleic acid sequence produced
will accunul at%é aFIHG‘éﬁ‘i‘Vé&f?éhférH? Pgﬁaﬁz&g?\‘i"’éﬁ” FAT's may al so 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 sequenée 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 10°® 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 10° to 10° 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
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.Preferably, the nethod of anplifying i s by , as descri be
[ 0060] . Pref bl h hod of i fyi CD1d is by PCR d i bed
herein or real time PCR and as is conmmonly used by those of ordinary skill
in the arWwO281%iG1at i ve met hods of anplification have b&€Em/SGESROPWEH and
can al so be enployed as long as the CDld sequence anplified by PCR using
primers of the inventionis simlarly anplified by the alternative neans.
Such alternative anplification systens include but are not limted to

sel f -sust ai ned sequence replication, which begins with a short sequence of
RNA of interes n 17 Rro r...Reve r (Pl ase.. i RNA
it o coNA ana BegPRireh! wORETRE SpesiRENERREAL UL AR R R FEIRG

pol yneri zi ng ao seppritt aigraloig eudiNd. of Anridse rAnutledr eiucleic add amplifitatoat i on
technique is nucgleic acid sequence-hb d anplification (NASBA i ch uses
reverse transdfg 9Penigse Cﬁf’?n m&tl%l(géé?’%%&%ﬁd ‘isﬂ’éot?"i?oé‘%@ﬂ“%&kﬁdi nMers to
target its Cyghjveg of s Rendd SBMi&GaN RR0AR Wvhidn®y HBRAedDH 1RhseRMAIRN
finish with either, and anplifies to 108 copies within 60 to 90 m nutes.
Al t er nat i vel y presemdeedfctha odtiguans isequened irf p sdmple, forgung @rnesic targest ekhe
transcription (LAT), .LAT work [ e: qg}g: t i a
single priner r% fat )°t|1a§n prg? Vt\]i%gl ﬁ%/é%f%ﬁlgl%sg %gnﬂﬁe}g{fgﬁg&ga{%%l a F‘y@sew&ﬁ

doubl e- st r andedmpkfiehtaty aadi @rget-spacifict bHg@micleytidd gadbengaiss, cthtifadstablehe

pronot er oligonucleotide and within a few. hours, anplificatjon is 108 to
109 fol d. The p&w%ﬁpi%gé@agfyép@m@%ﬁms@ow? S|thgéamg{y)l°sJﬁ>f oAl gtaéﬁf?tf‘ém

sequence cal | gy Mes1 A 965 ap QERIrABE He g ohR1 1B Arobe PaRs) GAd Me RORET €St .
Upon mxing with a sanple, the hybrid RNAfinds its conplenent anong the

speci men' s r nflagndjpinsthe dap. mimidking novmal RA A repair. Nudeie gcid gpiplifipgionag- al ong

sequence of inte - 1: AR i j i fi i e k - |1 gase
chain reactio %B'( {f%ﬁg d@%%&%@@y%@%ﬁ%& t(%}xg iu? Fgérse%l tsﬁé}rt P glgneﬁt’ eéggﬁlgj' EH\}I%S? of a
sequence of i mécegerisivn tshafordtinclt ovthlshott loyethamg enl theyS'lend dka bimlsttheargetesence

of the contig se nce in a mpl e, form a new tar . The repair
chai n react | oDk DR pavEemte A8 A FoeLes h PSR APROES (L SV e

conpl enent ar y vand sﬁm%hraﬁﬁ»@g:iaﬁhﬁnalaingl@gy.cm@u’ ke apd&b ®dup@nlys cuisheienost abl e
pol ynmerase and |igase, and DNA nucl eotides to geonetri cal@lé% anmplif
target ed sequapdedified DNAsyandyah RNApdymerasmbaplackion rxpaeisage agfpaBe pairs,
and the RCR fi QI g M.l S48 0); : r: i L Nucl ei c
acid anplifi CgHeﬁsﬂa@E&% gét? r gﬁlgqék%s%a%’géﬁﬁenmtﬁ%%?%%f ?lgﬁh%l%%e HEP ?1 ngnzné%l a short
primer cont ai siragl dowmstregmiani dmildinge ficy ohe wdilidh seirvds ashoore prinesrh3Rg on t he

5" end that binds to target e 1A | yner,ase fillds,in the rt of the
ori mor opposi PELRE BHLFHAN, T T P IR iohE & MR taddicets’ SnaPlie *h ner
is added but @EURyarULGR $TBA &bt frédRike Ditfrugiehfd demperiB d3oliydreAnsRert hat

| acks 5' exonucl ease, activity enters at the site of. the nick an(?_ begins to
pol yneri ze, did@plifieatiog sysem; ‘H;Ff“ilé‘? thermgthed of thenversipRds theaRPARePISHEl di ng a
new one whi ch SeEMEeR1ASuIHIBER B thdBkefer’ld mBihod ¢ 8pBfi&A0Rif (BaAvehlldn - f Of d
anplification irn 2 hours at 37 degrees C. Unlike BCR and LCR, SDA does not
requi re instr tmsepddr metipdy canialse beyused teopmplidy theetD bhgrqpériceniad dascrihedt em
useful in the. thogho%fc{titlgee‘niv%‘r}{%rr}“ on is the B Replicase System Although

PCR i s the préf &FF& ahplification if the invention, these other

met hods can,al.so b sed to a i f.y the CD 1d sequences _as described in the
nmet hod of twg6ﬁnve§9ﬂ8 ‘ge%@@%ﬁ{hﬁd%{ﬁm@é‘&ﬁb e8°? Orta% TRITEYS m?rlgy be

i ncor por at ed irgflRatile MecOMBdMMAbdiERh | iGR0A BovtesdloSutlp vedtBisr may eypicullyi nt o a
host cell. Such vectors may typically conprise a replication system

recogni zed by cmerlwogtrspqu%%dm@ntrﬁ@ﬁn#@érhﬁ/ealep'eﬂsynlaelp@asith% @aedsdi ng t he
desired pol yp i i 4 L b B and
rans! at]onal TPRTE gy R nitding B oL SATNESpaR. WREWIERC TR o0 B,

pol ypept i de enmostripgors egthraslationglr ipgmitiom regutatay sequepcésnederaddly, lifkad texanpl e,
an origin of replicatjon or autononpusly replicating sequence (AR and
expr essi on com$%qupfgh§ee%8§1Pg QGW%%DEé%FSSé ‘éeﬁﬁ)é%@%f lrﬁﬁ@e’r\féﬁg’&%’%
processing i Rhosmghi 6N r&iliceon DY Ciut@fonidubys aptichtingdisst@iendet €ARSRNAISP! i ce
sites, polyadenylation sites, transcriptional term nator sequences, and
NRNA st abi | i ziehressinuemiek sequencss.i azRromeersingeipacerayd aecsssapepiogessiiged wher e
appropriate, which allow the protein to nove across cell nenbranes, and
thus attain its functional topology. Buch vectors nay be prepared by neans
of standard reconbi nant techniques well known in the art.




100621. An appropriate pronoter and other necessary vector sequences wll be
sel ected so as to be functional in the host, and may incl ude, when

appropri ave,2otdase@snat ural |y associated with CD 1 d genesT/SEzaunpb@so of

wor kabl e conbi nations of cell |ines 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 Engl and Bi ol abs, Pronega Bi otech, and others.
Promoters such as the cnv, trp, |lac and phage pronoters, tRNA pronoters and

gl ycolytic enz Fonot.er s s ar i St St US | yeast
pronoters incﬁﬁ%gn%?oglm{lé:é" rsglg?{ogig ?%?Q)rrrﬁe‘{]%@ﬁ%?hi%%éi ;RIH‘ |oS lcl)(:s‘o'ph%{geg’ycerate
ki nase or ot heolyadsotdtiohisitess nayseEpticiat termmaten séqusncesy and ImyRE Aatabldiryce- 3

- phosphat e dehydr ogenase, . enzynes .responsi bl e r | t ose and gal act ose
utilization, aH#ed %eﬁes:al%f&%?lgnaéwag %%f"gﬁ‘?f" TeeAPEPT e “ihr‘F(i’yeast

expressi on ar KRN prddIR 18 R VAL Rrdd9 Rel MdntRardBB MR 1had afdif MRt AsioRkigNt
i nclude the early and | ate pronoters from Sv40 or pronoters derived from

muri ne Ml oneyopadegyerfiugh weetgss mayube prapatsdr by inragss ofvstandaria resemhingnt uses,

adenovirus |1 ,t%clizlg}{%gsewgfl?ﬁg‘i,nogqhg%&us or polyoma. In addition, the
e Jolne

construct may 0 an anplifiable gene (e.g., DHFR) so that

mul tiple copj of the gene.may b mar‘c;ﬁ For appropriate enhancefl, .and ot her
expressi on @ié’ﬁ?km Asneaﬂgo e p {%?ng’rlé ?tlhgr e Ese‘@& B?Cet%rs?egﬁer{/cg%t‘%gsbenay

replicat fe aﬁt Qﬁl@ﬂe&lsb)as td e yumtipnall ia ahé apdt] SRt Map inddeden gvhen appropdatent o t he
genone of the host cel]l, by nmethods well known in the arjf. ..
100641. Expr es3$hesh napeplly assrciged with 604 digepgs. F%WBP‘ﬁS egwwiﬁweaog@}r@%% e

marker, a gengreffRrlsNEad dx e ecRBC£S kA6Wn iPthe 3H! WIMA usSful 9600 Bredf @
host cell transforned with the vector. The presence of "'this gene ensures

growth of onl jnowoge thoart avdihay bhabtanedrieas suple vinvdoey s StratpgingaNewel ect i on
genes encode Fﬁn%fagh 'Blolabs, 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.

[0063].  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.

[0064]. 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
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that a) confer resistance to antibiotics or other toxic substances, e.g.

anpicillin, neonycin, nethotrexate, etc.; b) conplenent auxotrophic

def i ci encWO201262178 supply critical nutrients not avai |l 6TSGROBHNW8NDI ex
medi a, e.g., the gene encoding D-al anine 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 i itr : e : ' - 1N Lhsichast cell
by wel | - knom%rfaétahgggf,eﬂebglg%a?g%;o ?r#%bge(g{&?gﬁ%ok @(ﬁ){%g%%gqgéséte%an glg |Hn’t roduced
di rect |y int o nkemayciaehlethobyxargt étogls)wainhplémentnauxotropiec ateficiendiess borvgr y
dependi ng on the type. of cellul ar host 1 i pcl udi nﬁl. el ect.r opor at,i on;
transfection éﬂwlﬁﬁrﬁ’ﬁalcg}‘ﬁeﬂ% Beh ayatghle fromy GPUMTE NP8 Faé Ec Cc BV
phosphat e, DERE:sHid D3anifd rRbMele Fo BIcANCEBhie PRdicOPS Hetsibpdreseonibrr dment ;
| i pofection; infection (where the vector is an infectious a&ent, such as a
retroviral gemeavesr;willrdspenchen theghasberdl, anéh @pprapridel gearkesh fosrdifierent hosts
pol ynucl eoti d [ : cell by any nmethod known in the art,
i ncluding, i n?‘lger‘kléip ?Iéo,gﬂﬁﬁgfs?ez&aescri bed above, will be referred to herein as
"transformatj.on. " e cells into i C ve.be i u it nucl ei ¢
aci ds descr fdt())ggl beﬁg\‘?vvgcggrsncgg{r%fm?% §II{sﬁgﬂ:liacn%l&ljsd(gtnl t t?gésg)?%]ggeﬁga%# ltd)s]elflcl% cells.
Pol ynucl eot i degro, bAdhe reshing RN A iretbdGedddntouht Rost celt bylwelHkeowh enetlsdsli scl osed
whi ch nol ecul e typically encqQdes a CD 1 d .pol ypeptide, The. nucleic¢ acid
mol ecul e corrpreigs;e'gy HMSPURbc P YREHs Sé‘bgﬁllgtr?fy‘gé‘ﬁéiga?th’g?néo #‘Bﬁc‘i‘*ﬁé 4l CDld
pol ypepti de. Rk 3RnbRE il 8 Fhahi A BpRedthE of HERYPpSEceBuldtRdsei C aci d
capabl e of encoding a CDld capabl e of enhancing an i nmune response when it
i s i ntroduced inqeding epcirpppratidn ricansisaaen iemplmings yalcwm chleridel aibidiupar i ant |
or analog, in i 4 t of..1 ' . bt
capabl e of en%lellfnégflgfg:ag:ﬁﬁl? %gatﬁ’elggéﬁs%ﬂr %ﬁolr?)t& elk E&I%Sh!itq?%dﬁ@%é&io#%giea DC in
a functional ibombadneys lipofectipe difédtival(Viep i/ vated ieareinBNAowndgent beh set out
in SEQ 1D NOS: 1 or DNA nol ecul.es t.hat hybrjdize th .ol ecyl es set
out in SEQ | D3Rch: Tefrovigogsqomed, dndy Ol mﬂthﬁgff'ecbﬁ’@s ‘@?ﬁ%&%“né’?t g‘et he
:\Ig\éen?L i on i nClpgHAuEBRdED |16 tHe @S stCRITN I asil RE:tHJA&knS &6 UL Aeturts Scluditg, infterSEQ | D
- 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 CD1d 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. S‘peciﬁcally
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.
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19 [0068]. A polynucleotide is said to "encode" a polypeptide if, inits
native state or when nmani pul ated by nethods well known to those skilled in
the art, WO20eM2b@8t ranscri bed and/or translated to pro@CESGRiS/ONRIRIA f or
and/ or the pol ypeptide or a fragment thereof. The anti-sense strand is the
conpl ement of such a nucleic acid, and the encodi ng sequence can be deduced
there-from [0069].An "isolated" or "substantially pure" nucleic acid
(e.g., an RNA, DNA or a mxed polynmer) is one which is substantially

separ at ed f;@ghgﬁ hey %@gﬁllc&@oadﬁ RR BN, B&Pfﬁ%’e‘m Vi ERRURAR 0 ot i ve

human seque osone ases human
genome seguen @ﬁ&naﬁﬂn]plﬂﬂ'eda bmmetf[dsrﬁ well kmenb rathese dqhed: irethe aagiitdcapepuence or

protein that has bee noved fromits natur rr|n envi.ronnent, and
i ncl udes recoﬁﬁpﬁﬁ’ﬁgﬁ?ﬁ‘&”&’i’é@t%ﬂ@%}? é"lﬂ}[\‘% the RPLReRYFi% ed

anal 0gs or angtfaRnbiheleds TR dn¥i-SHdei tasd Aafe B &h@ﬁtqif@a@u@n&y&&@ém
[0070]."CD1d gene sequence," "CDld gene," "CDld nucl eic acids" or "’CcD1d

pol ynucl eot i dend ghecsmcodingsequenca Cp@bvmﬁgp@bﬂlP@éerhat contains specific

domai n such as 1gC MHC | _al pha3; dass | nmmjor histoconpatibility conplex
(MHC)  al phal®8i.n |Am‘h$ubg¢dj'buI"su’oStaohdlyrpurﬁrrélﬁbr%l@/(etgw,eanrm&AeDNmelad

nol ecul e conpr.i hsSes al nucLel %ngc‘;vﬁilcgag SarﬁIa lengeﬁ&ag?hg?lgg%t%&% l@%Ilel I C

vari ant, or ana'1xog, PR frag rrents d or an
allelic vari arcbmpeﬁemhlelgnammlbru&dmgaaﬁyagmvﬁ Buman sequdnaa bspriobedri,eqf,, t hat
I ncludes the 1gC MHC | al pha3; d asfi\ﬁli or hi stoconpati bili tt\l/ npl ex
(MHC) al pha ¢ OFPWWB’@F@B%} MAnNY 8 %eéa’ﬁiéﬁ?ﬂé‘eg apd, protej S‘Scé%el D No.
1. BO?E]-][ Thesgnt &hPBces R IEORA @éﬁu@ﬂ:eaorr]#@tki%' thataHak Beer! @fBKed RoM iRRUC! €i C
aci a

naturally occurring environment, and includes recombinant or cloned DNA

isolates and chemically synthesized analogs or analogs biologically synthesized

by heterologous systems.

[0070]). "CDId gene sequence," "CD1d gene," "CD1d nucleic acids" or "CD1d
polynucleotide" each refer to a polynucleotide that contains specific domain such
as IgC_MHC 1 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 CDIld or an allelic variant, or analog,
including fragments, or mutants thereof that includeé the IgC_MHC 1 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
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encodes a CDl1d pol ypepti de, fragnent, honol ogue nmutant or variant,
including, e.g., protein fusions, nutants or deletions. The nucleic acids
of the preegnt2/i2pe78nti on will possess a sequence that i $CEISGAeN2/0de89 ved
from or substantially similar to a natural CD1d encodi ng gene or one

havi ng substantial honology with a natural CDld encodi ng gene or a portion
t hereof. The codi ng sequences for human CD1d am no aci d sequence shown in
SEQ ID NOS: 2. [0072].A nucleic acid or fragnent thereof is "substantially
honol ogous™ (" : pal oy, S lars ), t bf s Lnally
aligned (with Sgl%)sgt)arn?)lgr tgtﬁ@urr\?c{oe%ﬁ% I?n‘g eernt ?%ﬁgg rgggé]lleét(r%vﬁs p\%ﬁ{n ﬁg?he

ot her nucl ei ¢ nacleatideorinsettéons oop| deletintna)y ywih r thed Jothetr hendeit s acidc ((@otiisde
sequence identity in at |east ,about 60%of the nucleotide bases ual ly at
least about 7GORPlBIRBGRSHIRILY Bire b audeotdsssiuaesidenrigin ptlety A6 B about

90% and nor e opkef Mickddtide dhsek Camblly BOIhst Wpo@B90%f mbeeusnally golebdabbases.
Exanpl es of coding s&gjence for working substantially honol ogous fragnents

are shown in $6%. profouebly at legstiahout|98%a andharoscprgfesabd atleast 8 59%8%sHQ 1 D NO
2. [0073].Alt ' : bl 'ﬁﬂ@ ( id)) suB¥ast Jiywhen a
nucleic acid gléen r%éﬁ%adﬁtbaﬁﬁsg%%‘%vﬁgquh y rglogélﬁggﬁcteofogﬁ‘g%xhg% Snucl el cyaci d (or
a conpl enment ahpmetogaud ftagmemtsf dre Lshden imeSEQt I eNOy Wy, i wiitls dbé @minmndidt | ons,
to a strand, or to its conggﬁr}pght[ yzSeI ectivity of hybridisation exists when
hybr i di sat i on SEH5Po LORRRLPERIPAPy*nore sel ective than total |ack of
specificity urs., Typi.call sel egtive hybridi sation will occur, when
there is at [q%gglst 5’6'86{3% ¥ g“&étﬁ?tilﬁ 0 i?g%%ﬂ‘g@%t&w EHISIS WHeB 2 QUGBS 14
nucl eoti des, peaf @Fafhymalt HRASE JRPURYHRRIK: I moticel auadityadll (@ast about
75% and nost preferably at |east about 90% The | ength of honol ogy

conpari son, asoaplsmentsey strangy theecod), apderospiestive thybridisgtion gepditionscét @aj n
enbodi nents wi f be 0 ret fiat of JRRGMN h

nucl eot i des, S{Srlll,lna’l {,/leg? Ftseaéslot(?ﬁpe{%gﬁt' 20§%f1‘%{wetgt f)dq?,% ﬁ%r edhfjsuasl yWe?tn | east
about 24 nucl agbiidiesiont thati sajubstatiallyemete sebamtive 2iganntotdl dacki dE specnfiity

i cal l I b I A . f b
A I e e R e R R

pref erably hasgyaideh@gdver 2%retdRI0F apl&abestdiat ¥4 alucleidss, Selérabipaeidastef er abl y
at |east 90% honol ogy to the sequences shown in the sequence |isting

S
herein. More pPeitépEhmpre prstegablyatdeast about 7o%0andipey PErierplly ablepstaboyteast
98% honol ogy .gghiu j o1yl SHIRRIshS ORS e nERNELG
described. A grogif gﬂrhr%ce)lghésigq%ence&%n%ari sglr)lﬁp%o%%gbr{r?éig’s t he GC{é&S\li’ogg%nsi n
Bestfit progr atretcidscardahaeitain smbedingnisatitliofiech s ozenvastistehvd latilsagifaba@ f or

each identical_.nucl eotide and -9 for, e m tch, Th f aul
creation penalnfrﬁf qugf%?é%fs’a‘ﬁs Ql?’ﬁ%tqaaesf ?ibu u? Qég]g‘bdé‘g?dgsné? Oorﬁu%ueaﬂgla? féa%tgg&% for
each nucl eot i @@.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
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[0075].1n the context of the present invention, a honol ogous sequence is
taken to include a nucleotide sequence which is at |east 60, 70, 80 or 90%
i denti calWoppedi@Bl y at | east 95 or 98% i dentical at tRETHG2MA/04W8 | eve
over at |east 20, 50, 100, 200, 300, 500 or 1000 nucl eotides with the

nucl eoti des sequence set out in SEQID. NO 1. In particular, honol ogy
shoul d typically be considered with respect to those regions of the
sequence that encode contiguous am no acid sequences known to be essenti al

for the function of, 'il@]le&ri&t ?é Qedc Phikn 63 1&9{‘863%‘t$@'or B6hIRAHL NY
sequences. Préferred po YPEP 194€s " of the i nvent I on conprise a contl’ guous
sequence havi rpgefgﬁblatae teastiParor98% identixal atGRhe dﬁﬁhiblaorngah*ova ap teafted0a b0,y

greater than 8 90, r 97% honol ogy, t. ne Qqr re of the nucl eotides
sequences encd@f ’nﬁoopa&?/psgﬁtqr Qogé‘af}é‘ﬁ% gf—i%t?‘ Otggs BPEFRTS 4 ORUY ei ¢
acids prefera SIDNORLES (% du@ardﬁ@iﬂbl'a?y %ﬁoﬁl&ﬁ&ﬂn@ﬂ%‘dbé’-l@@ﬂs@dered with
[0076] . Nucl eoti de sequences are preferably at |east 15 nucleotides in

| ength, nore pesptariablhpseatediangse! the, seagencq ghatsencodo@optigupe® apwed @eidi des in
ength. - Genet Adubnce oMb belesdcfall BP Beufliich tﬂﬁ%@a 80L g nbdl®

greater the ho ogy require tan se |ve |za|on
Consequent | y, ewdeatis aelgmtqunugl eaqhend:es 01Pretfheed podypepiddes cofisthe t Mivedtioness t han

about 30 nucl eotides, it referr d that the %i ter than
75% pref erabl°9m§¥‘%¢a?§1’mlg‘|‘8ﬂ %gc%rﬁﬂﬁrrg’&% tﬁ oﬁgogﬁfgmﬂf?é?'eotide

sequences set nyit pidferhbl§ g%%ﬂ‘i‘l’i‘&xeSd 98 931859796 MBd10gH0i\6RE B Imore WhEHeE 2
pol ynucl eotide of the invention consists of, for exanple, greater than 50

or 100 nucl eombeleetides sequpnsedeneoding pelaprptide seduence HeQ dB1NOR @cP@&}Weée I
greater th hZﬁt Bhfbicafich E %?@93%33?@?%%9 Sl r@grﬁﬁ%%%&y[y? Nucleic acid

t enper at ur e, “organi c so ion ase conposition,
| ength of the pﬁafémblgmewaarzp 30 rcmmde, loamd 2’00Gud51t’.k|5thies imrenglthamraltje_tHaase

m smat ches bet br n i c, aci ds, wll be readily
appr eci at ed b)? E gq{‘igﬁﬂ %% Cﬁ%@ f‘ e, dps |gﬁ??éetﬁtt é‘ﬂ‘ﬁ‘@l"ﬁ?d?‘é“l? ngi tions
wi Il general | ybiaff lstld@iviee AR datib8S CoRse@U&RISS wiere3@ S&?ﬂ&%n@e Joft yiei cal |y
in excess of 37 degrees C., and preferably in excess of 45 degrees C.

Stringent sal inveahen epnsisss of lass gremiabant BY npeleqtides, ¥ i prefeny frlwl they’si cal | y
less than 500 lmlﬁg%r&'ié (RInCPY, ﬂr@ﬁ?&bﬁhgﬁétﬁp&aﬁ%%mvﬁ\‘/e@omf)ﬁgd GREDI nation

of paraneters 1s mor e | nportant t e neasure of any single
par anet er. An tlexa0pld rmrclesude regeuencdsy bet dug aini e cequitntd dissingss lefeih.and

0. 1xSSC (lxss%oivgr'sejlg %ewgglpolgﬁu%}e%ti% %?%eu prv%}lttignagoens sts| gf, cH)r 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
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[ 0078] . The "pol ynucl eoti de" conpositions of this invention include RNA
cDNA, genom c DNA, synthetic forns, and m xed polyners, both sense and
anti sensewoupwyidss78and may be chemcally or biochem cal PETis6a0R2i08e)30r may
contai n non-natural or ‘derivatized nucl eoti de bases, as will be readily
appreci ated by those skilled in the art. Such nodifications include, for
exanpl e, labels, nethylation, substitution of one or nore of the naturally
occurring nucleotides with an anal og, internucleotide nodifications such as
uncharged lin 0S

phosphoani dat @ﬁg&%%lﬁ Shah lihe rl%éagnge #J}:?l har%gégllsdmn (% éé'{s{b?;z{nllgﬁé of s?rlngent
phosphor ot hi oa@bﬁduaﬂm&phdmmﬁh ish56@taad 0. laSSC)(lx?pﬁhéemlS MONaCl, @s015eMg.

pol ypepti des) .nt er cal af{(%r% e.g., acridine, psoralen, etc.), chelators,
al kyl ators, wnéﬂtéadeg e0 rrut ants and nodified Ii nkages (e.g., alpha

anomeric nucl e| c acids, Al so i ncluded, are synthefic_nol ecul es that
mimc pol yn¥8 8ot i dés PQ*‘YIE‘WEOFId%IUiOWHO?mPBS o thig ipysn °‘Hl§’§f“‘6ﬁ gﬂ‘h’ence vi a

hydrogen bondiygg, QAN SImEdR MR, dndifkEE bbRRRrs, BddseiB Gt hftfefidce known
in the art ané i ncl'ude,’ for exanpl e, those in which peptide | i nkages

substitute f orstrphbs@mhmey bt whergisslly ar biechdmicdhomedidied tonenayoloatain aon-Met hod

of manuf acturin se 4 n.treat ment 079 not her. ect of the
i nvention incld éag adsenv 1z8<'i' Clﬁ?atﬁctefg Sleralerélha evﬁe}:dcclzlf\n recme&% ntccl’sr?g an

i Mmune responskilltd natld:emfirSu*chanﬁﬁﬁdatlaﬁsmfchﬁlbn@rtelaemplbgmelefmeﬂa)zlaouﬂl,t uring
the dendritic cells. in vitro; FtrOduﬁ polynucleotlge th t encodes
a CDLd and ové&rRstipition ofgng %memqf the,ngtprally epenying pucleqtides Vb gppng ﬂg’one

embodi ment  t hgndendedddeC m&dificdt®ndeORhAtRd bR Ni@Bes (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 CDI1d 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
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enbryonic stemcell. The hESC-DCs may provide a potential and interesting
solution to those i ssues. The hESC-DCs are nuch cheaper to produce due to

t he feasiwOIl20ty12i€8 | ar ge- scal e producti on. They can be PCursGoaroadosy
defined to ensure therapeutic efficacy via quality control "of DC product.
The use of hESC-DCs has | ess |logistic issue since the products may go
directly from manufacturers into clinics. Mireover, the production of
hESC-DCs is scal able to provide unlimted nunber of DCs, which wll benefit

patients who r Eé}é’ eutl Fr%fil Sé}p\agtqgaftﬁéo@rol&l G }():r%ﬁu t[’PIQeg&S]e Eéﬁ%@ék{ t he

polynucleotlde S ce el
expr essi on vedgsrlogistid aswy mbeajtl&bms&ucts[ 8028 Zdo. Ammmeﬁrorasnamtfaoojreﬁs hﬁto
i nvention incl udes nmet ho nhanci n : .
c 191ics. oreover, the pro ucgon of EgS(%-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 CD1d and 6verexpresses the CD1d in
the dendritic cell;

¢) 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
CD14d 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 CD1d and overexpresses the CD1d 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.
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I mmune response to a dendritic cell for treating a patient in need of a
cancer treatnent conprising the steps of: a) culturing the dendritic
cell s in WDt2p1/121678b) i ntroduci ng a pol ynucl eoti de t hat PERSGAER/0800@D 1 d
and overexpresses the CD 1 d in the dendritic cell; c) introducing the
CDl1d- over expressing dendritic cell to the patient in need of a cancer
treatnent. [0083].1n one enbodinent the dendritic cell is isolated fromthe
patient. [0084].In one enbodi nent the dendritic cell is generated froma

hum.a” e”br ygﬁ}h'f St Eﬁmu%&l ﬂlere'[lgl.oﬁ?e]rap'gﬂtic%ﬁp%ﬁje&%tam%{mlt”%? aQBﬁB&H{d wilMgnt i on
resides in hod for Inauci ng
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 frorh 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
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CD1d expression in dendritic cells in vitro in the manufacture of a

medi canent for treating a patient in need of a cancer treatnent conprising
the stepswof201¥Bdd78t i ng cells from an i ndividual donor; PEHISGA9i29g008he cel | s
in vitro; introducing a polynucl eéotide 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]."Treatnment” and "treat"” and synonyns thereof refer to
both t her apeuty, g4 KA PR JANLATARIGHAG! kbwOthe RERY S10AR) Y6 MEARN 65,
wherein the object 1s to prevent or slow down flessen) a cell proliferative
condi ti on. Thas&licah treatetndfikes Muitrigel @amiESR 1] Thd vellks minobe padsagddhoaihagnosed
with cancer. WD 2012/121678PCT/ SG2012/ 000080 [ 0087] . As used_herein a
"t her apeut i cal$FYFrEFBERIORS AHTqnPin gfe gt %WBJ{%%C%SMOHB%“Oé}Hd’Q%%ﬁ f cells
that are capali&iPmapruei hitsieAs t8holB83Sind suppoAdhél ovils. ([CuBsReRedign a
cancerous condition, in particular increasing the |ifespan of the patent.
Dosages and adnailsnipelniegropth fastorssadded tormrodypedlgsiedichprges bethgeelds m ned by

one of ordinary skill in the art. An effective anount of the cells to be
enpl oyed t hé0QBkut iGeatdryreaiment depend, for exanpl e, upon the therapeutic

obj ectives, the route of admnistration, and the condition of the nmammal.
and rodi Ty MBS ouend <SR R B o Sl AR Sk e B e
t her apeuti c eftisaztsampBRO&il]beRised onatifya patiest EDtdney exdoix i eediofig dendritic
cell of the i q}égtrrlxgein(t)gs \E\/gulg %eeﬂnown 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.
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I n cancer such as nel anoma, col orectal adenocarci noma and ot her tunors.
Cell Preparation [0089].A "cell", as used herein, refers to a biol ogical
sanpl e obWaI20BA21678m a ti ssue in the body, or from bodyPCI$GA012Ppe§Uent | y
the cell will be a "clinical sanple,” which is a sanple derived froma
patient such as a fine needl e biopsy sanple. A "cell"” may al so include
cells isolated fromfluids such as blood, serumand the |like. Cell sanples
can be generated from hurman enbryonic stemcells or isolated and obt ai ned

from i i SsuefgbBom biigusACHSS a-oBl Bl flesshlelBi O folohl iy of et um

esophagus, heart’, s reast, ovary, neck,
pancreas, progtratpeontiatitg of a cell wetatgiofinad an istividea having tanoen andya aetlher or gan
or tissue known to %gpse skilleﬂ in.the arf. [0090].Cell sanples are

obt ai ned f r omEEHTAED HFYMAHRPRINAMPRONGFPR S5y extracel | ul ar matter. Cell

sanpl es may from hunmans. or_non human ani mal s. 1l s | es can be from
any organ OF%SﬂuidP“gﬁgﬁyéghgpégP%@ﬁggﬁnaﬁf%Wﬂ%ﬁm%?ﬁhg)ﬁgg%m procedur es,
such as excision, a needle biopsy, blood extraction or the like. The cells

are to be p[dteRsedht ferm ‘mﬂﬂfvdﬁe}iﬁiesﬁﬁ% NRIriGY LEIVT refegs @nickell @it @Y /MM ng  of
the cells. Accordingly, cells obtained Troma subject, donor or individual

are ideal |y waSWeexpresvion leveldtighes thpn sameyrad dumap dendsiic celt- LIPBHY1] . The hESCs
may be cul tur %Qpr%&imme 'qﬂar{tﬁ‘raed%gltanQ thend 18083 the . Ddh&tomic 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
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medi a such as an artificial mediumto growthe cells in vitro for research
or nedical treatnent |like Matrigel or nTeSRlL. The cells nmay be passaged

t hough sewera12/gesv8r ati ons as known in the art to keep PR#E/S63012800080
continuous. The culture nedia may contain nutrients to nourish and support
the cells. Culture nediummy also include growh factors added to produce
desired changes in the cells. [0092].Cancer treatnent [0093]. Cancer refers
to a proliferation of cells such as a tunour. Frequently a tissue sanple
will be used t Vit : i at ment
as woul d be knlgw Eefsthgglggéskl%ﬁtr ﬂgglﬁ)nlﬁgﬁggi%?tt%ﬁgﬁgém% ’}%Péé(g gé%‘%a}es{(ﬁ whi ch
i s a sanpl e dewimedchlorain Bropmiged ahsogtioh ofitheanjbétatde naa;%smdmls@pxsbe sanpl e may

be used. Tiss e s Ies can be. obtai ned.from.an uch .as .t hose of
the lung, col AR R R SR DU Ut o
exanpl e but nCHxaﬂanél mgﬂllﬁuglabﬂg%fate MdaddlatinUt €r us, cervix, colon, rectum

esophagus, nouth, head, skin, kidney, Iung ovary, neck, pancreas,
prostate, testis, |jver and stomach. [0094]. A "tunour" refers to an

abnor mal  gr YK Adlef Sterde indectabla solutipne arepugpgraddydnesperatingsthe Rgiver or exanyl e,
proliferate r g&g‘{g’ K2R reast,

bl adder, brai ﬁ&h%%) gr}dli-s{mﬂég%@'}l%)ég%ggﬂﬁ re Pm&hg%ssg agulgh Séﬁgrggmglgl n,

ki dney, |ung (qtltraxllmgmdlgltmn@mibd a@bIaSLQquged:aanewéd byofikered stnelm;lolpancr eas,

prostate, t ESt(J_i nerallly, cﬁspe?sqgns are prepar}ed 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 CDld-overexperssing hESC-DCs and
demonstrated that the up-regulated CDI1d was functional in presenting o-
galactosylceramide (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 CD1d with
antibody reduced the immunogenicity, suggesting the importance of hESC-DC

and iNKT cell interaction in this context. The CD1d-overexpressing hESC-DCs
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[ 0095] . The cancer may be treated with a vaccine of the invention conprising
a dendritic cell with up-regul ated CDld expression. [0096].1n one

enbodi menvothR/BxgBessi on vect or described above is use®@CTEG2012600080
preparation of a medicanment for the treatnent of a cancer. [0097]. Anot her
aspect of the invention conprises a cancer vaccine conprising a

CD1d- overexpressing dendritic cell having upregul ated expression of a CDld
pol ynucl eotide. WD 2012/121678. PCT/ SG2012/ 000080

also induced a pro-inflammatory cytokine profile that may favor the T cell
priming. Mbreover, 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

naive 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 CD1d-overexpressing human

DCs:
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[0098] . Preferably the CDld-overexpressing dendritic cell is selected froma
group consisting of a cell isolated from an individual having cancer and a
cel | genevater/2i@m a human enbryoni ¢ stem cel |. [0099] PPTSGEIAHIE080 he CDLld
pol ynucl eoti de conprises SEQ1D NO 1. [00100]. The term

"CDld- overexpressing dendritic cell"” refers to a cell that has a CDld
expression | evel higher than an natural human dendritic cell. CD 1d
expression can be quantified by any neans known in the art. Densitonic

anal ysis of western blots, fluorescent antibody tagging such as FACS fl ow

cytomet et Ofgfhdie” 11 HALS Mol G dLOOA MNP nd R TEN Can

be given as Si'ngl e dose, pre I'S given as a ose or a

plurality of doses. Thus, th re i nventi I relates to

conposi ti ons ic%isl' Eﬁﬁﬁﬁatlﬁﬂﬁr‘wgt%ﬁltéﬁiﬁti a’&@??ﬁéﬁé? %8%@38&6‘(‘?"%1?/6 uged the

t her apeuti cal ITy ef fective amount of CDld-overexpressing dendritic cell. As
used herein a Tcshpsimag apility ofC Hepvgsexpreseing hyman DCsi (Figarg ), fysspingp) e t o
affect tunor growh. [00102]. Pharmaceutical forns of the invention

sui tabl e for ilg éoparisnes 9§dhé neteradieons betwcee RguepdSNK] gelisotisoyghhthee wat er
sol ubl e) or dispersions and sterile powders for the extenporaneous

prepar ati on obimlirgs off everexpesscabCB1d ad TR s Tart mimiogeTloy mechapisoafori er . |t
nmust be stable under the conditions of manufacture and storage and nust be
preserved agaihtfibn k¥ifent ediians uildal) Hutl@fthout beingdinsieddi to anP particelaOMEGENT SNB
such as, for exanple, bacteria and fungi. [00103]. The carrier can be a
sol vent or di $fi8hsisfle tREINEMC it ANKT B8l irftéhiction somehow licenses the DCs to

appropriately activate CD8+ T cells.

[00110]. 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 hESC-
DCs induced a pro-inflammatory cytokine profile (Figure 6) that may favor the

initiation of antigen-specific T cell response.

[00111]. 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
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exanpl e, buffer solution for maintaining the cells water, ethanol, polyol
(for exanple, glycerol, propylene glycol and Iiquid polyethylene glycol,
and the IWRey12/BUi78abl e m xtures thereof, and veget abl e PEITIS&G201280089 oper
fluidity can be maintained, for exanple, by the use of a coating such as,
for exanple, lecithin, by the maintenance of the required particle size in
the case of dispersion and by the use of surfactants. Preventing the action
of microorganisnms in the conpositions of the invention is achieved by

addi ng ant | bagl, e alioP U LBNLRNBRARAYERL Sn duPTex BRI, s ARERS.

chl or obut anol , p%eno , sorbic aci I merosal an many

cit owill erabl i nclude | i for. e,
coars or sociyRRoHE caRaed T rACht e REbO o P IR SRR

conpositions can be brou about the_yse . in the conpqsitions agents
del ayi ng absorfftS 183 ref ‘%gh%ﬁﬁplé‘?e‘g%/ tﬁﬁ%ﬁ%‘ﬁ&‘s‘(’?&‘?"&f”é Ogi?éfsdléaélt\lﬁtr\‘.
1001041. Sterile injectable solutions are prepared by incorporating the
active conpoumelds, i thet peokipefinredpcethodhtiNKA taghs a‘b&“@%rth&t Eecegnitight ol t h
several of the other ingredients enunerated above, as required, followed by
filtered sterichdogerhousnanti@engmadehied ofi thpepwérexmessed (P sbanddChyand the

i ncorporating the various sterilized active ingredient into a sterile

vehi cl e whi ch possitilabasal ddueatbhmsiie batiubpy@tktirandweeidhum and t he required ot her

i ngredients.fromthose enunerated above. Exanpl es of preferred enbodi nents
[ 00105]. Human enbryonic stemcell-derived dendritic cells (hESC DCs) may

potenti al | yjop1 £ deud appraidhGioiohly wistRewall & hethdir éhSryshiglstem EdMehBRENL | C
cancer vaccl nes. To apply the hESC-DCs for cancer imunotherapy in a

sem al | ogenei el b, (hESCLﬁgg)r e B&RB&'&ra{ehﬁﬁ?thEeﬁxjsts tihf;} thlat! AR RS "

adaptive anti-tunor immunity fore their elimination ost alloreaction.

mvartant- nat SPRPRY P 2o S R P OLE AL Lol Pl (SDooet T

anti-tunmor inmmunity. Using a bacul oviral vector carrying the CD1d gene, we
produced CDld-over er ssi.ng C- DCs. and denonstrate hat t .
up- r egul at eé’ﬂb%‘jd %@-rmmqg ﬁgési He p‘F‘Eesr%‘H M h‘&‘"&&éﬁa&f‘go Fc’értogfeﬁ'ﬁlé’n( a- G0
for i NKT cell expansion. Pulsed with MART-1 peptide, the
CD1d- over expr €3racHY ihprsesrpsss dyingoloag-iamesahasid@ee: depadithest haviedegemes cps+ T
cells without relying on a-GC-loading. Blocking the CD 1 d with antibody
reduced the i mehishlsgend e¢aessible sgures tafpuplinkitedi smpamtant andormhbgoamCednd i NKT
cell interaction in this context. The CDld-overexpressi ng hESC- DCs
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.
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al so induced a pro-inflammatory cytokine profile that may favor the T cell
primng. Moreover, simlar inmunostinulatory effect was observed when the
CD1d up- regudRyi2e478st r at egy was applied in human nonocy®PeTSezdnadoodendritic
cells. Therefore, our study suggests that the up-regul ation of CDld in
hESC- DCs provi des a novel strategy to enhance their inmunogenicity. This
approach hol ds potential for advancing the application of hESC-DCs into
human cancer i mrunot herapy. [00106]. Cancer i mrunot herapy offers great

prom se_in j‘rdfllﬂ 1519 %en@ﬁ?e{j&%#:gt? gtgﬁea"s a sﬁ%@ﬁﬁéﬁ@r{ b se&?—rallg-%ﬁféirfés ot repe hdgnant

cells. The fajor strengt appro ies In strmulating the patient's

own inmmune cells.tg.elicif | e responses again tunor s. re the
most ef 11ci ent it TisE o s TG PRGTTS PaPeRfkond A veree R rBafh, o
effectors that specifically kill tumprs. However, there is an acute need to
i nprove the pr(ﬂiifﬁ}aalsrynﬂwhlp o e A FATABRALK 4L 5 WpHY 38¢ AYEPOSERI 07] . Ve
have devel oped a new technol ogy to enhance the primng ability of DCs by
over expr essi ngftprceisesandigeilitate rebiakle compapyscanalysic of ehmiga ouigemenrs. W
denonstrate that CD1d-overexpressing human DCs are effective in inproving
the activation of invariant natural killer T (iNKT) cells, a type of T

cell s that {0Mté] onnasashetqereffdctivehdss by t dlinmeannrgy the tneedit fod  phremodyye,

whi ch then prinme nave CD8+ T cells against tunor antigen. [00108]. W
reason that . t heodwetibrowfngiléraahdy $ndividilial avaeciabss edidplifyingr el Wgsstid- firis ed
approaches may facilitate the T cell primng by our CD 1 d-overexpressing

human DCs: 1G04tk thd ABoslbusRSsk of tHe®haGhd S10Gudiich WEE el ok dsrB¥RE eXpr essi ng
DCs and i NKT cells.” Pre-treatnent with anti-CD 1 d anti body to block CD 1 d

severely reduced the T cell primng ability of CDld-overexpressing human

DCs (Figure su o {portance of the interaction between DCs
and i NKT cel‘@s‘qlhr%gﬁ%ﬁg’ngiﬁﬁ%ﬁhﬁ% of overexpressed CD1d to TCRin T cell

primng. Th a f.or human system renai ns uncl ear, but w thout being
limted to gor@?g;rtlezl[ﬁ"zﬁ%‘fheory it is possible that the DC and i NKT cel |

i nteraction ho #l se he appropriately activate, + T
cel s, 1001101 Birnd %ﬁﬂa&?‘&%&%ﬁ?ﬂlﬁg@%&%ﬁlwxﬁj IF) Was RRGERAIOR ne
environment nmay play an inportant role at the initiation stage of an
adapti ve i nmuieouse §pbrwaic fieblastypedeseribadibgforg 2Dt Twiethes BEFS lipgy Hdr ovi de
the necessary cytokines to "junp-start" such adaptive immnity. Qur result
showed CD1d- owad E9VMeEs]] RystarsdpsuienNMadisdn,aWbrwere nfaindained o feedsrifodei ne
profile (Figure 6) that may favor the initiation of antigen-specific T cell
response. 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 OP9 (ATCC, Manassas, VA) was maintained with o-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
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1001111. The possible effect of baculoviral transduction on DCs. The
bacul ovi rus as a doubl e-stranded-DNA virus may act on mnmyeloid DCs via

tol I -1i kewpgewpeeq78i ndependent pat hway and i n human noDESTSGA012198080 ovi r us
may i nduce functional maturation. In our study with hESC DCs, however, we
di d not observe obvi ous phenotypic and functional changes after
transduction wth baculoviral vectors at MJ of 100 (Figure 2). The

bacul ovi ral transduction anne did not enhance the T cell primng ability

in hESC- DCs (Fj i
I(Ei gure 5D), (ia#g y?“ﬁ‘gg 5‘aﬁ4‘¢g§%1\\ﬁ%]§m fch P%t\}}‘l?‘ﬁ IWﬁ%gé@ductl on cannot

be excluded. Ther.efqr ntal setti I|keI that t he
enhanced T celP™ l? %bﬁ%(’dl F?V?e&&ﬁ%rse éFle%{?)tF%gngnn%ﬁ unan Des

result of the corrbl ned C the direct interaction of DCs and |NKT
cells, the cyt%?‘i"ﬂ%yﬁsg @é INKF cells through the recognition of
endogenous antlﬂen presented on the overexpressed CDld on DCs, and the

possi bl e bal12Het iAs kumen melansmz ¢ebineaMalamANy (ATCE . Wasooaltwsd vathy

approach not only works well in human enbryonic stemcell (hESC)- derived
DCs ( hESC- DCs)IMDM (beitmgst) witke 20 rFBheA humat calpneetal ddgnocardinomaieady linenmuni t y
of nonocyte-derived human DCs can be enhanced as well. [00113].

Sel f - r enewi ng SW3E88 was emaimiia¢dintleybovite®i t 1 Medinnh (Ihvétragep)y with fl @%BHN
capacity is.preserved during long-termcell culture. Hence, they have

becone a refjggaplie WisleRwion SF HanfunSPOS FBmAESTY drMbrstyrmouUNt s of uni form
human cells. Using hESCs as biological nmaterials to produce cell therapy

products enpjpli2s. STRACATIEZREleYRen@REd IR XA 8 PEPH Hirbd- Q8 PotdednNger
i mrunot her apy vacci nes. The advant ages over the current DC approaches

| nol ude: T 001 o B Plieroh B SCORGGLNG N SO 86 Bfte

phenot ype and matur tion st tus |ty co each batc
fine

product is pos t o e sur 60NS .G efflcacy

" ol d 2l So eksBbRsRl SR ey A up! PRI B PRE e R PSR, Higfl o2

bi ol ogy to enhance DC | gen t hr ough gen o n of hESCs
or hESGC deri veyergeyn § g'm-l"? kyin ?‘E’Pg‘iﬁ‘g‘iﬁlbﬁ% F‘ ]go/ggl'fﬂa{ & gll W ch of
sem - al | o-vacci nes for repeated vaccination and for nmultiple patients,

i ndependent ofmargHeselyesil oarea-aidriche st (hauim) M| hs secultyrs &3S feg 81 i ni nat e

variability in the quality and conposition of the vaccines, and facilitate
reI i abl e conpahanginghahef he imedpim evérmithrae daxst Adier8-10 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 o-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
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[00116]. Increase cost-effectiveness by elimnating the need for continuous
production of tailor-made individual vaccines, sinplifying the |ogistics,
and reducw@@otgid7abor i ousness of the vacci ne producti oRCASG202000089 y
process. [00117]. WMaterials and nmethods [001181 Cell Culture [00119]. A
hESC line HES-1 (ES Cell International, Singapore) was naintained on nouse
enbryonic fibroblasts as descri bed before (23). Two other hESC |lines Hl and
HO (WCell Research Institute, Madison, W) were maintai ned on feeder-free

blat o usi g mtSRiaRarhe O8s ety EF KR HaR. IDMEPRE DL hopiREY O 1!
di f ' ' hni cal | . _A. I
el T ling opo CRrecH e essEg v FEdbRlss smuHRRE CE200 R YRRl ogen

Carl sbad, CA) supplenented with 20% FBS (HyC one, Lo UT). [00120].
Frozen human Iﬂéﬂ@éenﬁgslaﬂ} soried %m%?%&mﬂﬁwe%?mﬁ?g@ Pé‘?gc*?n&é?'l from
heal t hy donors (STEMCELL Technol ogi es) were thawed and cultured in conplete
RPM 1640, whirseduce hemaepdietiirom mpnacytesfozannimmpanoBBMCsswigrs| tharsask end wi t h
10% heat -i nacti vat ed human serum AB (Gem ni Bi o- Products, West Sacranento,
CA), 2 nM L- glouttamed mm TThvort 2 dgdihg, plastit-adivrantnesdls ewdre alifferantiatesl sc DEs
(I'nvitrogen) and 0.1 nmM 2-ner capt oet hanol (Invitrogen). The human

peri pheral bl alifferkytigoibn cyitdiem( RBLS )daye raad géeer aioadceyft¢-denieBMuanati DCEsenoVi Ng

t he nonocytes by plastic adherence. 1001211. A human nel anoma cell |ine
Mal em 3M (A_TC(@}nom) Gtetthidrsbedvid e bﬁ@}.{hﬁ&l&yi trogen) with 20% FBS. A hunman
col orectal adenocarci noma cell |line SW480 was mai ntained in Leibovitz's

L-15 Medi unydgiByj t RQERYirk PRpdRittoh Bnd Transduction of human DCs
[00125]. To generate baculoviral vectors carrying the CD1d gene, a transfer
plasmid pFastBacl (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, th¢ woodchuck hepatitis virus post-
transcriptional regulatory element (WPRE) was PCR-amplified from psubCMV-
eGFP-WPRE (kindly provided by Professor H. Biieler, University of Zurich,
Switzerland) and inserted between Spel and Xbal sites of pFastBacl. The coding
sequence of human CD1d was cloned from pORF9-hCDID (Invivogen, San
Diego, CA) through PCR to include the Kozak sequence upstream of its start
codon and Sall and Spel 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 Sf9 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
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[00122] . Ceneration of Human DCs from hESCs or Mnocytes [00123]. Human DCs
were generated from hESCs based on a three-step protocol as previously
descri beawQ2y12/124678r i ef , t he hESC aggregat es wer e har ve®CEHGA012t0h&80 | me of
subcul ture and seeded at a density of 2x106 per flask to a T75 flask

cont ai ni ng overgrown OP9 cells in a-MEM suppl enented with 10% FBS and 100
AM nonot hi ogl ycerol (Sigma-Aldrich, St Louis, MJ). The coculture was fed by
changi ng hal f of the nediumevery three days. After 9-10 days of coculture,

col | agenase |V EnSTOorBeAfE Sah B ERo e b ML HER BalUIndelD) ™

cells were then resu nded in. a- VEM I nted with 10% FBS_.and 100

ng/ G CSF (PpPEARRS GRSty BTV IowsRU o TR R FSGPbt iR Blgage-foming

2- hydroxyet hyl methacrylate (Sigma-Aldrich) -coated T75 flask. The

suspensi on culWis.@ipaeere deteryingd by pladey assasrusie SH&elfedi um every four days.
After 8-10 days, the expanded DC precursors were further differentiated
into DCs by [WRelr iFey beenlstiraltrsasdustion nthe rhuman \pGn sveom respeticndsd STBACELL
Technol ogi es) supplenented with lipid mxture 1 (Sigma-Aldrich), 100 ng/m
GMt CSF and 10@iffegtmiatibh mbd{vReprodeasity) of 4 0Q phiTedraasdudCtici DECeatalesirat i on
medium for 7-9 days with feeding by changing half of the nedium every
four days. To mwfipligitytdfenfE¥onf(MON) Magiosehimbes dfllatulotinGes RbteSuiRhgedst ai ned
wi th APC nouse anti-human CD209 anti body (BD Bi osci ences) and sorted using
a FACSAria fl qw160LPPBS @hd 6RIdRS ARCIBECRSAr-4 H theAbABUCBie DIBRPGashddom
nonocytes, frozen human PBMCs were thawed and cultured on T75 for 2 h. The
pl asti c- adher c s iqf f:er i i: 0. i fer | apl.Qn ium for
6 days and thggiecem%h%c?tég{p Sré‘?gidvelg ?t‘}{naﬁhg nh?%é%dfu&gr ﬁ%esrlé}gsgggidn t he
experinments. [ ” c Ly Preparat i nd Txan ction of human DCs
06125 - To' ganracton RN HirSBhTaR Rl R ARG o AP S8 Kot o e
pl asm d pFast BRac i,trogen sed. To nsfruct the plasmd  the
hurmn oyt omsgalegtateet CON ke, BTG §is o0 B Mty BhHBARBLY
pronoter) was anpljfied by polynerase chajn reaction (PCR) and pl aced

bet ween BarH aaﬂgodzc@ﬂa Bigseignasy) agxdtaéelya?da Bra&fe“aiﬁa?lb%@w cyRmelss8Pnuck
hepatitis virus post-transcriptional regulatory el ement (WPRE) was

PCR- anpl i fi ed BipsstangeskbCMWeGFP- WPRE (ki ndl'y provi ded by Professor H.
Bileler, University of Zurich, Swtzerland) and inserted between Spel and
Xbal sites (i01pHas Masurenieneoftdnstigidaopydinoetior of\iwverand®ld was cl oned from
pORF9- hCD1D (I nvi vogen, San Di ego, CA) through PCR to include the Kozak
sequence upHwd2EmM Jo mésuretths hllosdmhutatay dubsaibh ofl DT sSfrezenr lamiani petiphdtalsi t es at
its termni. These two sites were used to insert the CDl1d gene.

Bacul ovirus, masgathaasT E&YeRlde thaded Rh@dskdad respbiiderd. 107 pROY Reliewerei fhad
pl asm d and propagated in 519 cells according to Bac-to-Bac Bacul ovirus

Expressi on Syst&Spdmaadialin (1 NVihr 0P8 . oSnadie’ OboPatdhiOnhdiNged N2FBY as BV,
was produced using BacPAK6 viral DNA (d ontech, Mouuntain View, CA) that

" t N o . Bag i ified
s descri bed S AlRARRR itk RITRLLARAG IS (CPOE Ol SR e RO T ©
units, pfu) V\’eart?naficec;[n%gnrﬂa%gg oP é‘ S’F;)Lll\?%ulgbeaﬁﬁea}( céi?sl iIrll %ar%fa? roco%ll le?riperature 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 10%/ml. To
set up allogeneic stimulation assay, 2x10° pan-T cells were co-cultured with
graded number of DCs suspended in complete RPMI 1640. A polyclonal

activator, phytohemagglutinin (PHA; Sigma-Aldrich) that stimulates T cell
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[00126]. For bacul oviral transduction, the human DCs were resuspended in DC
differentiation nediumat a density of 105/100 Al. To transduce the DCs at
desired mMiPRO¥R2e678y of infection (MJ), various nunber ECHSGRGICHPGBI r uses
wer e suspended in 100 Al PBS and added to the cells. After 4 h incubation,
the DCs were washed twi ce and resuspended in DC differentiation nedium Two
days after transduction, the eGP expression was detected under a

fl uorescence m croscope. To detect CDld expression, the DCs were stained by

PE mouse ant i i, %9%"5%0 sithRR o%ir%%t?e{\’gga%ﬁﬁmﬁgg‘ada yg et U1

FACSCal i bur fl'ow cy onet er I OSCI ences asur énent  of

Al'l ostinul atoty Function.o

al | osti mul at or‘{F ¥ SAEA %thoép E&ousF Dcﬁg‘hmr?ﬂr?@# 6’3}0‘1 ge ZEBBI ﬁi?ﬁ%%’lfef}a?{l-dT cells
were thawed and used as.responders. 107 pan-T cells were fj .resuspended
in1m PBS céht E.Cﬁﬂrpgo iforatiempvat msatureb §TER fﬁuueﬁﬂlsa&wwﬁ%gpw

di acetate succinimdyl ester (CFSE;, Invitrogen) was added at a final
concentrati oncgon@tes. AMto | abel the T cells in dark at roomtenperature
for 5 mn. After washing three tinmes with PBS containing 5%

heat - i nact i (08i2%. FBGmuddtonTarek Detectien of ridEIs fel dogansion DL dpak§ibk, 1640 at
a density of 106/m . To set up allogeneic stinulation assay, 2x105 pan-T
cel | s were co-GI Aemes and iCytodired®ddiaetivher of DCs suspended in conpl ete RPM
1640. A polyclonal activator, phytohenmagglutinin (PHA; Sigma-Aldrich) that

stinul ates [pogsd]! mraah @ih@feff%t OfE&D 1USORrexpreal§isn i BEs 6R tHe dxipansiirl &
i ncubation of 5 days, e cells were stained with APC nouse anti-hunman CD3

anti body (BD ﬁih&%@llﬁﬁf‘rec%hs apd neRe.-Dcs §lete %{ghﬁée@r@tmrt:m%m@w@ by CFSE
dilution using a FACSAria flow cytoneter. 0129]. Stinulation and

Bﬁéﬁﬁii Ton” | ois*??oqh%#o 9@&0‘*‘?@?%?58%”%419%&@ Ho&%@%ﬁg% L?%a&?ﬁ%"é'c;‘eon
BV O/, CDL WREZD A2 5t DY B Qi oG Dhel s Gt Bl ol o ¢
100ng/ ml GC 24 h. d f

105 g cC- gul saéf%&naépéﬂmﬁ&aﬁa}ﬁéﬁgoem -drg Sm%alf@sg M“éag ﬁu?'cgﬁ s

in conplete RPM 1640 with or without 100 ng/m a-GC. _Seven days after
cocul ture, toonstiheyt JOQUE/BrGE. Seymn dayspftescogpltwe st setestiNK T pellsptherpuse
anti-human CD3 (BD Bi osci ences), PE anti-Vo24 TCR (Beckman Coul ter, Brea,
CA) and FI TC aampley/n3itel stFigrl (\xﬁid;clkhﬁnn@csaIatnéfh)mandilahéB?zBi@scrjgncaS)FRESAri a
flow cytonmeter. [00131]. To stinulate the antigen-specific CTL response,

t he HLA- A2+ Hlantildfo2d e TCRCgB¢dkiinanDCslltayy Bred)CSA)eawl HEQG ati-§iBésefiCRt he
HLA- A2-restricted epitope MART-126-35A27L (ELAG G LTV; MART-1 pepti de;
Prol mmune, Ox{BédkmablQoultdt) endismlyed By b IFATIS Arfaofissl uaesletey. BV- CW. CD1d- WPRE
and pul sed with or without 100 ng/m a-GC for 24 h one day after

transducti ofpo1IMe 48%aEmafatethe hﬁt%eﬁ%s&ﬁ@antr&%o%sth\e@{@c\mm?ﬂdweh 10
p.g/ml MART-1 peptide for 4 ter washing, 105 DCs were co-cultured with

106 HLA A2+ P% ?QgspﬁgD@%eré%é% tdSAf)ltegcrnt GRs Al Wb Gedtfictd gﬁlY(ﬁ)’e to

det ect antigen- sp sanpl e
MART-1,635A27L (ELAGIGILTV; MART-1 peptide; Prolmmune, Oxford, UK).

The DCs were first transduced by BV-CMV.CD1d-WPRE and pulsed with or
without 100 ng/ml o~-GC for 24 h one day after transduction. Two days after
transduction, the DCs were pulsed with 10 pg/ml MART-1 peptide for 4 h. After
washing, 10° DCs were co-cultured with 10° HLA A2+ PBLs in complete RPMI

1640. After co-culture of 9 days, to detect antigen-specific CTLs, the samples
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were stained with APC nouse anti-human CD3, FITC-|abel ed anti-CD3

(Prol mmune) and R-PE-I|abel ed A*0201/ ELAG A LTV Pent aner (Prol nmune) and
anal yzed WO 2PROZ/7Ba fl ow cytoneter. In some experi ment #CTHSBGG012/000080
CDldover expressi ng human DCs were pretreated with anti-CD 1 d bl ocking
anti body (eBioscience, San Diego, CA) or its isotype control (eBiosciecne)
before applying for T cell primng. To study the effect of glycolipid

bi osynthesis inhibition on T cell primng, the BVCD 1 d- transduced human

s R G e
for 24 hours GHEIREUIS) ‘WP‘%E%%&“@%W&A%%@FF‘"‘%% rﬁf?mwﬁgﬂ Y

cocultures were resti rrul ated with_105 MART-1 pepti de-pul sed day 9 of
cocul ture and28hanslyed Bhé W%ﬂ?@rcyﬁ%‘%‘?@%ﬂpaFPF’GneXp?‘amﬁ’%t&schsCBId‘
antigen-specific CTL activity, the cocultures were stinulated for the third
time on day 7oserexpressigoman Ds|vere pretrgatel withs apn@R 1 lepkinganpbadyed DCs
and used as effectors for lysis of tunor cells one week |ater. 1001321. To
measur e tunor (eBibscipmae,Jaediegos CBJlor @s isotipe gonteol [(eBiosraernentdooappllingssay was
used. In brief, the tunor cells Ml nme-3Mor SW480 were | abeled with

| uci f er ase by férr Rio&lt piningn Twistddyahekfsariofl gheokigid bissgntheditimhitéti@sen T
expressi on cassette using Lipofectam ne 2000 (I nvitrogen). Two days after

transfection, ¢49 '1tn ,Ehe%b@l&@{aﬁsd&%&ﬂh@ﬁaﬁﬁtg%&eﬁe f64ded Ranbetad pi-th the
ef fectors descri ove at desired effector to target (E T) ratios. After

%383%5“2”??‘.%% 35@8’@% -ty Bl - §Cﬂf§%%%ﬁnﬁ9?fﬁ at Slmd) vere
C;ImClrJ]Fnggcﬁs' é)" asurelsgt P&gﬁ?ﬁﬁgg’r&ﬁg&}% %.[:}j)n@fn eCI Qﬁ%ﬁ(ﬁ;%{cisanpl e

(with effectors, RLUExp), the sanple with maxi mumwviability (w th nedi um
only, RLUmedi ®GCa4, H%ar@atnﬁ% @evmwdufor@ﬂdwm eng qayj aftgr 1%@DQIOHRLI@§&9r as

foll owi ng: % of specific lysis [1 - (RLUEXxp- RLUst) (RLUmedi a- RLUsDs) ] x
100. [00133]. eApersenthy tlmyttongkltures; werecregtiradatgd rithy 1 € oMARE-U ipeptade-mdsedand

PBLs, 105 H .DCs were transduced by bacul oviral vectors. The transduced DCs
wer e then i nciat el day th of @ociPBrs ahd a36lYzdd dnd wxekpdfet ecdfinMIatioad0 ToThr ee
days later, the supernatants were coll ected and cytoki ne concentrati on was

nmeasured w t h fghReRhtizdh-dpeditic ATERYcHGEBAthe ssalubs Weret dtgnuldéd ifprmae Sol ubl e
Protein Master Buffer Kit and the CBA Flex Sets that detect INF-vy, IL-4 and

TNF (BD Bi osCiigRCERE -onl &f@qﬁeﬁﬁgﬁd RERLRo WG Ry eviaRA” £ SepsiculddEs Were
pretreated with anti - bl ocki ng antibody or its isotype control before

co-cul turi ng \ﬂésrhnﬁ) Bkt aslc B for l@gﬁ Wk fuShor cells one week later.

[00132]. 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, 10*
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 pg/ml. Ten minutes later, luminescence was measured and the percentage of
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[ 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, tWOREB/121¢8||s were induced for nyel oid differeRCI&G2012/0p8080 ]
coculturing on OP9 cells for 9-10 days (Figure 1A). To further expand the
nyel oid |ineages, the HES-1/0P9 cocultures were harvested and grown in
suspension with Gw CSF for 8-10 days (Figure 1B). The expanded nyel oi d
cells were then induced to differentiate into DCs by culturing in

i it . I - i . |1
nor0C"or o oreBedl 565 Pl | I ulind HRY Selb Il Male PO dnanse! ! S
dendri t es, f.the feat th h i th (,Fi .e 1D). FI
oy tonet ory andrpeiiTylosauele il ALeeOR FRLDEn + Be S oy PGB coz0g
(DC-SIGN), CD1L.1.¢c, CDB6 and HLA-DR (Figure 1E), which are typical 0DC
surface mar ker'éability (Wéﬁli‘n‘%dltuﬁemﬁbnmaﬁ%vw& ithsh saplegabeuigwablisg (Wit 4@ cel | s,

we al so used two other hESC |ines that were grown in feeder-free condition
to generate hiyRh BIHsosTheslellowing! i"nexd specifiadysty Wt e FIWVexaBildspo /
differentiate into DCs as denonstrated by the expression of surface markers

(Figure 1E), dRibougRILUspg)Jr<lb@dnds H1 |ine was nore reliable and consi stent
internms of yield and the Hi-derived DCs were used in the foll ow ng

experi ment s[00188)13 Mo sthdprylites abcrofd fuSas RGscubyirdat W@V i PBYLCH OY S
[00138]. To-test the feasibility of using baculoviral vector to transduce

the hESCDCs, g1 HICE Shers Ghhs@tcdds BXesloviraRdchis. MkeashnR@RYd BdsORerefthen
differentiated HESCs (Figure 2A) using FACSAria flow cytoneter after

staining with. t'ﬂwgndéD%lO ReTere\Y] ort L cel |

popul ?ti ;)ln befé%aﬁgﬁgt ?n(?tllsn tSI ée3 an ‘?roon?lg%mt(%ljotgf &g%??hée%z(&% :ﬁf}f’ El%

i mportantly, e cells tolerated,and survive sorting condition as
cted, "’t"ﬁe d; glu

dermonst r at ed BYPTREAUE ¢ HUF CYioiRg ) copeqnragien (A mgPEEd Biture 20) .
Wth these purified hESC-DCs, we tested the transduction w.th bacul oviral
vect or BV- OW.etgpetriejBead campy (£BEy cstaynesdng thegeBén Shmapralubleibigtemo  of
100, about 30% of the H .DC becane eGP+ 2 days after transduction (Figure
2D), suggest i NdastdrBuifeadiit and thalCRA dlexr Setathat detbet ING-1 dhrdsahdcENF {BPe DCs.
1001391. To understand the effect of bacul oviral transduction on phenotype
and function @iodchecérIa-sbins expeiniend) Sdad etehprebihg HXBCatvest préwdatudt MO s.
At MO
with anti-CD1d 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 OP9 cells for 9-10 days (Figure 1A). To further
expand the myeloid lineages, the HES-1/OP9 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
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of 100, the baculoviral transduction did not significantly affect the cell
surface expression of CD40, CD83, CD86 and HLA-DR (Figure 2E). However, at
MO of 5080 201212867pr essi on of these surface nol ecul es WRETSGIM2f00¢ENt | vy
reduced {Figure 2E). The DC function after bacul oviral transduction was
further evaluated by their ability to stinulate allogeneic T cells. At MJ
of 100, the bacul ovirustransduced HL .DC stinul ated all ogeneic T cell
proliferation in a dose-response nmanner simlar to that induced by nock

transduced c egrc?qu Bh 81 %@turg@%%h ﬂ&?‘&nﬁ\é@ vel £iRd Q)ft;:lxtlcgg% b deeds! Elllxggé’ii ory

function of bacul ovirus-trans was obvi ous ected { ure 2F).
These results j ndi cate .t hat may .us ul ovi.ral _vectors at of 100
for the foll oxk‘“hg“ﬁ’ nglﬁggléar%ﬂ}ﬁegé eaﬁcgf@b%?fe 6@? ll:ﬂll(%’V %Pgowryo?n 5.
1001401. CDid- overexpression.i n hESC usi ng | ovira ctors [00141].
Previ ousl y, wehayehat: fhess Oftfrsent Jaﬁ'ﬁ-é Wrﬁﬂﬁé‘%ﬁéagéh%él@iﬁ’ SiHdfce t he
bacul ovi rus-nedi ated transgene expression.13' 15 16 Here we included the
WPRE sequence GR8Bwnd AL (Kigwe 1Betvdrch are bpiral Rl spifpachBarkerse rl®ase t he
CD1d expression in hESC-DCs. Wth this construct, up to 51% of the H .DCs
expressed CDldelodaths cafittmmatipmnf thousd-darived feegen@llsowe 2130 ugdd tyur eth@A) . The
use of MJ of 500 failed to further increase the CDld expression (Figure
3A). The baculh®SICr Bhest thanwetecgroan ial foederdied doaditiup-to gghérateehiniem DDA
expression in HL .DCs (Figure 3A). [00142]. CDld up-regul ation in hESC DCs
i's functional ThasedtwWeDliried 9H N UsHIN HONKErS @bth aBRaRs idfferert@14d . DT &t udy
whet her these overexpressed CDld on hESC-DCs are functional, BVCDld-
transduced H .dfSniRia Bk l&f,%%i&%f bkt _npa%mpt#ig&rxl 1}5;, ARasn 8

exogenous gl ycosphi goli pids a- for inducing i NKT cell "expansion after
cocul ture of 0 I n:Hl = t. NET exh jon in

H . DCs enhancﬁalagﬁ%[l1 rlﬁgb\?%i eé)@ret %hfﬁﬂg&ég c?ﬁiﬁelgépﬁe%g%gé@nﬁf&n{h? rs%i presence
of a-GC. As shown usi ng h Ls.as responders, CDld-overexpressing

H . DCs were ’éveéﬁ?"?%}vgﬁgls?cﬁg‘ﬁﬂ? ﬁ)@o%ﬁe}p%ﬁglﬁ&ced H .DCs and the
BVPacPAK6-transduced H . DCs for i ng?uci ng ing'[ cell expansion (Figure 3B).
To excl ude {4&3HosJirgtsductionef, Cady Bacuigrieg! ¥eq97S and the resi dual
nonocytes in the PBLs, pure human peripheral blood pan-T cells were used as
responders K38 millodest tes feasibikigs Ogb‘tl%ﬁ haglqimplyvectorgp)transducqhe G-ceabl e
that the induction of i NKT cell expansion by CDld-overexpressing H .DCs
depended on t MRCpmeduastcorted the-I0Cs fromi the miixes ropukesion of diffceantiatedl EESE]s|
expansion in the absence of a-GC (Figure 3C). The efficiency of these

CD1d- over expr €Eigured Al usigF AESA tieflo e cytoneeser tafter stmningivitteAP@um@ilsogatiss hunman
nonocyt e-derived DCs (Figure 3D). To exclude the possible effects of free
antigen, a- GChattlas @D .abilsoddeAgtetiSRtingithe ctil @opestitnt besrawvagifdrivain size

a- GC- pul sed CDl1d-overexpressing H .DCs were good enough for i NKT cell

expansi on and utREpHINVEEigur®3B). Ve iRipbaadlBIRAGCE N Sielatcansd WaRGvddl - DCs
(Figure 3E). 100144 CDid- overexpression in hESC DCs enhances primng of

D0 L1 by SRSl ARG S SRk T B g e o
anti gen- speci fdiis?l (Erglﬁrerfé)p %ﬁlefheé[ehpeu%%emgaﬁes,l_&é Qgéd W& tFansduction with
baculoviral vector BV-CMV.eGFP. Live cell fluorescence image shows that using
MOI of 100, about 30% of the H1.DC became eGFP+ 2 days after transduction
(Figure 2D), suggesting that baculoviral vectors are able to transduce these DCs.

[00139]. 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
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pul sed with a-GC and MART-1 peptide and co-cultured with nave HLA- A2+ PBLs
from heal thy donors. After one stinulation co-culture for 9 days, the

pent aner WO nyMas performed to identify the MART-1 PBEPISGAEL29080 f i C
CD8+ T cells (Figure 4A and 4B). The result showed that w thout |oading the
a- G&C, CD1d-overexpression in H.DCs al one significantly enhanced the
expansi on of these nave CD8+ T cells while conpared with the

BV- PacPAK6-t ransduced H . DCs (p<0.009) and the autol ogous nonocyte-derived

DCs (p<0.04) (Jri @b %e%nlo@?&*l“ﬂﬁscﬁﬁﬂgm dF](hﬁotl Q%t?h@c&ﬂ?fafﬁé e%gﬁgﬂ‘a&b\/i ous

beneficial effect interns of primng these antigen-specific + T cells

by the nock-transduced - Pac PAKG- t duce |, DCs an

CD1d- over expr eeég’ieﬁsdor}-ff. @0’( éﬁgﬁﬁﬁ)gﬁ?nﬁ@ﬁﬁ?@ﬁﬁr? g‘?g,H%eeV erp ralg M(EIS
ability of the CDld-overexpressing Hl . s even significantl ecr eased
with the | oadi¥g®s the Erpessigapf ﬁBCSWSPFfa‘E%Bl\Q)@“HﬁPh%%ﬁ sigmégant aEﬁdﬁﬁe p<0. 04)
(Figure 4B). Wthout |oading the MART-1 peptide, there were no observable
speci fi ¢ exparBigsre 4%). BmsRCiiupcsionaftgybasaleyupktransdustian wgs fithepealuated t hat

t he expansi ons were antigen-specific and depended on the presence of MART-1
peptide (Fi gurby théir abidityl®) stimilath @ogannici T wellsg At MOE p£200,ithé bgcubdfviube CD8+ T
primng. These results suggest that CDld-upregulation alone is able to
enhance the i mrsdwgehHdiD@ scifnutdeel flEEhXs Tacudl prolifertfohciata desesespohsedepend
on the | oading of exogenous i NKT-cell ligand. [00146]. Re-stinulation with
MART- 1 pept i dendradaghilet «DEst fnduéddesy pvpandadutdiessls VARIrel2 e phideatspeci fi ¢
CD8+ T cells and the expansion was nore obvious in the coculture initially

primed by CD14;0y&FeR! arShBifduladrs fubdticdUsEbatidovilREaMGEed Btk ekad hi rd
sitmulation with antigen-loaded Hl " DCs, these MART-1 peptide-specific CD3+

1
the HLA Ao and MR e ARl Bt AP it R in gt PE B Fralonl 0%
col <. [ oo1a7 ooienytt HOLBI0 ABCFusr T inecipstne BECopgf i 15! bl 1 o

enhancing T C§\|(I| E&@ ng 1001481. Considering the inportance of autol ogous
moDCs as one oYl seful cell sources in DC- based i mmunot herapy, we
explored the effect of this CDldoverexpression strategy in noDCs for
prinming ant [9d#l]s p &} Fd-qyemexpeasyion ys{séﬁgé?cwww baculgvialivactosh wit h

BV- CW. CD1d- WPRE at MO of 100, up to 60% of noDCs expressed CDld on day 2
(Fi gure 5A) [0084Hul dvdvicusly mmb@ucﬁf thanthg finpheding of WERE ggquenge Fant enhakee CD1d
expression as denonstrated in noDCs transduced by BV-PacPAK6 (Figure 5A).
Simlar to thehd ibacilogsuswhediattld trddE€sene aexpGessiohstd' *CHbte oveerimolpdeds sieng nDDCs
wer e obviously superior in expanding the i NKT cells than those a-GC- pul sed
BV- Pac PAKG6- t r amBRB Gegueiibdis BVFCNIV.€DIB)WPRE tveowts inoardeng fubBerainteaseCD 1d
overexpressi on in noDCs enhanced the prim ng of MART-1l-specific CD8+ T

celI's (Figure ®CcpNE exfrbssiniith BESOIDAS. iwnigh id ddnBMrcbapREKPyt sransduert moDCs
(p<0.04) and nock-transduced noDCs (p<0.004). These results suggested that

t he CDld-over [ [ c , can be
ext rapol at ed %Wﬁog%%sdﬂ[d%%%?ﬁ&éﬁg%dgﬁ%EQH% gﬁ% pf{rlpr(%?ﬁg%% : Thlbse
CD1d- over expr &35} 8 o SRS BiRa 0 AP rdaMThe bl d LRELRR (Ffre 3A). The

baculoviral transduction alone did not up-regulate the CDI1d expression in

H1.DCs (Figure 3A).
[00142]. CDI1d up-regulation in hESC-DCs is functional in promoting human

INKT cell expansion
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1001501. To determ ne whether the stinmulatory effect of CDld-overexpression
on the primng of antigen-specific T cells by human DCs is CDld-restricted,
t he anti g¥Q-20PAQe8CD1d- over expressing DCs were first bIPOEISEA0121000980
anti-CDld anti body before applying for T cell primng. In both experinents
wi th CDldoverexpressing H .DCs -and noDCs, pretreatnment with the bl ocking
anti-CDld anti body decreased the MART-1 peptide-specific CD8+ T cell
responses while conparing with pretreatnment with isotype control (Figure

6A). This Sgﬁ?@ﬁt > %g%igt (R O ?r\taegé%)r Weeh #by FEIEIUCLERRESHION O T

cell primn s CD ndent a epend on t teraction of DCs and

i NKT cells. Tq, tigate t ssi bl e ghan of .cyto e.profile that my
affect the T %eY(?ﬁg‘?'i ‘ﬁ%qﬁé““ﬁgfh@g% Jree teﬁagu%%‘%i%rn%?lét ?%arll?ﬂg t(g i
cytolcines in this setting of enhanc and i NK ell interactign due to
CD1d up-regul &EPEROUST r@@%ﬂ@%ﬁ‘gnﬁﬁar%ﬁlwuc}@cl ﬁ% Rl sxpansian ﬁggs wer e
coll ected on day 3 and anal yzed by CBA assay. Al though there was sone

noti ceabl e ef fceeultugs o alc dixsyiAsashomma ks Higetd éﬁ'lbnth@y@gkil‘ﬁéerﬂﬁﬁﬁm Bn as
shown by the reduced TNF production (Figure 6B), we found that the

BVCD1d- t r ansdutleRChitnhddCGsd theitwbdidy toindugsr dNISTi nelk dxpaRtioy ipthsduresehemofas
conpared to the control that used BV-transduced H .DCs (Figure 6B). No

di f f erence wasx-0GOsevsvsidwnnby esitg lafmdnl PBLand rédgongderaddbi d-onelorpressary t he
experinments. using BVCD i d-transduced H .DCs and BVtransduced Hl . DCs
(Figure 6B). RIEDCEaldrdGndrbe: il QYR R PiRkIaAgucdd HIICWiahd AOBV-CD 1 d
anti body reduced the IFN-y production while conparing to the treatnment with

i sotype contr @la Ak §\aRsdRiEdd HT TRSErOF GRMbing iIKTARAexbARIonEPIFrd!BB). To
regul ation may i1 nduce a pro-inflammtory cytokine profile that favors T

| im . . : t [
[ Tpid Anti gon Raeegor i M ae FePYaLIhe o oy i BB nfthoBpgAcous
BvCD1d- t d t t i th gl | i pid_ bi thesis -
i i tor o PP CPLRECB TP GR) Al Car BRSO Fare PAAS BB S,
| t h d. t hat h t t . inhjhited the T cell imng. abilit f
Co10- over oxpr LSRG VECAHE B 5 Juve Bryerodt ghpeBiq Rgoetig of 7 ©

contribution of endogenous |ipid synthesis in_the adjuvant effect.

Furt hernore, tKdxellisipansion bydskidpeerppaessing fEl-BCs depcadedon BepEesingsy- and
BVCD 1 d-transduced human DCs that may affect the T cell primng ability,
t he expressi omfloeG€] whié theraawag naeliseCide vell expapsion i thet absengayod aafier
transduction. Simlar HLA-A2 and CD80 expression |levels were observed in
BV- and BVCD i dFignen3dLiclie dffioramcyDeSthesd Glvld-odR)jexpaebsing) H1ACs atae dettérat t he
stinmulatory effect of CDl1d up-regulation is not due to the up-regul ated
expressi on of tidn/the G difiedrautdsdoushlimbn mondoytedetieed DCBYERI&-3DRMeduced
DCs. [00152]. Discussion [00153]. In the | ast decade despite the advances

in early deteckinfe #R3PosdinBdaEds bf B3 Miden @ GT-pliIsaHHI DOsasstc aed S deat h
rates in many types of cancers, the high relapse rates in cancer patients

remain. This g Qégﬁt.tsic&ﬂ&mt ¢ BGELAINGE @blmbérgﬁﬁpgsm%ehh.ﬁdgnﬁm govdm ni mal

resi dual di sease, i can be not” managed by the existing therapies, but

poses. sui 20l &L IRt HAET | AIPEARISL 'l dySElifed HUEVBloChido g || 2

priority to investiga st ¥ at® maxi m ze nogénicity of

E&si ?n(;l consi s %%Aﬁ6gf£§ugé&msw@u%%)?tum)r immunity, wherein the

[00144]. CD1d-overexpression in hESC-DCs enhances priming of CD8+ T cells
against tumor antigen

[00145). To investigate the effect of the CD1d-overexpression in H1.DCs on their

ability to prime antigen-specific CTL response, these modified H1.DCs were
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T cell primng remains an inportant initial step. Cunul ating evidences
underscore the inportance of interaction between DCs and i nnate | ynphocytes
such as MiORPEV12k47Bl er (NK) cells and y5 T cells in thePCRhiSG2ea2i000080f
specific T cell response. DC-NK cell cross talk may induce antitunmor 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 primng of anti-mycobacterial CD8+ T cell

posibly st r onglRan QAR SIART, Bl b ot ed PRl FiERACe” ™

exploiting th dj pvan tiyvit f.innate.i ne s em. t he,expl,oring of
novel dendri ti(aP efrl?ms%eli’?tﬁ% QOBO%QH%&&@ At ?%W'ﬂ%{?oni ﬁ‘fféﬁé“r? efglbgngaeysi Beoqual 1y
i mportant. The hESC-DCs. may provide a potential and interesti, glution to
current i ssuedeHRIRT saRmE Yaspeeiored to?ﬁ%“tﬁEﬁt?-Még{ﬂ} &° Fﬁpﬁﬂggyg *to
produce due to the feasibility for |arge-scale production. They can be
functional |y deféllsediguee dAsandetBndhe sesylti showed jthay Withgpglogdiagith oGt r ol of
DC product. The use of hESC-DCs has |less logistic issue since the products
may go dir ect IGD¥fd-overexprassian i HHrBCs nlooe slgnificastly kivraposdethe exhanspmoefuct i on
of hESC-DCs is scalable to provide unlimted nunber of DCs, which w |
benefit pati enk&ewatver ED8HI'E cBlld twihilk ecofipard with uhe BWViscPAIKGrefsdoesd it 1S
of translational significance to investigate novel adjuvant strategies

based on such . DOYeh<(B095 A4l GRe albtBdEES] mohddfle-&dtlved BCE (F0WA) QFRuk cel |

popul ation that |ies between innate and adaptive i mmuune system because

they express TgR ¢h tﬁeﬁ?an@%@tl&a\ﬂﬁmét STREE RASIEMBVISE RRAEAdid1BreESh! tSmiy OM

innate i mune systemin terns of their specificity and behavior. Once

P PRSI L AN A s Sl e
TR Yt TS B 8 bR B S R ASECERE B g1 e

prom se in the_deyel ppnment of antj-tunpr. i no rapy. Mst o early
wor ks in m)usé‘BgD@BItgg RORFERTY. O PEEIRS gglilf@’ 8 eo{“Biii‘lo%‘e’éﬂreﬁsﬁ’é {"[H&ngse
functions of iNKT cells using the potent i NKT cell |ligand a-GC. One study
in mce has fivastevengepifisanthyigereasedovignthgdeading0fa-0f coamnaring Withdhessd
protective immnity (29). Another study has denonstrated that a-GC | oaded
and peptide amithgen ol sloddiBEs(pap 84ntFiguest B Bhithohh leadinguthet MARTDS+ T
cells than peptide-pul sed DCs (30). However, these have failed to enhance T
cell primng psptily, ahéee- wandndOWhsqregitle dpedibadagadditm afidCRBYeclicalledyt hat it
may be due to the elimnation of the a-GC and OVA pepti de-|l oaded DCs by
activat ed i NKpesehks s@inisf)edighésting84t TheC etpagsidds Ted anugdnespkéifitt/d st udi es
with human i NKT cells and the results were quite contrasting, which may

reflect the dighh&led GRS theNprebidic &t ENIARENT ?ﬁepﬁ@é (FRge andaddaBiehikacy of
the stinmuli that decide the effect of i NKT cells between being

pro-i nfl amat : t S i ee a-CC
and anti geni c%%%%ﬁlla%@l}éngﬂoe@{ ngT(:chtgF %({Réeﬁg} g\g@gqﬁ% ;aegﬁ)sl 0 gsg tt[l){&t:s, bot h
groups observ ressed expansihon of .antigen-specifi.c, CT f whi ch
Cradn et al s RHESTRRR FOROTR o iRl SRR ED ke Finedt s MR by
CD4+ i NKT cel | s, and, the sis of ARCs qr 1d- bearing activat, T cells,
respect i vel y. 25 #driisy sﬁé‘tﬂf&ew% Appen a‘f”g%ehlé’f‘&lf’%é’?uﬁé‘@g?ﬂou rﬁggTéc-e coul d
be an issue in clinical setting, which may be presented not only by DCs,
but al so ot hediggd-|s |ike B cells and nonocytes that may result in various
i NKT cell response and different inmunol ogical outcones. In one study with
nmore clini ci0146]or Rerstimuéation xpidr IMARTdl pepsidagoadit rihDCetfuherugxpandedGC and
tunmor antigen doubl ed-1oaded noDCs to coculture with PBLs and observed that
a- GC pronot ed thidse MARTpY ipeptide-specifie UBBHJT |delld 2mdvibe ecxpaessai mgs m&E, but

not with unnodi fied noDCs. 27 Therefore, it remains to be understood the
expl oi tation @bviohdinck! SochBureNHantly Pfimdd gy @D AbVerdxprREing8-DTscel |
response. 1001561. We reason that one possible explanation for the negative
results observed in the above-nentioned human cell studies is the use of
a-GC. This potent agonist may overstinulate the human i NKT cells and result
in elimnation of the a-GO oaded DCs 426, 17, 31, 34). Fujii et al. have
also failed to enhance T cell primng by using the a-GC and OVA

pepti de-1 oaded DCs and they speculated that it may be due to the
elimnation of such DCs by the activated i NKT cells or specific CD8+ T
cells (35). Therefore, overstinmulation of i NKT cells could certainly pose a
probl em for using the cc-GC and tunor antigen doubl e-l oaded DC strategy to
i nduce anti-tunor imunity, indicating that optimal stinulation of iNKT

- o, o - - o, . o



adjuvant activity. W denonstrated that such CD1d-overexpressi ng human DCs
were effective in pronoting tunor antigen-specific CIL response. 1001571.
Current | WOrRBEY 129678t he | NKT cel | - based studi es have use®Ca/S6e01eM000&¢oni st
a-CGC as stimulator. It was denonstrated in nurine studies that systemc
adm ni stration of this strong i'NKT cell agonist could result in
uncontrolled i NKT cell activation and cause side effects such as "cytokine
storm' and i NKT cell anergy. 28 29 The induction of i NKT cell response by
a- GC- | oaded - - : ‘Se t

& GC.1 oaded DLERRUGH SERUEE: hRFRFYANRNAG RibaRlBer ol EDCS Bse

DCs, 31' 32 ren i t hese DCs.u e~-to injtiat S ific tive

i mmune res pongg‘.&k??l ipgptb%rslpgg}ga r@ﬁ%ﬁ Ti ﬁeeﬂsair(rlzl)lﬁ%ttﬁ%?{ %‘?g‘?& ar}de(%iﬂég' +by T
cells via TCRis cruycial_ in determni cel onse. One strategy
to control thé“‘PNl@leTlc]éTel Mé@‘i‘?‘&ﬁt E’Btn“qtgget g%‘y‘%@hégé %’L‘glg?éct‘aﬂ%ﬁ ‘é?glsh% th
different length of |ipid chain3l or nodified gal actose head group32. These
structural modiWi48a(Fiswrs 4yindicadng thafdhessd ¢ellxwerdivngiqnahandyspegifiedly a- cC
anal og/ CD1d conpl ex and affect the duration of i NKT cell and DC

i nteraction. Qysedtle tatghetnmioaeells. t he concentration of antigen/CD 1 d

conpl exes on the surface of DCs may al so determ ne the strength of TCR

si gnal i ng i fOOINKT ©Dldsavekexpidision baaagecan becapplied tovo DOP forsendabXisg Tai | ed t o
i nduce i NKT- expansi on, suggesting that the physiol ogical |evel of
endogenous i Nigdy pligagels are not potent enough to activate i NKT cells. 33
However, in the presence of a-GC, sinultaneously |oading the DCs with MHC

class | bi nfhorgs)OVoR&RLAHané R dafie dutd?skdud nDTaNSESnd of ik lusd¥li &HIINY.
whi ch may be due to the el mnation of a-GC-|oaded and pepti de-pul sed DCs

by the expand d. i ' her e Il i mal
s%/i nmul at;(gn tgg?%ugg(?}s‘%tggﬁ gﬂ%?arp}i ?’gzl E’ﬁ%&?ﬁ%?\r@f%g?g{/gﬁts ‘gﬂ%ct sonT
cell primng an

d the st ret\rgi?et h .of t[%é,s stinul ation mapx .gi (;l' bqlt yeen I hat
provi ded by pRYEFEREHICarT Yl BPEh FJENNNE PR PrYhR ds “En TP ALY
rendered by the poteni 1 NKT |igan j - 10 1 this _study, we
propose t hat ré%?‘{é"fB?%%ﬁhoﬁebMﬁl%m ab%}(gﬁf)f éh@ Halp B$%W de an
optimal stimulation to i NKT cells and a novel strategy to exploit the
adj uvant ef f e@®oRffs gxRpepsadefP Ld prydayr2 Figyre gA). Rasylovirel tranydistipyaloae didch a
hypot hesis, we started with the hESC-DCs (Figure 1), which may not only
provi de a st amdhrphiemthtarhd CRId gkpressionoas exmanstraigdnim MO st ansduped by
experinments but al so have great potential for clinical application in
i rnmunot her apBV-PacRAK ¢ (EBighrg o) 1Sagilbratoethe Hend(igs with épPEs si-6€-puisedhe
hESC- DCs, bacul oviral vectors carrying the CD1d gene were used for
t ransducti on (D @berekpressifig SndDClvere shissmtli aipetloCiil expavding xhe¢ ¢SKITon was
functional as denonstrated by the enhanced stinmulation of a-GC-induced i NKT

cel | expansi oRelfdigr hodd -o- GOLRNRE t BVHaLP AKBaRRsddd -RYBCE X PIAfS 5BY
hESC-DCs after pulsing with tunor antigenic peptide did show enhanced

capabi l'i ty to ywhidiR1dAaNE G CTRld etkh@ith hmotOl EAURLed thdlpEming
CD1d- over expression strdategy can be extrapol at ednto noDCs as denonstrat ed
by the enhance |1 pridn abi ity of - OV EESS| . s (Figure
5). W reason Og r%?ﬁ? F\lésﬁgb Sllﬁlwo(\?\nﬁﬁgq:‘ 3%&%@%“&%?@%% sl?f g@ggtcﬁlgg%j%%pri m ng
by CDldover ex Si una i he absence of a- | oadi ng: t he
direct inter ag\?ﬁf‘g}}%@{]%‘?ﬂ“%ﬁdnggéf eféb%be | r‘?ﬁg c%@n?wcgoﬁgs
Pretreatment with anti-CDld anti body to bl ock CDld severely reduced the T
cel | primng &B7T9-944) Hrescrssisspasesied that dhe gD hdrausrerneession;syatesy gys not
suggesting the inportance of the interaction between DCs and i NKT cells

t hrough t he bicoufineg tohESG-d¥Es butessn bd eimpplatedito nR@s.n T cel | pri ni ng.

Al t hough study in nmurine systemshowed that the ligation of CD4OL on i NKT
cells to COWOI1#9]. DExhansing T apljqurividng byre@ Ml dabwevexpagssionnddpersis sinr BOgnedapt i ve
i nmune response, 34 the nmechani sm for human system renai ns unclear, but it

i s possible thRKTDR iddkraditsh | NKT cell interaction somehow |icenses the DCs
to appropriately activate CD8+ T cells. (2) the favorabl e cytokine
secretion profile. The cytokine environment may play an inportant role at
the initiation stage of an adaptive i mune response. The proper activation
of INKT cells may provide the necessa#y cytokines to "junp-start" such
adaptive immunity. 28 Qur result showed CD1d-overexpressi ng hESC- DCs i nduced
a pro-inflamuatory cytokine profile (Figure 6) that may favor the
initiation of antigen-specific T cell response. (3) the possible effect of
bacul oviral transduction on DCs. It was reported in nurine systemt hat
bacul ovi rus as a doubl e-stranded-DNA virus may act on myeloid DCs via
toll-1ike receptor-independent pathway35 and in human noDCs t hat

o~ o~ B N 1 N~ I~~~




interaction of DCs and i NKT cells, the cytokines produced by i NKT cells

t hrough the recognition of endogenous antigen presented on the

over expr e¥0ad120R1e¥8on DCs and t he possi bl e basal acti vaPCorG1R/0bH8Ul ovi ra
transduction. 1001591. Interestingly, we also observed that the

si mul t aneous | oading of a-GC didn't further increase but instead decreased
the T cell primng ability of CD 1 doverexpressing hESC-DCs (Figure 4). In
the presence of a-GC, there was obvious i NKT cell expansion induced by
CD1d- over ex i ng.h - i xaes | ed i NKT

@03§@H %"é)n(i:e%%n?%s\{v&%h%éhg sgl)nula?- %ﬁ"&ﬁ F@o@é}g( Siod Hn

cells my b rrmng o L as previously reported
that activated, i NKT.cells can induce apoptosis i §IM- 3

Overstimul at i g]f‘ue BIflmi"ﬁK""T11 ?:Ig}%eg‘sBVd;c- %Cf%ﬁ’ Y Iilgﬁﬂ itk QN?E#%@ %cf'fldt éhregy2938
as well as lysis of a-GC.|loaded APCs via TCR engagenent.3l1'32 It S
reported that @H@W?@gcpgtlgﬁ§erﬁﬁgfe§@gi PGS Vst gfsgﬁ’m%%d i%ﬁ%‘i“g&\,@al

outcone for DC-NK cell interaction, wherein [ow NK:DC ratios resulting in
DC mat ur at i on aatipdyi egiomiepplyingfdrol celdpuiming gni potibexprrpatswitlj GPidy |y,
these effects may need to be considered during DC i NKT cell interaction,
wher ei n excessveexpxpiresHoMDCGf andNMFDECs) pretremmentewith the blocking entiilHat i on of
antigen-presenting DCs and the subsequent T cell response. Qur finding here
further enphashdeslytdeerdasgdotht MARTOF péprideapedifidiCDBat T \allirespondesivIKIE cel | s
for enhanced T cell primng. 1001601. Overall, this study has denonstrated
that the enforepga®iddwRE ptdRattfenCith isdtype DRSS (Plgaraoal). TARoui@tsdsd ved DCs

enhanced the DC efficacy in primng CD8+ T cells against tunor antigen. The

easy process LR QERAGLME dEREOSS mwgy&éxp&%git)ﬁréﬂ hESGH [¥eming heicpogneti c
mani pul ability, and their conpetence Iin "inducing anti-tunor immunity

2, AR R B R R
Suscept | bl ot GPVSPHE iSOl M G B BeRB: Teh o, HESE Mpdiel car 1y

described. The invention includes all such_variation.and npdifications. The
i nvention al s@PHES uHe dnegpyre She copeeatraon of seyerpl gyto r’(??r’rﬁlqrgﬂlsis(ﬁﬁ?ga d
conpounds referred to or indicated in the specification, individually or

col | ectively #nbensed Radangl INKEnselhdntemeton dugnip (Gl doppripgudation. the st eps
or features. [00162]. Each docunent, reference, patent application or
patent cited isnparirtants dsom Hl.REpandsBBY ¢onadiuprsr weredeobleeted ronj dayt Bednd
entirety by reference, which neans that it should be read and consi dered by
t he reader as apalyteddfy CBA sdagxAlthobigh tharhwadommmniceableéffaceolimculoairant
application or patent cited in this text is not repeated in this text is
merely for reasastfic@dén 68RGIckRBESEEduction as shown by the reduced TNF production

(Figure 6B), we found that the BVCDI1d-transduced H1.DCs induced more
pronounced IFN-y production as compared to the control that used BV-transduced
H1.DCs (Figure 6B). No difference was observed in terms of IL-4 and TNF
production between the experiments using BVCD1d-transduced H1.DCs and BV-
transduced H1.DCs (Figure 6B). Pretreating the CD1d-overexpressing H1.DCs
with anti-CD1d antibody reduced the IFN-y production while comparing to the

treatment with isotype control (Figure 6C). These results suggest that CD1d up-
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[00163]. Any manufacturer's instructions, descriptions, product
specifications, and product sheets for any products nentioned herein or in
any docurEft2012ded67por at ed by reference herein, are her eBgTISGEOR2H00080 ed
herein by reference, and may be enployed in the practice of the invention.
[00164]. The present invention is not to be limted in scope by any of the
speci fic enbodi nents descri bed herein. These enbodi nents are i ntended for
t he purpose of exenplification only. Functionally equival ent products,

formul ati ons - | ear. Al t ' jon as
descri bed her g?%lﬁﬁgg@ggffd@%g ﬁﬂdlé%%%%@%g%pﬁggg?ﬁ@re glfl%t %gglljsinwhg%gde one
or nore range of.va%uB% (eg size, concentration etc). A range of val ues
wi Il be under SYEBE PH iicl ude all values within the range, including the
val ues defininggthe ranqe, and vaIYes adhgpené to th?,égn e which lead to
the sane or [104BY: ardi SVilyate nihes Il SEBbNY §89QETROWS a1 RKS § i3 dhey

adj acent to that value which defines the boundary to the range. 1001661.
Thr oughout t hisgmajseary feffeett ¢foRD 1dippasgnlation, wnBYCD 1ddrmupdused buman R(se, t he
word "conprise" or variations such as "conprises” or "conprising”, wll be
under st ood t o warpkrgated avithnglyerdipohbiofyrshesisainkiditorst RRMP oo INBpDS§uporsf ddynt eger s
but not the exclusion of any other integer or group of integers. It is also
not ed that i n aftet BaclishDaasduaiod. Phé résalts slidwed that siehateatoent dmtdbiosd

par agr aphs, -ternms such as "conprises”, "conprised", "conprising” and the

| i ke can have thd® B PHMIE %bﬂig’ bpCed diRelekpressing B1.0G £1dt mbDWs (Bighre, t hey
can nean "incl udes", "inc%ude ", "including", and the like; and that terns

such as "consi O)I,i AoBRethe 2bhtYib@fion 8 Endogeibus ipid %?rﬁﬁé!ﬁd' & ¥ QAfuvahiave the
meani ng ascribed tothemin US. Patent |aw, e.g., they allow for elenents

not explicitl fredt’ Lﬂhﬁlgenng%t, t&’é%l{%eth%' %Q‘s?ﬂl{e}rhfeiﬂ@%%eagﬁfeh%%@%e@v&%eﬁ gy pri or

art or that aftect a basic’or novel charac S € invention
[00167]. O her iitjons for .sele d.terns ed. herein may be.found"
i thim the decat BV ERRbRG RERIES mhl iy RS T 5l b e Ryt
Unl ess ot herw se defi ned |1 other scientific and technical ter used
herein have t i §é1?FESSH9é‘a}ﬁV%§ Oish{“cﬁ‘ﬁﬁgn‘?“sﬁl h&@r‘é(‘f%o‘&e”ls&r nBVGdayy aitefar y
skill in the art to which the invention belongs. [00168]. Wile the

i nventi on has tgaskyciens Simiasdili 142 dndi @pEhexpression peselss were phicrvsdsin B

enbodi ments, it will be appreciated that various nodifications and changes
may be made wiahhd3Y CBégdmansduged homan NRCs (Figurd 6F), 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
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1001691. REFERENCES 1. G| boa E. DC-based cancer vaccines. J din Invest.
2007;117: 1195-1203. 2. DeFrancesco, L. 2010. Landmark approval for

Dendr eon'Wogariet67¢acci ne. Nat Bi otechnol 28:531-532. BCTS6A)13/00®30 H.
Suenori, H. Zenbutsu, Y. Uenmura, S. Hirata, D. Fukuma, H. Matsuyoshi, M
Shinmonura, M Haruta, S. Fukushima, Y. Matsunaga, T. Katagiri, Y. Nakanura,
M Furuya, N. Nakatsuji, and Y. N shinmura. 2007. Cenetically manipul ated
human enbryonic stem cel |l -deri ved dendritic cells with i mMmune regul atory

function. Ste éﬁrﬁmﬁgbﬂﬁg ) ect grtalﬁfl?lg%}fgs}fn%ﬂ @un%ulatm%,/g%%eg u%’rscﬁ]ﬂo mson

JA, GQunenyuk atron of human e yon| c stem

cells into fu tlonal den ic.ce t hr the | oi t hwa

| munol . 2006%6761119@?41‘35 2m¥er4§tl°’§L]’e§‘?ee %&g n%elﬂnpg%eﬁ c&eﬁ ey, and
J. Vieweg. 2008, ere rran errb poni c. ste s into

i mrunost i mul at”éwa?éfédfd FSESIL* Hé’g F“? @éé‘@?‘g/tfqn&g SB?ﬂlg‘%Jfée Eﬁ%ﬁ‘?‘lsf:ons

Cin Cancer Res 14:6207-6217. 6. Reschner A, Hubert P, Delvenne P, Boniver
J, Jacobs N RMrattecsliqrpisdaliimeaydndncd andmor ETEdn thebsense ACIR4+A ¢l  act or

in the regulation of the immune response. Cin Exp I munol. 2008;
152: 219-226. NK cells may enhance the generation of CD8+ T cell immunity against

intracellular parasite. The interaction between DCs and v6 T cells may also help
the priming of anti-mycobacterial CD8+ T cell response. These studies éuggest
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 yia 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]. iINKT 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
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7. Bendel ac A, Savage PB, Teyton L. The biology of NKT cells. Annu Rev

| mmunol . 2007; 25: 297-336. 8. Nieneyer M Darnoise A Mllenkopf HJ, et al.
Nat ural kwobl2er2/iP1€7@l | characteri zati on through gene expPeIsiGao2po@Ro| i ng:
an account of versatility bridging T helper type 1 (Thl), Th2 and Thl7

i mmune responses. | mmunol ogy. 2008;123:45- 56. 9. Rolf J, Berntman E,
StenstromE. M Smth, R Mnsson, H Stenstad, T. Yamagata, W Agace, M
Si gvardsson, and S. L. Cardell. 2008. Mol ecular profiling reveals distinct

functlonal att
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Tokunaga, K. ﬁi&;‘a ft lena%tyaisrn Pﬁreﬁ@a@.tyﬁopqmalﬂm%ﬂon agﬁ\“% csleﬁ that 2001.
TRAI'L expression by activated hunman E+)V al pha 24NKT cells induces in
vitro and i n \remotgp ppr-siammstony uneipada et teleriging amanune yrenense beld grea| ood.
97:2067-2074. 12. Metelitsa LS, Naidenko OV, Kant A, H W Wi, M J. Loza
B. Perussi a, Mron(ison'ertb@ldgvelmnbnRofcantiSGmgelimn@ﬁ&hcramanMQSU\Kﬂ' tltpebdrby medi at e
antitunor cytotoxicity directly by recogni zing target cell CDld with bound

| i gand or i ndiw®@kd InymbysepnadblicChavg fodused bo thacéxphatadomKl delihsate Jurnctivhsnol . ;
167:3114-3122. 13. Cerundolo, V., J. D. Silk, S. H Masri, and M Salio.

2009. Har nessigfgNKM\:alld @idg thiKpoted iNK T seiMasasll BaGE WneSdidt i@ Phi€ShasNatt Rev
| munol 9:28-38. 14. Parekh, V. V., M T. Wlson, D divares-Villagonez,

A K Singh, lepofid that (PGCVgﬂﬁnceSma}leX%ccﬁ@gldl:xcedvﬁx@te@% imA0R8, Sﬁbywl i pid
antigen i nduces l ong-termnatural killer T cell anergy in mce.
Invest 115: 2571%10%1%@%tudy has demonstrated that o-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 o-
GC- and OVA peptide-loaded DCs by activated iNKT cells or specific CD8+ T
cells.?* 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 o-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.”>?® 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
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Hage, C. A., kmoDCs. KahtreforS.it €hmins® bRund3estddd thevexoitation lof iNKITgglls B8r d, and
K. S. Knox..2005. Human i mrunodeficiency virus gpl20 downregul ates CD1d
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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-GC-
loaded DCs (16, 17, 31, 34). Fujii et al. have also failed to enhance T cell priming
by using the a-GC- and OV A 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 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 o-GC. Hence, the up-regulation of
antigen/CD1d complexes on the DC surface may provide such optimal strength to
activate iINKT cells. To this end, we propose a novel strategy that employs

enforced overexpression of CD1d on human DCs to utilize the human iNKT cell
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cell activation and cause side effects such as “cytokine storm” and iNKT cell

anergy.”®” The induction of iNKT cell response by a-GC-loaded DCs could

reduce these unwanted effects;’® however, the a-GC-loaded DCs could

3132 rendering these DCs

overstimulate iNKT cells and result in lysis of 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 chain®' or modified galactose head group™.
These structural modifications may fine tune the iNKT TCR affinity of the o-GC
- analog/CD1d complex and affect the duration of iNKT cell and DC interaction.
On the other hand, the concentration of antigen/CD1d 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.**> However, in the presence of o-GC, simultaneously loading
the DCs with MHC class I binding OVA peptide and o-GC failed to enhance T

cell priming, which may be due to the elimination of o-GC-loaded and peptide-

pulsed DCs by the expanded and activated iNKT.** Therefore, providing an
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but also have great potential for clinical applicatioh in immunotherapy. To
purposely up-regulate the CD1d expression in the hESC-DCs, baculoviral vectors
carrying the CD1d gene were used for transduction (Figure 3). This baculovirus-
mediated CD1d-overexpression was functional as demonstrated by the enhanced
stimulation of o-GC-induced iNKT cell expansion (Figure 3). Interestingly, these
- CDl1d-overexpressing hESC-DCs after pulsing with tumor antigenic peptide did
show enhanced capability to prime naive 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 CD1d-
overexpressing human DCs in the absence of a-GC loading: (1) the direct
interactions between CDl1d-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
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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.”® 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 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 can not be excluded. Therefore, in our experimental
setting, it is likely that the enhanced T cell priming ability of CDIld-

overexpressing human DCs is a result of the combined effect of the direct
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5. The expression vector of any one of clains 1 to 4 wherein the vector is
able to stably or transiently express the CD1d in the dendritic cells or a
progeni t W0eQe1%121@8 The expression vector of any one of PET&GAS12109080 4
wherein the host cell is a dendritic cell or a progenitor cell such as a
human enbryonic stemcell or a human induced pluripotent stemcell. 7. The
expression vector of claim®6 wherein the dendritic cell is derived froma
human enbryonic stemcell or a hunman pluripotent stemcell. 8. A nmethod of

manuf act ur i ng ife4Bes] ADELknd gelggth@e#omgpﬁr BESABYIRKTLefls HERHM L1 ©

cell comprising the steps o turi dendritic cells in vitro; b)

i ntr OFIUCI ng a éﬁol_¥nuncl:tlloeng%fll n%g%gn%%%eﬁgeﬁspgese*ltcg) on. tHe g{)f\%ﬁ)? \fggsg(i( ?mﬁso%s the

CD1d in the d C “CI% m
therein the d S Bplates @éﬁg‘fa&%@a}% oS us%%ﬁ? ¢ stem cel | or
a human pIurlpotent stem cel
[00159]. Interestingly, we also observed that the simultaneous loading of a-GC
didn’t further increase but instead decreased the T cell priming ability of CD1d-
overexpressing hESC-DCs (Figure 4). In the presence of o-GC, there was obvious
iNKT cell expansion induced by CDI1d-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.*” Overstimulation of iNKT cells by a-GC may result in iNKT cell
anergy” "® as well as lysisi of -GC-loaded APCs via TCR engagement.’'*? 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.’® 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.
[00160]. Overall, this study has demonstrated that the enforced expression of CD1d
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
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11. The method of any one of clains 8 to 10 wherein the polynucleotide is

I ntroduced to the dendritic cell in culture by the expression vector of any
one of clapm8121121¢87. 12. A net hod of enhanci ng an i MuUBRETISEIPENS@WSe 0 a
dendritic cell for treating a patient in need of a cancer treatnent
conprising the steps of: a) culturing the dendritic cells in vitro;

b) introducing a pol ynucl eotide that encodes a CD 1 d and overexpresses the
CD1dinthe dendritic cell; i ntroduci ng the CD1d-overexpressing

c)
e 111 by Bl B SIS S BBk B gl ot
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
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14. The method of claim 12 wherein the dendritic cell is generated froma
human enbryonic stemcell or a human pluripotent stemcell. 15. The nethod
of any or®0a@P12¢124%76s 11 to 13 wherein the pol ynucl eot i dBCTEGRII2HOHWSGEQ | D
NO. 1. 16. A use of the expression vector of any one of clains 1 to 7 for

t he preparation of a nedicanent for the treatnent of a cancer. 17. A cancer
vacci ne conprising a CDld-overexpressing dendritic cell having upregul ated
expression of a CDld pol ynucl eotide. 18. The cancer vaccine of claim 17
wherein the d Liti-g. | S.S€el dafr R GRNShSE | cel |

I sol at ed from%gﬁeél h‘élﬁl\llllf;?{ljéafén%%’vﬁlﬁgﬁ%n ntélgr‘gag%\eg (gerf@e%l geﬁggéét%% ?Jrl%%n a human
enbryonic stem,cell or a human . pl urjpotent stemc .. .19. The. cancer

vacci ne of cl AFREPY too{he I@lgﬁﬁr{vg’i‘%ﬁﬁa({ hetﬁﬁfﬁ’&e ?)roﬁ“g]ﬁﬁlgtailgtt' FEEMEE SsEQ 1D
NO 1.

the values immediately adjacent to that value which defines the boundary to the
range.

[00166]. 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

>

2 13

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
j 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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We Claim:

1.

9.

An expression vector comprising a polynucleotide that encodes a CDId
operably linked to a regulatory sequence capable of up-regulating

expression of said polynucleotide in a host cell.

The expression vector of claim 1 or 2 wherein the polynucleotide encodes a CD1d
comprising SEQ ID NO. 1.
The expression vector of any one of claims 1 to 3 for use in the manufacture of a

vaccine for the treatment of a cancer.

The expression vector of any one of claims 1 to 4 wherein the vector is a

baculoviral vector carrying the CD1d polypeptide

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.

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.

The expression vector of claim 6 wherein the dendritic cell is derived from a

human embryonic stem cell or a human pluripotent stem cell.

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 dentritic cell.

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.
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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

1to7.

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 CD1d and overexpresses the CD1d in
the dendritic cell;

¢) introducing the CDI1d-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

SEQID NO. 1.
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