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anot her exenplary inplenmentation, interleukin (I1L)-3, which may, in another
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[0002] The present disclosure relates to alpha-galactosyl ceramide (a-GalCer)
analogs, and their use as immunotherapies, adjuvants, and antiviral, antibacterial,

and anticancer agents.

BACKGROUND

[0003] Natural killer T cells (NKTs) represent a subset of T lymphocytes with unique
properties, including reactivity for natural or synthetic glycolipids presented by CD1d
and expression of an invariant T cell antigen receptor (TCR) alpha chain. NKTs are
different from functionally differentiated conventional a3 T cells in that they share
properties of both natural killer cells and T cells are can rapidly produce both Ty1-
type and Tu2-type responses upon stimulation with their ligands (innate immunity).
The activation of NKTs paradoxically can lead either to suppression or stimulation of
immune responses. For example, the production of Ty1 cytokines is thought to
promote cellular immunity with antitumor, antiviral/antibacterial, and adjuvant
activities, whereas T2 cytokine production is thought to subdue autoimmune
diseases and promote antibody production. Because NKTs play a regulatory role in

the immune system, they are attractive targets for immunotherapy.



i npl enent ati on, enhance DC survival. [0005] In one exenplary

i npl ementation, the DCs utilized in the nethods of this disclosure may
express myelwinhosmskers, such as, for exanple, CDL 1c oPCTius2@m05i3es
exenplary inplenmentation, an IL-3 receptor- a (IL-3Ra) chain (CD123). In
anot her exenplary inplenentation, the DCs may produce type | interferons
(I'FNs). In one exenplary inplenentation, the DCs utilized in the nethods of
this disclosure express costimulatory nol ecules. I n another exenplary

i npl ementation, the DCs utilized in the methods of this disclosure may
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[0006] In one exemplary implementation, the dendritic cells used in the methods of
this disclosure may express CD83, an endocytic receptor to increase uptake of the
autoantigen such as DEC-205/CD205 in one implementation, or DC-LAMP (CD208)
cell surface markers, or, in another implementation, varying levels of the antigen
presenting MHC class | and Il products, or in another implementation, accessory
(adhesion and co-stimulatory) molecules including CD40, CD54, CD58 or CD86, or
any combination thereof. In another implementation, the dendritic cells may express
varying levels of CD115, CD14, CD68 or CD32.

[0007]In one exemplary implementation, mature dendritic cells are used for the
methods of this disclosure. In one implementation, the term “mature dendritic cells”
refers to a population of dendritic cells with diminished CD115, CD14, CD68 or CD32
expression, or in another implementation, a population of cells with enhanced CD86
expression, or a combination thereof. In another implementation, mature dendritic
cells will exhibit increased expression of one or more of p55, CD83, CD40 or CD86
or a combination thereof. In another implementation, the dendritic cells used in the

methods of this disclosure will express the DEC-205 receptor on their surface. In



TNFa or TOLL like receptor ligand, bacterial |ipoglycan or polysaccharide
addition or activation of an intracellular pathway such as TRAF-6 or NF-KkB.
[ 0008] | rworreroen0e3rpl ary i npl enent ati on, induci ng DC nat RC&itisewvomsns2de i n
conbi nation with endocytic receptor delivery of a preselected antigen. In
one inplenmentation, endocytic receptor delivery of antigen may be via the
use of the DEC-205 receptor. [0009] In one exenplary inplenentation, the
mat uration status of the dendritic nmay be confirmed, for exanple, by
detecting either one or nore of 1) an increase expression of one or nDre of
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methods well known in the art, such as, for example, immunohistochemistry, FACS

analysis, and others.

[0010]NKT expansion, in one implementation, varies in response to a presenting
antigen. In one implementation, an a-GalCer analog of this disclosure is supplied in
the culture simultaneously with dendritic cell contact with the NKTs. In another
implementation, dendritic cells, which have already processed antigen are contacted
with the NKTs.

[0011]In one exemplary implementation, the term “contacting a target cell” refers
herein to both direct and indirect exposure of cell to the indicated item. In one
implementation, contact of NKTs with an o-GalCer analog of this disclosure, a
cytokine, growth factor, dendritic cell, or combination thereof, is direct or indirect. In
one implementation, contacting a cell may comprise direct injection of the cell
through any means well known in the art, such as microinjection. It is also
envisioned, in another implementation, that supply to the cell is indirect, such as via
provision in a culture medium that surrounds the cell, or administration to a subject,

via any route well known in the art, and as described hereinbelow.



in the art, and may be effected, as described for exanple Hsu et al.,

Nat ure Med. 2:52-58 (1996); or Steinman et al. International application
PCT/ US93/wW824m/006318013] I n one inplenmentation, the a- GalPCerusanmaloses2s s

adm nistered to a subject, and, in another inplenentation, is targeted to
the dendritic cell, wherein uptake occurs in vivo, for nethods as described
her ei nbel ow. [0014] a- Gal Cer anal og uptake and processing, in one

i npl enentation, can occur within 24 hours, or in another inplenentation,

| onger periods of tine may be necessary, such as, for exanpl e, up to and
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the dendritic cells.

[0016] In one implementation, the NKTs can be used to modulate an immune
response, in a disease-specific manner. It is to be understood that any immune
response, wherein it is desired to enhance cytokine production, or elicit a particular
cytokine profile, including interferon-y, interleukin-2 and/or interleukin-4, the NK T
cells of this disclosure may be thus utilized, and represents an implementation of this

disclosure.

[0017]In another implementation, the methods of this disclosure may further
comprise the step of culturing previously isolated, NKTs with additional dendritic
cells, and an a-GalCer analog of the present disclosure, for a period of time resulting

in further NKT expansion, cytokine production, or a combination thereof.

[0018] In another implementation, this disclosure provides a method for delaying
onset, reducing incidence or suppressing a disease in a subject, comprising the
steps of contacting in a culture NKTs with dendritic cells and an o-GalCer analog of
the present disclosure, for a period of time resulting in NKT expansion, cytokine
production or a combination thereof, and administering NKTs thus obtained to the

subject, wherein the NKTs delay onset, reduce incidence or suppress a disease in



subj ect, wherein the NKTs del ay onset, reduce incidence or suppress a

di sease i nthe subject, thereby del aying onset, reducing incidence or

suppr essiwg 2a10diosaase i n the subject. [0019] In one exeRrpTAISg009/050328

i npl ementation, cells for adm nistration to a subject in this disclosure
may be provided in a conposition. These conpositions may, in one

i npl enentation, be adm nistered parenterally or intravenously. The
conpositions for adm nistration nay be, in one inplenentation, sterile
solutions, or in other inplenentations aqueous Or non-aqueous, Ssuspensi ons
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exanpl e emehylhbjextteat e, or cycl odextrl ns. In another i npl enent ati on,
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the art (for example, vitamin C, antioxidant agents etc ) for some of the methods as

described herein, wherein stimulation of an immune response is desired, as

described further hereinbelow.

[0020]In one exemplary implementation, the disclosure provides a compound
represented by the structure of formula 1:
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[0021]In one exemplary implementation, the disclosure provides a compound

represented by the structure of formula 2:



delivered to dendritic cells in vivo in the steady state, which, in another
i npl ementation, | eads to expansion of disease aneliorating NKTs. Anal og

del i very wo 20tvanosiiéady state can be acconplished, in oneCirmsheaesisasi on, as
described in Bonifaz, et al. (2002) Journal of Experinmental Medicine 196:
1627-1638; Manaval an et al. (2003) Transpl Immunol. 11: 245-58. [0025] In
anot her exenplary inplenentation, select types of dendritic cells in vivo
function to prine the NKTs. [0026] In another exenplary inplenentation,
this disclosure provides a nmethod for nodul ati ng an i rmune response, which
is an inapproggiate or undesirable response.In one inplenentation, the

i nmune respon 3 is marked by a cytokine profile which is deleterious to the
host. [0027] In one exenplary inplenentation, the NKTs of this disclosure
may be adm nistered to a recipient contenporaneously with treatnment for a
particul ar di se®Ye, -suth as,0for exanple, contenporaneous with standard
anti-cancer thenapy,—®0 serﬁh»as\quynpl treatnent=\for a given cancer. In
anot her i npl eremhattoa) i NKTs “6f thi s7di $¢| osur e/ mly be adni ni stered
prior to the adm hiGstrati on ot he ot her treat ment’ [0028] In another

exenpl ary i npl enent ati o T hiS di'sctosur e pf ovi'des a>fet hod for nodul ating
an i mmune response, which i gygirected to infection wwth a pathogen, and the
i mmune response is not protective to the subject. [0029] In another

exenpl ar o3I MRt 8kéMPlary NEpleMBHIAIINE SREN&I-BcIbeSE! bRovidasaaC bbb
profile, which is not beneficial to the host. In one inplenentation, the
cyt oki ne rpprgsentad by restpitws ofifgBud®e3: | n one i npl enentation, a TH2 response
is initiated when a THL response is beneficial to the host, such as for
exanple, in |lepromatous |eprosy. In another inplenentation, a THlL response
is initiated, and persists in the subject, such as for exanple, responses
to the egg antigen is schistosom asis. [0030] In another exenplary

i npl ementation, the disclosure provides a nethod of activating a cytokine
response in a s egtOhhere g an effectiveAnopnt of a
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[0023] In one implementation, the a-GalCer analogs, cells, vaccines or compositions
of this disclosure may be administered to a subject via injection. In one
implementation, injection may be via any means known in the art, and may include,

for example, intra-lymphoidal, or SubQ injection.

[0024] In one implementation, the a-GalCer analogs of the present disclosure are
delivered to dendritic cells in vivo in the steady state, which, in another
implementation, leads to expansion of disease ameliorating NKTs. Analog delivery
in the steady state can be accomplished, in one implementation, as described in
Bonifaz, et al. (2002) Journal of Experimental Medicine 196: 1627-1638; Manavalan
et al. (2003) Transpl Immunol. 11: 245-58.

[0025] In another exemplary implementation, select types of dendritic cells in vivo
function to prime the NKTs.

[0026] In another exemplary implementation, this disclosure provides a method for

modulating an immune response, which is an inappropriate or undesirable response.



compound or a salt or a mxture is adm ni stered, wherein the subject has an
adapti ve i mune systemthat includes a population of cells, the popul ation
i ncl udi ngvat2oiogmsilsone | ynphocyte and at | east one anti gemAsec@9amseng cel |,
and wherein the conpound is represented by the structure of formula 1: or a
pharmaceutically acceptable salt thereof;formng a conplex between the
conpound and the antigen-presenting cell, wherein the formati on of the
conplex results in the activation of a receptor on the |ynphocyte; and
activating the |ynphocyte to produce the cytokine response. [0031] In sone
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cases thgrﬁ ?@ﬁﬂgﬁ%@ﬁ%&% tlh§ rﬁé}u% ??é%q{g?g Pﬁ%ﬁ(egsqyaa %Rﬁ!)%/g%gpoq s‘?hﬁﬁgss t he
Nat ur al Ideldtaious toéhd host. an i nvariant Natural Killer T cell. [0032] In sone
aspects the at |east one antigen-presenting cell is a dendritic cell. In
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receptor. In some instances stinulating at |east one other |ynphocyte to

pr oduce t'i?@trﬁ?'i oki ne response in some instances the at |east one ot her

| ynphocyte is a T help cell, [0035] In sone aspects of the nethod the
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cyt oki ne response a
[0029] In another exemplary implementation, the immune response results in a

cytokine profile, which is not beneficial to the host. In one implementation, the
cytokine profile exacerbates disease. In one implementation, a Ty2 response is
initiated when a Ty1 response is beneficial to the host, such as for example, in
lepromatous leprosy. In another implementation, a Ty1 response is initiated, and
persists in the subject, such as for example, responses to the egg antigen is

schistosomiasis.

[0030] In another exemplary implementation, the disclosure provides a method of
activating a cytokine response in a subject whereby an effective amount of a
compound or a salt or a mixture is administered, wherein the subject has an adaptive
immune system that includes a population of cells, the population including at least
one lymphocyte and at least one antigen-presenting cell, and wherein the compound

is represented by the structure of formula 1:
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or a pharmaceutically acceptable salt thereof;



H2-type cyt oki ne response which produces TH2 cytoki nes which may al so be
sel ected fromthe group consisting of IL-4, IL-6, IL-8, IL-10, IL-13,
RANTES, MvB-2010200631d MCP-1 [ 0037] I n sone exenpl ary i npl ecErisamons2s he

di scl osure provides a vaccine conprising an effective anount of a conpound
represented by the structure of formula 1:(1) , or a pharmaceutically
acceptabl e salt thereof; and a vaccine agent. [0038] In sone instances the
vacci ne agent is selected fromthe group consisting of a killed

m croorganism a live attenuated virus mcroorganism a toxoid and a

fragment of an inactiyv roatten 1 CL oOr ism_ | LSt ances
the m croorgani sm ?ésrméﬁénggp erpfeé( t%eﬁwggrﬁ ﬁ%g&rgé%ug@g%gf t?]ﬁsatngg%%gpe%ﬁgﬁf%xoi dis
a t et anusebrwherdinpthefermationl of therenipiest @saks it the adligatioreofag eatepte arapabl e
of elici ttri1 n%, an irpT_une response in a subject that is adm nistered the

vacci ne. MHYORO8CYHis?khces the conpound acts as an i nmunol ogi ¢ adj uvant and

i's capabl e of nodiAgtivathgiheayrgpiodytee grbéudentiivretokdepessehsel i cited by the
vacci ne agent by stinulating the i mmune system which results in the subject

r espondi r[qo31q||rt b@waslpbcte dgfahe Wétg@dﬁ, oatslbastltcbwsﬂlywidhboytb O:S keT dpnpiesoyte [ 0039]
I n some ex ary i nmept ati.ons, the disc r rovi des an,anti -t unor

| Mmanot el 0y SoBSEED TP BRIy e S agVatial KOISE o - I Ssime Ttanges s ound

r epr esentNefluBYKAIBET SEN idcntiharitint Natursl 1611 T eelor a pharmaceutical |y
acceptabl e salt thereof. [0040] In sone aspects of the method, the

adm ni st 1e0320Th s6mbAspECtotharht leBaSdncoattigeh-praserting cai isch ealt ¢diiskn f or
cancer or precancerous precursors. In sone aspects of the nethod the

adni ni st SeMeIRSBRCEs, ecdRshitin gelbisi a imenafurecy somalire fendrticegit one of t unor
and cancer Ils. In sorreé)?s ects of (}h,e, met hod t he res(gonse elicited is a
REHS 6f IMinig

c .
sl owi ng B%ﬁi"hs%{n%taé h@et EPREN2 SRBPPYNGSS AGROMANBIRS t he

response gl i JubBGtahSol I esbitfihis@BtidM 2 isttA@n6ls t NedrhinE¥atioh,004Ataddsapore
exenpl ary i nmpl enment ati ons the nethod includes the adm nistration of the
conpound JdginigtrationeF intEMussafRr ipdBinistANee. syst em t hat i ncl udes a popul ati on
of

[0034] In some aspects of the method, the compound forms a complex with a CD1

molecule on the antigen-presenting cell. In some instances the CD1 molecule is a

CD1d molecule. In some instances the receptor on the T lymphocyte is a T cell

receptor. In some instances stimulating at least one other lymphocyte to produce the

cytokine response, in some instances the at least one other lymphocyte is a T helper

cell.

[0035] In some aspects of the method the cytokine response is a Ty1-type cytokine
response which produces Ty1 cytokines which may also be selected from the group
consisting of IFN-y, IL-1B, IL-2, IL-3, IL-8, IL-12, IL-15, TNF-a, GM-CSF, RANTES,
MIP-1a and MCP-1.

[0036] In some aspects of the method of claim 1 wherein the cytokine response is a
Tw2-type cytokine response which produces Ty2 cytokines which may also be
selected from the group consisting of IL-4, IL-6, IL-8, IL-10, IL-13, RANTES, MIP-1a
and MCP-1

[0037]In some exemplary implementations the disclosure provides a vaccine
comprising an effective amount of a compound represented by the structure of

formula 1:



cells, the population including at | east one | ynphocyte and wherein the
response elicited is an expansion of the population of cells in the

adapt i ve worenranos3gst em [0042] I n sone aspects of the meChas2edeseszpansi on
of the population of cells in the adaptive i Mmune system i ncludes an
expansion in a nunber of T cells, CD8 Tcells, NK cells or NKT cells. In
sone aspects of the nethod includes providing a cancer vaccine to which the
conpound is added to. In sone aspects of the nethod of the cancer is
selected fromthe group consisting of lung caner, breast cancer, hepatong,

| eukem a, solid tunor and carcinoma. [0043] In sone aspects of the nethod
the adm stration is based o an |nfect|ous di sease resulting fromthe

presence of patho ] |Ec[r S A~L$s aspecis of the nmethod the
pat hogeni ¢ m croby en g sel ect ed fro e consi sting of
viruses, bacteria, f ro ozoa mul ti cel | o¥aroparasi tes and aberrant
proteins. In some aspec ofy"t d the pathogenic mcrobial agent is a

virus. In sone aspects of tie# nethod the virus is selected fromthe group
consi sting of (Retroviridae, Picornaviridae, Calcivihdae, Togavi hdae,

Fl avi ri dae, Coronaviridae, Rhabdovi hdae, Filoviridae, Paranyxoviridae,

Ot honyxovi hdae, Bungaviri dae, Arena viridae, Reovi hdae, Birnavi hdae,
Hepadnavi hdae; oFaphavmacedtcally pageniabie Isat éhereefeand b vpoeies ageitpesvi hdae,
Poxvi hdae and Iridovi hdae. In sone aspects of the nmethod the pathogenic
m crobi all0&¥fd i serge nsienneertha vageing sgentds gelecieddron ke geaupawnskindatt eri a

5 Sel eoLeiblofdRGBaD £90S | HorokeR H ABRBREEIsrYh heigPare!d | 3

bur gdorferi egl one pheunophi eunoni ae, acteria
sps, St aftagheodetan nactvaied Ngi gitenuatedy ongopYeeRe). INescsrserlnataneeﬂ thg tidis,

Li st erl 2 BABRARRPICS poSRLBE 9965 7 BERRLEReoTHESBAE RS S AR 20t | 2

St rept ococcus,” Str ept 0COCCUS eptococcus bovi's ept ococcus
pneunoni aimhtrpm‘tdﬁd)@esnme |ﬁairaipyda$tmact/mcdrm ageEntieroapaln:Ietm glipiting Gnl iamhghea sp ,
Haernophi | us i nfl.uen cor

ht h
cor ynebadt T o SRSt Haflolh PR ISRt RIS roSIPY dPERREET T4 nger s,
C ost ri dicoampoehanacts B eamolbaniueblogr agrnast akbeksicapaise pdjfemnuifylag, or

e o FoES e 53 R B RPTSLH HAS) S

immune system which results in the subject responding to the vaccine more

vigorously than without the compound.

[0039]In some exemplary implementations the disclosure provides an anti-tumor
immunotherapy comprising administering an effective amount of a compound

represented by the structure of formula 1:

(s}
HC _oH F
O HN
HO OH
HO o &

CyzHos

(1)

OH

, or a pharmaceutically acceptable salt thereof.

[0040] In some aspects of the method, the administration is based on at least one of
cancer, an elevated risk for cancer or precancerous precursors. In some aspects of

the method the administration of the compound elicits a response in at least one of



Treponenma pertenue, Leptospira, Actinomyces israelii, Sphingononas

capsul ata [0044] and Francisella tularensis. In sone aspects of the nethod
wher ei n twe 2atviosd1st rati on of the conpound to a subj ect PCEAIsRe0®/050328N
enhanced bacterial clearance as conpared to a subject not adm nistered the
conpound. In sone aspects of the nethod the adm nistration of the conpound
results in the killing of the mcrobial agent. In sone aspects of the

nmet hod the administration of the conpound results in the mcrobial agent
not being able to grow. BRIEF DESCRI PTI ON OF THE FI GURES [ 0045] The patent

or appli n_¢co i.n t t pi es of
this pat g%r%oro n(% {:gen% ré%% &gng%%ﬁ% @fmﬁnl on&\ﬁmgﬁ%ee 3(5)?5 gé)gv\%'teéjggvé Il be
provi ded shywnh@elo@wﬁr’n e@rommmfrtlwueMr ansbrpaympmﬁs of thehmethed dssmspofise.

[ 0046] Fi schemaftl c,.illustrations showing Natural Killer T

cel | (NK C' qﬁidﬁ% rSﬁz'Ct'IQind RS LR %%Wé“oo{ general schene. Figure 1B shows how
| phagal d f. th t

o onegel SROATH o 5L AR R T P e PR B P 5
THéa f:)éte Okh&ﬂ?oﬂhﬁé@?&eto_df@@ﬁé’h aHaFuogeanﬁ?m?@témehthFm@@é?$>bpulgtum et of

a- r and varl Qu - I CO 1 s SO referred to as

anal ogs) 6 the Trrulelhn Tiudine et el BMABogs el Wil Bie fRebeid o
origin (@ﬁeutéaas@ncbx Adien gith@qiopmad(sn BEHIGi® thevaddptiss! InhB0aé b@ledtaC4, C5 and
C9), phenyl -al kyl ain glycolipids (C6-C8, C 10-C1 1, Cl15-Cl6, Cl18- C34,

7DV8- 5 (45@42]@83(5)\9 ageddUBHR rhelkad (KB eRansricohy bopakiiwestale it tncat ed
glycolipids (Cl2, C13 and C17). [0048] Figure 3 shows synthetic _schenes for

C12 and @PSPUvecHITTte ayRierdac ‘éﬁest %eb‘l‘%@é’rﬁ‘t'”cﬁ BB efel Celfosd1e Figdsre 4

shows | LNK e¥ioki NRTS&QJE% ’s@r‘%e'é%‘b%bt% dheé %trmd imdiLbes pﬂovi?d. larda%erﬁs
treated with a-Gal Cer or the indicated a-Gal Cer anal;g pr esent

di scl osuNacsine s Whishdhe compauy iss Added 19e I s aspesth Srmmeied ohfha N g
and |L- 4’caﬁ&)r |;J:, %el%cl%ﬂqrolnﬁ-tf@ goréﬂﬁ c&@lstlcg &Qur‘gi‘éjar{ek &Qaéi%taﬁgérnﬁ%r%t%%lf:“ on,
CD3 w th

nor mal i zed DVSO cont r ol uman + NKTs treat
a- Gal Cer Iemkemt@ sohdlmm@reandepamn@@a anal ogs

[0043]In some aspects of the method the admistration is based on an infectious
disease resulting from the presence of pathogenic microbial agents. In some aspects
of the method the pathogenic microbial agents are selected from the group
consisting of viruses, bacteria, fungi, protozoa, multicellular parasites and aberrant
proteins. In some aspects of the method the pathogenic microbial agent is a virus. In
some aspects of the method the virus is selected from the group consisting of
Retroviridae, Picornaviridae, Calciviridae, Togaviridae, Flaviridae, Coronaviridae,
Rhabdoviridae, Filoviridae, Paramyxoviridae, Orthomyxoviridae, Bungaviridae, Arena
viridae, Reoviridae, Birnaviridae, Hepadnaviridae, Parvoviridae, Papovaviridae,
Adenoviridae, Herpesviridae, Poxviridae and Iridoviridae. In some aspects of the
method the pathogenic microbial agent is a bacteria. In some aspects of the method
the bacteria is selected from the group consisting of Helicobacter pylori, Borellia
burgdorferi, Legionella pneumophilia, Klebsiella Pneumoniae, Mycobacteria sps,
Staphylococcus aureus, Neisseria gonorrhoeae, Neisseria meningitidis, Listeria
monocytogenes, Streptococcus pyogenes, Streptococcus agalactiae, Streptococcus,
Streptococcus  faecalis, Streptococcus bovis, Streptococcus pneumoniae,
pathogenic Campylobactersp., Enterococcus sp., Chlamidia sp., Haemophilus

influenzae, Bacillus antracis, corynebacterium diphtheriae, corynebacterium sp.,
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of the present disclosure and co-cultured wth autol ogous i mmature CDl4+
DCs. Left side panels indicate a T i-type response and right side panels

i ndi cat e WOTBR/00631pe response. [0051] Figure 6(A-B) showcrhms2¢edpsEesity of
human CD161 +CD3+ NKTs and (B) the "fold of increase"” of the ratio of

| FN-g/ 1 L-4 cytokine production, normalized to control (DVMSO), derived from
the data shown in Figure 5. [0052] Figure 7 is a table show ng the fol ds of
i ncrease over basal cytokine concentration in the supernatants of human
NKTs fromFigures 5 and 6 treated with a-Gal Cer or the indicated a-Gl Cer

anal ogs t di . [0 Fi h "fold of
i ncregseg% Q{‘ig\@n?E@%l%o%t@%,ﬁlﬁétﬁ’dluw érj[?’r ngergﬁlcgstﬁ(ﬁlumﬁha%g%?ﬁerbggitﬁ{ I L-2,
(E) IL-1l2eceoutnes) KlebGietyt ghenmopiaeduaistunellanomottbdided Bacteideasol sf. DMSO) ,

by nave n NKTs treated w a: Gal Cer or the i.nd ated a- r anal ogs
of {he: proBairotiee: BEPELE G SsPidRE IR R RTIR o ST TR (P E e

[ 0054] FiTgepehethaspartehueheeftodsirac Aatiiietydes israellil Sptahgarbomsy capbuliatd<Ts in
response to the indicated a-Gal Cer anal ogs of the present disclosure.

[ 0055] Fi[go44] shd( Ardncisshawalaldrisig Iﬁyé@hén&g@b@duﬁtth@nnbmodﬁs)/hmvethd\lms
cocultured wi.th auto ous dendrléol c cells, E%Bh nave i NKTs cu tu ed W th
HeLa- CDI @dgupipationep 3 eforheuR ©ed Pl wu%oer\mame a&

cel I's andiddingd- aSaddafsarédabog éabjlelzt mdtsaﬁlmhwéd Qﬁe Cddrﬁw&hd \Mtsta)rﬁdeLa ChDid

cells, normalized to vehicle contro DIVSO) , with a-CGal Cer or the
i ndi cat e@SRE@R OCHIe BAkPEJae af’mtr}*%r%&%%me ‘éﬁ@%‘?%’éjdﬁ*éu'ts('lfﬁ)th% KBing Aithe er ent

basal | e\fﬁibl%b%fl abEMN: th %@‘é's.ﬁé‘ct@'bpﬂ@%b%d'tﬁe %Hﬁﬁﬂstl‘ﬁiloﬁ%f't%&mgound ,
a- Gal Cer-pul sed 'NKTs and a-Ga anal og C 11-pul sed i NKTs 0056] Figure

11(A- O §%4At§"qkk)emmt@alwﬁaknq{é)ewcaté@t%@rovveve|s (pg/m), (B) | L-4
cytokine secretion levels (pg/m) and (C) ratio of IFN-g/IL-4 by human nave

i NKTs t r g5ieE DiscRIPNSROFAHEX IGUREs | ndi cated a- Gal Cer anal ogs of the
present disclosure.[0057] Figure 12 is a table indicating the folds of

| ncrease é‘dﬁiThéﬁﬁéterﬁeéruéﬁpﬁlegtftﬁﬁ%%fnenét bBstt Bi% AHRARGABELEAGH doran NKTs

fromFigure 10 treated wt
Copies of this patent or patent application publication with color drawings will be

provided by the Office upon request and payment of the necessary fee.

[0046] Figure 1(A-B) are schematic illustrations showing Natural Killer T cell (NKT)
function. Figure 1A shows a general scheme. Figure 1B shows how alpha-
galactosyl ceramide (a-GalCer) and a-GalCer analogs of the present disclosure are

capable of binding to CD1d and stimulating a rapid Ty1 and T2 cytokine response.

[0047]Figure 2 shows the chemical structures of a-GalCer (C1) and various o-
GalCer glycolipids (also referred to as analogs) of the present disclosure including:
glycolipids of bacterial origin (C3, C3 and C14), glycolipids modified with sulfonation
(C4, C5 and C9), phenyl-alkyl chain glycolipids (C6-C8, C10-C11, C15-C16, C18-
C34, 7DW8-5 (aka, C8-5) and 7DW8-6 (aka, C8-6)) and phytosphingosine truncated
glycolipids (C12, C13 and C17).

[0048] Figure 3 shows synthetic schemes for C12 and C13 a-GalCer analogs of the
present disclosure.

[0049] Figure 4 shows IL-2 cytokine secretion levels (pg/ml) by murine 1.2
hybridomas treated with a-GalCer or the indicated a-GalCer analogs of the present

disclosure.
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Gal Cer or the indicated a-Gl Cer anal ogs of the present disclosure. [0058]
Figure 13 shows representative flow cytonetry data for the expansion of
human CD586® 208006316 NK/ NKT mi xtures) cultured w th aut ol egoas2e00ioailas e CD14+
dendritic cells and pul sed with a-Gal Cer or the indicated a-Gal Cer anal ogs
of the present disclosure. The percentage of CD161 +L/a24TCR+ cells in the
NK/ NKT m xtures is shown. [0059] Figure 14 shows the total nunber of i NKTs
(103) found in the NK/ NKT m xtures fromFigure 13. [0060] Figure 15(A-B)
show representative flow cytonmetry data for the expansi on of human CD56+

cells (N m xt ul tured wth autol ogous j,mmat ure + dendritic
cells pullfé(ggﬁ\'/:dgfjﬁe §E%§I)) éBPWotHetE?é(WPf]mc{:eﬁsgd Og?'%alfzgé%a %%65@’@[’%% pr esent
d} sgj gg tlmeffLs} (euékll1 (Shnws2 @{aangseﬁymnhngﬂ:g?qmmymmawmgdatL)auvlsb t:dsmrolm,ehsyf:elnéI agfe
o +L/ a + ls in the xtures ar ws the fold o
hor ease HTAHEDTOr AESRUNISER MR eANCRO R STINE HENGals R EAILRT 37808 [ 0061]
Fi gure 16&f 3RO \Weddh® dRORISBRS 2R dRVfused AsthMARDIOFbUL IrREGRNE &ChH Y enBkt Y
(MFI'), of surface proteins CMH4 CD8 \(/j\zell as the MHC

. Ot € 0, CD80, CD86, and CD83, as.
cl ass || Le&igidespanele ndicdie gt br!-PRasesRonsn afdtant side rRanelssindisete a dpder
i mat ur e (YHRELKEXse Were incubated with a-Gal Cer or the indicated a-Gal Cer
anal ogs o¥ the present disclosure. [0062] Figure 17(A-B) shows how the

a- Gal Cer [g6%4] Ry %(Alfsz Tsh@wﬁh@%ﬁ?}bur%%ﬁ'%rﬁcmgmw RRTYRG @y human
monocyte-derived DCs. (A) shows histogranms for CD40, CD80, CD83, CD86, and
HLA- DR exipteelinpieare’ aidhe irafia efsifdivsb-4 oytohige pf@jucpovizormiabizatotoptestroby of

DCs incu?ﬁ,&c@%%@e&ifﬁﬁ%}{&?ﬁgSH&HH%Fibg%Gg,] Figure 18 shows a schematic

illustratiron receptor °signal i ng pat hways. [0064] Figure
19(A-E) es :ho anal o f et S ﬁﬁzl e pronote
CDld-depiﬁ(?eagﬁgglj%(:e7i$I'Qré{evc:%fc))ltggrL é i?ﬁ)ﬁgcﬁﬁ%ﬁﬂfoﬂ&ggg%uﬁ@\ g&? Ir‘Eleshows
expr essi @oncént@daol in theHalpercadts of hamah &t Edfraint g @B & drided &reaelddyith ( B)
shows the intracellular |levels of phosphe-CD3 e. . (,Q), shows the
e acel uPAICe 80 bRl SERE A3 PE e Be Tt Bk ol Scel Tul ar 1 evel s
of - PhosPhess Kigut N RYRRAWE the “fold of increase” of (A) IFN—y, (B) IL-4, (C) the ratio
of IFN—y/IL-4, (D) IL-2, (E)IL-12 and (F) IL-6 cytokine production, normalized to
control (DMSO), by naive human NKTs treated with a-GalCer or the indicated a-
GalCer analogs of the present disclosure and co-cultured with autologous immature
DCs.

[0054] Figure 9 shows the fold changes in the total number of INKTs in response to

the indicated a-GalCer analogs of the present disclosure.

[0055] Figure 10(A-E) shows IFN-y cytokine production by (A) naive iNKTs co-
cultured with autologous dendritic cells, (B) naive iNKTs co-cultured with HeLa-CD1d
cells, (C) a-GalCer-pulsed iNKTs co-cultured with HelLa-CD1d cells and (D) a-
GalCer analog C11-pulsed iNKTs co-cultured with HeLa-CD1d cells, normalized to
vehicle control (DMSO), treated with a-GalCer or the indicated a-GalCer analogs of
the present disclosure. (E) shows different basal levels of IFN-y cytokine production
in human naive iNKTs, a-GalCer-pulsed iINKTs and a-GalCer analog C11-pulsed
iNKTs.

[0056] Figure 11(A-C) shows (A) IFN-y cytokine secretion levels (pg/ml), (B) IL-4
cytokine secretion levels (pg/ml) and (C) ratio of IFN-y/IL-4 by human naive iNKTs

treated with a-GalCer or the indicated a-GalCer analogs of the present disclosure.
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intracellular |evels of phospho-CREB. [0065] Figure 20(A-L) denonstrates
how a- Gal Cer anal ogs of the present disclosure pronote CDld-dependent T
cell recewbap10(0D&Ry activati on of nave human i NKTs (Va22€xr/us2¢dpsshows t he
determ nation of isolated nave human Va24+ T cells by flow cytometry. (B-L)
shows activation of TCR on i NKTs. HeLa or HeLa-CDid cells were | oaded with
a- Gal Cer or a-@Gal Cer anal ogs Cl6, C23, 7DWB-5, 7DW8-6 or C26, and then
added to nave Va24+ T cells. The intracellular |evels of the foll ow ng
phosphoryl at ed proteins were neasured and expressed as Medi an Fl uorescence

I nt it . f
pﬂoggﬁlo-M?Wosphot%ros#tﬁ%)'%f% ﬁﬂ;(')%g Igtscc’éggm(%gs fgé?tbg%%) Sé'B}n
phospho- EBrddrratidhs in HR5Sdparndt8mts, of(@m@hb&@SdrcpﬁSﬁ@dfbMOl&éétWrvvlth 82), (F)
h ho- | r3 h L h Lat I h ho- STAT3
(Sor 757) CYGH offs Hicet e ABAGREA CigeE %éﬁ?é@%f‘n’fs BRoRbsphol oy T
(PhosPho hARIFY (A0t RSP s B BB ABE PR R o v
([jOOG|6] FlmufaﬂdQD5673\c@)s Qﬁ\IQAMi(ThmAktUIhS) @yﬁﬁb@amtrg_aaioﬂml u@flml”n’fmurpr epeat

i scl osurge i nduc reater c nsi on and. djs i gher, capacity to
bi n i #oPUaS Fae KRYSod o BEE ool BRicSleb e B gs Bhdie”

har vest egrdstnb tlicldurer Try p@h(féﬁﬁ%éso( CH1611vagETOR* &l .id tAB/ NRMEEr of
vehicle, a-Gl Cer or the indicate Gal Cer anal ogs. (A) percentage of

nmouse NKWXWFGS('BF e?WEeI | s were determined. (C shows di ff erent bi ndi ng
affinities of a-GalCer and the indicated a-Gal Cer ;anal ogs to CDld-resthcted
NKTs and [0 fjoyre [1doe'°fq>W$:|tb%urtetatz'tumh§)r %th-EanQ:blfo'dP RN Npansi on
of two NifigtupdtrpsthFiqnd 1BK activation in response to the a-Gal Cer anal ogs
of the present disclosure. (AC) show the CDl1d-dependent expansion of two

NKTs SUbZ@G@)] Frote @5 -By Qﬁ&ﬁ%ﬁé%r\‘ﬂaﬂl@ 1tl(M/li«)%\ét‘(eﬂ"r\?@trij"atzSJfQJlr tKO ] ﬁﬁs.l&’?bf?

har vest e hour s, post-injection of a- he indica a- Gal Cer
anal ogs GMMAREC Bﬁéséﬁ'ﬂs NS mieuresd CHturRd imlsy §ut§>f0m|<$§m%aweu €81¢wo

subt ypes jcfgst ot $istd WwitP& Galdtlorand intiidged &-Adider shdi&)s Whhe present
disclosure. (A) shows representative flow cytometry data of the percentage of
CD161"/Va24TCR" cells in the NK/NKT mixtures and (B) shows the fold of increase
in the total number of INKTs found in the NK/NKT mixtures.

[0061] Figure 16 shows the expression levels, as Mean Fluorescence Intensity (MFI),
of surface proteins CD40, CD80, CD86, and CD83, as well as the MHC class Il cell
surface receptor HLA-DR, on dendritic cells (DCs) after immature human DCs were

incubated with a-GalCer or the indicated a-GalCer analogs of the present disclosure.

[0062] Figure 17(A-B) shows how the a-GalCer analog C13 of the present disclosure
promotes maturation of human monocyte-derived DCs. (A) shows histograms for
CD40, CD80, CD83, CD86, and HLA-DR expression in DCs in response to C13.
(B) shows the morphology of DCs incubated with C13 for 48 hours.

[0063] Figure 18 shows a schematic illustration of the INKT cell receptor signaling

pathways.

[0064] Figure 19(A-E) demonstrates how a-GalCer analogs of the present disclosure
promote CD1d-dependent T cell receptor (TCR) activation of human NKTs.
(A) shows expression of CD1d in HelLa cells transfected with CD1d (HeLa-CD1d).

(B) shows the intracellular levels of phospho-CD3g. (C) shows the intracellular levels
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or (C) CDI KO mce in response were assessed by FACS. (D) CDd

dependent acti vati on of NKs. The expansion of total nunber of NKs in W
(left pareblomvoo€di KO [right panel) mce in response WeCe/B3@eoseds by
FACS. [0068] Figure 23(A-C) show nouse serum |l evels (pg/m) of various
cytokines (A) IFN-g , (B) IL-4, and (C) the ratio of IFN-g/IL-4 after
intraveneous (1V) injection with vehicle, a-Gl Cer or the indicated

a- Gal Cer anal ogs of the present disclosure at 0, 2, 18, 36, 48, 72 h
post-injection and nornalized to DMSO control. [0069] Figure 24(A-C) show

nouse seru / VAl I Nes I Qgs (B)

| L-4, an nd ?@S@fﬁﬁ?gﬁéo 033 @'@% 'Rt?%eg%ﬁtag’%é'ﬁlg J{@Rﬁ%ﬁﬁ%@ I(@)Shﬂwg@% on with
vehi cl e, na:re@ellﬂerrIeoelstohﬁhosnxh\bmlél. a- Gal Cer anal ogs of the present

di scl osure. [0070] Figure 25 is a table with the results (in folds of

I ncr ease [0065] Flyasa 0 @yL pdemenstateseindw atGalGer analbhe ofiheeprasdrd niissaslreBALB/ ¢

i i t ed | o th
or ecent. arepsePlb Refng ok babeodebfhur Dhice Thaliecll afe AW N,
izgj (eg\t iH;)mVamquA) §Hm&eth€®|rel@td1r|%atubh o];ausblaae@heﬁieatunlil% Viez4™ SI'ce{II@Qﬁlllf]omFl gure
- S the tota er nu ce e een size,
2% e ot R RnbRs Jeavtan 2 Sa ot SIS, et oy e P OGRS hE
cells, (an@@twma@@bl@lﬁs@rd BhlGeitdneigedc K T23, OEW@stvmwaBs eeths, add)
active CDB+ T cells, (G active CD4+ T cells and (H the ratio of CD8+/ CD4

+ T cell SheraldddadrhmahawedeQ‘#*h TDNBIB. | hhe espacedielar devdle dofVthenjfaiowiran of
vehicle, a-Gal Cer or the a-Gl Cer anal ogs from Figure 23. [0072] Figure 27
(A-O) shophosphusg@ateer protdiey @lese oheasaredand cxpodssod sas( MedldrNFlyiorgsBendd_- 4, and
(C the ratio of IFN-g/lIL-4 after subcutaneous (SubQ injection with

vehi cl e, |ete@ityCandonormadizeéd do dae edheunGf detal dnrut qyjetest. (BhehpsnhoelP3e

di scl osure at 0, 2, 18, 36, 48, 72 h post-injection and nornmalized to DVSO
control . (IPiGI&DBPtymSgw)e 2@I WOSPhQMREl% A)(Slehé33bt a(D) nbosho-BRKMZc| Edtred cel | s
and the spleen size, g % %fulatlon of innate inmune cells |nclud|ng
mat ure ddRaFvF187 kel (E3P ?%)hOa%?t vathEd SRKYT-188).  aED PhRSRAY- INR\‘Fs (Se§2)act i ve B
cells, (F) active CD8+Tc ls, (G active CD4+ T cells and(H) the ratio
of CD8+/ Baphosphediaks, (k) Wh%@h@rﬁﬁt zdH PRPsPNO-STAT3  (Ser727),  (J) phospho-

STATS A/B (Tyr 694/699), (K) phospho-Syk (Phospho-tyrosine) and (L) phospho-
Zap-70 (Phospho-tyrosine). *, p <0.05, compared with DMSO control and #,
p < 0.05, compared with a-GalCer.

[0066] Figure 21(A-C) shows how the a-GalCer analogs of the present disclosure
induced greater cell expansion and display higher capacity to bind CD1d-restricted
NKTs and T cells. Spleens from BALB/c mice were harvested 72 hour after
intraveneous (IV) injection of 0.1 ug/mouse of vehicle, a-GalCer or the indicated a-
GalCer analogs. (A) percentage of mouse NKTs or (B) T cells were determined.
(C) shows different binding affinities of a-GalCer and the indicated a-GalCer analogs
to CD1d-restricted NKTs and T cells.

[0067] Figure 22(A-D) show the CD1d-dependent expansion of two NKTs subsets
and NK activation in response to the a-GalCer analogs of the present disclosure. (A-
C) show the CD1d-dependent expansion of two NKTs subsets. Spleens from
BALB/c wild type (WT) or CD1 KO mice were harvested 72 hours post-injection of a-
GalCer or the indicated a-GalCer analogs of the present disclosure. Total numbers
of NKTs, and its two subtypes, designated as Type | NKT and Type Il NKT in (B) WT
or (C) CD1 KO mice in response were assessed by FACS. (D) CD1d dependent-
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DMSO, in response to the SubQ injection of vehicle, a-Gl Cer or the

a- Gal Cer anal ogs from Figure 27.[0074] Figure 29(A-C) show nouse serum

| evel s ofwoanionws31syt oki nes (A) IFN-g, (B) IL-4, and (CpCThis2e0a05@320f

| FN-g/1L-4 after intramuscular (IM injection with vehicle, a-Gl Cer or the
i ndi cated a- Gal Cer anal ogs of the present disclosure at 0, 2, 18, 36, 48,
72 h post-injection and normalized to DMSO control. [0075] Figure 30(A-H)
show (A) the total nunber of nucleated cells and the spleen size, (B) the
popul ati on of innate inmmune cells, including mature dendritic cells, (C)

ot vat oo ne s efb iy bR oPRueY B RS Ven Bl BT |

nor mal i ze@D Wighh p@hBmidenn respoons ever@asdessed/by RAGS. 1 on of vehicle, a-Gal Cer
or the a-Gal Cer analogs fromFigure 29. [0076] Figure 3 1(A-K) show t he
ef fects §0068)Gigaref234ArG)nishdowamoose ($evumSIivao(py/M) of weeious! eytolkdn€aal Cer or

t he i ndi - t discl t oki

i et | o5 Bh NG ERbeart & Jete o B DI e Moy ded e D, | ever s
(pg/nt) %h.blél\lugsalcab oﬁﬂh@%ﬁdléﬁwéﬁ GECeruhaYed &f th@qfrééeht @fsclobaré. at(0CR, shows
the ratio of IFN—g/IL (log 10). (D) shows the total nunber of nouse

nucl eat ed8c8f143: ( ﬂ@%@?@@}‘ a”(jEPr@ﬁ'dﬁﬁéj to RMPPFENEPE on of innate i mune
cells, including mture dendritic cells in the spleen. (F) shows the

popul at i dPOGR Figlirg v A48 (ks SIi“ﬁ"’t h&OW$f eIFIUNQ 'eé’ﬁ'éws(ﬁgln'@l)poﬁﬁl YRS of
activat egr\{w-ﬁ%s}cﬂehlaﬁméﬁm 150046 g(f')ethQ‘?EﬂH QﬁlFRI”y/RM achLig 1Bcel s in

the sple shows t popuia ion of active CD8+ s 1 n the spleen.
(J) showsaftehév ptmpctimm i vehicies td-Gal Gemdar thecledlk:stednaﬂ@éC@rpareaings eKtheshows

the rati + T cells. Al analysis was perfornmed by normalizing
to vehi cl% Je[nggg(}lf)g@%gure 32(A-H) show the dose-response of splenocytes

expansi o Bl t t Gal Cer
anal og C’[qqf(%ir\@}%“ cllé'el.a t%ﬁ%ﬂfgﬂf) r%ﬁgllﬂfg a?lag%*nﬂ{(ﬁésg 6n\%ﬁsb§£%|u 'Bated cells
(spl enocybesyntratiBih) measuphmaf;mrbmb&BAthB/comloenlnmcted Ivruritle ce@aliCer or tied udi ng
mature d e ( h | ation
acti vat e? (ﬂﬁéstg# i -@ﬁllde?pe]nge% %DSEB ﬁ%agnt (F%CI %pré\fa’%‘lll %Ki%g& %3?%%%?@&9%\IKTS in
t he spl epeakédEat Zhows ditbeinjeapioh, adxcopt thbsemmadeyitveithgs apebkezlydtel 8 hours.

[0071] Figure 26 (A-H) show (A) the total number of nucleated cells and the spleen

size, (B) the population of innate immune cells, including mature dendritic cells,

(C) activated NKs, (D) activated NKTs, (E) active B cells, (F) active CD8" T cells,

(G) active CD4™ T cells and (H) the ratio of CD8*/CD4" T cells, all normalized with

DMSO, in response to the IV injection of vehicle, a-GalCer or the a-GalCer analogs

from Figure 23.

[0072] Figure 27 (A-C) show mouse serum levels of various cytokines (A) IFN-y,
(B) IL-4, and (C) the ratio of IFN-y/IL-4 after subcutaneous (SubQ) injection with
vehicle, a-GalCer or the indicated a-GalCer analogs of the present disclosure at 0, 2,
18, 36, 48, 72 h post-injection and normalized to DMSO control.

[0073] Figure 28(A-H) show (A) the total number of nucleated cells and the spleen
size, (B) the population of innate immune cells, including mature dendritic cells,
(C) activated NKs, (D) activated NKTs, (E) active B cells, (F) active CD8" T cells,
(G) active CD4™ T cells and (H) the ratio of CD8"/CD4" T cells, all normalized with
DMSO, in response to the SubQ injection of vehicle, a-GalCer or the a-GalCer

analogs from Figure 27.
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cells in the spleen. (F) shows the population of active CD4+ T cells in the
spleen. (G shows the population of active CD8+ T cells in the spleen. (H)
shows t hewpapuw/msiion of active B cells in the spleen. APCTAS2009956328vaS
performed by normalizing to vehicle.[0078] Figure 33(A-D) shows npbuse serum
| evel s of various cytokines (B) IFN-g, (C) IL-4, and (D) the ratio of
|FN-g/ 1 L-4 after IV injection with (A vehicle, a-Gl Cer or various

a- Gal Cer anal ogs of the present disclosure at 0, 12, 24, 36, 48, 72 h
postinjection and normalized to vehicle control. [0079] Fi gure 34 is a

tabl e wi . res in folds of incr 0 .basal

oncent 1 1007FiduES ol R chy Thded s’ st OBLIERE B SR BtcleR AN - cal cor

or the ing) pad ethdxCrmeitioastatQ ﬂLﬂfaﬁdﬂ%tFHnmmar@IIWthﬁéﬂHrﬁwﬁHi osmikiegur e 33.
Cytl OKI nes CnNenbKl nes peake ours arter 1 njection excep ose

Al l t oki / chenoki kg h ft t t th

mar ked witt@alger OpmlealcatedlceGﬁlﬁﬁrsana[qg@m]therr@ﬁe@t dislosnrespt 8l & 8Pum
level s (pg/ 7 h Rkt Y\?éc'nQHénﬁ}ﬁbF?ﬁél&%é/t&bﬂ%'c[ﬂﬁt?olat 2 and 18 h after 1V

i njection of vehicle or the indlcated a-Gal Cer anal ogs of the

present ‘ib &?@W@Bb@\ W) |314ko3/( ?tml%m& Aol EQsBMPBlHe fddn KO
mce. (A -4 ratio (log 10) (D I'L- 10. (E)
| L- 12p7($'29( K??k@ p@nzs)latmpot Iqr@(bfswrrrcingumilssmqmdlr)g mﬁiu@ tiﬁredrltlc cells,

f f
vohi ot e, (T EEIERI RRsPIOPRURIREVIRSS! (B AHEolse BF Préifh Lol TLER on ©
di scl osur(@) aativé @@4T )T clsvandt (Y tigDiatiodefpeRaEaD4adt calist abmoohaliagd WIKTs

voi ol o, SRR Bethiel e Wl Srdrfle LERIRE B Flodel hdiped o ©

di scl osurfem CiguresP@dws t he total nunber of C57BL/6 nouse nucl eated cells
(spl enocytes). (B) shows the population of mature dendritic cells. (O
shows t hg0@t§]&lgatre dh(AeK) slvaw teet effedikef. ro(®) ofsdrmisistratorpOdubat@an I ofict i ve

D4+ T ceI he ul at tive T ceII F) shows
Che rat | Jebblecieri 6 hETnRER8 S Fal el Sogeebef tidipadron
det er m natioameokineliCt ard Isplenocytés raxpendiyn/btitwation.t ogshyws Irneese bedun panel ),

El'st)gl | Pu%rls ?Jg/rwfﬂ)? II[:HE/Pe(rB)lsﬁg\}vs ?n%rb%,le)seru ncfeve (gg\?r%I)S%P}LXRe 5 nf?olvtljsdl ng

the ratio of IFN-y/IL-4 (log 10). (D) shows the total number of mouse nucleated cells
(splenocytes). (E) shows the population of innate immune cells, including mature
dendritic cells in the spleen. (F) shows the population of activated NKs in the spleen.
(G) shows the population of activated NKTs in the spleen. (H) shows the population
of active B cells in the spleen. (I) shows the population of active CD8" T cells in the
spleen. (J) shows the population of active CD4" T cells in the spleen. (K) shows the

ratio of CD8*/CD4" T cells. All analysis was performed by normalizing to vehicle.

[0077] Figure 32(A-H) show the dose-response of splenocytes expansion/activation
in response to the IV administration of the a-GalCer analog C11 or vehicle.
(A) shows the total number of mouse nucleated cells (splenocytes). (B) shows the
population of innate immune cells, including mature dendritic cells, in the spleen.
(C) shows the population of activated NKs in the spleen. (D) shows the population of
activated NKTs in the spleen. (E) shows the population of monocyte granulocyte
cells in the spleen. (F) shows the population of active CD4" T cells in the spleen.
(G) shows the population of active CD8" T cells in the spleen. (H)shows the
population of active B cells in the spleen. All analysis was performed by normalizing
to vehicle.
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[ upper-right panel) and Type | NKT [l ower-right panel). (H) shows the total
nunber of NKTs in CD1L KO mce. (lI) shows the total nunber of Treg cells in
W mice. wDI20emmb3tsi s was perforned by normalizing to vehiraise9oS33e]

Fi gure 37(A-B) show how a- Gal Cer anal ogs of the present disclosure can

prol ong survival of mce bearing lung cancer. C57BL/6 m ce were inocul ated
IV with nouse lung cancer cells (TG 1) , and then treated with control,

a- Gal Cer or theindicated a-Gal Cer anal og of the present disclosure tw ce
per week for four weeks. (A) shows the results fromthe testing of Group I

a- Gal Cer S. vvsthe results fro e testin

2 Gal Cor 10ABGEre A D s BobSE detdn (PG Bl i Bes N

a- Gal Cer (gnpalogmd OPthe haivsoftinR-y/ e IV irgeatioRavithe@Y) ivBBickef af@@@@r bV

a- Gal Cer anal ogs. Shown are the Kaplan Mier survival curves él eft panel s)

and chang@80unotzriGenangnes ot tf@mreg%med@qowe # Oe1BedtiIfy #urg hcBdRter. The
control ij§ (t;t[y,a, éngUrﬁﬁm‘MliébotBtveHé@éodtr%Pcm ation. [0083] Figure 38(A-B) show
an

t unor nodu sizes (A) on a surface of lungs of mce treated with

a- Gal Cer G@ﬁ]? uFé %4 |§%1 tﬁBI@t\anH the@%@ul%@ﬁﬁ ird1HS Bf ifdRecb@YovkP babAISEytIHET

i nocul ation wt s and (B) I n subcutaneous tunors of rice treated

with a- G@p@@ent@ﬂanb@ tceﬁypgirnaéam b BALBfdmMiggcinjectesely with deyalCer af the SubQ
t unor '“%&é&ﬂ%%%ﬁgﬂ%@? olPrtr?é"grtesgﬁ'p&%Io b'ﬁ%n( ;15?% B&ipgy%kuﬁésgure
apl an

39(A-B) shows I er-surviv curves nmor growt h
{right pdetemokifesnpasked ab&Utoarsafltsrlipjetine @kaemahtwet maﬂo@dswatfba éasakerhncer
cells 4T- 1 g treated with control, a-Gal Cer or the indicated a-Gal Cer
anal og of t%e présent disclosure t hr ee days after inoculation, and tw ce

per mekéé@]ogm@‘d[ga‘gﬁanﬁ%éﬁ)se W |éUe%g{EJrgvﬂﬁQ%gfv%ﬁ%%sgt,‘@&.h&/@ %m&ﬂn 4 0085]

Figure 4 rer survival earrn reas cancer
and treaté® lapdel§ heaftérV\orinjSetlw® ohjvelitieo m-GaliCer a}rcmleaedlcetéﬁ ¥-GalGabQ

del i f ff h i
GE <1 i e TP GBS B0 kLl e 400 8y e
opti m zayConka rhicer apgIEN-G. éB}tILmaﬂ((E)'IFNL@N_%%tﬁ) 0bg a0). Q@)@E—I’IOB.('E)HQQS of

the present _di sclosure by dosage of adm nistration. Changes in
Presedn76! BT ke (& mep-1.0%49 d

[0081] Figure 36(A-I) shows the expansion/activation of splenocytes in C57BL/6 mice
after IV injection of vehicle, a-GalCer or the indicated a-GalCer analogs of the
present disclosure, and (G-l) shows the CD1d-dependent activation of two NKTs
subsets (C57BL/6 wild type (Wt) and CD1 KO mice and after IV injection of vehicle,
a-GalCer or the indicated a-GalCer analogs of the present disclosure. (A) shows the
total number of C57BL/6 mouse nucleated cells (splenocytes). (B)shows the
population of mature dendritic cells. (C) shows the population of activated NKs.
(D) shows the population of active CD4" T cells. (E) shows the population of active
CD8" T cells. (F)shows the ratio of CD8/CD4" T cells normalized with DMSO.
(G) shows determination of NKT cells in Wt mice by flow cytometry (lower-left panel),
total number of NKTs (upper-left panel), and its two subtypes including Type || NKT
(upper-right panel) and Type | NKT (lower-right panel). (H) shows the total number
of NKTs in CD1 KO mice. (l) shows the total number of Treg cells in Wt mice. All

analysis was performed by normalizing to vehicle.

[0082] Figure 37(A-B) show how a-GalCer analogs of the present disclosure can
prolong survival of mice bearing lung cancer. C57BL/6 mice were inoculated IV with

mouse lung cancer cells (TC-1), and then treated with control, a-GalCer or the
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body wei ght {right panel) and Kaplan Meier survival curves {Left panel) of
C57BL/ 6 mce after IV inoculation with nouse |ung cancer cells (TG 1) ,
and t hen woeatoddeinst h a- Gal Cer or a- Gal Cer anal ogs 7DVBPETAIS2@0205@028 var i ous
dosages twi ce per week or once per week for four weeks. (A) a-Gal Cer. (B)
a- Gal Cer anal og 7DV8-5. (C) a- @Gal Cer anal ogs C26. [0087] Figure 42(A-Q)
show optim zation of therapeutic anticancer protocols of a- Gl Cer anal ogs
of the present disclosure by varying routes and frequency. (A) shows the
tumor volunme (mMmB) {right panel) and Kapl an Meier survi vaI curves{l eft

el s, aTdEB b Abh TR RIRREUSEO S el R G Rl FEER <1 o,
a- Gal Cer (A) stdves thediesaltsefilora- tﬁalt&mgao‘fad;r@gp | af- G’ef@ermrﬂk}gst (@) shbwsthee twi ce
el ght ( rrate Bh B YRR NERRC A oLt PRI TR ey

C57BL/ 6 ngstidgadft &odpVIli r@@@almtlamalogst r(lem lthmge@ﬂlcf&meBéltéstm-@Coﬂ and
after ocul ati o Gal Cer the

then tre ree S cle,
o et ol aleslV S B AGK shaogs. 1 AaSHn He e dhinlen e Siviial S ol 1 o
four weelganby) bhe chéﬁdqys ||$|bb§3/ m@ﬁ(ndiﬁbaﬁé@)’@f i@ bedPAg Ihgdanteeqnency of

adm ni stration on I ght panel) and Kapl an Meier survival
curves {ICQFW'F}%H@ ')‘Okb?re ‘@S'TCBLFB’T‘% ip@CAPHAB |V i nocul ati on with nouse |ung

cancer cells and then treated with vehicle or a-Gal Cer anal og C16
twice pedd %E'Q&re SRAsBh showelsmor stodpissranteeikes 1K) ehe $waaceLﬂféunsp~°oef38]

Figure 43%ife @ea?ébOWtﬁ @Gﬁkﬁr‘bﬁ{aﬂdan@ﬁ dr%n%@%'é?@n&ﬁnﬂ@écf bRafy P4 atdF i ous a-

Gal Cer anal ogs of the present disclosure m ce were I'V inocul at ed

w th WU§WPUWC@|§H@@M'@GT¢§, cefis-and (%)r'nﬁk'lb@tiaﬁ@@lﬁ bneqys if trpicadipated
mel anoma,,;{R14. G‘aﬁ’d:érsanépg (‘§1hIePr E{)}ﬂ%legnéf“staenﬂé%a & Bay AasCEREreS U tEM8

|nd|cated a- anal ogs o e present discl osure once per week for four
weeks. (Aocsiedian witheneegs kinasisiascersialle 4Bl ).curves. (B) shows the tunor

vol une (M8 %rowth curves. [0089] Fiqure 44(A-B) show the real tine
assessrre:i@o ] tgurﬁari%%% -BMshowa Kax)lammr/ suyivak cavee r(le§Qpanadc anattimar wi t h

| ung Canfgi&@lad |9_7 F% O%Pcé-ggbc%ﬁéﬁe%%l |Bo§.ﬁ%\}egr\ﬁlﬂ§hlog$g?&g@st cancer

cel | s(4T- rase) en treate th ve
cells 4T-1, and treated with control, a-GalCer or the indicated a-GalCer analog of the

present disclosure three days after inoculation, and twice per week for four weeks by
(A) IV injection or (B) SubQ injection.

[0085] Figure 40 shows Kaplan Meier survival curves of mice bearing breast cancer
and treated by either IV or SubQ injection with a-GalCer (C1). SubQ delivery of C1
is more effective than IV delivery in prolonging the survival of mice bearing breast

cancer.

[0086] Figure 41(A-C) show optimization of therapeutic anticancer protocols of o-
GalCer analogs of the present disclosure by dosage of administration. Changes in
body weight (right panel) and Kaplan Meier survival curves (Left panel) of C57BL/6
mice after IV inoculation with mouse lung cancer cells (TC-1), and then treated with
a-GalCer or a-GalCer analogs 7DW8-5 or C26 at various dosages twice per week or
once per week for four weeks. (A) a-GalCer. (B) a-GalCer analog 7DW8-5. (C) a-
GalCer analogs C26.

[0087] Figure 42(A-C) show optimization of therapeutic anticancer protocols of o-
GalCer analogs of the present disclosure by varying routes and frequency.

(A) shows the tumor volume (mm?®) (right panel) and Kaplan Meier survival curves

18



Gal Cer or the indicated a-Gl Cer anal ogs of the present disclosure once per
week for four weeks. [0090] Figure 45(A-H) show THLl - bi ased a- Gal Cer

anal ogs ovothw/qsasent di sclosure elicit nore tunor infPCTABRINEYS0328

| ynphocytes in lung and nel anoma tunors. (A-D) show tunor infiltrating

| ynphocytes in lung cancer cells (TC1 ) . C57BL/6 mce were treated with
vehicle, a-Gl Cer or a-Gl Cer anal ogs C23, C8-5 or C34 at 0.1 ng/npbuse once
per week for three weeks. (A) shows the popul ation of CD3+ cells. (B) shows
t he population of CD8 T cells. (C shows the population of NK cells. (D)

h th t t
vonier o eRHeD s e AR arh suBATRIR AR BIO Rk BikaehbaRBE B! M9 1O
C57BL/ 6 m‘l'e’evxmcethareaeaddvﬂwtde days efter maﬁm?h@emrllthrvamﬁml @@al@erabﬁgse CtZﬁ
C8-5 or ree owWs
o ot et BagallR BRARGE PP R RESeH R ie hIGS Baf RRR ool 1A
shows t][m)ypb%)ut') at SonQolbuﬂ&KaB) dhidvssihanged imebqoig pakdigriti (nghtqfanlélﬁ'%d r@dhdlaranal ysi s
was er o nor nal | SNoOw
e bont NEosaivar C e oA arped CTPLLE eiteeen hasguBian v BRtTDody

response |y éicanusiist IEO1, indkAen trefleattiicd dé@f@%lftélemoé@btldﬁ @Eh efielevacci nat ed
TT without or with conventional adj uvant alum a- Gl Cer or  a-Gal Cer. anal og

C 11 on &HCe oF ihregﬂd%*@e.%@@I%)a%msﬁgh@@rezs,fnhe@rz@sgr@cw RRICHPRtat i on) |

Serum V\’a?rorhﬁfu\/%ée‘kg Resel W bersulier Riut.nath QRows tﬁ’é”impéf ts %@GFéqfubﬁcy of
anti bodi es. ZF@&S ows the effects of conventional adjuvant alum "a-Gal Cer
al

and a- Galadgrnigietiopgortbedy areighd| (Agedranal) geth Kl MeEr wepiel supes tefe second
vacci nat '#&Pe/r)nwg_%%l_/‘ée léE)eaft%? VP (HRRGIafoh Wcﬁ%o&feflﬁﬁé §ar9§er%8r§’% h OB

adj uvant "a r and various a-Gal Cer anal ogs of the present
di scl osuﬁlaerotwe@iefitwﬂievamhe ar oGy Cex analog|d 18 wcejpmwaelof)r aece peyegl ot ei n

of H1N % r eks after a third i mmuni zati on. BALB/c m ce
wer e vacci napngéQStﬂ)@e %Lg&\eng of M2e peptide with or without a-Gl Cer and

i uvant TYTIERLrEASLORS sROw i Busfofief e chiEtter SHRHER of RbAeleei "
pl asm d daiCei ahaigg&oﬁympmeebqiadnweofCﬁZBlL/6IreungtWerBEVomoavafad with
mouse lung cancer cells, TC-1, or SubQ inoculated with mouse melanoma, B16
cells, and then treated with vehicle, a-GalCer or the indicated a-GalCer analogs of
the present disclosure once per week for four weeks. (A) shows the Kaplan Meier

survival curves. (B) shows the tumor volume (mm?®) growth curves.

[0089] Figure 44(A-B) show the real time assessment of tumor growth in
(A) C57BL/6 mice after SQ inoculation with lung cancer cells (TC-1-GRP-Luciferase)
or (B) breast cancer cells(4T-1-GFP-Luciferase), and then treated with vehicle, a-
GalCer or the indicated a-GalCer analogs of the present disclosure once per week

for four weeks.

[0090] Figure 45(A-H) show Ty1-biased a-GalCer analogs of the present disclosure
elicit more tumor infiltrating lymphocytes in lung and melanoma tumors. (A-D) show
tumor infiltrating lymphocytes in lung cancer cells (TC-1). C57BL/6 mice were
treated with vehicle, a-GalCer or a-GalCer analogs C23, C8-5 or C34 at 0.1
ng/mouse once per week for three weeks. (A) shows the population of CD3" cells.
(B) shows the population of CD8 T cells. (C) shows the population of NK cells.
(D) shows the population of NKTs. All analysis was performed by normalizing to

vehicle. (E-H) show tumor infiltrating lymphocytes in melanoma cells. C57BL/6 mice
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i nfluenza viruses. (A) mce were immuni zed with between 5 and 45 ng of pHA
without or wwth C1 on week 0 and 3. (B) mce were immunized with | ow doses
of pHA vawoizam/obithout or with C 1. (C) shows protecti oRCIGB20091050528 al

chal l enge with 20 LD50 of Vietnamreassortant influenza strain N BRG 14 two
weeks after H5 DNA vaccine without or with C 1. [0094] Figure 49(A-C) show
i nduction of anti-HA-specific 1gG antibody after mce were imuni zed with
pHA with or without C 1 or the indicated a-Gl Cer anal ogs of the present

di sclosure. (A) shows titers of anti-HA specific IgG anti body (AY3) in mce

foll owi ng i tzation wth O
specific eé a%%elz(ﬁ\év'&@ Vﬁﬁ‘@f)? q—%glﬁﬁﬁ%?gﬁrn%%?%ﬁé%%?g JV\?%] ab 2 ng pHA
g Cc):% AS g;)vxmgpﬁowdbndmp@ew?ek Yorvateef wéd;ksw}(ﬂgshuvsrsaiheqt?ug@m ]gnf [CO®5¢elli gur e

- S in tion of ant - ic anti bo after m wer e
i muni zedpﬁvyl ngpHIa(gan@TJt ﬁ;%t CC? é‘t)e%oﬁ‘ﬁl g @)épga%% M A R‘Eﬁal ogs of
the presegRy sl%v%? HQeS Hb@dlat(o‘h) o Rews. t Al %hély@lfs Ve beﬁbﬁrn%beﬁy flotmbtnty | body
(AY4) foll OWI ng i nmuni zation with 0.5 ng pHA and the indicated a-Gal Cer

anal ogs dehiclee pr esent di sclosure. (B ) shows percent survival follow ng
viral chall enge gure 5 1( A ? show nouse titer of anti-HA

speci fi c [P gﬁM 6@(% %AS*EBW pdiLy i sligcisrrhatin o8GR I &Galfe?r 780D, 1 ny
pPHA or (@1100@ aﬁﬂbdﬂgar Bgnéeh@) ﬂe[H?'!u%%)%‘(ﬂd areal ?ﬁ{euﬁ%ﬁ&% QTA Hi& Regsent

di scl osure. [0097 ure (A-B) show nouse er of antl- 1ﬁalmflc | gG

ant i body V@meé)teﬂo T aviihagt phmih. Ve BkeNal tadwaﬂhéwn( A-CalQemgy giGlGer (B) 0. 2
HA t 0.1
my p a%‘ﬁaFoP W%hgi’aéﬁg éﬂgﬁ%&‘?ﬁ&u@@ﬁbﬁ@%a | ngluweé@%'ﬁone'v%%ﬂ%%rg. at !

ng or 1 98] ow th ction of anti-HA-specific
| gG ant i sedymbyaa- h@yesged weeklpeforndétermnivdtion @il arli-Tarspeofis @ftibodespr esent

discl : ith
o Gl cor (B ST R AR R A BT i FE R AIR Flod Cortibiad M
t he sane Gﬁromdeiay@hamlgméiossﬂmweekﬂaftmmeswqdndyamnalml | ected at 2 weeks

after the second vaccination and tested for anti-HAc-specific 1gG anti body
titers b)[OM] Bigurd Ay madjuvwﬂseffa‘ctanf cotendpeai ddjevang @lant olsalGel AY3) .

(B) shows, hi { SitisOh-GRELT HRaRRECH e hARAPURANrd B heptde cbhiafity
extracellular domain of M2 (M2e) protein of H1N1 virus strain, two weeks after a third
immunization. BALB/c mice were vaccinated with 5 or 45 ug of M2e peptide with or

without a-GalCer and various a-GalCer analogs on week 0, 3 and 6.

[0093] Figure 48(A-C) shows adjuvant effects of a-GalCer (C1) on mice immunized
with pHA, a DNA plasmid containing consensus sequence of full length H5 of avian
influenza viruses. (A) mice were immunized with between 5 and 45 pg of pHA
without or with C1 on week 0 and 3. (B) mice were immunized with low doses of
pHA vaccine without or with C1. (C) shows protection against viral challenge with 20
LDso of Vietnam reassortant influenza strain NIBRG-14 two weeks after H5 DNA

vaccine without or with C1.

[0094] Figure 49(A-C) show induction of anti-HA-specific IgG antibody after mice
were immunized with pHA with or without C1 or the indicated a-GalCer analogs of
the present disclosure. (A) shows titers of anti-HA specific IgG antibody (AY3) in
mice following immunization with 0.2 ug pHA. (B) shows titers of anti-HA specific
lgG antibody (AY4) in mice following immunization with 0.2 pug pHA. (C) shows

percent mouse survival following viral challenge.
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of anti-HA specific 1gG antibody (AY5). (D) shows titers of anti-HA
specific 1gG anti body (AY16). [0099] Figure 54(A-B) show (A) HA-specific

| FN- g pr owlocorgoesbkl s and (B) HA-specific peptide resporeg/usednso3BNLB/ c

m ce were vaccinated by electrotransfer in nmuscle with pHAc and a- Gal Cer or
the indicated a-Gal Cer anal ogs of the present disclosure and boosted once
with the sanme formulation three weeks later. Splenocytes were cultured with
HA-speci fic peptide (9-nmer) and spots were determined after 1 day. [00100]
Fi gure 55 shows protection against viral challenge. BALB/c mice were

vacci nat | ectrot & fer.in_mus M TN [ - r.the

i ndi cat ejﬁ%ﬁj@u&ﬁoﬁ]—aﬁ‘}é&%& de ﬁtg&h p L?QWA&?@%&&% agﬂé%‘@%g?rg@ I((E)ence wth
t he sane vieve imhanized withr pedAweigk sr vitheut. C Moc ¢hevid@atdthbiiGaigedamalogs 200 LD50
Nl BRG 14 ,viruses, a WO wee fter.the seco vacci nat i on,an i

Survi var e oresnt Hsdded 0103 shebs ielee FICH SRETC RS BB B8 g o
dose vaceolain® mmbBAkBich Wite ®.5vRhHHRGEH NRE atlidite® baGAICeE BAAIBEHES Of ithe Muscl e
with pHAc (2 gg%pland a- Gal Cer or the indicated a-Gl Cer anal ogs of the

present d@resan gsyre. (Ry) shqws PesreusdYR) fAloWiRg drat ghallegged t hr ee weeks
| ater and tested for anti-HAc-specific 1gG antibody titers. (B) Mce were

chal | engd@0(IFigupn 15D snmrmauseylitel i sandtHAnsRACTiRe I aafibedy $AY AL and
survi val sWaSvi i - ; B 574( ) dj, yv, f s of

a- Gal Cer for tlﬁt?e)m:nn |n§zgglglhqg@%§ltg‘§'lr Q&lgﬂoég @?@tﬂzl{@\r’%ge% F%ilng‘c gsﬁﬁr\ée on

car bohydrirdieatethtiGrlbsr aBAO® of the peeseet disdlagwenat ed by IMinjection with

a- Gl Cer or the indicated a-Gl Cer anal ogs and m xed with gl obo H DT and
boost ed OO Figiurehi52(A-B) wehome ghouset tlev aif. amBi-dddsreoifisl &5 vantibody I(A¥6) ed t wo
weeks af hird v i nat,d ar te i-gl cific 1gG
ant i bodytf(g[?ﬁ%)'hénn ”fz%éﬁéb@‘meﬁeéﬂﬁﬂ sl 564 oA, é@@%?oﬁ%&%’gnﬁf%os}

Fi gure S58{dicdidd aloaSesanialbyabf thabresshenisBosBEGL Di1cey veT agt reated with a-

Gal Cer or the indicated a-Gl Cer anal ogs of the present disclosure via

i ntraper i[0@I83&lgutd BB (A°D} 8hoHW) thetindlidtios &ft atPHALIpedfit aGGFaMibBdYigyE-
serotype H 1IN 1 (WSN) virus challenge and gg% starting 2 weeks prior to H
IN 1 vi r GIEnRPT BifgBdicpisg 1ealGergralogsoof he oSSR a AR/ GFURor ¢ on
of survi @dre QhcdiieBY 6y BleeBotransfer in muscle with a-GalCer or the indicated a-GalCer

analogs with pHAc and boosted once with the same formulation 4 weeks later.

Blood samples were collected at 2 weeks after the second vaccination and tested for

anti-HAc-specific IgG antibody titers by ELISA. (A) shows titers of anti-HA specific

IgG antibody (AY3). (B) shows titers of anti-HA specific IgG antibody (AY4). (C) titers

of anti-HA specific 1IgG antibody (AYS). (D) shows titers of anti-HA specific 1gG

antibody (AY16).

[0099] Figure 54(A-B) show (A) HA-specific IFN-y producing cells and (B) HA-specific
peptide response cells. BALB/c mice were vaccinated by electrotransfer in muscle
with pHAc and a-GalCer or the indicated a-GalCer analogs of the present disclosure
and boosted once with the same formulation three weeks later. Splenocytes were

cultured with HA-specific peptide (9-mer) and spots were determined after 1 day.

[00100] Figure 55 shows protection against viral challenge. BALB/c mice were
vaccinated by electrotransfer in muscle with pHAc and a-GalCer or the indicated a-
GalCer analogs of the present disclosure and boosted once with the same
formulation three weeks later. Mice were challenged with 200 LDsy NIBRG-14

viruses at two weeks after the second vaccination and mice survival was monitored.
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infected with H1IN 1 (WSN) and treated with a-Gal Cer or the indicated

a- Gal Cer anal ogs of the present disclosure (A starting at 2 weeks prior to
vi rus chawvbengaogéish a hi gh dose of H 1IN 1 (WBN) virus &aa/USB)owses2s

i ntranasal route. [00105] Figure 60(A-B) show the cytopathetic effect (CPE)
of Madi n-Dar by cani ne kidney (MDCK) cells in vitro. MDCK cells were
pretreated with vehicle, a-Gl Cer or one of the a-Gl Cer anal ogs C13, Cl4
or Cl6 at 10 ng/mm for four hours, followed by infection with FLU A virus
serotype H 1IN 1 (WBN) at 10TCl D50. (A) shows the survival virus titer

i oer ) o TRRgn Figite " bar) By SRe et ok Bedb el Bisbalot BB S it By
show ant iveaetvactindtee flyi eléctiotranefer &’r GRausEle rwithr pHAe (12 rp@p ead:l edGalCetal Gay

anal ogs of the present disclosure treated at or (B) 50 ng/kg
in nice iMficiedd @Ppr?rﬁﬂﬁqg@o%m?spr@éﬁ%hﬂ'ﬁ?'ﬁsTrQO@OW) glgogfamg% show

the anti bact eiidthod s ARUPlaidh 4l €86 émeHAe%@aﬁf%@aﬁ%o%@rt.téeal ogs of

the present disclosure in mce infected with Kl ebsi el pneunoni ae. C 1 and

Cl4 can d$BpMige warg ichallengad evitth@0pdd?=erNIBRG-d4agrusas (ab)thiasuweeksgfieand ( B)

liver af igure 63 shows that the CFU nunbers (in
I 'ungs) oitpﬁh}]é %f%blg&twegesg@ég@v&e%ﬁh C23 and C34 at 50 ng/ kg, are significant

i n conpan t ] < he
chen ool gL %E%gf B RRIcREadlo e prieQgtledostang hddnel ae! o

(al so refapalogd Qfdhaspraa%tcxysglowretmrecgbebwatedaemgamsur BAL%‘I odtiengereC3, C9,
C 11, C14 F re 65
shows thevagnergtg qug“ a J%C¥(?| caci eg’aéﬁ?er %c@ O?%seﬁé Ib%?%nja%% é"'%Ikg in
m ce inf emkenﬂwwthtglobﬁpiMDTgarrtbbmst@hmm wttlan a'ﬁlwe v@ial it s Bicodtsamnplésser s of
mce in each t tment gr neas d_at. 24 hr I nf re

Fepr esent Bl Rtad anp WERRs HiE o el R lom e e KA. o o

i ndi cat edpetifit g antibdaigranz @B} anti-bliobe $1-siicitc Ighi antiboay ysidsicticsi. ng ANOVA f ound
that the groups treated with C1, C 11, Cl4, and Cl16 resulted in

signi fi c400108] rre@lueezaa(m@tseomlsuhmm rate WwheneBAL B/Grmigp sveng trieateidgmit ocant

H 2 . ll* n ll*
9' ifﬁgfngﬁééﬁn&} t.&ﬁe Pll'aﬁsdlga e Geﬂ Sr nPgrEa géjs W(')ft t-lheSt %Fess'ent dlscl](c)sourrerPa 05,
intraperitoneal (IP) route (A) starting at 30 min after FLU-A virus serotype H1N1

(WSN) virus challenge and (B) starting 2 weeks prior to H1N1 virus challenge.

[00104] Figure 59 (A-B) shows cumulative proportion of survival of BALB/c mice
infected with H1IN1 (WSN) and treated with a-GalCer or the indicated a-GalCer
analogs of the present disclosure (A) starting at 2 weeks prior to virus challenge with

a high dose of HIN1 (WSN) virus and (B) via intranasal route.

[00105] Figure 60(A-B) show the cytopathetic effect (CPE) of Madin-Darby canine
kidney (MDCK) cells in vitro. MDCK cells were pretreated with vehicle, a-GalCer or
one of the a-GalCer analogs C13, C14 or C16 at 10 ug/ml for four hours, followed by
infection with FLU-A virus serotype H1N1 (WSN) at 10TCID50. (A) shows the
survival virus titer (log10) after treatment of glycolipids in vitro and (B) shows the

virus titer in MDCK cells at 48 hours post-infection.

[00106] Figure 61(A-B) show antibacterial efficacies of a-GalCer or the indicated o-
GalCer analogs of the present disclosure treated at (A) 100 pug/kg or (B) 50 ug/kg in

mice infected with Sphingomonas capsulata.
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[001 11] Figure 66 (A-B) show the antibacterial efficacies of selected
glycolipids in the Staphyl ococcus aureus thigh infection nodel. The

ant i bact ewpabiogfbiisaci es of glycolipids at 150 ng/ kg adrCmitste@wsso3dy | P
injections at 3 hr post-infection were eval uated by i nage anal yses at 48
hour after infection with [ um nescence S aureus Xen29. (A) |Images of mce
in different treatnents were taken at 48 hr post-infection. (B) The
relative | um nescence (RLU) val ues of each nouse neasured at 48 hr post
infection were plotted as individual synbols, and t he average val ues of

h 112
Froure o PO MR VEREORIR it aleRlep Rl Bhoy S SREaIGe o MRy
i nfecti gm-GtS@eeh 1n mdigsﬂccﬂ thiel dresgpe dSwVdSlufe im m&;evmﬁecteariltwgl'lp)dﬁle?@?lgﬁral /e\a((:lhp)

t W S
orous endfaidonafard it GRe Lt satiseht ek iee SB8 naFe o bl L &l hardd, Sxs 05
PFU of JRhg &y @) sivemafte)y irgeslioni mul t aneously injected intracerebral™ with 30

m PBS. One dayafter virus infection, mce were |IP boosted with 1 ng of C
1, 7DVB- 300108}, Figdd o3rshaaisvrat the TRY ﬁumeeﬂ&E(i‘reluﬁ@@)IdeHieedrod@B|try§afeQJFW|ﬂ‘5 days
and t he percent e of survival is shown. Fourteen mce were included in
each exp&%mé EF%QJbg/kStﬁr@lS\%'ﬁC@m‘0(—90&9%3?? e URErReHF P H-med usi ng
Prismsoftware statistjical analysis with the log rank test and P < 0.05 as

conpar ed @109 Fjguie GddArBLenavs thenenearaied plietures o a- Galfgiae118Pd MAgense 68
(A-C) ShQMGQIbé‘F@WcBFlpﬁ'@s (IS fefdtFey t@rhstéh%lckggzvf th@rﬁégerﬁ@fécﬁ)@a@ .ﬁeluu.wgum ty

conponents to tr 8 ér ot ecti on agai nst 'J i nfection. Seven-week-ol
i m’runodefC?%lcéanmﬁl &4 @bkiGly . 6235 AYV61S (akp, CrmuarsyEébul i n m chai n (B) or
CD8Ba- chain (C) were admnistrated with C34, 7DW8-5, or solvent as

descri bed09H OFi Rigurg 763, shays dhe \atibesienialreftiersias. ofralvcalivids. reated oll0 ni ce
were chal | %ﬁ%%t@‘ %Bé WitRYs :nig}/o:gﬁp ShsehdiA! the ICBU Qﬁl%é'irpﬂw%aﬂ s 1he 19

m chai n Iyﬁ out an aln nockou m ce were challenged as escrl bed
in Fig. 67mighe Hadetmehrrmnmmummadsmadlql Zohr 2fterdafestioThee poresemtene

shoun + n e PSS TEN Rl 8 pBut Fodh BB RE DB A MBI LT s o
a two- doseripsrdsloles, SMBtldayiallyeitormgaANQWefcdmd taét e ghblps trbetediwith gi vi ng
the best Cp1r, OéFFthf J%C1t6 resu ec?ln S|g%|f|cantl)§ r%duced bacterial load in livers.

Groups with significant difference from the PBS control are marked with stars: “*” for
P<0.05, “**” for P<0.01.

[00111] Figure 66 (A-B) show the antibacterial efficacies of selected glycolipids in
the Staphylococcus aureus thigh infection model. The antibacterial efficacies of
glycolipids at 150 pg/kg administered by IP injections at 3 hr post-infection were
evaluated by image analyses at 48 hour after infection with luminescence S aureus
Xen29. (A) Images of mice in different treatments were taken at 48 hr post-infection.
(B) The relative luminescence (RLU) values of each mouse measured at 48 hr post-
infection were plotted as individual symbols, and the average values of each

treatment group are shown with horizontal lines. *: p<0.05.

[00112] Figure 67 shows glycolipid enhancement of host protection against JEV
infection. Seven-week-old wild-type C57BL/6 mice were intraperitoneally (IP)
injected with 1 ug of compound C1, 7DW8-5, C23, C34, or solvent for each group
one day before virus challenge. The mice were IP infected with 5x10° PFU of JEV

(RP-9 strain) and simultaneously injected intracerebrally with 30 ul PBS. One day
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7DVW8-5 (B) was administrated to 7-week-old wild-type C57BL/6 mice by a

t wo- dose protocol as described in Fig. 67 [day (-1 ) & day (+1 )] or only
once one wayolydhesie [day (-1 )], at the same day [day (ECT/USesosnnEs28ay
after [day (+1 )] viral infection. The m ce were chall enged and nonitored
as described in Fig. 67. The percentage survival is shown and the nunber of
mce in each experinmental group is shown in the | egend to each panel. [001
15] Figure 70 (A-B) show a survival profile of influenza infected mce
receiving C34 at different tines and doses. Blab/C mce were infected with

t LD50 nf | by intras t to f
aroups. r 08T Yy vseseree wetd B BBaRen i fag e G oo WEETATEE Vet o
the i nfl wenaat. Thkerite Were Toritsiteddiailp Fort ZEc@dysviridthe @Rt cintyeodf suhgvdl i

i njection 1 nouse .C34 or .t he PBS vehi and the injection times of
i or enEnbPBal TR PGl KA o Bal] B EameN AL OGPy TRV of

di ff er entcomipaAs oM ves Qékw&nfbrdeuéiﬁ@\ﬁﬂlsﬁﬂoftv&é?gJstétﬁshcﬁ' M)%lgwﬂth shéVey ef fect s
of C34 adm nistration tine nfection clearance of the nurine thigh-wound

i nf ect i ofi@Mo@et andp 0. pﬁﬁé@?@tﬁ’avﬁqtﬁ ﬂowﬁﬁh%@h@é”@catﬁﬁr‘"@ﬁbs“a’t | eft thighs
were gr ou ed into vehicle control Ogr oup and two groups that received C34 at
0, and 6 WU Figure 68 HyEeshew.alya @dwﬁéan%@éaﬂeahoatsn%ararﬁo%qam ecti on.

The | magesnRhit} h:%n‘ldéﬁbﬁ'@st%etﬂ@@erbﬁi%tt&ftlbﬁl Fda'ﬁs@CJE\P'fhfé’é”!Bnt e verhdkbk R
| umi nescence units are shown simlar to Figure 66. “for si gnl ficance

Wi th p<0.mmunofefgient Thicilaaking vQSt%1a(At)abnr@us¢gi0\builg i-akaiaf(B.cercyDo-
g.e' ect ed %ﬁc )'v&!hé’%dlfn%st?é{% $5658 WPy sBhent 4t %g%érfb%ﬁ inlFR g§”6718]
i gures - show | nmunopr ot ecti dn agai st "avi'an 1T nrruenza vi
i nfectiomuslng a Maf—dmspmtcmol ﬂrhee%ﬂat-d)mnotkduixmld@w@shajrengélﬂWEthﬂ4 RlUycol i pi d

vacci ne. e col | for HA-specific a y,liters by
ELI SA (A)O?'a@’ {RED i E?ﬁ’eé frﬁ e o8k BEORNOTGoRE %4b€’% PTRBY and
noni t or egnbeKous Wiivé asre Q:Béillen[gﬁﬁjasl@dscﬁbgdlrr€F|g7‘$(7ATﬁé reite Wdr8Thigietor&s ponses
and mce survival after single | Mdose of pCHAS with and w t hout

gl ycol i pid@ly ¥ 22dfaysahpe pefﬂ?ﬂ@@ev%é\ﬂ‘éa'éﬁ %@Wwae%ih%awrehaerv@ftw%macfz 50 ng)

+/ - gl yCcQlixp8irsntaPgrdtp iLshoHrHimthd e td %dt%ﬁr%l sera were collected and
tested HA-specific antibody titers by ELISA (A). At the sane tine,

[00114] Figure 69 (A-B) show results of a two-dose protocol, one day before and
one day after JEV infection, giving the best protective effect. Glycolipid C34 (A) or
7DW8-5 (B) was administrated to 7-week-old wild-type C57BL/6 mice by a two-dose
protocol as described in Fig. 67 [day (-1) & day (+1)] or only once one day before
[day (-1)], at the same day [day (0)], or one day after [day (+1)] viral infection. The
mice were challenged and monitored as described in Fig. 67. The percentage
survival is shown and the number of mice in each experimental group is shown in the

legend to each panel.

[00115] Figure 70 (A-B) show a survival profile of influenza infected mice receiving
C34 at different times and doses. Blab/C mice were infected with ten LDsg influenza
virus by intra-nasal route. Mice were grouped into four groups receiving two IP
injections at both day -1 and day +1 relative to the influenza infection. The study
protocol with contents of the IP injection (1 ug/mouse C34 or the PBS vehicle) and
the injection times of different treatment groups are described in (A). The survival

curves of different treatment groups are shown (B).

[00116] Figure 71 shows effects of C34 administration time on infection clearance of

the murine thigh-wound infection model. Mice infected with luminescence S. aureus
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m ce were sacrificed and spl enocytes were harvested for ELI SPOT assay (B).
Anot her group of mce were challenged with 200 LD50 of NI BRG 14 virus and
noni t or eawbanimwsiasval (C). [00120] Figures 75(A-C) showCrarspeniossas of t he
adj uvant effects of glycolipids for pCHAS and pCHA5-11 vaccine. Two weeks
after booster injection for vaccination with pCHAS or pCHAS-I1 (30 ng) +/-
glycolipids (2 ng) through IMEP route at week 0 and three, sera were

collected and tested anti-HA antibody titers by ELISA (A), and, m ce which
were vaccinated with pCHAS (B) and pCHAS-I | (C) were chall enged with E31 9

virus an I [ ur 7 0

effects %ﬁ%&ﬁ@% \ﬁer\ge@'(gtﬁ%!j nttgl—ﬁﬁtglﬁem %I %bra gﬁt&vop?@aag%qagﬁgé\é]\ge | nmune
prot ecti @84 at O arel 6 Houese afieeikiecidn. eIY/hceaae:nenataged ammshhcajrr[giselrtﬂmﬁmnof

pCHAS- | | 00, 75, with or, with 4 as_adj uvant
Phrough M B1ReES L dPe THhnE P chatioran e siens et e ialf; HotiPeePies's were
assayed hyitEbteSfhdwh) simidar folFigeads. t#nfer sighifieaneerwitspe<0.01.i ced and

spl enocytes were harvested for ELISPOT assay (B). Fig. 76C shows survivals
of mce toert7¢d-igarehddfikenetdbladdapewingf tmCHMeddy ahdelRctay GBAoksIjisifant . Fi g.
76D shows survi.valﬁs of%? ce treated wwth 100 ng pCHA5-I1 and C34 at various
dosages. SUBEESSI S GAPULA9 MIACYSshow adj uvant effect of C34 on

neutrali nti bo oducti on a ai nst .vari ous HA-pseugdot yped. viruses.
ont | neat00 LT ddiren B AT RES o PGP RCrE | Sstr PR | PP BatE hat | on
with 0.2imfgctith pOnbfantlisssial Mﬁd:tlblﬁl oPB% @@@ég’ysrbfrmcmm/ cglyﬁéudwacm@k 0 and
3, giving 50% of I—|A%gj udotyped virus neutralization for TK (A), VNL

194 (B), SaRBe[eyollesied atehigsed f?rdf'Aeﬁp@C@ﬁ@Wr‘lboqyeﬂt%fé WfELﬂSMé) R Mihpar i son

of fits. \Werl chalfnded aid me&g@bﬁmm@hwmg@é afd Biohitbre@nér Mr@vaIgBPAr €
C34- adj uvanted group with only group. [00123] Figures 78(A-L) show

serum cy e 19 F&@@é@&&(@@) Bh@\fv'nlnﬁﬁmenreﬁb&r%e%%@' MicB SuPfFNarat &.hgrémww t hout
C34 as adjuvant. Serum concentrations after vaccination with CHAS

with or WoBRORSt p@§|$5t M’r'tbu rd |withoot (@yRolipids o adivyagied -@"ﬁﬁewgﬁﬁ/\n@ftﬁﬁ th
respect stfon(vih E{_m ) ) 5?5533' 5%" P-1 b
(F), (R'%é' E)” §(§§f?) i )gk?tof;%%g@ ‘@W‘Mg& '%éfn%)sF g (L).

were collected and tested HA-speC|f|c antibody titers by ELISA (A). At the same time,

mice were sacrificed and splenocytes were harvested for ELISPOT assay (B).

Another group of mice were challenged with 200 LDsy of NIBRG-14 virus and

monitored for survival (C).

[00120] Figures 75(A-C) show comparison of the adjuvant effects of glycolipids for
pCHAS5 and pCHAS5-II vaccine. Two weeks after booster injection for vaccination
with pCHAS5 or pCHAS5-II (30 ug) +/- glycolipids (2 pg) through IM/EP route at week O
and three, sera were collected and tested anti-HA antibody titers by ELISA (A), and,
mice which were vaccinated with pCHAS5 (B) and pCHAS-II (C) were challenged with

E319 virus and survivals were monitored.

[00121] Figures 76(A-D) show dose effects of pCHA5-II and C34 on HA-specific
antibody production and immune protection in mice. Three weeks after vaccination
with single dose of pCHAS-II (100, 75, 50 ug) with or without C34 (0.5, 1, 2, 4 ug) as
adjuvant through IM route, sera were collected and HA-specific antibody titers were
assayed by ELISA (A). At the same time, mice were sacrificed and splenocytes were
harvested for ELISPOT assay (B). Fig. 76C shows survivals of mice treated with
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[00124] Figures 79(A-D) show neutralization abilities of antisera were

i nduction by C34 through single dose intramuscul ar injection. Results of
HA- pseudowppet)/ons31as neutral i zati on assay perforned thr @eTWuSed9/08f30er

vacci nation with 50 ng of pCHA5-11 dissolved in PBS containing 2 ng of C34
are shown with respect to Anhi® (A), TKO5 (B), I1D05 (C), and VN1194 (D).
Val ue of p was the conparison of fits. * p < 0.05 and presented stati sti cal
significant when conpare C34-adjuvanted group with pCHA5-11 only group.

[ 00125] Fi gure 80 shows a synthetic schene for C34 a-Gal Cer anal og of the

Dkt ey EHE e o RS 5 R S B R ) B
Br, LHVDSeatddwiltb100 &g})CHAS |Pdﬁ@tﬂla4%tv%us9&%a@§§. Tf 20, 2, 6-Lutidine,
TAI GA, CHZCI2 (f) TFAI TFAA, CH2Cl 2, two steps 63% (g) Tf20, Me2S,

2- Cl - Pyrirgo Aiédls ﬁd&-@)zsh(ﬁ@%bjb(vaht Bfest &y cdi gienbuitshizatibn dabeedyBTU,
TEA, CH2 vvo steps 88% MeOH CH 2C1 2; (k) Acm(aqnle])q@ (1) H2z,

Pd(OH) 2 pr%@t@r@aeﬁmst V@W%é*%@éﬁ%d%mﬁqjﬂﬂ%ﬁ%[ﬁ‘msﬁﬂ Bgresionr
DI SCLOSURE: {Q04H28Iut6M a ﬁ&r’ RIEP V4 fcrn%wﬁ w?theb.% %gb& &NR@ did3Bived 3 @szsar y

meani ngs as understood by those o unl ess an alternate
meani ng icenegting @ 1y dieCdv.onl weelae and 3;ogw"ihg 0% tdﬁdi/@@bematymmhvmm forth

iprar FBREpEE SEEoREE T Ay 8194 Bt (S Al SIS lierb Aokl pat e
[ nf cel | tsiegr@bﬂ %@ﬁpamél?@ryns?rtus[dhgdfg&} *Ap< @S(Biaﬂitﬁb@sénteﬂfwattsﬁwhfi if}c@a{ i pid"
refers to a carbo e- attache erves as a marker for

cel lul ar W@@cfg’m%r%ﬁﬁ s d&ro%g@thﬂ? %fprﬁi’ HEYPer m " al pha- gal act osyl

ceram de" efers to a coli |d t hat stlrrul ates nat ural
i1 or 7 1081 B gBlace) Btk Serita udidne aaplossing RBRE R BSHERNE0130] As
used her ggHAS Weh beﬁvﬂhmﬂ'm adjﬁ\faﬁﬂSsbmnac&%e)ﬁ&éﬁmﬂéi&ac@ﬁatuon with
oligosaccharide, dycan is also used herein to refer to the carbohydrate
portion &2 #9 PCHAS with or without C34 through IM/EP route at week 0 and 3 are shown

with respect to IL-2 (A), IL-5 (B), IL-13 (C), RANTES (D), MIP-1a (E), MIP-1B (F), KC

(G), IL-1B (H), IL-17 (1), IL-12p40 (J), G-CSF (K), and IFN-y (L).

[00124] Figures 79(A-D) show neutralization abilities of antisera were induction by
C34 through single dose intramuscular injection. Results of HA-pseudotyped virus
neutralization assay performed three weeks after vaccination with 50 pug of pCHAS-II
dissolved in PBS containing 2 ug of C34 are shown with respect to Anhi05 (A), TK0S
(B), IDOS (C), and VN1194 (D). Value of p was the comparison of fits. * p < 0.05 and
presented statistical significant when compare C34-adjuvanted group with pCHA5-II

only group.

[00125] Figure 80 shows a synthetic scheme for C34 a-GalCer analog of the
present disclosure. Reagents and conditions shown are as follows: (a) 2-
Methoxypropene, CSA, DMF, 83%; (b) PhsCCI, Pyridine. 77%; (c) CisHa7"PPh3Br,
LHMDS, THF. 75%; (d) Hp, Pd(OH)2, EA, 90% (e) Tf,0. 2,6-Lutidine, TAIGA, CHxCly;
(f) TFA/TFAA, CHxClIy, two steps 63%; (g) Tf20, MezS, 2-Cl-Pyridine, MS4A, CHCly,
60%; (h) PPhs. Pyridine/H0; (i) EDC, HBTU, TEA, CHyCly, two steps 88%; (j)
NaOMe, MeOH/CHCly; (k) AcOH(aq.); (I) Hz, Pd(OH),;, MeOH/CHCIs, three steps
40%.
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gl ycoconj ugate, such as a glycoprotein, glycolipid, glycopeptide,

gl ycopr ot eone, peptidogl ycan, |ipopol ysacchahde or a proteoglycan. d ycans
usual | y cwognsroossisel y of O gl ycosidic |inkages betweenPohruss@oohses des.

For exanple, cellulose is a glycan (or nore specifically a glucan) conposed
of beta-1 ,4-1linked D-glucose, and chitin is a glycan conposed of beta-1
,4-1inked N-acetyl -D-glucosam ne. dycans can be hono or heteropol yners of
nonosacchari de resi dues, and can be linear or branched. dycans can be
found attached to proteins as in glycoproteins and proteoglycans. They are

general | L f f cells. O and r linked glycans
are very)bc%w ﬁﬁségﬁgmgég%@g@aﬁéo be found, although | ess
commnl y, 1 rgkaryotes. N-Linked gl ns are found. attached to the

R or oup’ YTl SgEE Srmparads Rt ofiehifier oflion orniots eqaperLood Bn. x. ser
or Asn- X4Hd¥e SfesiilEinCte athentesy drbaltdtiatatnBaning iglsexfoaptbaguvel iimeagdei31] As
used herein, the term ycoprotein" refers to a protein covalently

modi f i ed CRMYIAL &WW(@;@S%@F@ I ¥ gRaficelionehalkcogtPbopr ot ei ns: 1) N-1i nked

gl ycopr ot gj O |inked gl ycoproteins (mucins), | ucosam no cans
Canee”" wibb1E7 A urdondisin i tar o i s Arvufat e Dl o) M€

gl ycopr otyedtparitdReSirdents n@hngﬂb@tﬁ@ra?@.t erogeneity (nultiple different

gl ycan structures attached w thi nthe sane gl ycosylation site), and

struct ur gboTEs}rAl hedehataRN eid riiMYlyboIicE réidreto ardrdanpesit@bitadhesanid
attachnment). | 00132] As used herein, the term"analog” refers to a

conpound,th@ sgrvesasdt figrkeffy<elidlar (pepaniion.s rel ated to that of anot her

conpound but whose cheni cal and biol ogical properties may be quite

di f f er entl00129} YsRysesshergivg thecern nalphangatastosyt eaigmigien and sodfedI Cae defges any
subst anc : L g i €. erein,
the ter m(?Q %%g‘gﬁ%?tgt'ﬂ%t%{g%@%kmggzge ﬂf%;@%gg%esé(gﬂﬁf @%%@Zﬁgf‘ ?q(rness to
it's hostlh2Thtoklhedy cont ai ns many natural defenses against sone of the
comon pat hogens (such as Pneunocystis) in the formof the human i mune
system [[00tB9F]|AsAsusgsedierrineithe tdie t'glysar’i reiendgiona redlygaschariden ant i gen

or a SUb%ﬁiﬁg‘éza%charide. Glycan is also used herein to refer to the carbohydrate portion of a
glycoconjugate, such as a glycoprotein, glycolipid, glycopeptide, glycoproteome,
peptidoglycan, lipopolysaccharide or a proteoglycan. Glycans usually consist solely
of O-glycosidic linkages between monosaccharides. For example, cellulose is a
glycan (or more specifically a glucan) composed of beta-1,4-linked D-glucose, and
chitin is a glycan composed of beta-1,4-linked N-acetyl-D-glucosamine. Glycans can
be homo or heteropolymers of monosaccharide residues, and can be linear or
branched. Glycans can be found attached to proteins as in glycoproteins and
proteoglycans. They are generally found on the exterior surface of cells. O- and N-
linked glycans are very common in eukaryotes but may also be found, although less
commonly, in prokaryotes. N-Linked glycans are found attached to the R-group
nitrogen (N) of asparagine in the sequon. The sequon is a Asn-X-Ser or Asn-X-Thr

sequence, where X is any amino acid except proline

[00131] As used herein, the term “glycoprotein” refers to a protein covalently
modified with glycan(s). There are four types of glycoproteins: 1) N-linked
glycoproteins, 2) O-linked glycoproteins (mucins), 3) glucosaminoglycans (GAGs,
which are also called proteoglycans), 4) GPl-anchored. Most glycoproteins have

structural micro-heterogeneity (multiple different glycan structures attached within
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capabl e of inducing production of an antigen, such as a DNA vacci ne.

[ 00136] As used herein, the term"imunogenicity" refers to the ability of
an i mmunoyerpiemsilgen, or vaccine to stimulate an i MmuneCraspanss032§ 00137]
As used herein, the term "i munot herapy” refers to an array of treatnent
strategi es based upon the concept of nodul ating the i mune systemto

achi eve a prophylactic and/or therapeutic goal. [00138] As used herein, the
term " CDld" refers to a nenber of the CD1 (cluster of differentiation 1)
fam |y of glycoproteins expressed on the surface of various human

i1 or T HEBRE' BeGeidn o Enf RER Tt Rt fOb BEVI PR ek AR

gl ycol i pitgbesrdfigiyens ahachinelﬁpld nol ecul es expressed on dendrl tic cells can
bi nd and present glycolipids. [00139] As used herein, the term "adaptive
i mmune S)[B(D‘Eiﬁ] Amdiﬁdshareinhihgheryn Spetodirefzetto awnmtjrml egl |sdagdwposicesses

t hat eI| IIen The s, of theaa ve | ne
yot em antug gy BEFelEF B sl 9T an SRS Forptind s Bndhe. M B P HfigoBker o
are the mepmyrtidsypag befquity affecantt es. [00140] As used herein, the term"T
cells" and "Ts" refer to a group of white blood cells known as | ynphocytes,
t hat pl aJoeu33¢ Mg ased ldrein, thee &rin- Amtiget’ asl defimas yny Sabsthsces aapdite of

di stingui ?jh?d from ot her nghocyte types, such as B cells and NKs by the
presence “gfA9 @Bérﬁ'iné.'f‘elr%?f’é%? r on their cell surface cal led the T cell

receptor Sever d| fferent subsets of T cell descri bed,
cach i+ IO s 6 evihs U Tl pEANGOTY TS ReiTioOZPLagRY Rl ddbten- of

t he adaptdiseasé rmumesswetueénhoanceheqiddyadowbuné h%hydhaw@e defpiseb \againdt secret e
smal | proteins tBal led c tok| nes hat ulate or. " é) t he | mune

r esponse SOBEENAE (fYMBRR Ret 89%‘%( @hﬁs rf?aﬁ%m?‘a(é@?)\)@dh e el g hugnan

di fferenthafpelspstem! Hl, TH2, THL 7 , or one of other subsets, which
secrete different cytokines. [00141] As used herein, the term

"anti gen{00 3B My HbCrRerkin, (HPImM eh@URodeh” aefed to ér'ﬂ@htlghrﬁ& a%ebstahed gn
antigen conpl exed with major histoconpatibility conplex (MHC) on its

sur f ace. CW@@PI%'WHQ}'”Q@& 'Qﬁofﬁﬁ@nwﬁﬁ?pﬁ@@h 2Rs7 MNA VRGGINETCR. - APCs fal |l into

two categories: professional or non-professional. Dendritic cells (DCs)
fal | unddP0136l As used herein, the term “immunogenicity’ refers to the ability of an

immunogen, antigen, or vaccine to stimulate an immune response.

[00137] As used herein, the term “immunotherapy” refers to an array of treatment
strategies based upon the concept of modulating the immune system to achieve a

prophylactic and/or therapeutic goal.

[00138] As used herein, the term “CD1d” refers to a member of the CD1 (cluster of
differentiation 1) family of glycoproteins expressed on the surface of various human
antigen-presenting cells. CD1d presented lipid antigens activate natural killer T
cells. CD1d has a deep antigen-binding groove into which glycolipid antigens bind.

CD1d molecules expressed on dendritic cells can bind and present glycolipids.

[00139] As used herein, the term “adaptive immune system” refers to highly
specialized, systemic cells and processes that eliminate pathogenic challenges. The
cells of the adaptive immune system are a type of leukocyte, called a lymphocyte. B

cells and T cells are the major types of lymphocytes.

[00140] As used herein, the term “T cells” and “Ts” refer to a group of white blood

cells known as lymphocytes, that play a central role in cell-mediated immunity. T
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prof essi onal category and are capable of presenting antigen to T cells, in
the context of CDL . In an exenplary inplenmentation, the DCs utilized in

t he met how'® 20fo/tob31s di scl osure may be of any of several PDUUs2d¥95628 Wwhi ch
differentiate from in one inplenentation, |ynphoid or, in another

i npl enentation, nyeloid bone marrow progenitors. [00142] As used herein,
the term"na ve cell" refers to an undifferentiated i nmune systemcell, for
exanple a C4 T-cell, that has not yet specialized to recognize a specific
pat hogen. [00143] As used herein, the term"natural killer cells"” and "NKs"

refersto C at e ns to

contri but 3% %r?ﬁ%g?sémé%npgghgrgn@léé@é%%?ytétﬁﬁgeéuc\ﬁ éas %ﬁ%}f? @n ragtgef | ul ar

pat hogenshe [ptkbadé ofsa sqsmdalhecmtor oh hkeit eelnsurfatelcalleck el érceﬁ reegptel’ ( NKTS)
re characteri,stics  / rece torP wth

f t 1 f..T
ot conTRT oaBrersLhindghfpusseldid T SoIRi g Rl Btk Bhor, Wi R
non- pol yrgidibhc HdBet Tno‘r@oa;élle argnhaNinidyampsre'ssfrthe Rdapidlecienthend Bydterhi nds
 Scbon: 758 MR 08 s s M S e G anaLu e
maj or res@ﬂiﬁt@ @F "NSBS the iFriirté $@§doﬂ§eon Debehdihgkbmaie dytekingligighdid-- 4,

| FN-g and after stinulation and_thus influence diverse inmune
res ponseé%ﬁ‘n‘é?%éﬁ%g}@“? difisrestiatesipto Tahd nRiKTns! /m@y) OBR ChothshdRsesuWbul at i on

or ahet ersgg,%r&gg,lﬁgreg@@y{bﬁhégn I n one exenplary inplenmentation, the
popul ati on may be "non-invariant NKTs", which may conprise human and nouse

bone mar r@mﬂw%§1mrhéremefheﬁeﬁﬁI“ént@@ﬁlﬂr@éénﬂng cbl'l‘a(IAP@f)%fefsotro e%élm%?
CD1d- reactl ve noni nvahant express diverse TCRs whi ch can

al so prodifPéays fp@ﬂggba%tiﬁ%rﬁonmleﬁdwmh a}adprlwuogompatrbéltxbé@mplehiiMH@Lm”set of
CD1d- depeg ;&g%cé\'ﬁéel%%ﬁé&ﬁn% thi2Veynh @8k u;f HReiPeR( T/SFPCS%M fﬁﬁ?‘{wrb These

are referr to as type I nvar i ant NKTs NKTs). These cells are

conser ve@ampvi@%npﬂ@tﬂﬁéi@@a( Va 2an-prEssiormd ﬁﬁe@rltp\,@dlm (DGsipll amderithe
i npl i cat %ﬁi f'—){ew&*oogr'ec%lpaf}l ?é&%tlﬂ%%ﬁﬂ’gﬁ toﬁs?éig,e% th? cShféx t he

term"” Cyto lne to any nunme ous S secre proteins hat

regul at e of K&D1. ntlreram exenentaly donpemieata, tihee DGeutiized as flog seethgds of this
disclosure may be of any of several DC subsets, which differentiate from, in one
implementation, lymphoid or, in another implementation, myeloid bone marrow

progenitors.

[00142] As used herein, the term “naive cell” refers to an undifferentiated immune
system cell, for example a CD4 T-cell, that has not yet specialized to recognize a

specific pathogen.

[00143] As used herein, the term “natural killer cells” and “NKs” refers to a class of
lymphoid cells which are activated by interferons to contribute to innate host defense

against viruses and other intracellular pathogens.

[00144] As used herein, the term “natural killer T cells” (NKTs) refers to a subset of
T cells that share characteristics / receptors with both conventional Ts and NKs.
Many of these cells recognize the non-polymorphic CD1d molecule, an antigen-
presenting molecule that binds self- and foreign lipids and glycolipids. The TCR of
the NKTs are able to recognize glycolipid antigens presented (chaperoned) by a
CD1d molecule. A major response of NKTs is rapid secretion of cytokines, including
IL-4, IFN-y and IL-10 after stimulation and thus influence diverse immune responses

and pathogenic processes. The NKTs may be a homogenous population or a
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affecting inmmune cells differentiation process usually involving changes in
gene expression by which a precursor cell becones a distinct specialized
cel | typewOoQytoalob31és have been variously naned as | ynph@®kirnsg009/050328

i nterl euki ns, and chenoki nes, based on their presuned function, cell of
secretion, or target of action. For exanple, sone common interleukins

i nclude, but are not limted to, IL-12, IL-18, IL-2, IFNg , TNF, 1L-4,

I L-10, IL-13, I1L-21 and TGF- b. [00146] As used herein, the term
"chenoki ne" refers to any of various small chenotactic cytokines rel eased

at the Slt a OVI il n

Rct vat | GREsPoT AR S IRL e By TR AR e BB ety B 20thes

sites. ClieorelnvagsnthidEs’c aviser wey cqmpmsenbunneslmdemoubatboabl marrbweand o be

assi gned to four ps r.oups repre at i ve chenoki are

S Shenbkmaodierdn b ondond R die, Wy et eI fiactie AOTEV iAok nes

H)Iéli)ﬂ @enélwmhlhem&sélawmh TGRE] aﬁTdeaiadc@?Oé)@;ﬁrbema nege Goant e ki ne) . f
u er the term"” ers to a pattern o

Lyt oki ne Jezpl BN on Tk herhowmuhel o6 REdISibepaen: NELS St esraras

chenoki nesvankAt HTC‘Rdélﬁﬁéi éT@RFU()C@HalH' H2rHagb Odfe e feriddiclolde tygdit orfigvatieht | 1 mi ted

to, IL-4, IL-5 IL-1 0 00148] As used herein, the term"THl-type

r esponse N @V@T%)o Taheﬁﬁtcﬁﬂfr ﬁreo‘for@ﬁ’fvﬁfélt’r%w%@(b*?"é@@”%hv‘é?&éNWTﬁh?nQ:EFQeal n

types of oyiAlN BRI HCaRehin FRATRRNAS fdél edserd. Typical T HL
cyt oki nes i ncl uﬂ?agut areﬁlr?ot I?mtggﬂﬁto O@ Brro FN-g, GMCSF and TNF-

b. [00149] Odsﬂ\ﬂS%d u88d GHéPelnt R8s ttéfnﬁn Eﬁb‘klﬂaeb'réfé%j rﬁyebﬁ nufhe?Blid BRANOgeni ¢
response in i ch production of cyt oki nes and/or chenokines is

i ncr easedegisted @ﬁoé%\m%thaéfagéliﬁte tth?a'ﬁt%sﬁﬂa@(ﬂ Aeratign of te igyRa iRsgoRsedRor
chenoki n%'?fectﬂr‘%oi'rﬁ%n fE8hEAt N br%%eé@rtghe@mﬁveﬂﬁg EI @% 'Heﬁe@é the

parts of tigen ecu e whi ch cont act antige Ing sfte of an
ant i body exspregspncley IWhl@t@ptpfﬁCUFS’tC(DOQQﬂlpeMn@%@ distineti apeaidiged egath typacci ne”

refers t%ﬁol@ﬁ&oaﬁé’*}d aiarfb%@l ai DSn@ a0t | okﬁ:\%QS'r?ﬁ{érfégklﬂ% V‘Qﬁ]

di sease-causi ng organi sns (ki or weakened) 'or conponents o
or gani snehegwkineasbgsedtan thsir ppepmeatesincion, pell p§ aeohboen, dedargehat action.

For example, some common interleukins include, but are not limited to, 1L-12, IL-18,
IL-2, IFN-y, TNF, IL-4, IL-10, IL-13, IL-21 and TGF-p.

[00146] As used herein, the term “chemokine” refers to any of various small
chemotactic cytokines released at the site of infection that provide a means for
mobilization and activation of lymphocytes. Chemokines attract leukocytes to
infection sites. Chemokines have conserved cysteine residues that allow them to be
assigned to four groups. The groups, with representative chemokines, are C-C
chemokines (RANTES, MCP-1, MIP-1a, and MIP-1B), C-X-C chemokines (IL-8), C
chemokines (Lymphotactin), and CXXXC chemokines (Fractalkine).

[00147] As used herein, the term “Ty2-type response” refers to a pattern of cytokine
expression such that certain types of cytokines, interferons, chemokines are
produced. Typical Ty2 cytokines include, but are not limited to, IL-4, IL-5, IL-6 and
IL-10.

[00148] As used herein, the term “Ty1-type response” refers to a pattern of cytokine
expression such that certain types of cytokines, interferons, chemokines are
produced. Typical Ty1 cytokines include, but are not limited to, IL-2, IFN-y, GM-
CSF and TNF-B.
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is used to confer imunity against the disease that the organi sns cause.
Vacci ne preparations can be natural, synthetic or derived by reconbi nant
DNA t echrwbag/00p806152] As used herein, the term "anti mPcraiseeio/503e$ers to
a substance that kills or inhibits the gromh of mcrobes such as bacteria,
fungi, or viruses. [00153] As used herein, the term"toxoid" refers to a
bacterial toxin whose toxicity has been weakened or suppressed either by
chem cal (formalin) or heat treatment, while other properties, typically
i munogeni city, are maintained. Toxoids are used in vaccines as they induce

. h =4 TN v .

anot har 300 PR fsddugrbin, Bd RS L BB feserBith L P Fodeiie RS0t

t et anos pars mhichppreductesh gfmi agtokinds mmdtoet?eho&hﬂssﬁmmlje;@}dedstog?g;;se;at@?gr he

tet t , asnma centers I.n e Uni S

ovel opmEticm hasireRiEter o Taa PR BpdBR ATl 0 ner el n. the ter m * Dua
t . t t, that,i.s jntroduced int | | s,.and

s ubseauent 1Pt P Bt BT O B2 SBHE T phlten f delhie B Bl o GRA SRS Lsed

herei n, trnsteduts Whichl cadtdctther aftiges bindirgsiexdfraacdntioodson@iT cell Feadpasr. DNA

capable of replicating, which my be used as a cloning vector. [00156] As
used her ¢0om51] hes bsgdhéraing tieoteganivacdinetnefersite aqiveparatidre trat icontamsaargani sm

that is mc¢roscopic (tog spall to be seen by the naked hunan eye).

M ar oor oBasTs stha S rBre dbSerSA SN Pl IO B SVRE NPt od 1o,

bact eri a canpohuigiof sLEW bRyahishs, 4aell ab @F&teins, HeRiIdLET dN pdlysadadrRgs Cthad] uvant ™
refers to a substance used in c¢onjunction with an i nmunogen whi ch _enhances
or nodi fie¥SRhE PERIEMEPEINREANTS thhdiseanttidhe orgpniimes@nst aYgecine

i npl enmentypddpatiorshRinaretar _s?ﬁ@bﬁgér @rivebdyREESRThast DIGA ASdHnBIcaye used as
i mrunol ogi ¢ adj uvants to nodify or augnment the effects of a vaccine by

stimul at ifpg15206ad 0BBHRer@HS (tREM& BarfirdicrBbial"Wefrd $o adilinRtarkertBst kilkeovacci ne
to respond to the vaccine nore vigorously. 0158] As used herein, the term

"al um adjitfuits the geavehof Micrahes Pyt FruPRENa. fYRdLPrivViTHERRe adj uvant activity.
Thi s agent adsorbs and precipitates protein antigens in solution; the
resul ti nd0®tiAs vsrEhenepl dNederadexqid’ Tefmraie gehcetial toyn Mseitedeibhg t he
has been weakened or suppressed either by chemical (formalin) or heat treatment,
while other properties, typically immunogenicity, are maintained. Toxoids are used
in vaccines as they induce an immune response to the original toxin or increase the
response to another antigen. For example, the tetanus toxoid is derived from the
tetanospasmin produced by Clostridium tetani and causing tetanus. The tetanus
toxoid is used by many plasma centers in the United States for the development of

plasma rich vaccines.

[00154] As used herein, the term “DNA vaccine” refers to a DNA construct that is

introduced into cells and subsequently translated into specific antigenic proteins.

[00155] As used herein, the term “plasmid” refers to an extrachromosomal circular

DNA capable of replicating, which may be used as a cloning vector.

[00156] As used herein, the term “microorganism” and “microbe” refers to an
organism that is microscopic (too small to be seen by the naked human eye).
Microorganisms are incredibly diverse and include, but are not limited to, bacteria

and fungi.

[00157] As used herein, the term “immunologic adjuvant” refers to a substance used

in conjunction with an immunogen which enhances or modifies the immune response
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sl ow rel ease of antigen fromthe vaccine depot forned at the site of

i nocul ation. [00159] As used herein, the term"anti-tunor i mrunotherapy
active ageotbtiwmwbass to an a- Gal Cer anal og of the presemrCTdiSs@bosuee t hat

i nhibits, reduces and/or elimnates tunors. [00160] As used herein, the
term "granul ocyt e- macr ophage col ony-stinulating factor™ (GWCSF) refers to
a cyt oki ne which serves as a colony-stinulating factor that stinulates
production of white blood cells, particularly granul ocytes (neutrophils,
basophi | s, and eosi nophils), nacrophages, and cells in the bone marrow t hat

f telets. [00161] h t "apti
apect 11 oo 3 Ep@upBidt phEBE G ReE L R e al o GUCT PRAPORIBHS “of a
parti cul presunt idbsuly afe Ué@@rﬁentnr\fnﬁndkmc adjuvget, tor @ddify r Iam.gm@acrtrid c cell

proliferatjon. [00162]. As used herei t he term" Fl ow cyt onmet r or " FACS'
neans a te@JEﬁﬁi 8{1@ f"éPl'BQaWrﬁ'H&'@ g dnguinea Yt Re Al &IPEYERD & of

particl e?adﬁfn|§1%Péo$th§W%§é1HQ&QrdsFoﬁd & theaat@he ové digokdusguigh optical and
el ectroni c detection devices 00163] As used herein a-Gl Cer anal ogs or

synt het i Q@583 AL UsRNAERYS  the! NEBS SaldinhgdjW HE RPELto drebRmitum salt with
structure-based synthetic glycolipid anal ogs based on al pha-gal act osyl

ceram de MMoneeliuvant AstaYi dThie 080e3dsRPHEPH insearikHies Prq}i%'F‘élrWQP'ﬂ%lm be

abbr evi ats%@:tléﬁ th@'ré%ghgrlé@@fé@'|ﬁﬁ'ﬁ5¥d§/%s'v%c8 he wﬁﬁwﬁogér%lﬁl' Hiﬁfabnﬁtalhﬁ%t
| sol eucine is hionine is Valine i's 'Val or Serl ne

is Ser omslogy rqb@p.qﬁ@ntlgerpir@rnélﬁe Pacwm@@ﬂtﬁémeg afihre gte of.ingguiatione is Al a or
A, Tyrosme is Tyr or Y, Histidineis Hs or H Gutamne is Gn or Q

Aspar agi 120159] Asuesd hgreiny denlermsantinggr Immtmﬁzﬁr@mscamwecage@t”mf@r%to D
G utam cAqi gl ga?cér:" é?ﬁ?fgaﬁ‘ Jh@é?és%h{‘ﬁ‘sbléﬁgr\yﬁg@r @?b @jc%Q AR/ dr Sk fat

Arginine Is Arg or cine 1s rther descrlplon of
am no acitagsprspl ease refer to Proteins: Structure and Mol ecul ar Properties
by Creighton, T. E., W H Freenman & Co., New York 1983. [00165] Mamal i an
and nycolj@@ted]iskd usepi tesrear, ethendewmn t ‘gravelmytsmatephbge heotemy-SbdalatirgDl b,

Cbic, anqac(t\’g)rutGl\ﬂa-'C%%I) ar‘&le?ss ¥A acgyrt&med%vhic% gér%g a%oauggloh{/]-s{irtﬁ%la%ﬁéifggtor
that stimulates production of white blood cells, particularly granulocytes (neutrophils,
basophils, and eosinophils), macrophages, and cells in the bone marrow that are
precursors of platelets.

[00161] As used herein, the term “antigen specific” refers to a property of a cell
population such that supply of a particular antigen, or a fragment of the antigen,

results in specific cell proliferation.

[00162] As used herein, the term “Flow cytometry” or “FACS” means a technique for
examining the physical and chemical properties of particles or cells suspended in a

stream of fluid, through optical and electronic detection devices.

[00163] As used herein a-GalCer analogs or synthetic a-GalCer analogs, unless
otherwise noted, refer to structure-based synthetic glycolipid analogs based on

alpha-galactosyl ceramide.

[00164] Amino acid residues in peptides shall hereinafter be abbreviated as follows:
Phenylalanine is Phe or F; Leucine is Leu or L; Isoleucine is lle or I; Methionine is
Met or M; Valine is Val or V; Serine is Ser or S; Proline is Pro or P; Threonine is Thr
or T; Alanine is Ala or A; Tyrosine is Tyr or Y; Histidine is His or H; Glutamine is Gin

or Q; Asparagine is Asn or N; Lysine is Lys or K; Aspartic Acid is Asp or D; Glutamic
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sponge Agel as mauti anus, has been the npbst extensively studied |igand for
CD1d. It has been shown that \n vitro stinulation of nouse spleen cells by
a- Gal Cer weaotomos31é proliferation of NKTs and producti omCofushawisd3edN- g and
IL-4, a T Hl-type and TH2- type response, respectively. Mirine studi es have
shown that cells can be rapidly activated by i mmature dendritic cells

(i DCs) bearing a-Gal Cer and that the activated i NKTs can in turn induce
full maturation of DCs. [00166] In one aspect, the present disclosure

provi des a series of novel |ipid portions of the a-Gal Cer anal ogs are
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with a Tgd o%@%@@lek%‘&{ﬁ%ﬁﬁﬁ hak @RRANGE mdsPEkBASiveD sadRjardSBeED1af t he
present disclosure he a- Gal Cer anal ogs nmay be uSed as imunot herapies. In

an exenpllthas pers shav thet UhV’ff@ tpeimgllatian @m%ﬁalw@nr@ys@é wSaearded &ancer
| mrunot h?ﬁé"PVohfelr |o"?1nof% érdo”P E'IIEWQ dndaLar . & a qgéﬂg%ﬁ&ﬁogs may be
era n ano

used for uvant 1 mmn enpl ary ation, the
a- Gal Cer tgpeatesgensmyrebeedtiselyl. fidurimmnsiudidschade sﬁowmmamml’rsacarp)b,e rapidhyh

i ncl udes v ti.on n xenpl ary_inpl.e nt t|on

" Gl Gor AREARGRY ah® cBhii, IR R FRHPL el aF U s SRRt o
aut oi MmunkeKTds saapesr DOLESB{ull Acatorationgf DEsanot her aspect, the conpositions
di scl osed herein can be included in a pharmaceutical or nutraceutical
conposi t i[eoM6ddet dres aspedt, dlaslidresamal discidsure @rgeidts, a caries esfsnowetHipid es,

3>F;glnplr :gzﬂs H&)néfo?%ﬁeeapggéghgeaki%%%gg%pgﬁeagé 8in8i¥1g%viﬁ1er %Pnrgjlnsgkglgrlolo\?g olnna t he art
CD1 molecule to form CD1-analog complexes. These CD1-analog complexes are
presented to CD1-restricted T cells (NKTs) by means of T cell receptor recognition,
and are capable of TCR activation, Th1 and Th2 cytokine release, and NKT
expansion. In an exemplary implementation, an a-GalCer analog of the present
disclosure is designed such that it has a strong binding affinity with the binding-
groove on the CD1 molecule, correlating with a Ty1-biased immunogenic response.
In another exemplary implementation, an a-GalCer analog of the present disclosure
is designed such that it has a strong binding affinity with the binding-groove on the

CD1 molecule, correlating with a Ty2-biased immunogenic response.

[00167] In another aspect of the present disclosure, the a-GalCer analogs may be
used as immunotherapies. In an exemplary implementation, the a-GalCer analogs
may be used for cancer immunotherapy. In an exemplary implementation, the a-
GalCer analogs may be used for adjuvant immunotherapy. In another exemplary
implementation, the o-GalCer analogs may be wused for anti-microbial
immunotherapy, which includes vaccination. In still another exemplary
implementation, the a-GalCer analogs may be used for immunosuppression for the

treatment of autoimmune diseases.
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[ 00169] The pharmaceutical or nutraceutical conpositions preferably
conprise at | east one pharnaceutically acceptable carrier. In such

phar macewDcalo/medrposi ti ons, the conpositions di scl osedPoEszevofisesns t he
"active conpound,” also referred to as the "active agent."” As used herein
t he | anguage "pharmaceutically acceptable carrier” includes solvents,

di spersion nedia, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the |ike, conpatible with
pharmaceuti cal adm nistration. Supplenmentary active conpounds can al so be

i ncor por . c It [

For mul at 280 081 gl 6 BRER e A%Rpt PR ZHIRE Rk Lol B oy
Exanpl es indudeduines phiarradeauticalt orahiteateutical usbengusitient tegether eitd. addititnavenous,
i ntradernal., subcutaneous, qral (e.g.., .nhalati.o t opi cal ),
tr anamucdeite SRR care aufidps: Ficthions” 8b Dt g et S 3EHEPlsbY Hed 1 or
par ent er glersdnrgkilladeér thl art oporsteadingasietsisresppl disadddupg can i ncl ude the

foll owi ng conponents: a sterile diluent such as water for injection, saline
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ot her synt tic O vent s; nti erl al, agent as e al,. cono or
eyt LA onE phai s el acoaaeher e BT e e aegr e S e ¢ o
chel at i ngh@@@ﬁhbés@@ﬁé"d@§|o§é@%bﬁ§\€ﬂ’cbrﬁmhée'fa%tnﬁél%mbb@ncﬁftaléo refdriedr ® &dich as
acetates, citrates, or phosphates and agents for the adhust ment of tonicity

such as 40Rli’ aﬁtiv@hIaS?mdeAér ugRdk thegie . thgHapaHagse "Roprnacentically nageribleor

bases, sughies H&LQJI%Q@UI\FHN@ PSesiOn rﬁé’cﬂé UBdAHEE. Oéhtﬁi%cteﬁ%ﬁ aHéreﬁ‘ﬂ'ﬁlﬁfg@
preparation can be encl osed in anpoul es, di sposab ringes, or ltiple

dose vi alagehigddsenigl Ak apporptiart Q&ay"pg)@wols A éhﬁ i & gewgaliple evwkh refers
to humn%h@ﬂﬁaé&ﬂcau%Hmlr%trdﬂ%e%d@&nentggﬂag il co%‘o%ﬂH@ C%Wré@?%e?

| i vest ock ani nal &(e sh eep, Cow, hor s onk ey, and ( ani on
ani mal s (Irecogoorat@@lgnwc )commﬁm@oAyphaémacamnmhp@mpes@onI ialateclsbi t

rat, guinga; rTgat Vg;@% %ene bb VB o ?d%ﬂ@lrétlér? [%F]amélgé( of IREHes de) s, 0 nd any

ot her organi s t from t'he agen resent osure.
There is admlmlshrnttoatmdnd@rwatGMerayw@ ointramémals, irtrdenoall duttrelmﬁaothfmnam t he

Present | o deSHLARIRISRl e gL RhGEd  BRUALERR, Ohnd ELBE bl liy@nun o

non- hunma i’gan as a patre
host, or Sohdiopsent .suspensions used for parenteral intradermal, or subcutaneous

application can include the following components: a sterile diluent such as water for
injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene glycol,
or other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl
parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents
such as ethylenediaminetetraacetic acid; buffers such as acetates, citrates, or
phosphates and agents for the adjustment of tonicity such as sodium chloride or
dextrose. pH can be adjusted with acids or bases, such as hydrochloric acid or
sodium hydroxide. The parenteral preparation can be enclosed in ampoules,

disposable syringes, or multiple dose vials made of glass or plastic.

[00170] Subject as used herein refers to humans and non-human primates (e.g.,
guerilla, macaque, marmoset), livestock animals (e.g., sheep, cow, horse, donkey,
and pig), companion animals (e.g., dog, cat), laboratory test animals (e.g., mouse,
rabbit, rat, guinea pig, hamster), captive wild animals (e.g., fox, deer), and any other
organisms who can benefit from the agents of the present disclosure. There is no

limitation on the type of animal that could benefit from the presently described
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[ 00171] Pharnmaceutical conpositions suitable for an injectable use include
steril e aqueous solutions (where water soluble) or dispersions and sterile
powder s WO 2bto@065enpor aneous preparation of sterile | rCEASaWOA5ESE Ut i ons
or dispersion. For intravenous adm nistration, suitable carriers include
physi ol ogi cal saline, bacteriostatic water, Crenophor EL. TM ( BASF,

Par si ppany, N.J.), or phosphate buffered saline (PBS). In all cases, the
conposition should be sterile and should be fluid to the extent that easy
syringability exists. It should be stable under the conditions of

o i or 00ogafh ri e et PP EER N et i EpFiREh TRARSL LG et
or di sperbeireferrsedo amageatieat, imdgdud canireaiahpsteor neaipiamt. et hanol , pol yol (for
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|

achi eved .b
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I'n many %@@losﬂatlc VM/dtér hereRiopheF mlﬂvlt @BAsrsl p@%@@m&om @)a@eah(sSphfaw
exanpl e, sugars, cohol s such as manit rbit or sodium chl oride

in the cé’h‘ﬁ@@ﬁdﬁ%ﬂe (éﬁg dﬂ@ﬂd?aé%%d%tcp@ﬁoﬁf'o'ﬂ ﬁ@oq'ﬂjbéc?t%ﬁé‘”go?%é@l k4 ons can

be broughii®kouke téktérﬂct'hblfj'eﬁgy | FYrih§EoiRY NBES T 1HOEhARIM %egfabvg"uﬁﬁerd%eays
absorption, for exanple, alumnum nonoStearate and gelatin (@9&00172 Sterile

| nj ect ablcendPIR PHRSNYRAIGE 35F GHEPEHI DY berR BPFUPAEDAGS! e anigatighpound
' ” the r ?@H‘brﬁ Gﬂmﬁi}‘@d’rgém%s%ﬂcﬁ%rb%@fe'néta%dsf&'&def‘ﬁef WhkiBr 9%%?% %I\}é?if"@# nation

|ngre ents enunerated above, as require tered
st eril i zaigpersionGemedivmi cyqnt@n@gerf@‘ eXRM Eew@t@p&twObypcvlvréoﬁf@oemmwg t he

mod um anoEre eBlhE LR, ah e pEhereylend SR, ndndikACaf SRR S O

t he case niktusgsetheteof.pOwdenoperf tuidityhearplpe prairdéined, fof exareple] ey thej eset &fld e

sol uti Onsc’oafﬁ% Q&c%sasolfeci?rqiﬁ,p@yr fwei ASntenance of the required particle size in the case
of dispersion and by the use of surfactants. Prevention of the action of
microorganisms can be achieved by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In
many cases, it will be preferable to include isotonic agents, for example, sugars,
polyalcohols such as manitol, sorbitol, or sodium chloride in the composition.
Prolonged absorption of the injectable compositions can be brought about by
including in the composition an agent which delays absorption, for example,

aluminum monostearate and gelatin.

[00172] Sterile injectable solutions can be prepared by incorporating the active
compound in the required amount in an appropriate solvent with one or a
combination of ingredients enumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incorporating the active
compound into a sterile vehicle which contains a basic dispersion medium and the
required other ingredients from those enumerated above. In the case of sterile
powders for the preparation of sterile injectable solutions, methods of preparation

include vacuum drying and freeze-drying, which yields a powder of the active
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i ncl ude vacuum dryi ng and freeze-drying, which yields a powder of the
activeingredient plus any additional desired ingredient froma previously
steril e- fwbt2erogexns!l uti on thereof. [00173] Oral conposi PCOMS2@ge080328 | y
include an inert diluent or an edible carrier. For the purpose of oral

t herapeutic adm nistration, the active conpound can be incorporated with
excipients and used in the formof tablets, troches, or capsules, e.g.,
gelatin capsules. Oral conpositions can al so be prepared using a fluid
carrier for use as a nout hwash. Pharnaceutically conpati bl e binding agents,

Cai et o, TPHERE pS.imE B0t inFRai 1rePl 2, PR RARr Sihls Merodc

f ol | owi ngolutign édhiresft s, or conpounds of a simlar nature: a binder such as
m crocrystalline cellulose, gumtragacanth or gelatin; an excipient such as
starch orf00H%3] 3Bra) cand@stﬁidnse@mtéllngnd@m\an Mthditamnad)rgémbdibmodaﬂrierPanDgel ,

or corn starch t _suc ate or rote
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sucr ose Gficogaratear with eQdilp@nfsJ anvd ub&g irmgenforsusihtabiety) eiehest drt cagmtebyl
salicyla range fI n 0017 For adm ni stration i nhal ati on,

t he corrp&ﬁ]dgelaﬁréca Li'% W%P%% ?ﬁ]%?‘saﬁea%rﬁe%ﬂ $H1%R§ ffrf’i/doﬁ?rBP ssured
cont ai nef’forouséjla§@eﬁ@@fhvwéhchhémﬁo@u{i@al@ @mﬁ@bleebuaamgeddem ,or€dflvang gas
such as carbon dioxide, or a nebulizer. [0 adm ni stration can

al so be tTRHBCEEAC B}CLthQr%SdB?Mf th‘F&PmtpPé'Hg'f‘m-E*&éﬁb'?iF PH&napsHies|

adm ni st rt@bh&'an@@rf@ﬁl(@éﬁrﬁccﬁ%ﬁ%ﬂ&'oﬂr% foRoWing |H@rbﬂieﬂfs bP cHRPOGIdEGtLd are
used in the forrmulation. Such penetrants are generally known in the art,

and i ncl wielarmgiuresakiprer sychras Migresrytialias celtiass Sumdtaceraniar et s, bile
sal ts, anfh LU @|ﬂ\t(‘su%ﬁ'é% QQFde@rtlbc\!t%e d rd?gﬁé@s'r%ﬁﬁg?" gBANd hSdd QI?HP@ aby be

acconpllshed through the use of nasal spray suppositorie

t r ansder mgimeg$hi ofi eernagtaish; at mbrieant isueh (ﬁﬁ‘rﬁ‘@@ﬁ@%u@r steaatenor a‘it@@tesﬁtm

ol nt ment 2;1id§rﬁ| éﬂf‘cﬁ %%ﬁo.deﬂrs.ﬁé ARG Bxi ﬁé geéWéeﬁ .M ka@%ﬂ’(‘sbéh e, L%Fése e
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retenti or?lag&tﬁ{gas for rectal delivery.

[00174] For administration by inhalation, the compounds are delivered in the form of
an aerosol spray from pressured container or dispenser which contains a suitable

propellant, e.g., a gas such as carbon dioxide, or a nebulizer.

[00175] Systemic administration can also be transmucosal or transdermal. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to
be permeated are used in the formulation. Such penetrants are generally known in
the art, and include, for example, for transmucosal administration, detergents, bile
salts, and fusidic acid derivatives. Transmucosal administration may be
accomplished through the use of nasal sprays or suppositories. For transdermal
administration, the active compounds are formulated into ointments, salves, gels, or
creams as generally known in the art. The compounds can also be prepared in the
form of suppositories (e.g., with conventional suppository bases such as cocoa

butter and other glycerides) or retention enemas for rectal delivery.

[00176] According to implementations, the active compounds are prepared with
carriers that will protect the compound against rapid elimination from the body, such

as a controlled release formulation, including implants and microencapsulated
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[ 00176] According to inplenmentations, the active conpounds are prepared
with carriers that will protect the conpound against rapid elimnation from
t he body,weuetv/ms3ia controll ed rel ease formul ation, i nclpadiusgooompizasnts and
m cr oencapsul at eddel i very systens. Bi odegradabl e, bi oconpati bl e pol yners
can be used, such as ethylene vinyl acetate, polyanhydhdes, polyglycolic
aci d, collagen, polyorthoesters, and polylactic acid. Methods for
preparation of such formulations will be apparent to those skilled in the
art. The materials can al so be obtained cormercially from Al za Cor poration
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cul t ur es dgpcribesidpithentatl Nant gk 1ewvkich isipeorgetatethbnraigrensR hemsp (the dose
| ethal to 50% of the popul ation) and the ED50 (the dose therapeutically

ef f ect i vd0QHW T3 dbisordvantagseps itaforanyate Tal eorarenigral ComROREIONs b @Psaged
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obt ai ned tur says and ani mal studies can be used in
f or mul at i“ﬁnégP@“ﬁrgﬁgﬁg@a‘%@g85?%?- use in humans. The dosage of such

[00178] Toxicity and therapeutic efficacy of such compounds may be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g.,
for determining the LD50 (the dose lethal to 50% of the population) and the ED50
(the dose therapeutically effective in 50% of the population). The dose ratio between
toxic and therapeutic effects is the therapeutic index and it can be expressed as the
ratio LD50/ED50. Compounds which exhibit high therapeutic indices are preferred.
While compounds that exhibit toxic side effects can be used, care should be taken to
design a delivery system that targets such compounds to the site of affected location

to minimize potential damage to uninfected cells and, thereby, reduce side effects.

[00179] The data obtained from the cell culture assays and animal studies can be
used in formulating a range of dosage for use in humans. The dosage of such
compounds lies preferably within a range of circulating concentrations that include
the EDS0 with little or no toxicity. The dosage can vary within this range depending
upon the dosage form employed and the route of administration utilized. For any
compound used in the method of the disclosure, the therapeutically effective dose

can be estimated initially from cell culture assays. A dose can be formulated in
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conpounds lies preferably within a range of circulating concentrations that
include the ED5O with little or no toxicity. The dosage can vary within

t hi s rangeodepandiing upon t he dosage form enpl oyed and wPha/usoe9ns3hs

adm nistration utilized. For any conpound used in the nethod of the

di scl osure, the therapeutically effective dose can be estimated initially
fromcell culture assays. A dose can be fornulated inaninal nodels to
achieve a circulating plasma concentration range that includes the I C50
(i.e., the concentration of the test corrpound whi ch achi eves a hal f - maxi nal
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timng r i dto ively treat a . su ncl ud not I mted
totng cTodal hs fodfned Shivkis Lo MairadhiGal ecyi anouaachahes Scivs
gener al healpolin®@(i.e298n effedthe cﬁ%b@@ﬁﬁay@é@i( dsmraua&use@@qe&onoew bocﬂ)Q0181]

Accordi ng to another aspect, one or its of parts can be envisioned by
the per sofidKi 1 eger F?rlgﬁé thety woylg bejgrnarest %é?r%defﬁo?fep’f/@mﬁaﬁﬁ Wihest one of
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conposi tions, the conpositions conprising alone or in conbination an

effecti Vénszll%@@ltth%fjo%qg@ Mﬁ@gtrﬁgwse%t%%ﬁ%é@y ﬁ@ﬁbﬁﬁuél?@br'@ﬁl%ng 68Ut he at
| east On%o?ﬁmﬁ&?toathe‘é%vé’ﬁ?ro\’ %e(ﬁséﬁ%bhﬁ%?sor(ﬂé?oﬂf%eﬂoug%aﬁﬁérﬁs RA ﬁbﬁér)él i ncl ude

al so conpositions conprising active agents, identifiers of |o ogl cal
event, ormestther a%ﬁfﬁbaﬁabjeptdend pthesldiseapgs rareperntson skill ed upon readi ng of
t he present di scl osure. The term"identifier" refers to a nol ecul e,

met abol i {@0H1] AAagerdindippanatiter aspeet, aee ahmoR itsesf, PaDicaerbeRppyisioned by

ol i gonuclyeot L Aes 1skme§ tR ?f‘tstﬁg fi&@ c? & LBa8drt GNRE meth6gENCeE,  or

fact of or otherw se detec under procedures

i denti f i dierein byisclopat, sthe &ki bl @@rtsncq;mprmmg -two or more compositions, the
compositions comprising alone or in combination an effective amount of the
compositions disclosed herein according to the at least one of the above mentioned

methods.

[00182] The kits possibly include also compositions comprising active agents,
identifiers of a biological event, or other compounds identifiable by a person skilled
upon reading of the present disclosure. The term “identifier” refers to a molecule,
metabolite or other compound, such as antibodies, DNA or RNA oligonucleotides,
able to discover or determine the existence, presence, or fact of or otherwise detect
a biological event under procedures identifiable by a person skilled in the art;
exemplary identifiers are antibodies, exemplary procedures are western blot, nitrite

assay and RT-PCR, or other procedures as described in the Examples.

[00183] The kit can also comprise at least one composition comprising an effective
amount of the compositions disclosed herein or a cell line. The compositions and the
cell line of the kits of parts to be used to perform the at least one method herein

disclosed according to procedure identifiable by a person skilled in the art.
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exenplary identifiers are antibodi es, exenplary procedures are western
blot, nitrite assay and RT-PCR, or other procedures as described in the
Exanpl es. wpQOW@B$31Fhe kit can al so conprise at | east on@CTarsp@viosien
conprising an effective anount of the conpositions disclosed herein or a
cell line. The conpositions and the cell line of the kits of parts to be
used to performthe at |east one nethod herein disclosed according to
procedure identifiable by a person skilled in the art.[00184] T CELL
RECEPTOR RECOGNI TI ON AND ACT | VATI O\I VI A THE a- Gal Cer ANALOGS OF THE
/|

Cchomnt 1 071 CAGGC A T g, 1 1 °

gl ycol i pighlge mgmsoclsemntrem PRESEINIT Im8¢$.GSURE CRNDaUHEoREsmﬂTAENT The
i pid pomgﬁgLycol i pid antigens becone inserted into a

hydr opho ove of the CD1 nolecule to form CDl -antigen

conpl exe are able to contact T-cell receptors t he NKTs,
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cell recognition of a-Gl Cer or an a-Gal Cer analog o he present

di scl osurte gentestrirest meepdry (§ERALLAL S MKTgpwhicT |Pﬁd%1r'§@ tezaggadsk Phe
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initiated. I'n anoth onse is

exenpl ary 1 nplementat 1 on, cytoki ne res
i ni tiat edndlextgmdtof aytokiner pr@ydectmnacrqn hays erhspRGTANgs, ofbeffeh:tsa rangiig &nech TH2
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di scl osu;lrerrmméy $haatype mespanses). 2Figlitee 18-Sl menmﬁalilh@yatbcbn shewipgdwant

di scl i d Ga | C3
Snas oy Nigt B8 ErboRiR T e-cal e RACT Pfion e Gyt fkeldsn® o g
C9), phenyéseatdey bycbpia Amicrdtosra aastongl G onR bytbkm66re6§on£10 |flanl,

Cl15-Cl6, C18- C34, CB-5 and C8-6) and phytosphi ngosine truncated a- Gal Cer
anal ogs (e@e@lg@ryvmplementatlon a Tu1 cytokine response™is initiated. In another

exemplary implementation, a Tu2 cytokine response is initiated. In yet another

exemplary implementation, both a Ty1 and T2 cytokine response is initiated.

[00186] The chemical structures of a-GalCer, as well as the synthetic a-GalCer
analogs of the present disclosure are shown in Figure 2. The o-GalCer analogs of
the present disclosure include a-GalCer analogs of bacterial origin (Group |: C2, C3
and C14), o-GalCer analogs modified with sulfonation (Group Il: C4, C5 and C9),
phenyl-alkyl chain a-GalCer analogs (Group lll: C6-C8, C10-C11, C15-C16, C18-
C34, C8-5 and C8-6) and phytosphingosine truncated a—GalCer analogs (Group IV:
C12, C13 and C17). Figure 3 shows an example of the synthesis of
glycosphingolipid o—GalCer analogs C12 and C13.

[00187] In one aspect, the synthetic a-GalCer analogs of the present disclosure are
capable of forming complexes with a CD1d molecule. In another aspect, the
synthetic a-GalCer analogs of the present disclosure are capable of being
recognized by NKTs T-cell receptors. In yet another aspect, the synthetic a-GalCer

analogs of the present disclosure are capable of eliciting a Ty1-type, a Ty2-type or a
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Cl2, C13 and Cl17). Figure 3 shows an exanple of the synthesis of

gl ycosphi ngol i pid a- Gal Cer anal ogs Cl12 and C13. [00187] In one aspect, the
synt het i cwa-2@al0@s315anal ogs of the present disclosure ar@Crasamooseks f or m ng
conpl exes with a CD1d nol ecule. In another aspect, the synthetic a-Gal Cer
anal ogs of the present disclosure are capable of being recognized by NKTs
T-cell receptors. In yet another aspect, the synthetic a-Gl Cer anal ogs of
the present disclosure are capable of eliciting a THL-type, a TH2-type or
aTHl-type and a TH2-type response. In an exenpl ary inplenentation t he

a- Gal Cer | ogs _of resent di closure re.ca ab NKTs
o Cr o TR e e, GRS PP s e A ROy RETErRREe T HEE of t he
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is provided for stinulating or enhanci ng cytoki ne production in tissue,
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di scl osure, wherein a in the subject is activated foll ow ng contact

with the f[@ﬂfé%'] EmaRed /9 pflicd faytsﬂmurg@ngeo?pan%«ﬁc.'ng dy%l&ﬁ@b?dii}uc%}?lrpyt oki ne
may be, for exanple, interferon- g (I g) or interleukin-4 (IL-4). [00189]
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effective Arount mni stered, the
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C9- C34, and wher.ei. n th has an ad tive | ste i ncl udes
& ponul atPHTSR IRAiRtSS, o CHAKAE A, i B eHgmaE. IMauso0ne F)aghehyt e and
at | east .ﬂ@@em_ugmm)pr esentl ng cell; formng a conpl ex between the
conpound and the antigen-presenting ceII wherein the formation of the

conpl ex 1ee189]9ni &n tdxentdry Visdpleerathtich, rm@eatselbsm@ bRridesMaheeHoe; oand
actlvatlng the | ynphaocyte to produce t he cyt oki ne response. [00190] In an
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control DMSO, a-GalCer (ClL ) or the indicated a-Gl Cer anal ogs of the
present selected from the group consisting of C2-C8, C8-5, C8-6 and C9-C34, and wherein

the subject has an adaptive immune system that includes a population of cells, the
population including at least one lymphocyte and at least one antigen-presenting
cell; forming a complex between the compound and the antigen-presenting cell,
wherein the formation of the complex results in the activation of a receptor on the

lymphocyte; and activating the lymphocyte to produce the cytokine response.

[00190] In an exemplary implementation, murine 1.2 hybridomas (CD1d-reactive
Va14i T cell hybridomas) were cultured in mCD1d-coated 96 well plate and pulsed
with control DMSO, a-GalCer (C1) or the indicated a-GalCer analogs of the present
disclosure at 100 ng/ml. IL-2 release into the tissue culture medium was measured
after an 18 hour culture, as seen in Figure 4. Most of the a-GalCer analogs of the
present disclosure induced greater IL-2 production than a-GalCer. When the a-
GalCer analogs of the present disclosure were examined for their capacity to elicit
cytokine/chemokine production in human naive NKTs (CD1617CD3") in vitro, similar
results were found. Human naive CD161*CD3* NKTs were cultured with autologous
immature dendritic cells (CD14" DCs) and pulsed with control DMSO, a-GalCer or
the indicated o-GalCer analogs of the present disclosure at 10 ug/ml. Cytokines

released into the tissue culture medium was measured after an 18 hour culture, as
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di sclosure at 100 ng/m . IL-2 release into the tissue culture nmedi um was
nmeasured after an 18 hour culture, as seen in Figure 4. Mdst of the

a- Gal Cer woabmgwennf t he present di sclosure induced greatem/usked/opisegiuct i on
than a- Gl Cer. Wen the a- Gal Cer anal ogs of the present disclosure were
exam ned for their capacity to elicit cytokine/chenokine production in
human na ve NKTs (CD161 +CD3+) in vitro, simlar results were found. Human
nave CD161 +CD3+ NKTs were cultured with autol ogous i mmature dendritic
cells (CD14+ DCs) and pul sed with control DMSO, a-Gal Cer or the i ndi cat ed

a- Gl Cer anal.o osure at 10 i nes_-rel eased
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di d a- Galnc¥e TH2fb3ase&<aﬁlm éductian ef th@u @é@kl@e%@md rhegokines &agetherhustamoki nes

such as g‘,l[? 6]1"@D3N%% re 8@/ .hﬁ%@f”‘mé E)Blcfocyt H;é@sfope aagolgnjre afd C16

di spl ayed a greater dUetTon o gran macr op
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invitro esuts ity of the a- nal of the present
i sel osacbergkans dfn i RERLEEHARRIEHBTI dale I A SARAIE RS hanmn
I NKTs.  PrchBROKINBS sWén BéJWﬁP 1oNKIGPWes§d fUB T WFsHatM édh;%ﬁn@b@ﬁ@uéwné?&i ure DCs
and pul sed with control DVMSO a-Gal Cer or the indicated a-Gal Ce
C16 displayed a greater mductlon of IL-3, granulocyte/macrophage colony-

stimulating factor (GM-CSF), and IL-15.

[00191] Figure 8 shows more in vitro results for the capacity of the o-GalCer
analogs of the present disclosure to elicit cytokine/chemokine production in primary
naive human iINKTs. Primary naive human iINKTs were cultured with autologous
immature DCs and pulsed with control DMSO, a-GalCer or the indicated a-GalCer
analogs (C11 and C18-C29). As shown in Figure 8A, all of the tested o-GalCer
analogs of the present disclosure induced higher levels of INF-y secretion than C1.
o~GalCer analogs induced comparable levels of IL-4 (see Figure 8B). o-GalCer
analogs induced higher IFN-y/IL4 ratios, i.e., the Ty1/Tu2 bias than C1 (See Figure
8C). o-GalCer analogs C20, C24 and C26 were significantly more potent in eliciting
IFN-y production, higher IFN-y/IL4 ratio, and higher levels of IL-2 (See Figure 8D)
than o-GalCer analog C11. o-GalCer analogs C20 and C24 induced IL-12
production and also elicited more IL-6 release than the other o-GalCer analogs
tested (see Figures 8E and 8F). Figure 9 shows the expansion of human iINKTs by
o-GalCer analogs C11 and C18-C29. o-GalCer analogs C20, C22-C24 and C26-
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analogs (C1 1 and C18-C29). As shown in Figure 8A, all of the tested

a- Gal Cer anal ogs of the present disclosure induced higher levels of INF-g
secr et i orwOhlar/0@635 a- Gal Cer anal ogs i nduced conpar abl e PC@&wska9onso3ns - 4 (see
Figure 8B). a-(al Cer anal ogs induced higher IFN-g/1L4 ratios, i.e., the THL
[/ TH2 bias than C 1 (See Figure 8C). a-Gal Cer anal ogs C20, C24 and C26 were
significantly nore potent in eliciting | FN-g production, higher IFN-g/lL4
ratio, and higher levels of IL-2 (See Figure 8D) than a-Gl Cer analog C 11.
a- Gal Cer anal ogs C20 and C24 induced IL-12 production and also elicited

nore |L- l.ea han t I e58E
and 8F). |7§U§lé(’segj és@@ﬂ\%a at(taé: %qﬁkgf eny ﬁgﬁﬁﬁ?%btm%%a’f\@le qHé]al ogs C
11 and CI3-&#PC1&- Gal Cer anal 0gs CZO, C22- 024 and C26-C27 i nduced
significant greater expansion of CDld-resthcted human /NKT cells than C 1

and C 11.[00182] RJurki1@usrewbifdrens|FN-{ edretidn |IeEélsg>ese@érehdﬁoel ahawatisudet ween
nave and various a- Gl Cer anal og\”&)ul sed human NKTs. Fiqgure 10A shows the

| P9 sedreeicsh analgrRHisathhyman MY IRKTRIONpa b phews the Ed\-wiseRrefiafdoll e CD14+
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anal ogs e present di scl sure Fi gure 10B-D show ecretion in
r esponse cootrolh®NSQal C&alG@araloogthei nndnl:ateda d1Ga‘I@ereanaklgsr (oésthef prddéms: ( B)

Human nav /| NKTs C \KTs D) sed / NKTs. The
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3- fG?I Cer .mrthr’ebledmférdht:ééuede@oeaﬁm @) &uegh ﬁaim/em%hr@uw) a- Eaﬁl‘érepull'@i 3 hO\lQllls(T
i fferent sa nave i S ul sed i s
and C 11"}5@ $80d; (ﬁkgﬁ ﬂ"sﬁ? Q}&?I uhree’ SWM Ul f/"f'ﬁ'IEHgg?gﬁ1ﬁgcedlﬁoductl on
by i nvar igagtpUiEdeRith oMol VIS O, -GCERRPBE ehd thdiddeeP o lhiCar aﬁé‘l@?@@&r o the
present di scl osure. Human Va24+ / NKTs were cultured wth autol ogous

i mmat ur e hop4+Fpage pOE seawgidifferedtnkasel leprs@f |BNGainCayman nefye iINKdiscét ed
a- Gal Cer " A) shows the induction of IFN-g ,
c%ﬁﬁépﬂﬁ P Ag@lq@ %l'.ﬁan dﬁ\FKCEJsl( ) . g

(B) shows the T nduction shows the ratio of IFN-g over [|L-4,
fhe na vaRtal PSR Qe THEN{E HENhe Prihudish o) RRAraRChGRaRTERes Trom
NKTs in response to the a-GalCer analogs of the present disclosure. Human Va24+
iINKTs were cultured with autologous immature CD14" DCs pulsed with control
DMSO, a-GalCer or the indicated o-GalCer analogs for 18 hours. Figure
11(A) shows the induction of IFN-y, (B) shows the induction of IL-4 and (C) shows
the ratio of IFN-y over IL-4, normalized to DMSO control. The induction of cytokines

and chemokines from the naive human Va24+ iINKTs are listed in Figure 12.

[00194] EXPANSION AND ACTIVATION OF NKTs USING a-GalCer ANALOGS

[00195] In one aspect, the synthetic a—GalCer analogs of the present disclosure are
capable of expanding and activating NKs and iINKTs. Because decreased numbers
of INKTs in human peripheral blood mononuclear cells has been documented in
patients with malignancies, expansion and activation of such patients’ iINKTs with the
o—GalCer analogs of the present disclosure may be therapeutically beneficial. In an
exemplary implementation, the o—GalCer analogs of the present disclosure are

capable of expanding human iNKTs in vitro.

[00196] A method is provided for producing an isolated, culture-expanded NKT
population, comprising contacting Va14i, or Va24i T cells with dendritic cells and an

o—GalCer analog of the present disclosure, for a period of time resulting in analog-
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[ 00194] EXPANSI ON AND ACTI VATI ON OF NKTs USI NG a- Gal Cer ANALOGS [00195] In
one aspect, the synthetic a-Gl Cer anal ogs of the present disclosure are
capabl e ovoerpanaiing and activating NKs and /NKTs. Becamse/useamwsssesl
nunbers of /NKTs in human peripheral blood nononucl ear cells has been
docunented in patients with malignancies, expansion and activation of such
patients' /NKTs with the a-Gl Cer anal ogs of the present disclosure may be
t herapeutically beneficial. In an exenplary inplenmentation, the a-Gl Cer
anal ogs of the present disclosure are capabl e of expandi ng human i NKTs in
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by flow ¢yto ry. e | iguyres, 1 ; signin€ant ;N ease in
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day 2 fo_rsewahew@ arptiseiorenuage fom Enen 1k gspgsialy &R 1+ el ard 6t he
NK/ NKT - Myydrtl iRste WRE&ive than C1.

[00198] As shown in Figure 15, human CD56" cells (NK/NKT mixtures) were

cultured with autologous immature CD14" DCs and pulsed with DMSO, a-GalCer or

various a-GalCer analogs of the present disclosure at 10 or 100 ng/ml on day 2 for

18 hours. The percentage of CD161*/Va24 TCR" cells in the NK/NKT mixtures were

gated by flow cytometry on day 9. Figure 15A shows the percentage of Va24i NKTs

in response to 100 ng/ml. Figure 15B shows the fold changes in total number of

Vo24i NKTs in response to different doses. *, p < 0.05, compared with DMSO; #,

p < 0.05, compared with C1.

[00199] MATURATION AND ELONGATION OF DENDRITIC CELLS USING a-
GalCer ANALOGS

[00200] The most efficient antigen-presenting cells (APCs) are mature,
immunologically competent dendritic cells (DCs). DCs are capable of evolving from
immature, antigen-capturing cells to mature, antigen-presenting, T cell-priming cells;
converting antigens into immunogens and expressing molecules such as cytokines,
chemokines, costimulatory molecules and proteases to initiate an immune response.

The types of T cell-mediated immune responses (tolerance vs. immunity, Ty1 vs.
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gated by flow cytonmetry on day 9. Figure 15A shows the percentage of Va24/
NKTs in response to 100 ng/m . Figure 15B shows the fold changes in total
nunber ofwoaBtyoobid¥Fs i n response to different doses. * PCp/US209050328 onpar ed
with DVSO #, p < 0.05, conpared with C 1. [00199] MATURATI ON AND

ELONGATI ON OF DENDRI TI C CELLS USI NG a- Gal Cer ANALOGS [ 00200] The nost
efficient antigen-presenting cells (APCs) are mature, imunologically
conpetent dendritic cells (DCs). DCs are capable of evolving frominmmture,
antigen-capturing cells to mature, antigen-presenting, T cell-primng

oyt oki ned ML HRARRRER YE0T, MR OPRRERED PLCr &R AT, R B ¥ T e an
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signal s fro urroun m_cr.penvi ronrren he ability
of *Des t § Sﬁdgfﬂw Mt o5 1 AR SER RO GRTRE porPC cBmbedOBne y.
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vari ety of fa f]? ninduerratrr%ogfolowng ant i gen upt ake . and
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cells, D@thuﬂg@rsgqaua:.ﬂguﬁ‘@iercoﬁ&er@bﬁwnyphma{ur@anawm@tden@abcg Aaegs.a The
process of DC maturatian, I\}%enera i nvolves a redistribution of najor

hi st oconP&MasT 1of PDGMWP@@"@ estians ebanass- f?hﬁrprOﬁ?%SaetePPdmawr@W@owu C
conpar t "RRhgrd 0 .Mﬁ/e@cas 46 8i8@iButiSH V¥ @%@@tm&@c&ﬁpé}mﬂﬂtﬂ%nﬁm&)@r(fmli@)?at ion,
an increase in the surface expression of costinul ry_ nol ecul es

mor phol odgn@egules disgednifaceyular aneaeytisncempardmantst s fhe B cikiaret gawn-

[ e- o ganigqlib i of eAibh ORIPhaIRARIRK A Shoreakd O BRS SAECIAbRRSRR pANd
surface expression of hesi on nol ecul es and chenoki ne receptors. f00202]
In one aspednylatane @wephl@s; anerpalibgenl ghangrfs (640 t feemptias @it denditeésure are
capable ¢ i uration
may | ead &to@.k& ncrgg) g%ﬁ végﬁmeﬁcggm@ggcé%om{%éw Pr%t%a%gé %ls?&ed for

t he surface expression of adhe3|on molecules and chemokine receptors.

[00202] In one aspect, the synthetic a—GalCer analogs of the present disclosure are
capable of promoting the maturation of human DCs. Dendritic cell maturation may
lead to enhanced adaptive immune responses. A method is disclosed for the
maturation of dendritic cells that includes: providing immature dendritic cells; and
incubating the immature dendritic cells with a concentration of a—GalCer analogs of
the present disclosure for a period of time such that the immature dendritic cells
become mature. In an exemplary implementation, these mature denritic cells may
then be used as immunotherapies, such as for example, cancer immunotherapies
and adjuvant immunotherapies. In another exemplary implementation, the a—GalCer
analogs of the present disclosure may be combined with immature denritic cells or
mature denritic cells and then used as immunotherapies, such as for example,

cancer immunotherapies and adjuvant immunotherapies.

[00203] The o—GalCer analogs of the present disclosure are capable of inducing
mouse splenic DC maturation. /n vitro, the o—GalCer analogs of the present
disclosure were able to directly augment the expression levels of various surface
maturation markers, including CD40, CD54, CD80, CD83, CD86, CD209, and HLA-

DR (MHC Il molecule) on human DCs, along with dendritic elongation. As shown in

44



maturation of dendritic cells that includes: providing inmature dendritic
cells; and incubating the immature dendritic cells with a concentration of
a- Gal Cer woabowgwennf t he present disclosure for a peri odPofi/uszens/osesesh t hat
the immture dendritic cells beconme mature. In an exenplary inplenmentation,
t hese mature denhtic cells may then be used as i nmunot herapies, such as for
exanpl e, cancer inmunot herapi es and adj uvant i munot herapies. |In another
exenpl ary inplenmentation, the a-Gal Cer anal ogs of the present disclosure
may be conbined with inmature denritic cells or mature denritic cells and

t hen used. i es,.. such a r_e I er. i r api
hen usect o R BB S woPlEdRallhe TIPS SAFE b TR LA 20
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on human .al gn t ritic elongation. shown i nFi gure :

showed a%ﬁ'f‘?@?ﬂ?wwmpggg%r Ehh?LH%'_ exgr ession |evels of CD_(ZJlO, CD80, CD83,
e " bR R TR AR SO ARSI SR

expressi NAINOBSS i n FZsponse to C13. Figure 17B shows t he nor phol ogy of
DCs incubated with C13 for 48 hours. [00204] CDI d- DEPENDENT TCR ACTI VATI ON

OF NKTs g502d5) an Gt CarothVALESSR [ A2 A9htrbllc V&G AO&! Bﬁ%lo@@ p&?%hgubf&eﬁy nthetic

a- Gal Cer "anal 0gs of the present disclosure are capable”of i ci ng CD1
d- dependelsclopgre ace icapablenof iidgcing @B1depsndent clieReacdtivatidnl. udtigurei th
sunmmari zi i LN, - in. C i gl.y i.pi d
anti gens Sgrg\évgé%ﬁt%eggﬁ%l“{: h'gu%%trt\'p ﬁﬁ%&g@@%ﬁ%ﬁ%ht ﬁ%ILn f gg‘% Sa'lHt f"ggﬁ
present i nyKEeremg(ikP@hjcolpie antigens presedpd or thearoptexk eECDTHeNhedurigcof

glycolipid antigens agtivate t.osoldic ki nases in [ NKTs, includin

ohoeanor i anad® BeeRfAd SRS TDRg T Eal B oM BeLs nTRE B
si gnal i nglycalsid@esgéreaattivates fospliokinbsgsaini NK Tanidclagingihoepledreletidn oe
Producti Quyq/o. n3s, IkBa, CREB, STAT3 and STATS. These signaling cascades lead to

INKT proliferation and cytokine/chemokine production.

[00206] In an exemplary implementation, the a-GalCer analogs of the present
disclosure are capable of inducing CD1d-dependent TCR activation of naive human
NKTs. To discern whether TCR activation is CD1d-dependent, the effects of various
o~GalCer analogs of the present disclosure presented by Hela-CD1d,
overexpressing human CD1d, and control HelLa cells was determined. Also, the
capacity of HeLa-CD1d (nonprofessional APCs) were compared with immature DCs
(professional APCs) in presenting the various a-GalCer analogs to NKTs. As shown
in Figure 19, C1 and the a-GalCer analogs C11, C13 and C17 increased intracellular
values of phospho-CD3¢ by 7.3, 10, 7.3 and 5.9 folds of control, respectively, when
presented by HeLa-CD1d cells and 10.8, 21.3, 17.3 and 12 folds respectively, when
presented by DCs. For phospho-ERK1/2, C1 and the a-GalCer analogs C11, C13
and C17 induced 6.6, 14.6, 6.6 and 3.3 folds increase respectively, with HeLa-CD1d
cells and 30, 48.3, 35 and 18.6 folds respectively, with DCs. The induction of
phospho-CREB is even more surprising; C1 and the o-GalCer analogs C11, C13
and C17 induced 2, 117, 41 and 20 folds expression respectively, when presented

by HeLa-CD1d cells and 68, 204, 158 and 49 folds increase respectively, when
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[ 00206] In an exenplary inplenentation, the a-Gal Cer anal ogs of the present
di scl osure are capabl e of induci ng CDld-dependent TCR activation of na ve
human NKTWO 20m/@s36er n whet her TCR activation i s CD1d- deperusesn/osahe
effects of various a-Gal Cer anal ogs of the present disclosure presented by
HeLa- CDI d, overexpressing human CDl1d, and control HelLa cells was

determ ned. Al so, the capacity of HeLa-CDI d (nonprofessional APCs) were
conpared with i mmture DCs (professional APCs) in presenting the various

a- Gal Cer anal ogs to NKTs. As shomn in Figure 19, C 1 and the a- @Gl Cer

| Cc 11 3.and G 17 | 1, ul | hospho- CD3
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of the prc@ﬁﬁ‘éltHQLeﬁ@éI{?sSUOQeFdﬂdU@rﬂgo@wd%tCq)ﬂ%na@lfﬁﬁbbé/eﬂb!j% blenstr'rbnger in

CDl1d- dependent manner, and the extent of activation is greatly enhanced

when pr ed&it @gtigliopr Heesserpeindaped ard CHrfpavhieh tvwrﬂmrs&r%s\glﬂbﬁ%ﬁlr APCs.
None of 1@r LR STAl0Bssaf ojibRnBIAERdliched B5 e aheyRdadavvef fect on

phosphoryl ati on of CD3e, S when co-cultured with
contr ol I@LQGQMS%ER@/&%Q CREBrﬂf@MﬁWSd:‘aYQ beea rem‘t%btpe@axea relg inéhest r onger
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their greater induction i ase ine pro riggere
as corrparmlﬁmahha@viatlometaaﬁ pE@éMéblyiasi aCRIBBe quidrice aif i toa sinly@e eablilibye nf
reported lay a role in the i nduc en of na cytoki ne such as
IL-12 an 1%:%_ GXharEffﬁr%%'anP &%§Era atory molecurfgs onl_BC I-Dor tne %bur o-
GalCer analogs examined, the TCR was activated more potently when presented by

DCs than by HelLa-CD1d cells, especially with C13. Higher levels of phosphorylated
CD3¢, ERK1/2 and CREB induced by the a-GalCer analog C11 than by C1 is
consistent with the notion that stronger binding of glycolipid to CD1d induces a

greater stimulation of TCR on NKTs.

[00207] Figure 20 shows another exemplary implementation of how o-GalCer
analogs of the present disclosure are capable of inducing CD1d-dependent TCR
activation. Various a-GalCer analogs of the present disclosure (specifically C16,
C23, C26, C8-5 and C8-6) are capable of activating TCR signaling pathways in
human iINKTs (Va24" T cells) with phosphorylation of ERK1/2, p38, IkBa, CREB,
STAT3 and STATS5. To discern whether TCR activation is CD1d-dependent, the
effects of various a-GalCer analogs of the present disclosure presented by HelLa-

CD1d, overexpressing human CD1d, and control HeLa cells was determined. Figure

20A shows the determination of isolated Va24"™ T cells by flow cytometry which

contained 92% naive Va24*/CD3" T cells. C1 and the a-GalCer analogs, specifically
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significant activation of TCR, presumably as a consequence of the unique
ability of C13 to enhance expression of co-stimulatory nol ecules on DCs.

For the fwonrowm/o0&bCer anal ogs exam ned, the TCR was acPCraiSeaomsr3es
potently when presented by DCs than by HeLa-CDId cells, especially with C
13. Higher levels of phosphoryl ated CD3e, ERK1l/2 and CREB i nduced by the

a- Gl Cer analog C 11 than by C 1 is consistent with the notion that

stronger binding of glycolipid to CDld i nduces a greater stimulation of TCR
on NKTs. [00207] Figure 20 shows anot her exenplary inplenentation of how

a- Gal Cer rese [ abl e of i i CD1
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(Ser727) afflnity t9 ftﬂ:smkbstr%TéﬁTﬁwoﬁé@ NK/Ts @94&:@9@guré I$h) BRI R-Sendent
(Phospho- tgrom ne) and (L) phospho- Zap-70 hospho-tyrosine). p <

0. 05, comsaratignyfitywo mt NzK pard HiKg5n Vé@nﬁﬁé@%@ﬂ tﬁS@hQWH['Oﬁm}E? 2the

a Gal Cer 3RAhQYRPBALBR: RieSHBl ﬁér@ééteév@%@'@gﬁ@rx.mrméndmgqh@ infebfish ng
affinity to CD1 rest cte nouse /Ts In vit ure

CD1d- depeih@ehpg/awise af ﬂhmnndfcatadoocéam@et anogs £t MY B8i, Gﬂ6v@8( Eilguoe 22).

28 1o B oo RS s TRB D A S PR R G 2

anal ogs (s%lned Wmd\ﬁném@l?&ran@ Ioé‘de?d with a-GalCer (10 mole per pg). Flgure 21 C
shows different binding affinity of a-GalCer and phenol a—GalCer analog 7DW8-5 to
CD1d-restricted NKTs and T cells. Figure 22 shows CD1-dependent expansion of
two NKTs subsets. Spleens from BALB/c wild type (WT) or CD1 Knock out (KO)
mice were harvested 72 h post-injection of DMSO control, a—GalCer or the indicated
o—GalCer analogs C8, C16, C22, C23, C26, 7DW8-5 and 7DWS8-6 IV. Total
numbers of NKTs, and its two subtypes, designated as Type Il NKT
(CD3*/NK*/CD49*/CD69.) and Type | NKT (CD3*/NK*/CD49./CD69") in (B) wild type
or (C) CD1 knockout mice in response to the indicated a—GalCer analogs were
assessed by FACS. (D) shows CD1d- dependent activation of NKs. The expansion
of total number of active NKs (CD3/NK*/CD69%) in WT or CD1KO mice in response
to the indicated a—GalCer analogs was assessed by FACS. *, p < 0.05, compared
with DMSO; #, p < 0.05, compared with C1.

[00209] IN_ VIVO Ty CELL ACTIVATION, EXPANSION/ACTIVATION OF
SPLENOCYTES AND CD1d-DEPENDENT TCR ACTIVATION OF NKTs USING a-
GalCer ANALOGS

47



vehi cl e. Percentage of nouse NKTs cells (Figure 2 1A) or T cells (Figure 2
1 B) were stained with nCD1ld tetraner | oaded with a-Gl Cer (10 nole per
ng) . Fi guwe 281000631shows di fferent binding affinity of aPGuluSesvass2phenol

a- Gal Cer anal og 7DVWB-5 to CDld-resthcted NKTs and T cells. Figure 22 shows
CD1l -dependent expansion of two NKTs subsets. Spleens fromBALB/c wild type
(W) or CD1 Knock out (KO mce were harvested 72 h post-injection of DVSO
control, a-Gl Cer or the indicated a-Gl Cer analogs C38, C 16, C22, C23,

C26, 7DWB-5 and 7DWB-6 |V. Total nunmbers of NKTs, and its tvvo subtypes

desi gnat TYR NKT NK+/ 97 9.

dos! gnat e ity IXRE bholsT 608 RIS AR PESod o Tupe e e
to the i rdpatsited agtivaahgar, o?enelzrog%V\Ebeeva&e@medrrtpﬁctFﬁ@muﬁ@raﬁdetétDl d-
dependent activation of NKs. The expansion of total nunber of active NKs
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0. 05, conpared with [ 00209] I N VI Vi ACTI V.

EXPANSI We) vaTtEan@ErusPLIEWDoYaES amNDheDnunangEmEMmermot\Gprmm OF
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vivo. To oevalhoa:tsaattdstenjemcbf méncadrumac:eaamamgs ﬂmb@groduffewmkcbmes.secr etion,
a- Gl Cer and ?even a- Gl Cer Qalo s of the f%‘nt di sclo ure re inj ect ed
i nto BALBPECIR:cRN HFredsenly CYiRKIPg H%‘d@'o(‘l‘w &Pﬂ%ﬁéo%%r

i nt rarTUSﬁ‘débﬁéd Gl M hootst &5 f%ubl&l}ﬁdﬂoﬁbééfdo% t@Mhé"b’aQéilriérI@@élQi Wh@@@
determ ned. Fi g_ures 23A, 2 A and 29A show the serum | evel of |FN-g over a

peri od ofWhen ngaducaskthequohipe &Y rase BFiowaradhlsthe scattesr analaddes and
ot . . .
I TTerent, @%%gﬁaqé)}éhag?g%h%ed %Web&cdfg%g@tylgo%{o%bgﬁf d@g ?@E%ecfgy \c(ﬁe(s)ppe q

det ect abl’e “as~ ear our's eake urs

down to th&dieseinasyd €18l Chy, 33 (DMJesd OmeNoiabtyr aeieed shiFtugindubed | V
route (Figure 23A) t he a-Gal Cer anal og C9 and the a-Gal Cer anal og C16
showed a bYeHhQ %‘Fm%?t“ia\t}i)‘ﬂ {Figyresd A 6f Eh@aﬁa”&ﬁ ocG3ICer gnplege wagynyahdoweGal Cer

anal 0gs @z thatlds the: NCHuRNdviiSeadlahableyel HhaM e¥ek @fighieNogal neced

intermediate. Although C1 induced the highest level of IFN-y when given |V, the

o—GalCer analog C9 surpassed C1 when given by SubQ and IM routes. Figures
23B, 27B, and 29B, show the levels of IL-4 after injections of the a—GalCer analogs
through the different routes. All the a—GalCer analogs tested, as well as o—GalCer,
showed little induction of IL-4 when introduced through the SubQ route, whereas
intermediate levels of IL-4 were induced by all a—GalCer analogs when given by IM
administration. When the data are expressed as IFN-y/IL-4 ratio (Figure 23C, 27C
and 29C) to reflect the Ty1/Tw2 bias, the aromatic o—GalCer analogs C11, C13, C16
and C14 of bacterial origin elicited less Ty2 responses than C1 at 2 hours via the IV
route, and all a—GalCer analogs induced Ty1 bias responses during the period of 18-
72 hours, as shown in Figures 23C, 27C and 29C. Furthermore, when administered
by the SubQ route, all the tested a—GalCer analogs of the present disclosure
showed a higher Ty1/Ty2 ratio than C1 during the entire period of 2-72 hours except
o—GalCer analogs C2 and C3. On the other hand, when given by IM injection, all the
o—GalCer analogs of the present disclosure showed a Ty2 biased response at 2
hours and again shifted to a more Ty1 biased response during the period of 18-72

hours except for C14. The latter showed a more Ty1 biased response at 2 hours
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by SubQ adm nistration (Figure 27A) of the sane a- Gl Cer anal ogs was mnuch

| ower than that of the IV route, whereas the |level of IMroute (Figure 29A)
was i nt erwodneim®e31Al t hough C 1 induced the hi ghest | evelPCofuskeodrogosathen
given IV, the a-Gal Cer anal og C9 surpassed C 1 when given by SubQ and I M
routes. Figures 23B, 27B, and 29B, show the |levels of IL-4 after injections
of the a-Gl Cer anal ogs through the different routes. Al the a-Gl Cer

anal ogs tested, as well as a-Gal Cer, showed little induction of IL-4 when

i ntroduced through the SubQ route, whereas internmediate levels of IL-4 were

i nduced i nls en the
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bacterial _origin elicited | ess TH2 responses than C1 at 2 hours via the IV
route, anaNalF4tE&AINc:1S BfRliowiy '%ﬂi@@@trﬁﬂlwofun%atﬁé%@%%%r AA9%g t he
period of 18- 72 hours, as shown in Figures 23C, 27C and 29C. Furt hernore,
when adm[ﬂ‘i’%"t"érpéwg)y\”thHENSu@ﬁQ Hotit @hersgytokines pled chemakines aisp iBerapeRfs of the
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bias during the entire period hours. In another view, Figure 24

shows noudske &er @namel@elasomatlcsseﬁelc‘an gnajogsFBi G, C{BRNU LG Y6 inddce Gfrikirg | o of

anal ogs. OOV g 1o e FEMREP -1 B8 sPRb Rl sy B b Bl e Aok ne

al so i ncrGMsE3F ang@fi-12.cantly in sera in response to these novel a- Gl Cer
anal ogs. These included IL-2, IL-6, KC 1L-10, I1L-12, IL-1 3, GWCSF, TNF
a, RANTEROM2P-Tb detendinkl fRelpgpuhdtionl cfriennhursst eellsi im tHeesﬂradmmof BAEBgur e 25.

In IV adni.nist. t | a-.Gal | licit ter, T HL
bl ased ook NECEAGVERIAIE PEdherSBoT R CACeE ralsbingf 4T BRswa | o
a- Gl Cer ger)ses BALBIe nticd Jvedd 6hjéctbd laRdUREN SkamlieB X he@s dft'ér idjection! L- 12,

MP-1 b and MCP-1 , and Cl4 showed greater inductions of IL-3,
As shown in Figure 26, after IV administration all of the a—GalCer analogs tested

induced significant expansion in (A) splenocytes, with C9, C13 and C16 showing
greater potency than C1., (B)DCs, (C) NKs, (D) NKTs, (E) B cells, (F) CD8" T cells,
(G) CD4" T cells and (H) activated CD8*/CD4" ratios. As shown in Figures 28 after
SubQ administration, none of the a—GalCer analogs tested showed a significant
effect on the expansion of (A) splenocytes, as compared with that of C1. As shown
in Figures 30, after IM administration all of the a—GalCer analogs tested induced
(A) splenocyte expansion, with C9, C13 and C14 having greater effects than C1.
Aromatic o—GalCer analogs C12, C13 and C16 induced significantly greater rises in
total and mature DCs than C1 (Figures 26B, 28B and 30B). a—GalCer analogs C9,
C12, C13 and C16 displayed the best capacity for expansion/activation of NKs and
NKTs (Figures 26C-D, 28C-D and 30C-D). a—GalCer analog C16 was most effective
in B cell expansion, and a—GalCer analogs C2, C9, C10, and C11 were also more
active than C1 (Figures 26E, 28E and 30E). For CD8" T cells, a—GalCer analog C14
was most effective in cell expansion/activation, although o—GalCer analogs C9, C11,
C16, C12 and C13 were also more active than C1 (Figures 26F, 28F and 30F).
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GW CSF and I L-12. [00212] To determ ne the popul ations of imune cells in
the spleens of BALB/c mce injected with a-Gl Cer or the indicated a- @&l Cer
anal ogs ovothw/qsasent di scl osure, BALB/c m ce were inj@cras2easihen

exam ned 72 hours after injection. As shown in Figure 26, after IV

adm nistration all of the a-Gal Cer anal ogs tested induced significant
expansion in (A) splenocytes, with C9, C 13 and Cl6 show ng greater potency
than CL, (B)DCs, (C) NKs, (D) NKTs, (E) Bcells, (F) CD8 + T cells, (G
CD4+ T cells and (H) activated CD8+/CD4 + ratios. As shown in Fi gures 28

after SubQ ni s ra non anal o tested, sh

signifi cz?htc’aag‘% &P H@Serﬁ? e8HveOl|n @&t ﬁ:ﬁé%?ﬂsé(% a%atéodhf&éPg%Fw th

that of @Fijured2618G biRd Eogw ﬁmo?n@ th@fmt &l Jubbastinhtirst BRbf e @ldalgbr t he

a- Gal Cer anal ogs tested |nducedcb£2l spl enocyte eéﬁanm on, with C9, Cl13 and
ed éydueed & rispdn [/C thao

Cl4 havi mgalgosdess ‘oBties Wi piGsr aaﬁl@g@&sﬂc:@ﬂ C13 and

C16 i ndu foi & t a

(Fi gur es%&ahg%%ﬁﬂﬂgdﬁ?r@ %ﬁtl t&hsgﬁéfgu;e% Hﬁ%‘ r%? m@léh%]spl ayed
t he best teatsscwitty tHeos— @mcananaingsaby thea ulo@ romteJ\IKsGalmdar NKéﬂsg(CFQ gduesd 26C- D
28C-D and. 30C- Ce t effective in B cell

expans, omSnEanty eBpit o B YS BT 288 Mgt Dands 61 WihBrE5oA% act i ve
than C 1 (EH0seandlhs wole @eﬁhpa%)e t50C1 Cli8gure T28B). | sSForaNBal £y Nwmal og Cl4
was nost effective in cell expansion/activation, although a-Gl Cer anal ogs

C9, C 11expamsioragtivatien.Ce3 analeosdr® Q&ﬂ,l €3¢ et @nd @#69&%@9@%, 28F

228aﬁ2|’:2)n a??%eﬁl |a%ﬂ\ﬂl &W?@gﬁ‘% ergin E@d aﬂ:e §%§[gsc rrqadtlﬁe T cell

subpopul aictiensrigarel 280- Dt) hEFoa EGaélCekpmainamﬁwét&ﬁt %dGaT(detC@dal@gsr Csecon
CD8+/ CD4+ ratio, wth a-Gl Cer analogs C 11, C13_ Cl4 and Cl16 being nore
pot ent t K&l @dlcﬂ@iﬁb‘ﬂw% Slzeﬁca@aqt'ﬂh%ﬁ eogyre 28k). " FerCPodicalsvitGAERE

Gal Ce bys 1 |
a- r a"f\tBFvagéQ ¢14he U8 4 opbecq- éjﬁmfé%r nfé é?ﬁvu%sthé}ﬂ (éanld the o the

significan greater’ expansion of tot and mature
remai ni ngemaMQOefGalﬁ@Ir@g\sloger eppeﬂrpartameecmmpalathle(&'atgmlee %88) (Figure NK and

KT ExparLonLaEERISY o O S PR B P e

seened | €318, C14 and C16 were also more actlve over control (Figure 28G). For T cells,
most a—GalCer analogs tested elicited a greater increase in CD8*/CD4" ratio than
C1 (Figure 28H). When the o—GalCer analogs were introduced through the IM
route, all induced significant increases in DCs, NK, NKT, B cells and CD8*/CD4"*
ratio. The majority of novel o—GalCer analogs elicited greater expansion of DCs
than C1 (Figure 30B). a—GalCer analogs C9 and C14 displayed stronger induction of
NK cells (Figure 30C) than C1, but comparable or less effects on NKT cells (Figure
30D). o—GalCer analogs C2, C11, C12 and C16 showed stronger activations of B
cells than C1 (Figure 30E). For CD8" T cells, a—GalCer analogs C9 and C16
showed comparable activities as C1 in cell expansion/activation, and the remaining
o—GalCer analogs induced significant increases over the control (Figure 30F). For
CD4" T cells, a—GalCer analogs C2 and C9 showed comparable activities as C1 in
cell expansion/activation, and the remaining a—GalCer analogs induced significant
increases over the control (Figure 30G). a—GalCer analogs C9, C11 and C16

showed similar activities as C1 in raising CD8"/CD4" ratio (Figure 30H).
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active (Figure 28C-D). For B cell expansion/activation, a-Gal Cer analogs C
1, C9, C 11 and C13 showed significant activities (Figure 28E). For CD8+ T
cell s, a-ve@al2@wooedtal ogs C9, C 11, C13, Cl4 and Cl6 showedTmse@9asi3esity
than C 1, and the remaining a-Gal Cer anal ogs appeared to be conparabl e
activities as C1 (Figure 28F). For CD4+ T cells, C 1 was nost effective,
al t hough a-Gal Cer analogs C9, C 11, Cl13, Cl14 and Cl16 were also nore active
over control (Figure 28G . For T cells, nost a-Gal Cer anal ogs tested
elicited a greater increase in CD38+/ CD4+ ratio than C 1 (Fi gure 28H) . When
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1 (Figure 30B a- Gl Cer _anal and 4 di spl gyed stronger induction of
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activations of B cells than C 1 (Fi gure 30E). CD8+ l's, Gl Cer

anal ogs mcam@r@nle&te;hwmbdefmdap@ﬂ @blcé 6e(atu9\netr|nwsa$ I\CSthworclM ISerum

¢
cxpans: OUERRi LBy 419 4 ", SETRCASS, B EsRTe) BRIy
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i {1
i on 11 canlbR e doe FErn e e ETRIPY I cBleipuss i S riie (R R Glys oo, C
11 and CahQ Gleogeen diy miifferentadticdi tSgserasirde BALB/¢ &iicd wgreawvé@w?zrrau o
(Figure 3QH), [ 00213 ure 3 1 shows anot her exempl ary nPI epent atl on of

t he ef f e A8 @feqhemo}e%f ABir? Hoer AqUsR) BF vel! %I‘%U%Sf B4sBsheys di&
kinetics t&@ﬂnérﬁb@r”@fcr)/dcﬁ‘éaté‘d(l%éﬂks'(Qfd)aéﬁdvs)éathb%pu@tleh”o?m’halé ﬁm@hné Q@N{@ t he

kinetics of cytokines in response to DMSO vehicle, a-Ga a- Gal Cer

anal og 01@3'1@1"%rfn@twememérl%tceﬂ%dﬂ@ﬁ108,@@% IGPge’ )m@pbvatﬁjl é‘éK%c{uWh

vehi cl e, €2 1

col | ect ec]§ g”grmg(:b%g ¥ Sg& \%géd NQR$§méyée/A%§g'feé?é§%3f/§P6c fo nes &ﬁ% | FN- g
, (B) | L-adlapiing I(rm)wnaq@elisamlodlog actyated Byvasils (CDASRHEPRAI/CDSA" ) actiydBn

vehi cl e. re +e vV tes in
response [béw ”§|(ébgé&34 Q\é%??& X éﬁ@%‘% %é@gded'nf ?@% (%3§ ?2@% from
BALB/ ¢ m/6@6%r dKhshnoves ttieel rafio hof CD8/CD4 normalized to DMSO **, p < 0.05,

compared with C1.

[00214] In another exemplary implementation, the o-GalCer analogs of the present
disclosure were administered to mice at various doses to determine whether a dose-
response is noticeable for the expansion/activation of splenocytes. As shown in
Figure 32A-H, spleens from BALB/c mice were harvested 72 h after IV injection of
vehicle or a-GalCer analog C11 (2 or 0.1 ug per mouse). (A) shows the total number
of nucleated cells, (B-H) shows the population of innate immune cells including
mature DCS (CD11C+/CD80*/CD86"), activated NKs (U5A213Ag*/CD3/CD69"),
activated NKTs (U5A213Ag*/CD3*/CD69*), monocyte (CD11b*Gr17), granulocyte
(CD11b°Gr1%); (F-H) shows adaptive immune cells including activated CD4 T cells
(CD3*/CD4*/CD8/CD69"), activated CD8 T cells (CD3*/CD47/CD8*/CD69"), and
activated B cells (CD45R*/CD23*/CD69"). *, p < 0.05, compared with DMSO, #,
p < 0.05, compared with C11 (2 ug per mouse).

[00215] In yet another in vivo exemplary implementation, the kinetics of Ty1/Th2

cytokines induced by various o-GalCer analogs of the present disclosure was
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after injection of C1, Cl6 (2 ng per nouse) or vehicle IV, SubQ or IM (D)
shows the total nunber of nucleated cells, (E-G shows the popul ati on of

i nnat e i mvorze100®b631s i ncl udi ng mature dendritic cells (CRPCTAS2¢0208(328/ CD86
+) , activated NKs (USA2 13Ag+/ CD37CD69 +) , activated NKTs (U5A2 13Ag+/ CD3
+/CD69 +) , (HJ) shows adaptive immune cells including activated B cells
(CD45R +/ CD23 +/ CD69 +) , activated CD8 T cells (CD3+/ CD47CD8 +/ CD69 +)
and activated C4 T cells (CD3+/ CD4 +/CD8 /CD69 +) , (K) shows the ratio of
CD8/ CD4, normalized to DMSO. * * |, p < 0.05, corrpared vvith C 1. [00214] In
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+/ CD87CD&93IG}¢r anshads ofdhe grasSbat d's@e:tdre WetDadmCx &g V-td GDadype (WT parth
activate el | CcD69 +), . * <.0.05,. co red with
s, . G Eroskod CrIRAPRRA ER et DY igPerBhiRISis Fipttots] Sty et

anot her 's@m\ﬁlééo R aNactddpenent ahd ong tH&Jrk' RAHI ahe®f ahdlyzeédHior

cyt oki nes induced by various a-Gal Cer anal ogs of the present ‘disclosure

msassesﬁ@kmﬁ@be@ohlgys iBalging 1) deNwe ) trff-edb et N-Viknf tRliGeldtd0. C 1 or
the indiqaj gdsAy7ga éﬁ?kcynﬂdog%) eper A, B-<10.08, B&mpHRESRKh SRAISEN SAHP! es

were col l'ected at 48, and 72 h, and then assessed for the
secr et i onMesuits loaa)catel:matf the Gy~ -QalCer an@iog$))oftthe prasers ¢sclogue elisiieCDIIL - 4,

nor mal i 221%8% %ﬁoﬁﬂ@gfcﬂémomgége&gﬁﬁ romrﬁ]ﬁgal Cer analogs elicited

cyt oki ne es 52 Can be" seen € Table in Figure 34 which shows

Seru oA SRUEC, S, Shuded i oSBT MR AORafln 5 P
expansion/activation of splenocytes and CD1d -dependent activation of two NKT
subsets after injection with various a-GalCer analogs of the present disclosure. (A-F)
shows the expansion/activation of splenocytes in response to the a-GalCer analogs
tested. Spleens from C57BL/6 mice were harvested 72 h after IV injection of vehicle,
o-GalCer or the indicated o-GalCer analogs (0.1 ug per mouse). (A) shows the total
number of nucleated cells, (B-F) show the population of mature dendritic cells
(CD11C*/CD80*/CD86"), activated NKs (NK1.1*/CD37CD69"), activated CD4 T cells
(CD3*/CD4*/CD8/CD69"), activated CD8 T cells (CD3*/CD47/CD8'/CD69"), and
CD8/CD4 ratio, normalized to DMSO. *, p <0.05, compared with DMSO. (G-H)
shows the CD1-dependent expansion of two NKT subsets. Spleens from C57BL/6
wild type (Wt) or CD1 knockout (CD1KO) mice were harvested 72 h post IV injection
of vehicle, C1, 7DW8-5, C22, C23, C26, C34 and C17, 0.1 ug per mouse. (G) shows
the determination of mouse NKTs by flow cytometry (lower-left panel). An increase
of total number of NKTs (upper-left panel) and its two subtypes including Type I
NKT (CD3%/NK1.1*/CD49*/CD69") (upper-right panel) and Type | NKT
(CD3'/NK1.17/CD497/CD69") (lower-right panel) in Wt was noted by FACS.

(H) shows the total number of NKTs in CD1KO mice and (l) shows the total number
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CD1d knockout (CD1 KO BALB/c mice (at 0.1 ng per nouse), see Figure 35.
Serum sanpl es were collected at 2 and 18 hour, and then anal yzed for

cyt oki neswoheralos3iés, i ncluding (A IFN-g , (B) IL-4, (@CTiushbog/osd32st rati o,
(D IL-10, (E) IL-12p70, (F) KC and (G MCP-1 . * | p < 0.05, conpared
with DMSO The results indicate that the a-Gl Cer anal ogs of the present

di sclosure elicit CDl1- dependent cytoki nes/chenokines secretion in mce.

[ 00216] Figure 36 shows another exenplary inplenmentation of the

expansi on/ activation of splenocytes and CDld- dependent activation of two

NKT subse aft ec +vari o -Gal.Cer anal o f t resent
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[00220] It is now understand that there is a firm link between the immune system

and cancer, and that by properly stimulating the immune system, there is the
possibility of impacting many cancers. Treatment of mice with a-GalCer has been
shown to suppress tumor metastasis to liver, lung and lymph nodes. In two phase |
clinical trials in patients with advanced cancers who were injected with a-GalCer or
a-GalCer-loaded iDCs, a distinct activation of the immune system was observed in
those patients who had a detectable Va24*VR11* NKT number prior to treatment.
Although there was no durable tumor regression, stable disease was noted in
several patients, without any toxicity, and some patients even showed a transient
reduction of serum tumor markers or tumor size. The lack of significant anti-cancer
activity of a-GalCer in several clinical trials may be due to the effect of IFN-y ( a Th1

cytokine) counteracted by IL-4 ( a Ty2 cytokine), resulting in no net benefit.

[00221] In one aspect, the synthetic a-GalCer analogs of the present disclosure
have use as anti-tumor immunotherapy active agents. The a-GalCer analogs of the
present disclosure may be designed such that they are Ty1-biased. These Ty1-
biased a-GalCer analogs are capable of eliciting a Ty1 cytokine response, increasing

survival time of animals afflicted with cancer, slowing down tumor growth in animals

53



devel oping all sorts of infections frombacteria, viruses, protozoa,
parasites and fungi. They are also nore |likely to devel op cancer. Because
NKTs pl aywea 20s8gubatory role in the i mmune system they &Ce/lsRamwAasi3aRy e
targets for imrunotherapy. The activation of NKTs paradoxically can |ead
either to suppression or stimulation of inmmne responses. For exanple, the
production of THl cytokines are thought to correlate with antitunor,
antiviral/antibacterial, and adjuvant activities, whereas TH2 cyt oki ne
production is t hought to subdue autoi nmune di seases. [00219] ANTI - TUMOR

| MMUNCTHERAPY [ 002 tand. that th k
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i Mune smail'mNK hmf BIKiTsceﬂIh.e possibility of inpacting many cancers.

Treatment of mce with a-Gl Cer has been shown to suppress tunor netastasis
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may be designed such that they are T i-biased. These T Hl- biased a- Gl Cer
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i mpl enentation, the a-Gal Cer anal ogs of the present disclosure act as

therapeutcpﬁs'ﬁﬁ*ﬂit)%f GH Gt &@'Cﬁﬁn%%ﬁh@% . The a- Gal Cer

[00224] In order to determine the anticancer efficacy of the a—GalCer analogs of the
present disclosure, in an exemplary implementation, mouse models of metastatic
lung cancer with TC1 cell line, and SubQ tumor model of breast cancer with 4T1 cell
line in syngeneic immunocompetent mice (C57BL/6 and BALB/c, respectively) were
studied. Figure 38A shows the result of a representative experiment with reduced
number of tumor nodules on the lung surface of mice treated with a—GalCer analog
C11. The effects of IV administration of various a—GalCer analogs of the present
disclosure from groups I-IV and C1 on the survival of TC1 tumor-bearing mice are
shown in Figure 37. Significant prolongation of survival and reduced weight loss
were observed with many of the a—GalCer analogs tested, except for C4, C6, C7, C8
and C17. Moreover, eight of the a—GalCer analogs tested, C3, C10, C11, C12,
C13, C14, C15 and C16, have significantly greater anti-cancer efficacy than C1.
Next, the anti-tumor efficacy of eight a—GalCer analogs and C1 administered IV on
mice bearing 4T1 breast cancer was assessed. The reduced tumor size of mice 16
days after treatment with o—GalCer analog C11 is shown in Figure 38B as an

example. All of the a—GalCer analogs tested were able to suppress tumor growth
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anal ogs may be adm ni stered as cancer vaccines. In another exenplary

i npl ementation, the a-Gal Cer anal ogs of the present disclosure may be used
i n combi &0 20tmesdIsher apy, where the a- Gal Cer anal ogs areTasatmo0sE28v t h an
al ready existing cancer vaccine. A subject treated with any of the a-Gal Cer
anal ogs of the present disclosure nmay be afflicted with cancer, may be at
an elevated risk for cancer or may have precancerous precursors. [00223] In
sonme exenplary inplenmentations the disclosure provides an anti-tunor

i rmunot her apy conprising adm nistering an effective anount of a conpound or

o coroB by R orbarBa Y ShEShntrd i ing HREBInSE SELTe AT (0
e D o O e u

Cmcer wite, st 3oufa S PrRer Arasines ba R s ST o Cas e o ae Bt 14T
cel | || ne:{e) oRIRIeRE b ARNARTBENSR, ofthe S, (RIEELARIARCeBRLRG e avl

respectively) were studied. Figure 38A shows the result of a representative
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C17. Mor eowmer(Figareggh0), afherds theGaliteast sandhisgstidreditiedt sigaificeit, affect the C12,

C13, Ci14, Cl15 and_C16, _have si_g_ni fi cantlly %reater anti-cancer_effjcacy than
C 1. Nextntiymongiects ghdie Emaicingy-dralepiyrtalagsainstest (AP otfs-Bha MiseL

adm ni st ; 0 h G WG r CARR ; reduced
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shown i n tiFsgur &e38B ad/,anwbicanplse. cahdistont t mdtha- GaleCerseanml otpyetsesbed wer e

able to %%[ngélﬁh\%@rgg%ﬁgEoglw%%%ﬂgsﬁ%% _ivaI as conpared to the

control, e than , Figure 39A. Based on these
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analogs, we assessed the anticancer efficacy in tumor-bearing mice, with special
focus on the routes, frequency, and dosage of administration (see Figure 41-44).
The results showed optimal dose schedule to be IV adminstration of 0.1ug
o—GalCer per mice, once per week., This is applicable to the treatment of mice
bearing breast and lung cancer, as well as melanoma (see, Figures 43 and 44).
Treatment with new a—GalCer analogs led to an increase in the tumor-infiltrating
lymphocytes, including T, CD8T, NK, and NKT (see, Figure 45). Figure 41A-B, show
the impacts of different routes of administration. (A) BALB/c mice were SubQ
inoculated with mouse breast cancer cells, 4T-1. Three days after tumor inoculation,
the mice were treated (IV or SubQ) with vehicle, a—GalCer or the indicated a—GalCer
analogs (2 pg per mouse) twice per week for four weeks. The tumor volume was
recorded every 3 days for 33 days and survival was monitored for up to 70 days.
Left panel, Kaplan Meier survival curve of mice bearing breast cancer; right panel,
tumor growth curve. (B) C57BL/6 mice were IV inoculated with mouse lung cancer
cells, TC-1, and then treated (IV or SubQ) with vehicle, a—GalCer or the indicated

o—GalCer analogs (2 ug per mouse) twice per week for four weeks. Left panel,
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Cl6) and C 1 were tested. SubQ delivery of the a-Gal Cer anal ogs tested were
able to suppress tunor growth and prol ong survival as conpared to control.
a- Gal Cer woabowgweld513, Cl4 and C1l6 achi eved si gni fi cant PETGISe@w®50328
suppression of tunor size than C 1, although their effects on survival did
not differ significantly fromthat of C1 (Figure 39B). C 1 showed a
statistically better efficacy with SubQ delivery over |1V route (Figure 40),
whereas the route of admnistration did not significantly affect the
anti-tunor effects of the remaining a-Gal Cer anal ogs tested (Figure 39A-B).

M ce rec [ & r ess
nor bi d t(t?téar'?'| Qﬁl\)ﬁs%ée?'tlslragg %lcr\(% of moé%%eéﬂ Oﬁusnlg ?%ﬁg 9 a% FdChéﬁ?%mo{ evel s
of cyt okibodgmeightoki nes fol | owi ng SubQ adm ni stration. [00225] In order to
optim ze the therapeutic protocol of these novel a-Gal Cer anal ogs, we

assessed [0022631C) showes theeihipacecyf freguenoy of bdmtriistgatirrhceCS?\HLV& nigeeesd focus

The resunt Sl ke M ETERRER 100 B e LhAPALH G TR 1y

a- Gal Cer vpRicldliocEGalOACE PN indkated, o IbalSet %na@él(gqtg et MolBE) twignpeENt of
m ce beari ng breast and lung cancer, as well as nelanoma (see, Figures 43

and 44) . WRSKATRIE RATWEIKERT SUVREkE. dredl Rayel feapiar Maier SHEYisals@insh of he
t unor - i nfhiks bé&ﬂw%ﬂluh%@?ﬁt%%&ﬁpah@ﬁb%g‘é@ of bo&PRgightK, and NKT (see, Figure

45). Figure 41A- ow t he 1 npacts of different rout es of adm nistration.

(A) BALB602D7G FiyRES SRRJ BACHGR GHe WeldldTRHS B B amticaas esrficlyl 85 4T- 1.
Three days affer tunor inoculation, the mce were treated (IV or SubQ) wth

vehi cl e, oaCRICEanabps olcthe mipest eiscipser WHR thenapipized ZJFWQC@erFIW@s‘b@ twice
k f f 33
per week 4 0h . feuis) Ve Rk S, wgfbgmto {ed"\gt‘t)#!@g%?ﬁgﬁ@f&ﬂggt Sty or

days and sur Vival was' non pane apl 4n Mei er
survi val (BugyelsfSubilt @nbeben trgatedde 0. Icanper mousehitrpestedle, dtJo(BaﬂCegoovxt h

N e O e T

i ndi cat ec@ve%k@1ﬁ§%hoﬂ§4hé’%p(a% 0BicP U/l $Edvel ¥ rﬁ%e&%fanﬂ?eﬁ@ﬁ QB) Kuils Weeks.
Left panel, Kapl an Meier survival curve of mice bearin cancer; right

panel , C}ga%@scwe@d@fym@@mor All of the o—GalCer analogs tested showed a
significant increase in the survival time of mice bearing TC1. Also, when mice

bearing B16 were treated wih the a—GalCer analogs of the present disclosure, there
was a significant decrease in the size of the tumors. Figure 44(A-B) show the real
time assessment of tumor growth in mice. C57BL/6 mice were SubQ inoculated with
(A) lung cancer (TC1-GFP-Luciferase) or (B) breast cancer (4T1-GFP-Luciferase)
cells, and then treated IV (0.1 ug per mouse) with vehicle, a—GalCer or the indicated
o—GalCer analogs (C23, C34, 7DW8-5 and C17) once per week for four weeks. The
pixel of the bioluminescence of the tumor in vivo was assessed and calculated by
IVIS system. Left panel, the quantitative data of bioluminescence; Right panel, the
representative images of mice bearing tumor. *, p < 0.05, compared with DMSO; #,
p < 0.05, compared with C1. In mice inoculated with lung cancer, the a—GalCer
analogs C34, C23 and C8-5 showed a significant decrease in tumor growth
compared with both control and o—GalCer. Interestingly, these o—GalCer analogs,
C34, C23 and C8-5, all have been shown to produce a Ty1-biased response, as
shown in the results above. In mice inoculated with breast cancer, the o—GalCer
analog C8-5 showed a significant decrease in tumor growth compared with both

control and a—GalCer. The a—GalCer analog C17 showed a significant decrease in
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[00226] (C) shows the inpacts of frequency of adm nistration. C57BL/6 m ce
were IV inoculated with nouse |lung cancer cells, TC-1 , and then treated
(I'V or SwsQrowmbsigehi cl e, a-Gal Cer or the indicated a-@ar@seonaseys (2 ny
per nouse) twi ce per week or once per week for four weeks. Left panel,

Kapl an Mei er survival curve of mce bearing |ung cancer; right panel,
changes of body weight. [00227] Figures 43 and 44 show t he eval uati on of
the anticancer efficacy of a-Gl Cer anal ogs of the present disclosure with
the optim zed protocol. Figure 43 shows C57BL/6 m ce were inoculated with

| TCL ) 1V t h, el B16 |1s_SubQ., and t t reat ed
V00 1 gt sfriberdl VBT GoB08 bl ey & siler ot Ped HARCer
anal ogs (§idmbstikgl§, thedd-GaiB¥Bahdiog T, iRk B@KsHoWn fo0produes kST Ahhsshows t he

Kapl an Mei er survival curve of mce bearing TCL , (B) shows growth curves

of B16 t GRRONSR| pS ShowRdn dhexapesaie alivaPodbes® sesedts Soali the degnihet &t

i ncr ease priydcdin SETYI Mabkihdd BeQholfHt ® SRAdIARBWitH dntiturfbiSotivieg§n m ce bearing
B 16 were treated wi h the a-Gl Cer anal ogs of the present disclosure, there

vas a s §iodde] afudess eavfid th Ie bABIP) iMRrhetTRiGh, [AUHE 4464cEh Show

the real "tine assessnent of tunor growth in mce. m ce were SubQ
i nocul at exhaleigs hof (g prasegt denloeure( diCt - 1H hidsas fusraiged)itrating( IBnpbpeydss ircancer
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PO e e R e A T LR
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i mges ofanBlogs (828! CRA, L8MI0. 1 *ug/r_naué,%n@éﬁwe%ﬂ{*%?@@té{%édwopl\(ﬁpw%f ™ <
0.05, conparéd with C1. In mce inoculated wth |lung cancer, the a-Gal Cer

anal ogs C84, (Rp@D&nd cis5 (GRBUEB44CBBgni (F) degst (Nlé?:-ﬂé/ i and udNigrowt h
conpen = (3R CRkeR T, DSEE, | DESIE oy, ety £
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GalCer analogs C23 and C8-5 also showed a significantly significant increase in the
number of tumor infiltrating lymphocytes in lung cancer, as compared with control
(for CD3" T cells) and as compared with both control and a—GalCer (for CD8 T cells,
NKs and NKTs). (E-H) show tumor infiltrating lymphocytes in melanoma. Single cell
suspensions of tumors removed on day 21 from C57BL/6 mice bearing B16
melanoma treated with the vehicle, a-GalCer or the indicated o-GalCer analogs
(C23, C34, C8-5; 0.1 pg/mouse, once/week), were stained for (E) CD3" T cell,
(F)CD8 T cells (CD3*/CD4/CD8"), (G)NKs (NK1.1*/CD3") and (H)NKTs
(NK1.1*/CD3") and normalized to DMSO. The a-GalCer analogs C23, C8-5 and
C34, all showed a significantly significant increase in the number of Ty1-biased
tumor infiltrating lymphocytes in melanoma, as compared with both control and

o—GalCer. *, p <0.05, compared with DMSO; #, p < 0.05, compared with C1.

[00229] ADJUVANT IMMUNOTHERAPY

[00230] Adjuvant Effects on Peptide, Protein, Polysaccharide and DNA

Immunogens
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control and a-Gal Cer. The a-Gal Cer anal og C17 showed a significant decrease
i ntunor growth conpared with control, but had a simlar result to a-Gal Cer.
| nt er est iwgl2910/0b3E5a- Gal Cer anal og Cl7, has been shown POTAISeEIO0328

H2- bi ased response, as shown in the results above. These results confirm
the idea that the production of THLl cytoki nes are thought to correlate with
antitunor activities. [00228] Figure 45 shows in an exenplary

i npl enentation, how the a-Gl Cer anal ogs of the present disclosure elicit T
Hl- bi ased tunor infiltrating | ynphocytes in |ung and nel anoma tunors. (A-D)

show tu ot g | cel | ensi ons
of tuno?gds?éedﬂriv'& \%tnltsdgf %&E&fu %n%ﬁ%t E?)E;%%/ ﬂ%i% 'ﬂbgarl ngenl’@f t?nﬁ'l;%’?

treat ed wintimmeatd cdsponse @alaﬁ:emnmmztddespeuhscat:edomr@bﬁhryml algsve(n@S C34
C8-5; 0. /. mouse, .on r.e stai ed or B

ol s ( VP 5 o 1) BooP B S Rpdeet ) fasciPes ey ooaers: BRI 4 coa
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significant .increase in the nunb H1- b nflltra}tln

| ynphocytV@5Cies | "&'Qﬂcg?ad a%rg%'ﬁﬁ‘ér é'BaQ\tAVtaF?dodtaﬁC'E% r°6| Pighes L'GHICer . The

a- @l Cerinfast)u89srgeridmaner HirStoRIngO(a8BIMNEGd o rédodibind rit arickies) gendramant
increase in the nunber of tunor infiltrating | ynphocytes in lung cancer, as

conpar ed "R RARYARIEIP bopsltheipgifeqtivepesss) 'nafﬁﬂs"éétuﬂﬂﬁ?aﬂ@dy% PhresePRs&ont r ol
and a- Gal; @%fceéf(%qugr ’Eglp@ei)”?as yg@n%@é’ntwm}:t ol ﬁ‘ié;%)ro‘%é’tﬁ%téﬂﬁﬂ% yiopthd trating

Iyrrphocyt es in | anoma. Si ng suspensi ons tunors renoved on day 2
1 from CyPEENS rﬁlt@@amé%ﬁﬂwgagﬁée%rcamﬁhsw@mt«yaewof FesPResSehiiewevera- Gal Cer

or the i / S
once/ me@,&\%@fgegcﬂgg ?or Eg Cﬁﬂncﬁﬁ?l Sﬁ%r%dlc@aﬁul’g%geﬁ%s‘ ?%%3% CD47CD8
+) , (G cRRengrpikiicansirainGéDang a\eailabiqib{) NKTs (NK1 . 1 +/CD3 +) and nornalized

to DMSO. The a-Gal Cer anal ogs C23, C8-5 and C34, all showed a significantly
si gni fi cd#9232)ANemisam Aaltsh knewnissraleh, FreLtheriniy adjuvantapproMed for bse iy

Iynphocy th al, . P
TPROCY 8 Ul PR, R inE YRR Yok L MRS Ol LR
ADJ UVANT bIeMVlSNO)Z?HE@ARYEE[S@OIMInan ay avetl akfih acinsalg rexekistvetyea siFftao giva;
Pol ysaCC}?)%e' r%%p&%%s% IL-4 production). The inability of aluminum salts to elicit a Ty1
cell-mediated immune responses (e.g., IFN-y production) is a major limitation of its

use as adjuvant. Particularly for vaccines against intracellular viral and bacterial

infections, the lack of cytotoxic T cell responses is fatal.

[00233] The a-GalCer analogs of the present disclosure may be synthesized such
that a Tu1 biased immunogenic response is initiated. Therefore, improved vaccines
which show a Ty1-type directed immune response or vaccines which allow-in
addition to a Ty2-type response-also a Ty1-type shift of the immune reaction may be
achieved using the a-GalCer analogs of the present disclosure as adjuvants. As
such, one or more a-GalCer analogs are administered as an adjuvant in conjunction
with administration of a vaccine. Moreover, vaccines already available can be
provided in an improved form, when the a-GalCer analogs of the present disclosure

are added to them, which allows the induction of a Ty1-type response.

[00234] In some exemplary implementations the disclosure provides a vaccine
comprising an effective amount of a compound or a salt or a mixture thereof selected
from the group consisting of C3, C11, C13-C14, C16-C18, C20, C22-C24, C26, C8-5

and C8-6; and a vaccine agent. In some instances the vaccine agent is selected
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| mmunogens[ 00231] Adj uvants are conpounds that, when conbined with an
antigen, potentiate an imrune response in an i muni zed speci es. For over
ei ghty yesp2o1mpigant s have been used to boost the eff@cCrivsenosso3os

vacci nes. Live vaccines, containing weakened forns of an infectious
organism generally work fine by thenselves. But vaccines containing dead
organi sns (i nactivated vaccines) or pieces of the infectious organi sns or
their toxins (acellular or reconbi nant vacci nes) generally need adjuvants
to boost their effectiveness. In nost situations, the type of response

i nduced y a i f o t ive

ef fi cacy(ﬁg}%lrpetné @@8@ gcgn %ﬂ e? ;Sk\'/I%r&acri'H g@&rﬂam éné ﬁ f% oggtggecllt“ﬁ c types
of respomemorgﬂwmera mdpudvamti saelmgmem if ennpidctiedted by &iteratatexhal
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[00232] ﬁrﬂoFﬂﬂW%‘% Sorﬂﬂd AL NG LA IR ORI § éﬁféd@a‘%ftaa{b’b?'mibd for
use in tlsenﬁnnétedce%ttabe@(dd)rs dt@tﬁﬂu@&)r@rcﬂmhéma/en gamenmsncdslomevacfom@l um num
salts have been s qmm 0.lncrease i n humans
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(e.g., IFN-y productlon is a t% limtation of its use as adjuvant.
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In some qxGARL &b BPUSHERL A MeAMRidcBEAl! BEHAR SRS SHEpsR st
Borrelia burgdorferi, Typhoid, Japanese encephalitis, Rabies, Tick Borne
encephalitis, Cholera, Yellow Fever, H5N1, West Nile, Parvovirus, Feline
Rhinotracheitis, Calicivirus, Panleukopenia virus, Chlamydia psittaci, Feline
leukemia, Canine Distemper, Canine Adenovirus, Canine Parainfluenza, Bordetella
Bronchiseptica, Canine Coronavirus, Giardia lamblia, Leptospira bacterin, Infectious
Bovine Rhinotracheitis virus, Parainfluenza 3 virus, Bovine Repiratory Syncytial
virus, Bovine Viral Diarrhea virus, Clostridium Chauvoei, Septicum Haemolyticum,
Septicum Novyi, Tetani, Sordellii Perfringens, Moraxella bovis, Mannheimia
haemolytica, Pateurella multocida, Leptospira pomona, Leptospira hardjo, Leptospira

grippotyphosa, Leptospira canicola, and Leptospira icterohaemorrhagiae.

[00236] A method is provided for enhancing immunogenicity of a compound,
composition, or vaccine in a subject, the method including: administering to the
subject a compound, composition or vaccine further comprising an adjuvant
according to the present disclosure, wherein the adjuvant enhances the

immunogenicity of the compound, composition or vaccine.

[00237] Adjuvant Effect on Protein Vaccines
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conprising an effective anount of a conpound or a salt or a m xture thereof
sel ected fromthe group consisting of C3, C 11, Cl13-Cl4, C 16-C18, C20,
C22- C24, vwpapimeedsand C3-6; and a vacci ne agent. |n someTIUsst006638 t he
vacci ne agent is selectedfromthe group consisting of a killed

m croorganism a live attenuated virus mcroorganism a toxoid and a
fragnment of an inactivated or attenuated m croorganism In sone instances
the mcroorganismis a bacteria or a fungi. In some instances the toxoid is
a tetanus or a diphtheria. In sone instances t he vacci ne agent is capable

vacai ne, 0GR PR B CRR RERCA Bt e Blan IR o Briolant and

i s capablier e amiidy foyemeanee |mbtﬁlﬂi©rtbsp$t913bb¢o leRIBtIME protsSipwased ehédind edctby t he
vacci ne agent by stimulating the i mune system which results in the subject
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pol ysacchari de or i mmunogens. | n another “aspect, the vaccine may be
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of TT alone (without Alum or a-GalCer analog C11) in mice led to a rapid rise of anti-
TT antibody 1 week later. Figure 46B shows the effects of a-GalCer analog C11 on
delayed antigen boost twenty weeks after the second vaccination. The level of
antibody in mice treated with C1 or C11 was twice as high as those given TT + Alum,
and more than 25 fold higher than those injected with TT only as shown in Figure
46B. These findings suggested that C1 or the a-GalCer analog C11 have effects on

the memory T and B cells leading to an augmented booster immune response.
[00239] Adjuvant Effect on Peptide Vaccines

[00240] The adjuvant effects were evaluated with peptide vaccine containing the
extracellular domain of the M2 protein of the H1N1 subtype of the Influenza A virus.
The amino acid sequence of the peptide vaccine was MSLLTEVETPIRNEWGCRCN.
Female BALB/c mice were vaccinated with 5 or 45 pg of M2e peptide without or with
various o-~GalCer analogs of the present disclosure (C9, C11, C14, C17) on week 0,
3, and 6. Figure 47 shows adjuvant effects of various a-GalCer analogs on M2e
peptide vaccine. As shown in Figure 47, two weeks after the third immunization, the

M2e peptide alone induced anti-M2e-specific 1gG titer of 1.8 x 10° and 5.4 x 10° for 5
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conposition, or vaccine in a subject, the nmethod including: adm nistering
to the subject a conmpound, conposition or vaccine further conprising an

adj uvant wocorodiongy5t o t he present di scl osure, wherein tRreTASRMAN32&Nhances
t he i munogenicity of the conpound, conposition or vaccine. [00237]

Adj uvant Effect on Protein Vacci nes[ 00238] a-Gal Cer and the a- Gl Cer

anal ogs of the present disclosure were tested for the ability to enhance

i mmune responses to existing protein based vaccine such as tetanus toxoid
(TT) inactivated toxin. Mce were vaccinated TT without or with a- Gal Cer

anal ogs of the present disclosure. o 0 and.day 28. um was harvest ed
Seekiy f oot uf AT dibegp BRpPengD, Bber BB sSTERERPoan R Shove
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tw ce as |dHdgih HBScdRessusIateBndd ofr-afbm iRfludAgh URUsest MBRfgSinfarber fal @her than
t hose injected as. shown in Figure 46B. ese findi

with TT only as Th di ngs
suggest edng ganetie varigbiliyandtheginguee sresphECtection 3ps0ss dfferept 5oYA stASnenory T

and B celd golseasidBAl S RBnES WRNILRMCEPFDHEHA 8f 565 PBRECyirdsO8d&3H
Adj uvant Effect on Peptide Vacci nesqu00240] e adjuvant effects were

eval uat ed@ngiusedgena ivaecine develerment effatl- nghe sensensus sequences of HA were
constructed into a pVAX vector as DNA vaccine candidates, based on a similar

strategy for ADVAX, a DNA vaccine for HIV, developed by Ho et al. (Jin et al., (2002)
J. Virol. 76 (5):2306-2216). The effects of H5 DNA vaccine (pHA) dosage without
and with o-GalCer (C1) on anti-H5 titers in mice at three weeks after first
immunization are shown in Figure 48A. Immunization of mice with 5-45 ug H5 DNA
vaccine without or with a-GalCer showed that the anti-H5 responses were enhanced
by a-GalCer at 5-30 ng H5 DNA, but reached a plateau at 45 pug. Figure 48B shows
the effects of low dose H5 DNA vaccine and o-GalCer (C1) on anti-H5 titers two
weeks after second immunization. When H5 DNA dose was reduced to 0.2-5 ug, the
adjuvant effect of v-GalCer was evident for all low dosages tested. Figure 48C
shows protection against viral challenge by Vietnam reassortant influenza strain
NIBRG-14 two weeks after low dose H5 DNA vaccine without or with C1. None of
the animals treated with <2 pg survived viral challenges with 20 LDsg of NIBRG-14
without a-GalCer, while 80% protection was noted among those treated with 0.2 to 1
ug pHA with o-GalCer (Figure 48C). These findings confirm the adjuvant effects of
o-GalCer when used with low dose pHA vaccine on induction of protective immunity
against NIBRG-14.
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extracel lular domain of the M2 protein of the H 1N 1 subtype of the

I nfl uenza A virus. The am no acid sequence of the peptide vacci ne was
VSLLTEVETWORNEWBECREN. Fenal e BALB/ c m ce were vacci nat e@CRiUskooS/06032815 ng of
M2e peptide without or with various a-Gal Cer anal ogs of the present

di scl osure (C9, C 11, Cl4, C17) on week 0, 3, and 6. Figure 47 shows

adj uvant effects of various a-Gl Cer anal ogs on M2e peptide vacci ne. As
shown in Figure 47, two weeks after the third inmunization, the Me peptide
al one induced anti-Me-specific IgGtiter of 1 8 x 105 and 5.4 x 105 for

5and 45 n. dosa ect}vel nbl ned with

onal ogs GOFRHL ARe: SRBaR: ABIGRE ! 16 Kiesd BT Vet p aBH oty

t id_t ers V\/%rdfﬁva@httsaA/V\lhﬂBMﬁ pN)lDﬂ@:dir’_(bE‘lnlétmG@N\ﬂiﬁra @ﬁﬁl}aﬂg@tdd@%ﬂd& scrﬁéo%ﬂb ﬁ@dséd"lgz best
adj uvant ec i ch was ui val en co reund's a uv

ot 51 oEROKT GHEN ORGSR, (61 WoPk S (AT B BAC G Vb 1 CLa
and C17) &tRtr8Asttralfidcld Qitk olcalfResetHd |H6ﬁb§@§ SogERsanblas vih@EHAEer and
its anal ogs have strong adjuvant activities for peptide antigens with those

cont ai ni rdoested anceiwth the &am tepulatign |f0L§u/¢¢ek§siat@ 1 Blasgli snmess wepsot ent .
[00241] Ad) @(Wat %f\fv&%s DING a6 ”? ?F&ﬁa%4§4%f§§§$&5f%tucﬁﬂé%gé&ﬁc (F’HA)

was prepare s ‘a plasm d contalni ng consensus sequence of
avi an i nflg@eantivody rtm@esby BililgAl yFigure dBAeShQWS titere roft dndi-idd ngneicdicv& abi 1 ity

and thus i nduce ss-protecti.on.across,.diff t rains, g consensus
i sequerbLoNBe TR SRR B RS 4B AERiah I RERR i PU& S R wihSTced T or
a vacci n@a@med)ro@wmereérfawg C3,Joe1,0018 @sisn FE U6Le FRife A9B HAoWEtiters of
constructed into a pVAX vector as DNA vacci ne candi dates, based on a

simlar @tnﬁ'é?i"égpe(f'f& lgsDRmibody (HIA) mamt,eierf@"%ng FPRUNEaten wied Hygmbifet al .
(Jin et J ) : e~ehfeqt
vacci ne ?\6 B"t( érg\gg})ég (\?Maﬁ?r%% < égl ngg)géf%g;?%( 815) Cg% ag(ra]tC?ZCﬁBF{aﬁ{ ers in
m ce at t4l®0es=hombercalhtt aouse Bswluammjlroin/zmg, vieai c}mlaéemjeom abovd-fayusoeneal 8A.
| nruni zat i on f m ce DNA vac or,. Wt Gal Cer
Showed 1 1 S GRCERErapgs (Bsshate AR AT sye G ar i gATH g +b
DNA, - but foiRaghierhBumbaidpantRo. 5% m\ ah M@até@& @é}@@@aﬁél&%@f FigGleSsoy | ow
dose H5 DNA vaccine and a-Gal Cer (Cl ) on anti-H5 titers two
shows percent survival foIIowmg viral challenge as described above. Figure 51
shows mouse titer of anti-HA specific IgG antibody (AY5) following immunization with
either (A) 0.1 ug pHA (pHAo 1 vs pHAp 1 + C26: p < 0.01 in one-way ANOVA Kruskal-
Walis test) or (B) 0.2 ug pHA (pHAo2 vs pHAg2 + C17: p < 0.01, pHAg2 vs pHAp2 +
C26: p < 0.05 in one-way ANOVA Kruskal-Walis test) and the indicated a-GalCer
analog. Figure 52 shows mouse titers of anti-HA specific IgG antibody (AYG6)
following immunization with either (A) 0.1 pg pHA or (B)0.2 ug pHA and the
indicated o-GalCer analog at 0.1 pug or 1 ug. o-GalCer analog of the present

disclosure particularly effective as adjuvants at 0.2 ug pHA dose were C13, C17,
C20 and C26.

[00244] Figure 53 shows mouse titers of anti-HAc specific IgG antibody (A) AY3,
(B) AY4, (C) AY5 and (D) AY15 following immunization with 0.2 pg pHAc and a-
GalCer or the indicated a-GalCer analog C3, C10, C11, C13, C14, C16, C17, C18,
C19, C20, C23, C24, C26, 7DWS8-5, and alum. The results indicate that C1, C13,
C14, C17, C26 and 7DW8-5 had the better adjuvant activities than the others in
enhancing the antibody titer. To investigate whether the HA specific CD8 T cell

response would be enhanced by the use of an a-GalCer analog of the present
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weeks after second i mruni zati on. When H5 DNA dose was reduced to 0.2-5 ng,
the adjuvant effect of v-Gal Cer was evident for all | ow dosages tested.

Fi gure 48@o=hovejisot ecti on agai nst viral chall enge by YcCetusamonsmssort ant
i nfluenza strain NIBRG 14 two weeks after | ow dose H5 DNA vacci ne w t hout
or with C 1. None of the animals treated with <2 ng survived viral

chal l enges with 20 LD5Cof N BRG 14 without a-Gal Cer, while 80% protection
was noted anong those treated with 0.2 to 1 ng pHA with a-Gl Cer (Figure

48C). These findings confirmthe adjuvant effects of a-Gal Cer when used

3 onfi'Tmthe ad of a-Gal Cer vhe
N BRG 1470054 orner ABe el At § 50 M SRS Bt Seb Tl AlPBEr ¢ 4 oo
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and schedul € as used above, differences are note 6-7 week ol'd femal e

BALB/C m r [pat G f { ; 1 = r or
The 1 nl CEgE o FRARIORG, fer MIERICE s SRl Biad A g el o Ml g bR
f or mul at i@h G2suandvéleREs-$ atpvanted anoursawpteeigherrtbae aluneetipdanted Drkks af t er

t he seco V g d tested for anti-HAc-specific 1gG antibody titers
by ELI SA%(AH%ES%&%&Q% titers of anti-HA specific 1gG antibody (AY3) in

. f ol o . Ny . h : . e :
T o o 1008418 HrERNAR bAR G ool dtise 0 hIBHE R q¥lb B aShcET OF
anti - HA _@p-ﬁmhf lattet @ﬁ@mtdoggld(yf ()H)K4)'addmell’ﬂibog.e N)Itlhu@ei g?(e)ksggt@'r Zingi d@sewigt h 8' 2
HA wi.t hout or wth a-Gl. r a- r anal 0qQ. an
S R e isalln o B sBarE fas catla WAt e e Pa it e T e Bl G2 e a
abOV_ef f oralnagm ?ﬁ and'lLﬁaﬁt-Aga @f@r ls?)na!l\mé_tt@ﬁé@dvith_l:bgur@t&za‘\?wm ﬁﬁté - SA
specliTlC anti poaq (0] oW n I MMunNl_Z I QN ‘W . . an
D Lt oSSR S8t IR Bags SomIE e Aot sethalioad. W8] fhs g
viral chahanyeatas ralRrertds &7a90 & 10639.9tHR e Finding VlicaB use ¢ 1,tce &g anti - HA
specific ID%B%antl body (AY5) follow ng i munization with either (A) 0.1 ny

pHA ( pHAGDW&-5d1axeigoed @gdisivapt actigitio in the SREINGH) SINIBWRCRINGEIRAPOCRENS- t est ) or
(B) 0.2 ng HA (pHAO 2 vs pHAQO 2 + Cl7; p < 0.01 , pHAO2 vs pHAO 2 + C26: p
<0.05id Qﬁ’élmﬁUAMfwtm%wmw%art%mmaneg%mfe i ndi cat ed a- Gal Cer

anal og. Figure 52 shows nmouse titers of anti-HA specific 1gG antibody (AY6)
[00247] Globo H, a hexasaccharide (Fucal— 2Galp1— 3GalNAcp1 — 3Galal —

4Galp1 —4GlIcp1) had been shown to be overexpressed on a variety of epithelial cell
tumors such as colon, ovarian, gastric, pancreatic, endometrial, lung, prostate and
breast cancers, with the use of monoclonal antibodies MBr1 (IgM) and VK-9 (IgG3).
In normal tissues, globo H is limited to the apical surface of epithelial cells at the
lumen border, a site that appears not to be accessible to the immune system.
Therefore, globo H is an ideal target antigen for immunotherapy of breast cancer and
other epithelial cancers.

[00248] The adjuvant effects of a-GalCer and the a-GalCer analogs of the present
disclosure C23 and 7DW8-5, were evaluated for globo H conjugated to diphtheria
toxoid (GH-DT) vaccine. BALB/c mice were injected IM with globo H-DT/a-GalCer or
globo H-DT/a-GalCer analogs three times at two weeks interval. Sera was collected
two weeks after the third vaccination and tested for IgG and IgM anti-globo H-
specific antibody at 1:480 and 1:240 dilution, respectively, using a glycan microarray.
As shown in Figure 57A, GH-DT alone did not induce any anti-globo H antibody, but
the addition of C1 or 7DW8-5 elicited significant IgG antibody production. On the

other hand, the production of IgM was observed only in 7DW8-5-adjuvanted groups

63



follow ng i mmunization with either (A) 0.1 ng pHA or (B) 0.2 ng pHA and the
i ndicated a-Gl Cer analog at 0.1 ng or 1 ng. a-@al Cer anal og of the present
di scl osurwoparwdociitbar |y effective as adjuvants at 0.2 ngCphRs2aossoeere C13,
Cl7, C20 and C26. [00244] Figure 53 shows nouse titers of anti-HAc specific
| gG anti body (A) AY3, (B) AY4, (O AY5 and (D) AYl 5 follow ng inmunization
with 0.2 ng pHAc and a- Gal Cer or the indicated a-Gl Cer analog C3, Cl10, C
11, C 13, Ci14, Ci6, C17, C18, C19, C20, C23, (C24, C26, 7DV8-5, and alum
The results indicate that C 1, C13, Cl4, C 17, C26 and 7DWB-5 had the

better ag|] n; [ [ t n..enh n i titer.
To | nves'EE)EUE\rzsﬁtste'thvﬁg%rﬁé{eEj Eﬁé W%%@c fEB n@lﬁ@ QLljué'gpl gw%gnsge}%v[\g&%asb@g&/
enhanced GH-OTheaciree abuldnerthaGat Gpiecifinadntigody prdurichiore sgatndt satbodydm@teas an
adj uvant, 1, C26 and 7DWB-5 were assessed further. As shown in Figure 54,
t he IFN-g" gttt | ng cells increased in a-Gal Cer anal og -adjuvanted groups.
Furthernore, after NIBRG 14 virus challenge, the survival percentage of C
1, C26 and 7DW8-5 adj uvanted groups were higher than alumadjuvanted or pHA
(]

only gro 0 ant effects of a-Gal Cer anal ogs
of the pi@ize‘{?i . 7t after single dose of pHA

vacci nat i t th eks after i zatl on ecific

| 96 ant | BOORPYR Bl eties rdek @ ?@@éffeefdanva'% SEE iR BRbSUES T
(Figure SGp, fod eaamrpeat @d trebinter® hettode @r muoaswé@seeot@@umg, for

ef fectivel Leon]g | et hal chall eg)? %X NI BRG-.14 virus chal | ea%e, W th the

sur vi val e,xéling gelier PESERce 59, RANAgRHYs mego(?%*ﬁﬂﬁnﬁz; InClygingaYit seiat C 1,
C26 and HaWria, ﬂmagiepgﬁ@zbaadjumcermaaﬁéreytésl 86d bberrdre p‘i@tbtnlsr(ﬁrl&fs)Sl ngl e

vacci nati on procedure. [00246] Adjuvant Effect on Pol ysacchari de | mmunogens

[00247] @hop®1]th sareexanasiatyampiendrithifots tREhdthod GrdvNie & aspdigrdbidGal bl

4d cbl) had been shown to be overexpressed on a variety of eplthel ial cell
tunors si@muastherarynfor & gHbight C@'?a]é’f'?'i‘& agraistering en fegiveanannt of ihg,

prost at e @pfho Qﬁ@%?fa SANGCH ixiihd therfisF tHSaes&’éjeéfDﬂ%Cé&ﬂﬁéun%“éél@cﬁQd €SrivBr |
(IgM and VK-9 (lg 2 In normal tissues, glo His Timted to the apical

surface dhe eisuptensislinael ¢ Git1. Q98-C16, C23 and C34
[00252] Antiviral Effects:

[00253] Antiviral drugs are a class of medication used specifically for treating viral
infections. Like antibiotics, specific antivirals are used for specific viruses. They are
relatively harmless to the host, and therefore can be used to treat infections.
Antiviral drugs are available to treat only a few viral diseases. Two useful antivirals
are: the nucleoside analogues and the interferons. There are three classes of
interferons: alpha- beta- and gamma-interferons. The alpha and beta interferons are
cytokines which are secreted by virus infected cells. They bind to specific receptors
on adjacent cells and protect them from infection by viruses. They form part of the
immediate protective host response to invasion by viruses. In addition to these
direct antiviral effects, alpha and beta interferon also enhance the expression of
class | and class Il MHC molecules on the surface of infected cells, in this way,
enhancing the presentation of viral antigens to specific immune cells. Their
presence can be demonstrated in body fluids during the acute phase of virus
infection. Recombinant alpha and beta interferons are now available and have been
used for the treatment of Chronic hepatitis B and C virus infections. However, side

effects such as fever, malaise and weight loss have limited the use. Gamma
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| umen border, a site that appears not to be accessible to the i mune
system Therefore, globo His an ideal target antigen for immunotherapy of
breast camoenivmoe1ot her epithelial cancers. [00248] ThePadjuseenmiosehks ect s of
a- Gal Cer and the a-Gal Cer anal ogs of the present disclosure C23 and 7DW8-5,
were evaluated for globo H conjugated to di phtheria toxoid (G+ DT) vacci ne.
BALB/c mce were injected IMw th gl obo H DT/ a-Gl Cer or gl obo

H DT/ a- Gal Cer anal ogs three tinmes at two weeks interval. Sera was collected
two weeks after the third vaccination and tested for 1gG and I gM anti-gl obo

Hspeci fi 4 il |y, [yl

gl ycan mqrégﬁérra(ﬂxmise "ﬁ %Cﬁﬂ%égﬁ%ng i&eaﬂ%‘rﬁ_ﬁﬁgﬁﬁ %‘(IF Itﬁ%ﬂ%ﬁta%ce any
anti -gl otn@td-darﬂtrahc@edgclfld)m:em hhedatet inmueefesfodsest 7DWB-5 el icited
significant 1gG anti body production. On the other hand, the production of

| gM was ¢08254) eltheomkghanisnt Df\8etiorac meamtEEfelrogscbmqmtmm)mhamcrenﬁérﬁ of theat ed
group (Fi vacci ne

D
Soorh Snislific Bhhine FesRReL B A0 sl s ubsPin APMIC stk ) st ey Son
[ 00249] ANThMsCGREES Atldfmlﬂiwmtérwaﬁﬁ]ndéasétthé|op@0ﬂ¢lﬂﬂf§’rf061$p@(ﬂﬁc an

ot e s S o GReP e B bESHad oPEE A8 Pirdes PN ETRCt B) om ¢ he

presence @gra@dthRasNiral MRNAOSH@®b) RERoR. of| PRSI yAghasls, Wi, prba@ﬁtgmea,
fungi, protozoa, nul t| cel | ul ar parasites, and aberrant proteins (prions).

[ 00251] linfectnmedf aesnllary i npl ementations the method provides an
anti-m crobial inmunotherapy for a su&j‘ ect conprising: adm nistering an

ef f ect | vd0%ARLAD B¥e aSR&shpBEntY ety aGaACer anAlfgs Of) e Prese8b MiSCPsHr& ubj ect |

the compoupd &e! @?ta?ﬂvufeKIQFBattrlﬂéngbpblﬁd gﬁ@&ﬁféﬂ@%ro&ar@ﬁs ifedflousCrikdesl 6, c23
and C34. [00252] Antiviral fects: Antiviral drugs are a class of

medi cat i GHANPRS %fp@f@plmt@a\nw o i @mwlﬁt@r\/@fraaprqteﬁlé@ﬂm@h@e resnease is
anti bi ot iegirai@ahith ?na@’l%]é é{%croﬁ{pfﬁsﬁéc?vuéﬁﬁéj nTe‘Prﬁoo%Rﬁ%u%'dec}HshFés%? utulﬂ”\?@’ are

relatively har m ess and therefore can be used to treat
i nfecti otle NKtsi vra@cameaj@ug@mawh@nﬁaoﬂ the| rresentt gisiesusd linclude, dwt e apt

di seases in[ig §SREN iR ¢.d.8hSman immunodeficiency viruses, such as HIV-1 (also
referred to as HTLV-III, LAV or HTLV-III/LAV, or HIV-lll; and other isolates, such as
HIV-LP; Picornaviridae (e.g., polio viruses, hepatitis A virus; enteroviruses, human
coxsackie viruses, rhinoviruses, echoviruses); Calciviridae (e.g., strains that cause
gastroenteritis); Togaviridae (e.g., equine encephalitis viruses, rubella viruses);
Flaviridae (e.g., dengue viruses, encephalitis viruses, yellow fever viruses);
Coronaviridae (e.g., coronaviruses); Rhabdoviridae (e.g., vesicular stomatitis
viruses, rabies viruses); Filoviridae (e.g., ebola viruses); Paramyxoviridae (e.g.,
parainfluenza viruses, mumps virus, measles virus, respiratory syncytial virus);
Orthomyxoviridae (e.g. influenza viruses); Bungaviridae (e.g., Hantaan viruses,
bunga viruses, phleboviruses and Nairo viruses); Arena viridae (hemorrhagic fever
viruses); Reoviridae (erg., reoviruses, orbiviurses and rotaviruses); Birnaviridae;
Hepadnaviridae (Hepatitis B virus); Parvoviridae (parvoviruses); Papovaviridae
(papilloma viruses, polyoma viruses); Adenoviridae (most adenoviruses);
Herpesviridae (herpes simplex virus (HSV) 1 and 2, varicella zoster virus,
cytomegalovirus (CMV), herpes viruses'); Poxviridae (variola viruses, vaccinia
viruses, pox viruses); and Iridoviridae (e.g. African swine fever virus); and
unclassified viruses (e.g., the etiological agents of Spongiform encephalopathies, the

agent of delta hepatities (thought to be a defective satellite of hepatitis B virus), the
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are: the nucl eosi de anal ogues and the interferons. There are three cl asses
of interferons: al pha- beta- and ganma-interferons. The al pha and beta

i nt er f er oNe 2ar080063450ki nes whi ch are secreted by virus i rCeaSeaInsiks. They
bind to specific receptors on adjacent cells and protect themfrom
infection by viruses. They formpart of the imredi ate protective host
response to invasion by viruses. In addition to these direct antiviral
effects, al pha and beta interferon al so enhance the expression of class |
and class Il MHC nol ecul es on the surface of infected cells, in this may,

enhancin h resent ati n;

Their %@é tf:%eopc? 'Lg n%%e%ﬁgét't' tgl%s?q Hegﬁg\ﬁ'l t?anéi‘rﬁtg%d c'|a§ t%nég %g]ltﬁ §h hase of
virus i nftmtsmdted (Rec blepatitanT); Mlopkalk and réjeteal vinnses, faadasgoersespw avai I abl e
and have been used for the treatnent of Chronic hepatitis B and C virus

i nf ecti 01§80256) Whivad IChadliedge elnifbanzaMinks HEN1 énfectional ai se and wei ght | oss
have limted the use. Ganmalnterferon (immune interferon) is a cytokine
secr et ed [0925THITréa¥nad Vis IP Ifjectiomof aaBualCer Aaakigsance specific T cell

medi at ed i mune responses. [00254] The nmechani sm of action of the

i nt erfer oe258) Higute: 58]s)ho®m1mnoeerr§m|vef atthéo $Ppelay$ post inflasrzangspdiidel. By
i ncr easi n t he ex ression of MHC class | nmol ecul es on the surface of

i nf ect ed THEFYAE. 08 Wersr rertsAdIR inipdions Withe? digpdlr fraILST £ot) pBE &1 ¢

cyt ot oxi QBaTCéﬁbhélon dzcegncsecand il |C1'4”§|¢<§3tcel@ Ca‘?ﬁ'd' Sompadd b ddnfrert _
antiviral effect: a) degradation of viral nRNA and b) inhibition of protein

synt hesi PMRI dHhrgn difreis emEnanisehaduins whreriesiedoFigsie bomsheps purviyak
aspect, the %BE“BALQ/can{?é e Af@At @Ssteﬁ.nbhet @be%mmteéi'p%ge.ﬂwﬁevmé/e use

for antiviral treatnent pr op ylaxi s for various infectious viruses.
Exanpl es coélléngeedt valuss @pmaeretddomnbfhl weienl .40, §32: 4. phsk &% D\ﬁ§6ﬂmru_ne
response des o%ezt%'er alh 8,00/ ﬁﬁemﬁé’— @EFH‘E%B Sh&Ws ¥br@iv5[‘r%té‘%8r?%ﬁ] cthis
di scl osure, utr'l'i zing Cl nes or conmpositions 0 € present
di scl osumaicé melrejdieateldmtalamg atdwvo Iwaeks guaiot &g viRes claliehdaevitheHd HN7 (Widign

o) SR VIR ARL 7 L3 o P8 SH BaL e S

Pi cor navidayslae dags gnd inalvaMh rUSEER ifjegtRin bf sonfroVi d-B3ICENEN) @V thialses,

human coxsacki e virus r hi novi ruses, echoviru . Calciviridae (e.g.,

strains tq%éerc%n 1Rlegs. \R/%en treatment started two weeks be?ore virus challenge an wé

given two times per week, mice exhibited significantly enhanced survival with o-
GalCer analog treatment with all analogs tested (C9, C11, C13 and C14). P values
compared to control were C1: 0.000116, C9: 0.000126, C11: 0.02627, C13:
0.000027, and C14: 0.000147. Figure 59 shows cumulative proportion of survival
with mice that were infected with a higher dose of influenza virus H1N1. In Figure
59A, BALB/c mice were treated starting at two weeks prior to virus challenge with
H1N1 (WSN). Mice were treated at -14 days, -10 days, -3 days, 0.5 h, 2 days, 4
days, and 6 days with 2 ug (IP injection) of control, a-GalCer (C1) or the a-GalCer
analogs. Group 1 is the control group. Group 6 were treated with a-GalCer (C1).
Group 7 were treated with a-GalCer analog C13. Group 8 were treated with o-
GalCer analog C14. Group 9 were treated with a-GalCer analog C16. a-GalCer
analog C16 showed prolonged survival, indicative of C16 having a direct anti-viral

effect.

[00259] Treatment via Intranasal Administration of a-GalCer Analogs
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gastroenteritis); Togavi hdae (e.g., equine encephalitis viruses, rubella
viruses); Flavihdae (e.g., dengue viruses, encephalitis viruses, yellow
fever virweesiojooeasonavi hdae (e.g., coronaviruses); Rhalpdoxishaams(esg.,

vesi cul ar stomatitis viruses, rabies viruses); Filovihdae (e.g., ebola
viruses); Paranyxovi hdae (e.g., parainfluenza viruses, nunps virus, neasles
virus, respiratory syncytial virus); Othonyxoviridae (e.g. influenza
viruses); Bungavi hdae (e.g., Hantaan viruses, bunga viruses, phleboviruses
and Nairo viruses); Arena viridae (henorrhagic fever viruses); Reoviridae

L O e v s
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adenovi ruses) Her pesvi hdae (her pes_ si n{)l ex virus (HSV) 1 and 2, varicella
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of Spongilf ogemeeah:@pﬁalhopﬁai%s analogsagent exsirt déectaahfepmah eff%ES(DM@atght to
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(i.e., He\ﬂmium-[]asbmamm@krdaék(l\alhdm ebli imdvitvo.r MRGK calslwast pr@vzreat%iem)h
[ 00256]

I | enge Vir H1 f 57 Tr eat nent
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at 0 to $8urdﬁ}z5§rqu‘éHOWéH|By€r}ﬁ§ct}Unr MﬁthHFEULAl ViRisegbioBipe M10E BRI\ beat ed
(I'P injection of a-Gl Cer (CL ) or the a- Gal Cer analosCZ C3,

0, C 11,108C{350. cIIae e tiee i MREH Ay ad deteraisedrad oM PaFiEeCcHi f er ent
LT eat nenkrig Z)ggu})esa WA Gert 88 WRY asth@tHrée %%a@%@\yﬁa@gé ¥dsyed st Ypn BALB/ c

mce were ed starting at 30 m nutes post-H virus chall enge. P
val ues compRitieriottbe eptivirenlicargreofdtiN1 prusm4itrac2: 0.5149, C3: 0.5764, C9:
0.5466, C 11 0.2031 , Cl16: 0.0359. Figure 58B shows survival rate when
BALB/ ¢ nil@@264d rAntihacterdd] Effestsi ng at two weeks prior to virus chall enge
with HIN1 (WBN). Mce were treated at -14 days, -10 days, -3 days

hour, 2 d89262] figes sthee infepsicior o8fs @O'%'ﬁys'n@ncpllmmhdw th e T&jﬁl)ﬁ P

inj eCt' OnhtiBhctePM Hale 2vER!fifions GOk VeS8 H&Fedr, the lengthening shadow of
antimicrobial resistance threatens a return to the pre-antibiotic era. Synthetic
glycolipids such as a-GalCer and natural bacterial glycolipids were demonstrated as
CD1-d ligands that activated NKT cells and contributed the antibacterial functions of
the hosts. The antiibacterial activities of o-GalCer were documented in the
amelioration of mycobacterium tuberculosis infections, clearance of lung infection by
Pseudomonas aeruginosa. Infections by Spingomonas capsulate and Ehrlichia

muris were also attenuated in mice by the activation of NKT cells via glycolipids.

[00263] Examples of infectious bacteria to which stimulation of a protective immune
response is desirable, which may be accomplished via the methods of this
disclosure, or utilizing the NKTs, vaccines or compositions of the present disclosure
include, but are not limited to, Helicobacter pylori, Borellia burgdorferi, Legionella
pneumophilia, Klebsiella Pneumoniae, Mycobacteria sps (e.g. M. tuberculosis, M.
avium, M. intracellulare, M. kansaii, M. gordonae), Staphylococcus aureus, Neisseria
gonorrhoeae, Neisseria meningitidis, Listeria monocytogenes, Streptococcus
pyogenes (Group A Streptococcus), Streptococcus agalactiae (Group B

Streptococcus),  Streptococcus  (viridans  group), Streptococcus faecalis,
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Gal Cer anal ogs. Wen treatnment started two weeks before virus chall enge and
was given two tinmes per week, mce exhibited significantly enhanced

survi val wot2hieoeidal Cer anal og treatnent with all anal o@sTiusgtas(3¢9, C 11,
Cl13 and Cl14). P values conpared to control were C 1: 0.0001 16, C9:
0.000126, C 11: 0.02627, C13: 0.000027, and Cl14: 0.000147. Figure 59 shows
cunul ative proportion of survival with mce that were infected with a

hi gher dose of influenza virus H1IN 1. In Figure 59A, BALB/c mce were
treated starting at two weeks prior to virus challenge with H1IN 1 (WSN).
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anal ogs CGI8PONeMe pertens: a't-e%ﬂ%f)"f?oﬁCt'ﬁPWPeﬁ dsr@P“usSp@H’@PmQ% GaPeHIale 1N 1

(VBN) . Ch3gshameshipiabrigrd survival, suggestive of direct anti-viral
effects. In general, certain a-Gal Oer anal ogs may exert direct anti-viral

effects, MZWtEﬂHﬂicﬁeGCBb&te‘ﬂa@ CIgErIR ST | SPHiAGOATdNAET BHpSuIaE: Emfé‘é?ed he
cyt opat hetl c effect (CPE) of Madi n-Darby cani ne kidney (MDCK) cells in

vitro. MMiRecells were pretreated with vehicle, a-Gal Cer or one of the
a- Gal Cer anal ogm_ClS Cl4 or C 16 at 10 ng/m_ for four hours, followed by
i nf ecti ol0Q463) Jnhingemanassapayiateyipa qqmmpqenmw%almr@wrawrﬁ@t\ﬁ rus

titer in fWurPﬁJa'n?ﬁ%sﬁ@ Ehﬂﬁé' At afd vV%Q rrs PO b'ené&fﬂ?'l@éhtﬁ‘lbh%'ﬁ

panel ). t hree a- Gal Cer anal ogs tésted showed
sl ight i mkirisint pear @Iﬁtetsrt@cenw of itepellavacolony 6ploH YRlike giostiSram neigative

[00261) AablchaCh Bhih@bmBRdE LSk P8BEZhor i BSpdifHbb MGl @PsPthaey i 11T n

into clinical "use
used by animals for the activation of the host antibacterial activities. Since the

antibacterial activities of glycolipid antigens are mediated through the activation of
NKT cells by glycolipid bound-CD1-d molecules, evaluation of the antibacterial
efficacies using the disease model of Sphingomonas capsulata infection will focus on
the impact of the NKT mediated pathway that is activated by glycolipid bindings. Six
to eight week old female C57BL/6 mice were injected IP with Sphingomonas
capsulate cells. Four hours after the infection, mice were injected IP with control, a-
GalCer (C1) or the a-GalCer analogs (C3, C9, C11, C14, C16 or C17) at 50 or 100
ug/kg. Twenty-four hours after bacterial infection, livers were removed from mice
and homogenized. Colony formation units (CFU) of Sphingomonas capsulate in liver
homogenates were determined by plating diluted samples on nutrient plates.
Colonies were counted after incubation for 48 hours at 37°C. Figure 61A shows that
the CFU numbers of the groups treated with a-GalCer and C11, C14, and C16 at
100ug/kg, 24 hour after bacterial infections, are significantly lower than the control
group. To confirm the antibacterial efficacies of these a-GalCer analogs, another
study was conducted to repeat the study by treating infected mice with 50 ug/kg in

the same disease model. Figure 61B shows that the antibacterial efficacies of mice
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anti bact ehal s have saved mllions of |ives. However, the |engthening shadow
of antim crobial resistance threatens a return to the pre-antibiotic era.
Synt het i cwglzyalosjasds such as a- Gal Cer and natural bact eciraiS2glopssks pi ds
were denonstrated as CD1-d ligands that activated NKT cells and contri buted
the antibacterial functions of the hosts. The antiibacterial activities of
a- Gal Cer were docunented in the anelioration of mycobactehum tubercul osis

i nfections, clearance of lung infection by Pseudonbnas aerugi nosa.

I nf ecti ons by Spingononas capsul ate and Ehrlichia nuris were al so

att enuat L R € [ [ K | | i 1 pids, [00263]
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meni ngi tiyglirs fodrdSh 8id EFUMNAME-OFANES afflirEiBt WERS GHSeRNABDESakdaup A
Streptococcus), Streptococcus agal actiae (G oup B Streptococcus),

St r ept 0c(66266] (BHHANERAB 414A)GleHanB-0AEESERa PABGA dnfacinfE€RbAMICBUS boVi s,
Streptococcus (anaerobic sps.), Streptococcus pneunoni ae, pathogenic

Canpyl obagh 2573 ﬂi.,pn’éﬂh‘%ﬁ%‘é%ﬁ@raﬁpn%ga@% ALRrAmStRat cAIRBEMAH dpdsedddddienzae,
Baci |l lus antraci s, corynebactehum di pht hehae, corynebactehum ‘gqp ,

Erysi pel 3 ReSOiRa S sfigupidieeasein Saivagi amensedipbetitgeationtsgl fuguie @H sawset ani |
Ent er obaggt.gr ' j rel: j

Bact er o) Qee S8 O IR RO e MABSHE® Mo GRTIA R I I R

Tr eponemdiv@radftdardijaetorTr Biopiehu fpmeteemias, werepaamipisteied Actingie wpse of live ael i i,

o 190 AR SRR VS LR BE A AL IR o P70 CEAR RS,

Bacteri al arance = 5p monas psul ecte | _ _
Sphi ngom@iSecafsod aia dts08 (g viceesv4-hoomand 8lhobaafter hatterdl ifédliohhat i s
found in_man | aces such as the air and water. It can be easily identified
on Twenty tour hours after infection, both the liver and lungs were collected fromi each

mouse, and homogenized. Bacterial counts were determined similarly as described

above.

[00268] The extent of bacterial clearance by C14 is found to be greater than the
clearance by C1 as shown in Figure 62.

[00269] Antifungal Effects:

[00270] T helper cell type 1 (Tu1) cell-mediated immunity plays a critical role in
protection against various infectious fungi. In still another aspect, the a-GalCer
analogs of the present disclosure may be used in antifungal therapies. Antifungal
drugs are used to treat infections caused by fungus and to prevent the development
of fungal infections in patients with weakened immune systems. Fungal infections
have become one of the leading factors contributing to morbidity and mortality in

immunosuppressed patients.

[00271] The innate host defense against fungal diseases is based on the action of
phagocytic cells (PMNLs and macrophages); both the number and the function of
these cells can be regulated by the colony-stimulating factors (CSFs). On the other

hand, acquired defense involves cellular and humoral immunity that requires
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nutrient agar plates because of its yellow colony color. Unlike nost G am
negati ve bacteria, Sphingononas capsul ata does not contain

| i popol yswiochade3s1§LPS) that is used by ani mal s for thePatttiseewiosns2of the
host anti bacterial activities. Since the antibacterial activities of

gl ycolipid antigens are nedi ated through the activation of NKT cells by

gl ycol i pid bound-CDl1-d nol ecul es, evaluation of the antibacteri al

ef fi caci es using the di sease nodel of Sphingononas capsul ata infection wll
focus on the inpact of the NKT nediated pathway that is activat ed by
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11, Cl4, and Cl6 at 100ng/ kg hour ter bacterial infections, are
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with C 11, Cl4, C 16, a al so Cl5 are in co arls t he
Uit reat edt 0 VAR MISTRECE e GPERTELENEU G BRIoch s a0t 1omiiep cie,

t he di ff%rngmg%eyg)/ e¥i@kues of the CFU per gramliver is not stati stically
significant igure 63 shows that the CFU nunbers (in lungs) of the groups

treated po2v2fdaniped 3t irdéctiols TOA Qo atieh stisuldtion adit a ipfote@iieaimrgie t 0 t he
untreated group. Simlar results were found in the CFU nunbers in livers

after ni ¢esReape is dearaiewibishapay decaccemplipiesb B |Rdeiiaiesed Maeted!Car
a ear anc%nial\?g' @fgﬁl'eebr‘eéerﬁ” WoBEr8alb %Ftur‘?%o b‘r‘r?atu[aﬂ%ﬁ? K%ntllﬂJ MRiRe s a

G am negat cteriumt at causes lver SCess an eco ng a seri ous
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albicans. Other infectious organisms (i.e., protists) include: Plasmodium sp.,

Leishmania sp., Schistosoma sp. and Toxoplasma sp.

[00273] SYNTHETIC a-GALACTOSYL CERAMIDE ANALOGS SUPPRESSING
BACTERIAL AND VIRAL INFECTIONS IN MURINE DISEASE MODELS

[00274] Natural killer T cells contribute to a variety of immunological process
through the recognition of lipid and glycolipid antigens presented to CD1-d
molecules. CD1-d are major histocompatibility complex class | like proteins and are
expressed in most monocytes, macrophages, dendritic cells, B cells, as well as
nonlymphoid cells. CD1-d presents glycolipids antigens to CD1d-restricted T cells (or
NKT cells) that are implicated in the host innate defense system through the
production of Th1 and Th2 types of cytokines, such as IFN-y and |IL-4. Among the
variety of ligand that binds CD1-d, the most well-studied ligand is alpha-Galactosyl
Ceramide (a-GalCer) that is the synthetic, structurally optimized o-linked
glycosphingolipid from the marine sponge, Agelas mauritianus. Synthetic glycolipids

such as alpha-galactosyl ceramide (o-GalCer) and natural bacterial glycolipids were
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liver after injection. BALB/cByl fenmale mce were adm nistered a single
dose of |live K. pneunoniae by oral gavage. Mce were injected with control,
a- Gal Cer wo 20tv006315Gal Cer anal og Cl4 at 100 ng/ kg tw cePat/us26000503251d
8-hour after bacterial infection. Twenty four hours after infection, both
the Iiver and |lungs were collected fromeach nouse, and honogeni zed.
Bacterial counts were determned simlarly as descri bed above. [00268] The
extent of bacterial clearance by Cl4 is found to be greater than the

cl earance by C 1 as shown in Figure 62. [00269] Antifungal Effects: [00270]

T hel per cel]| ¢ TH 1) cell-nedia i nity plays,a.critical role in
ororenti seborled AR Taatte iRat PGS K O raite il Bahr baeiGer Ot e
a- Gal Cer |amzhegshefprbfeetidh @ entiatits ChfopfgcBom@YMBRy Usedider #Hlddsunend

t herapi es. Antifungal drugs are used to treat infections caused by fungus

and to pﬁév@ﬁﬁiz?%e Qféﬂ/ém'@ﬁﬁ%rmo‘Bflatfr\QngﬁiVit'ieﬁf‘@%rﬁi Jiewvn o pateaRds tthe _
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hurmor al i nmunj. t tEat requi resinteracti ons between anti gen-presenting
cells, TW%&W&% ttagse r§°|%§\‘+lﬁﬁocyt es, and NKs that are driven and regul at ed
by cyt oki h I1-2 and | F . TIh tential inportance qQf inmmune
o2t Dvan + a0 g Sheanas iR ohbe.svalein SR ol tor BB Bt S el ung
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guestions about novel antifungal strategies for Candi da and aspergillus
i nf ect i orséseape fadelpt Apwngnall &F the| testetl osynthiatiskertealConpralpgenti®eddti bed.

First, e ' L [ i nduc | £a: f -2,
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factor (@rd&e)on ageing itize bacteydleantadrad piiediens al onyine tmodelsatlhegrb@cticr

(G CSF) 'effg(r:]tgso C%)ﬁta?lélmno% eftEetive when given in a prophylactic manner or shortly after

infections.

[00276] Antibacterial efficacy of a-GalCer analogs using Sphingomonas

capsulata infected mice

[00277] The Sphingomonas capsulata infected mice were used as the infection
model to evaluate the antibacterial efficacy of some of the synthetic glycolipids. S.
capsulata is a common environmental bacterial strain that is found in many places
such as air and water. It can be easily identified on nutrient agar plates because of
its yellow colony color. Unlike most Gram negative bacteria, Sphingomonas
capsulata does not contain lipopolysaccharide (LPS) that is used by animals for the
activation of the host antibacterial activities. The antibacterial activities of glycolipids
are mediated through the activation of NKT cells by glycolipid bound-CD1-d
molecules, evaluation of the antibacterial efficacies using the disease model of
Sphingomonas capsulata infection will focus on the impact of the NKT mediated
pathway activated by glycolipid bindings. Figure 65 shows that the CFU numbers of
the groups treated with 100 pg/kg C1, C11, C14, or C16 at 24 hour after bacterial
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in turn activate or enhance the antifungal function of phagocytes agai nst
Candi da and Aspergillus species. [00272] Exanples of infectious fungi to
whi ch st iwol2atoie16f a protective i mmune response i s de®Craisk@g/opdseeh nmay
be acconplished by adm nistering an a-Gal Cer anal og of the present

di scl osure alone or in conbination wth an antifungal drug include, but are
not limted to, Cryptococcus neof ormans, Hi stoplasma capsul at um
Coccidioides inmtis, Blastonmyces dermatitidis, Chlanydia trachomatis,

Candi da al bi cans. OQther infectious organisns (i.e., protists) include:
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factors for the immune 'nodul ating
The anti-bacterial and anti-viral properties of a-GalCer and three analogs, 7DW8-5,
C23, and C34 that are known to induce higher levels of IFN-y secretions in NKT cells
were studied. These four glycolipids were first evaluated using the S. capsulata
infection model in C57/b mice. The table of Figure 72 shows that all four glycolipids
at 50 ug/kg are able to suppress S. capsulata infection to greater extents than
vehicle treated mice with p values small than 0.001. However, among the four
glycolipids, their efficacies were not significantly different in the S. capsulate infection

model.

[00279] Antibacterial activities of a-GalCer analogs in the thigh-wound mouse

model using luminescence Staphylococcus aureus (Xen29)

[00280] Intraperitoneal injection of C57/B mice by S. capsulata often results in
transient infections, and treatments with glycolipids hasten the clearance in 24 hour
post infection. However, in the absence of any treatments, the infections often are
cleared in 2-3 days. To evaluate the antibacterial efficacy of the a-GalCer analogs, a
more relevant disease model of mouse deep thigh wounds by injection at mouse
hind thigh muscle with luminescence S. aureus Xen29 was used. The S. aureus

Xen29 infection can be monitored by image analyses of live mice to reduce the
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properties of these nolecules. [00275] The efficacies of sonme of the
synthetic glycolipids for the protection of both bacterial and viral

i nf ecti orwoweroosEser m ned usi ng several nurine infecti ea3/use@oass2srodel s.
Anmong all of the tested synthetic a-Gl Cer anal ogs, the 4-(4-

f | uor ophenoxy) phenyl octanoyl nodified a-Gal Cer (C34) is nost active in the
protection against the bacterial and viral infections in nmurine nodels. The
protective effects of C34 are nost effective when given in a prophylactic
manner or shortly after infections. [00276] Anti bacterial efficacy of
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medi at ed [%Zaixlx&tautalv&wewa@pnglcyfcomq;ailaelbi aoalegs. usinar hes Jenanese hat t he

CFU numﬁrﬁgﬁhgﬁ{?mgwﬁyyﬁ@ét% %Imlmg ‘%[g/ kg C1, C 11, Cl4, or Cl6 at

24 hour erial ctions are signitficantly | ower than the control
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Furthermore, the protective effects were even more profound in mice receiving the

glycolipids such as C34 and 7DW8-5 with a survival rate of 64% and 71%,

respectively (Fig. 67). These results strongly suggest that glycolipid-stimulated NKT

cells likely contribute to host defense against JEV infection. Similarly, those analogs

effective in protecting JEV infections were also found to prolong the survival of

influenza infected Balb/C mice (data not shown). To further dissect the requirement

for the glycolipid-mediated immune protection, tests were conducted to determine

whether the beneficial effects of C34 and 7DW8-5 were still noted in certain immune

deficient mice. Apparently, both of the innate and adaptive immune components are

required for these glycolipids to trigger a protective immunity against JEV, as no

beneficial effect was noted in mice lacking Stat-1, immunoglobulin p-chain, or CD8a-

chain (Figure 68 (A-C)).

[00283] The anti-infectious activities of a-GalCer analogs are most effective

when administered in a prophylactic manner

[00284] Assessments were performed to determine whether these glycolipids could
generate protective immunity if they were administered post viral infection. Besides

the two-dose protocol described above, several one-dose protocols were also tested.
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nore potent in suppressing S. capsulate in vivo than C 11, Cl4 and C 16;
even though the differences are not significant. [00278] The production of
Thl cyt okwoesiomeilhought to correlate with the anti-tumpCI/Usneoo/beses eri al
and anti-viral effects of glycolipids while the ability to induce the Th2
cytokines is thought to correlate with the anelioration of certain
aut oi mune di seases, such as type 1 diabetes. Many a- Gl Cer anal ogs were
synt hesi zed recently, and their cytokine induction profiles were
characterized in vitro or in vivo. The anti-bacterial and anti-viral

roperti a / are
Ponn t o GrRRsNiENo PR Ry B ol @ sk bR R B nd By
st udi ed. oTMalemifeunbn,gblwteU|a)mdaakmepmtéotweteffexzabsuabeqbarmi g thehevd@Bdosmapsul at a
i nfection del,in e, The abl e . Fiqure .72 sho t hat f our
olveol | oiPadBEd Gt 5 s Bur Kol T g dois wlesaild 308 Rl Bk <
greater eanfeetiins ﬁ&@mtu@thincbgauhsteaEvdcmar:reagw ﬂmlcp beahoes ¢higl 6ot (3aB))0. 001 .
their efficacies we

Ho |
S gni 1 cAHEP e (ot oo eaBieE Lptting oS 6 Houereibpotme;

Ant i bact efepahdartlevihtl TS effec®-dFatddesdrmnmiagen timek Nerdudi \lat Westtien euse nodel
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post infecfion. However, in the absence of {etreat ments, the infections
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the a- GalGRryANGHL IuchzEHBctdh Elsg'pﬁgléﬁﬁew sf@L |ff59Ht‘F93 ElggRethi gh

wounds by injéction at nouse |g nmusc m nesc nce S. aureus
Xen29 wad. Q@é?dthenﬁbesehlal@rt&aéed@mg Simfilee ta JnV idectise, esinidledest ¢fyC34rage

al Tow reshacel ol el MBS RAEARRRE By BonfRRT b T BED TR, ©
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M R SR A e e
si gni fi caost infieéticer, ehsmﬁer(@@l@ar@ﬂ:ce) warecmmsarprsmmmmmt tiee vgrbuie | &f triieat ed
group is a?j(r)r;[lr%gtePecJ \XIth &351 |m gy aﬁgretlh\éltkﬁllgh infections were introduced. For the
group receiving C34 at 6 hr after thigh infection, improvement in bacterial clearance
is noted, but the difference to the vehicle treated group is not significant (Figure 71).
Similar bacterial clearance profiles were observed when examined at 72-hour post
infection (data not shown).

[00285] Both bacterial and viral infection murine models were used to evaluate the
infection suppression efficacies of several a-GalCer analogues and found that the 4-
(4-fluorophenoxy)phenyl octanoyl modified a-GalCer (C34) is most efficacious in our
models. Previous studies showed that a-GalCer treatments are complicated with the
association of detrimental side effects and the treatment efficacy was influenced by a
variety of parameters. Natural killer (NKT) cells respond to infection associated
glycolipids stimulations as well as by cytokines produced by dendritic cells activated
by microorganisms. Thus, in experimental mice receiving both glycolipids and
infection challenges, Complex stimulation to the murine immune system is expected.
The cytokine responses were documented in the influenza infected, o-GalCer-

treated, or both influenza infected and o-GalCer-treated mice. Greater serum
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C34. This result thus suggests that C34 treatnent may have high probability
to be beneficial to bacterial clearance in this disease nodel. [00281]

Anti vi ralwevalumsiion of a- Gal Cer anal ogs using the JapameSTaSEmospisasiti s
Virus (JEV) infection animal nodel [00282] To determ ne whether glycolipids
elicit protective immunity agai nst Japanese encephalitis virus (JEV)

i nfection, a two-dose protocol was used, in which that glycolipid was given
one day before and one day after viral challenge in mce. The prototype

gl ycol i pid, aGaICer (CL ) , and a glycolipid derivative C23 increased the

m ce surV| fr 10/ 1% as r 0] v ngrol £LFiqure 67).
Fur t hor ViR g4l dodid e BB EB TRkl e b afguing Hrafy

recei vi ngobipéicagiey and wpnma’sdjiférea’sommaind tinidd8-5 with a survival rate of
64% and 71% respectively (Fig. 67). These results strongly suggest that
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certain igmarie d¢f dupprdising (Fr%‘ectﬁ‘ﬁ’ﬁa%@hl )édm'i?@ét@re‘af beffe | BnahertRn@fadapt i ve
i mmune conponents are required for these glycolipids to trigger a

prot ect | vestiamumfegtiongaesdlt mJEaﬂeobgnrn@nebéﬁr@ﬂiabp@ﬁ withdiareniinelnsaet n i ce
lacki ng Statindmatel neg! BbHle BisBrS @y Qélo A &J?%bpaél'é' BHat Efoﬁ@ne( A-Q).

[ 00283] e anti-Infectious activiti a- Ga. Cer anal ogs are nost
ef f ect i verethelionaegainst dnfectéansi both the dtpﬁgsl @rmt admimiatiagong tmgsm]‘ gAsslgrdsrent s

wer e perfn%%ﬁ@béﬂp&'?ﬁrﬁcﬂh% b‘@%ﬁa&f t hese gl ycolipids could generate

protective I nmun adm ni stered post viral infection. Besides
t he two-dose protocol descrlbed above several one-dose protocols were al so
tested. d ycolipids C34 and 7DW8-5 given only once at one day before or at

t he same [g@gqﬁmu THEH?QWPB RUTEM rotective effect as
conmpared 'to rﬁmﬁ%mver if the

glycoli p'[ﬁ'@éﬁr&t&h\fﬁu%@nr%sglwﬂ‘am grbr\ébﬁ(_‘?dwn in the regulation in the immune
system resulting in an inflammatory response directed at self-antigens and tissues.
Autoimmune diseases are the third most common category of disease in the United
States after cancer and heart disease; they affect approximately 5%—8% of the
population or 14—22 million persons. Autoimmune diseases involving the destruction
of self-antigen by T lymphocytes includes, but are not limited to, multiple sclerosis,

insulin-dependent diabetes mellitus, and rheumatoid arthritis.

[00289] According to the current dogma, inflammatory autoimmune diseases such
as myocarditis are primarily attributable to Ty1 responses, with IFN-y as the
prototypic cytokine; Ty2 responses where |IL-4 dominates are believed to reduce
autoimmunity. Because the o-GalCer analogs of the present disclosure can be
designed such that a Ty2-biased immunogenic response is initiated, these a-GalCer

analogs can be used as immunotherapies for autoimmune diseases.

[00290] ADJUVANT ACTIVITIES OF a-GALCER ANALOGS
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i nfection, no protection against JEV challenge could be noted (Fig. 69
(A-B)), suggesting that glycolipid-nediated i mune nodul ation is an

i nf ecti orwOizod®pERndent event. The effects of C34 adm niPETrERIOMO5G3RTES
versus viral infection time were also evaluated in influenza infected

Bal b/ C m ce. Adm nistration of C34 one day before influenza infection was
nost beneficial to nouse survival (P value < 0.0001 ) . Treatnent with two
doses of C34 admi nistered both one day before and one day after influenza
infection could also prolong survival significantly (P value = 0.0002) then

t he vehi eat.ed_group. .Simlar t infection, a si e dose of C34
gi ven onib@%ﬁ Aﬁjgyar?tnf ?%é‘ﬂﬁ Si %eC%%&leVr sa%'[%gﬁenf i c?%llqﬂ'lf-’o NS al (Fig
7). The eldhtiaistered iffdnadeunirBt ration tines on bacterial clearance in the
S. aureus thigh infection nodel were al so studi ed. When nouse infections
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and similar level in C23 (14538 + 3223) and C26 (16350 + 2193) group (Figure 73A).
Upon virus challenge none of the mice received pVAX vehicle survived, but all mice
which received C1, C23, C26, C34 as adjuvant survived. Although the survival of
pCHAS5 only group (80%) was not as good as glycolipids-adjuvanted groups, the
differences in survival were not statistically significant (Figure 73B). Therefore, the
adjuvant effects of these glycolipids were not clearly delineated in this regimen.
However, the intramuscular injection route had not been evaluated for vaccine

delivery.

[00293] Next, the adjuvant effects of glycolipids on single dose of pCHAS delivered
by IM injection were evaluated. Mice were vaccinated intramuscularly with one dose
of 50 microgram pCHAS5 with/without glycolipids or alum. Three weeks later, sera
were collected and mice were challenged with NIBRG-14 virus. Induction of HA
specific antibody response were observed in pCHAS5 (3692 + 897.5) vaccinated mice
and the transditional alum (2192 + 547.5) adjuvant didn’t show a better effect.
However, increased titers were noted in the presence of glycolipid adjuvant C34

(7208 + 1482) treated groups (Figure 74A). Similarly, enhanced cellular immunity as
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conplicated and varied at different observation tinmes. [00286] The efficacy
of a-Gal Cer in the protection against |ipopolysaccharidei nduced shock was
found to we 2tovasnal on the tine of admnistration whil @eCrhis2glopssks pi d
needs to be adm nister before or within 2 h after LPS challenge. Qur in
vivo studi es using bacterial and viral infection nodels also showed that
C34 is nost effective in suppressing infections when adm ni stered before or
shortly after infection. Infections result in varied i mmune stinmulations
with different kinetics that are intinmately related to the di sease
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reduce autoi nmunity. Because the a-Gal Cer anal ogs of the present disclosure
can be débicghrigs sould epance HA-3peadie cantivatndidrrRi caisdpmsienbes afniFNat ed,
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high titers of an
virus strains two years ago, it might be out of date. 1192 full length HA sequences

were collected and a new consensus HA sequence, termed pCHA5-II, was obtained.
There are 5 residues mutated in pCHA5-II when compared to pCHAS. The adjuvant
effect of glycolipids in these two consensus HA DNA vaccines were compared.
Groups of mice received EP/IM injection of either 30 microgram pCHAS or pCHA5-II
in the presence/absence of glycolipids as adjuvant. Mice received two vaccinations
at 3 weeks interval and sera were collected two weeks after the last immunization.
The anti-HA antibodies titers were tested by ELISA and no significant difference
were observed between pCHAS and pCHAS-II with or without glycolipids as adjuvant
(Figure 75A). However, there were significant difference between pCHAS5 and
pCHAS5-II when challenged with highly pathogenic wild type H5N1 influenza virus
(E319). No matter which glycolipid was added as adjuvant, the protection conferred
by pCHA5 was not remarkable (Figure 75B) No mice survived in pCHAS only group
whereas about 10% and about 20% of mice survived in 7DW8-5 and C34 adjuvanted
group, respectively. In pCHA5-1I vaccinated groups, the C34 and 7DW8-5 glycolipids
could improve the rate of survival from about 20% to about 50% and about 40%,
respectively (Figure 75C). In conclusion, although the antibody titers were similar
between pCHAS5 and pCHAS-II with or without glycolipids, pCHAS5-II conferred better
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anti bodi es and conferred 100% protection to | ethal challenge of N BRG 14
virus. Wth such high dose pCHA5 delivered by EP/IM the addition of

gl ycol i piwe 20ouloa318ot enhance i mmune responses furt her. PCharsedo/08328 he

adj uvant effects of glycolipids for pCHAS vacci ne delivered by

intranuscul ar route instead of EP/IMwere tested. Mce were injected with
30 ng pCHAS with/without 2 ng glycolipids (C1L , C23, C26, C34, and 7DW8-5)
i ntranuscul arly and boosted with pCHA5 al one two weeks later. Sera were
collected and nmice were challenged with NIBRG 14 virus 2 weeks after the
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titers were noted in the presence of glycolipid a uvant Cquﬁﬁ(_|7208 1482)
treated dvlipaal( ENJW@CPQM}J ESISRQhr tegt. E}%a@céﬁl A%I'a’tﬂdp rirester
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i n pCHAS 7selig (849 +53 67) of pCHAS-II (p < 0.01). Such cell-mediated immune responses
were increased by adding C34 as adjuvant., The IFN-y secreting cells in 1 ug (151.2
+ 22.58) and 4 ug (146.5 + 19.41) of C34 adjuvanted groups were better than 0.5 ug
(106.7 £ 19.31) and 2 ug (95.56 + 10.06) of C34 groups but the differences were not
statistically significant (Figure 76B). Upon intranasal challenge with lethal dose
NIBRG-14, The dose effects of pCHAS-II were shown in protecting mice against
viruse challenge. The survivals of mice were increased from 10% (50 nug) to 40% (75
ug) and 70% (100 ug) in pCHAS5-1I groups. Furthermore, adding 2ug C34 into 50 nug
and 75 ug of pCHAS5-II groups could increase the survivals of mice from 10% to
100% and 40% to 100%, respectively (Figure 76C). Although the survivals of mice
were not as good in C34 at 0.5 ug (80%) and 2 ug (75%), the differences did not
appear, based on these test, to be statistically significant (Figure 76D) under the
experimental conditions at the time. The addition of 1 ug C34 as adjuvant to 100 ug
pCHAS5-1I increased the survival of mice from 70% to 100%. These data suggested
that 50 ug of pCHAS-II with 2 ug of C34 in one shot vaccination schedule might

provide good protection against virus challenge. To ensure the effect of protection,
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0.5 per 2 x 105 cells and increased significantly (p < 0.05) in glycolipids
adj uvant ed groups, such as 66.33 5.3 in C1l, 176.7 2.3 in C34, 69.17 1.5
i n 7DWB- Byoant/®83156 8. 72 in alum Upon chal |l enge w t hPCaftusadoodsmses of

NI BRG 14 virus, none of the animals in the control (pVAX) and 20% f or pCHA5
only group survived. The survival of mce wth adjuvants was 40% for C 1
and 7DW8-5 group, 60% survival for C34, and 0% survival of alum The
survival difference between the alum and gl ycolipid adjuvant groups is
statistically significant (P < 0.05) (Figure 74C). Overall, glycolipids
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virus. [ QPpedk té\@rawdona safetfornilates. of a- Gal Cer anal ogs for pCHAS-11 vaccine
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VN1194 (IDso = 0.00408) and TK (IDsp = 0.003054) could be significantly enhanced.

No difference was observed between the pVAX and pCHAS with/without C34 group

on the ID05 and Anhui05 HA-pseudotyped virus neutralization. These results

suggest that C34 as an adjuvant in some implementations can act to increase the

neutralization capability against various strains of virus at suboptimal pCHA5

vaccine.

[00298] The mechanisms responsible for the adjuvant effect of C34 through IM/EP
route remain unclear. To explore the mechanisms of the adjuvant effect of C34, sera
were collected at 0 hr and 20 hr after boost and cytokines were assayed by luminex.
The analysis revealed that (Figure 78) very low to undetectable levels of IL-1a., IL-3,
IL-4, IL-6, IL-10, IL-12p70, IL-15, and TNF-o were found in pCHAS with or without
C34 adjuvant groups. Serum levels of IFN-y, G-CSF, IL-5, IL-17, KC, MIP-1B, and
RANTES were significantly increased after boosting in C34 adjuvanted group.
Furthermore, IL-2, IL-5, IL-12p40, IL-13, IL-17, IFN-y, MIP-1a, MIP-1B, KC, RNATES,
and G-CSF were found to be substantially higher in C34 adjuvanted group than in
pCHAS only group. In addition, decreased levels of IL-1p were found in pCHAS
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bet ween pCHAS and pCHAS-Il with or without glycolipids, pCHAS-I1 conferred
betterprotection than pCHAS and the protection ability of pCHASII| was
enhanced W9 20toogitgcol i pi d adj uvants. [00296] Furt her nDIPET/USR0OOMES28

i npl ement ati ons optimal dosages under certain conditions were eval uated and
suggested that a dosage of pCHA5-1| and C34 delivered by I Mas one shot
vaccination in sone circunstances is optinmal. Various dosages of pCHAS5-II
(50, 75, and 100 ng) and C34 (0.5, 1, 2, and 4 ng) were used in determ ning
formul ati ons for pCHA5- II/CB4 vacci ne. 3 weeks after vaccinati on sera were
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C34 adjuvantnot only increase the potency of neutralization but also can act to

broaden the spectrum against various virus.

[00300] EXAMPLES
[00301] Glycolipid Analogs of a-GalCer, Reagents and Mice

[00302] o-GalCer (C1) and synthetic a-GalCer analogs of the present disclosure
were synthesized and purified by column chromatography by techniques previously
described in Fujio ef al. (2006) J. Am. Chem. Soc. 128:9022-9023; Xing et al. (2005)
Bioorg. Med. Chem. 13:2907-2916; Kinjo et al. (2005) Nature 434:520-525; Wu et al.
(2006) Natl. Acad. Sci. U. S. A 103:3972-3977; and Wu et al. (2005) Proc. Natl.
Acad. Sci. U. S. A 102:1351-1356; each of which is hereby incorporated herein by

reference.

[00303] The synthetic a-GalCer analogs of the present disclosure, as shown in
Figure 2, were separated into four groups based on their chemical structures. Group
I: C2, C3 and C14 are of bacterial origin, Group |I: C4, C5 and C9 contain sulfur
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that 50 ng of pCHA5-11 with 2 ng of C34 in one shot vaccination schedul e

m ght provi de good protection against virus challenge. To ensure the effect
of protecvpanioaleis 100 ng of pCHAS-11 with about 1-2 nBCOfUSEBY/0503280Nne

i npl enent ati ons appears to provide a safe formulation. [00297] To explore
the cross-neutralization capability of antisera in mce i mmunized with
pCHAS with/wi thout C34, the suboptiml dose of pCHA5 was used and the sane
vacci nation schedul e was applied. Two weeks after |ast vaccination, mce
serum was taken and assessed by HA- pseudotyped virus neutralization assay.

F Vi 9 | D05
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I7-|¢- psfﬁd@n_ﬁmﬁ’d’ sotala tﬂﬂlgtﬁ’tgﬂph?@éplmﬁg(ﬁéuﬁﬁob\moﬁg tiséz;tevwembanélb@ IA®OCF| gur e
0% ot S35 825\ e ko LR e s ) o Sty
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respective reover, the neutraljzation efficacy of C34 adjuvanted

group ang r%tCZ\?Nf %&'5(4"9500‘”'@ oithdBerida grave (s the 0’*‘@0‘8‘0@9 €801 d be

si gni fi cayt YD?\'félé%?@ﬁ'rodN%d% ﬂ‘hﬁﬁﬂ@d’#@ﬁﬁeﬂ‘@&g%ﬁi (0,‘?31) RehABRENY RRg P¥AX and
pCHA5 wi t h/ W t hout grou and Anhui O HA- seudotyped Vi rus

neut ral i £&&% %6 afﬁé?@@d'f*@émltgsw@n@l@r@vp thil) at3he phean g lﬁﬁérﬂﬁ Medikeshe

i npl enentations can act to increase the neutralization capability against
various strains of virus at subopti nal 5 vaccine. [00298] The

mechani sns responsi bl e for the adj uﬁect of C34 through IMEP route
remai n unclear. To explore the nech of the adjuvant effect of C34,
sera were collected at 0 hr and 20 hr after boost and cyt oki nes were

assayed Yokl iRkopnEhg| FOAPHF)S reveal ed t hat g FiedBhenyl Bing: Shwbes £ 0
undet ect abl e | evel s of a, 1L-3, IL-4, IL-6, 2p70, 1L-15,

and TNF- sgbsidwiiory eluthe waﬁawmgowphﬁmdrmvmyrfbdwoapineam )u@tath? F@%M‘p%ng Ser um
l'level s ofyifFhl Gy fifSrSptenyl Wit the ool 4% ndW-Fard dositBR%r one of a difluoro,

trifluoro, tetrafluoro and pentafluoro phenyl may also yield useful properties; and

C17 contains a truncated phytosphingosine.

[00304] Synthesis of glycosphingolipid compounds C12 and C13 are summarized in
Scheme 1 (Figure 3). Characterization data for these compounds are described
below.

[00305] Compound C13 (lot. MFJ3-017-1): '"H NMR (500MHz, CDCls-MeOH 4:1)
8: 7.26 (m, 2H), 7.23-7.19 (m, 2H), 7.18-7.14 (m, 1H), 4.90 (d, J = 3.9 Hz, 1H), 4.24-
4.19 (m, 1H), 3.86 (dd, J = 10.8, 5.2 Hz, 1H), 3.82-3.62 (m, 7H), 3.58-3.53 (m, 2H),
2.92-2.84 (m, 1H), 2.67 (ddd, J = 13.7, 9.3, 7.5 Hz, 1H), 2.16 (m, 2H), 2.06-1.98 (m,
1H), 1.74-1.65 (m, 1H), 1.62-1.53 (m, 2H), 1.33-1.19 (m, 44H), 0.88 (t, J = 7.0 Hz,
3H). ®C NMR (125MHz, CDCl-MeOH 4:1)s: 174.06, 141.93, 128.25, 128.01,
125.43, 99.48, 74.60, 70.75, 70.44, 69.99, 69.52, 68.66, 67.03, 61.69, 50.15, 50.06,
36.27, 34.13, 31.67, 31.59, 29.43, 29.31, 29.15, 29.09, 25.55, 22.41, 17.60, 13.76.
HRMS (ESI-TOF) for C44HsoNOg* [M + HJ* calcd 766.5827, found 766.5813.
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RANTES were significantly increased after boosting in C34 adjuvanted group.
Furt hernore, IL-2, IL-5, IL-12p40, IL-13, IL-17, IFNNg, MP-1 a, MP-1 b,
KC, RNATBS0 2ar0h0631€SF wer e found to be substantial |y hi goEuszensases28

adj uvanted group than in pCHAS only group. In addition, decreased |evels of
IL-1 b were found in pCHA5contai ning C34 group conpare with pCHAS only
group. The data shows that, in sone exenplary inplenentations, adjuvant
effect of C34 correlate with higher production of proinflanmtory

cytokines, T helper type | and Il cytokines and chenokines involved in cell
proliferation and chenotaxis. [00299] The cross-neutralization capability
of antisera in mce imunized with pCHAS-11 wi th/w thout C34 vaccine was

al so tested, where 50 ng of pCHAS5 was used and only single vaccinati on was
appl i ed. [QWrQﬁé GeroReund (G2 (lat AVIRER-0b3r1):niHc BIMR: (408 Mbde @@Géfi\/la@ti 4i$kessed

wre ubed 4ig Cherint I v amE 3sins T2 B T 40t S dAa ) "o
Cﬁtﬂfi 2gjr 2\8(8)93 Basrﬂgcﬁﬂlwwe@fid@mr(m o), 3.59es. H@E(Igr QHZ;EBBG(CI JB 'Fﬁgituzlr €2|—2|9,est he
ggai nst ?K%)BP‘ V%bgﬂze%é?,%€§ E@f mﬁ@btgly‘g?a 1\7|(?Th Q'ﬁahéai}(g\)f ﬁ&ﬁE‘Zu D50 =
0.144). Up))] K@Ctmlmm@tb‘bﬂnmi N0 :-BeOH .4: 1‘)|ae 1raute;, al4zat i op7 81 f noagy, (1 D50)
of C34 adj uvant ed g roug mgal nst VN1 194 (0.003 TKO5 (IO 004)’, Anhui O

0

(0.0027) ,128rd, PBSS. (62 3%?%4&@91%&9&& 168 B $8ritde 81 4PaREH2: 868¢her
these resuldss 3yl aqtsy BRal %ﬁ@%@‘#‘&agg @'4y25’3}?r 9398 bBospesgRCy of

neutralizati on butf also can’act fo broaden’ t e spectrum agal nst vari ous

virus. [ 0UY06)(EEKAOP) e Q603000 I ydtil p@cdﬂ%@ﬂé@s‘wmd 494812»r, Reagents
and M ce [00302] a-Gal Cer (C1 ) and synthetic a-Gal Cer anal ogs of the
pr esent d0&&ﬂ7d>s%llrtbewgnt®e§qat%@'ezenlalagﬂjwpwr origimallyjssobledrim 100%0BS6yr aphy

by techni ues reV| usI scrib n FUle et al. 2006 em Soc.
158 9022 A% B & P2 SRS o ol et RS 9. SBACER 1 o o
al . (200%}13N@EU&@re43|ﬂ1t5@Q05,_250rW uetmiain sélﬁﬁo{@st Natdre n‘h@@ﬁbn $eb-mide. S. A
103: 3972- 3977 and Wi et al (2005(3qPr ocC Acad. Sci S. Al102:1

351- 1356; %@nd‘fe%ﬁ%wq(w”%fp@w %kW&HB@”H&%W%VmaIe mice aged

6-10 weeks were obtained from the National Laboratory Animal Center (Taipei,
Taiwan). CD1d-deficient BALB/c and C57BL/6 were obtained from the Jackson
laboratory (C.129S2-CD1tm1Gru/J, U.S) and provided by Dr. Steve R. Roffler
(Academia Sinica, Taiwan), respectively. All the mice were maintained in pathogen

free animal facility.

[00308] Synthesis of glycosphingolipid compound C34 is summarized in Scheme 2
(Figure 80). Phytosphingosine derivative was synthesized from p-lyxose. The 2,3-
dihydroxy groups of p-lyxose were selectively protected by 2-methoxypropene in the
presence of acid to give actonide intermediate, and then the primary hydroxyl group
of this intermediate was subjected to trityl chloride and base condition to give trityl
ether. Followed by Wittig olefination, the subsequent intermediate reacted with
C13Hz7"PPhsBr in the presence of lithium hexamethyldisilazide (LHMDS) to vyield
alkene with the E/Z ratio of 2:1 by '"H NMR spectrometry characterization. After
catalytic hydrogenation of unsaturated alkene intermediate to give alkane, the
hydroxy group was activated by triflate anhydride and 2,6-lutidine to give a triflate
intermediate. The SN2 reaction of triflate intermediate with tetramethylguanidinium
azide (TMGA) gave azido compound with inverted configuration. The trityl group of

C1 was selectively removed by using triflouroacetic acid (TFA).
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reference. [00303] The synthetic a-Gal Cer anal ogs of the present

di scl osure, as shown in Figure 2, were separated into four groups based on
t hei r chewDcealo/@s3lact ures. Goup |: C2, C3 and Cl4 are @{Thseasnseks origin,
Goup Il: C4, C5 and C9 contain sulfurnodification of Olinkage to ceram de
(C4) or a sulfate group at 3"-CH of the gal actose nmoiety (C5, C9), G oup
I11: C6-C8, C8-5, C8-6, C10-C1 1, C 15-Cl 6 and Cl18-C34 are nodified with
an aromatic ring in their acyl tail and Goup IV: Cl2, C 13 and Cl17 contain
truncat ed phytosphi ngosi ne. Among these new anal ogs, C10, C 11, 016 c27,

28, 20 b5 35 sy 4 i BRSAM 8 MR A BB ARl o ce
ring; _ ClWasCaihjectéiNBe & aomadlmmdg:él;wggnﬂmrbmb:rﬁmﬁm&)rm anlpydride) (Taﬁg_tO)td_amj g;legill
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en rmn titution o
oty hangine, areiote”) TRe Atiat SHembeUn sty oo PERAr S (RLBREN i ¢ h

the F gregmgEDE aﬁ@ﬂHEDI&H an@asint 4166l depbscted torgivk f:d)rHQdS&hd tsafluoro,
tetrafluoro and pentafluoro phenyl nmay also yield useful properties; and

C1l7 cont 300102 GHataaatiLfionkitPRP Higesmpied ik Ge3HHedBamesi s of
gl ycosphi ngol i pid conpounds Cl12 and Cl3 are sunmarized in Schene 1 (Figure

3). Char 00311 érpouf@ica4t by NMR%@OOM@WHdiﬁe&F‘?G@S@Kd b,&d8166|-|-lz)WH) 00305]
Conpound _C13 (lot, MJ3-017-1); % d: 7.26
(m 2H), 726l 7384 31 7.4, (iJ8-$41HZ<¥H) Z#B57@9s$@ (45') 5:159(% B8 1H),

g gg 5 S%FSZ ﬂ]m) sLbh (m31r$)64(7®d4 69 (m, QQ)&555(7d2JHé%6H-z‘) an @@2@ @2 e((m—|z7H)

1H) 2.1 1$4<)(41=f15z4+-§9 (., %L ﬂ359%%ﬁm 1|Fl|) 2.39 (#ad £ 7%@4 A, 1214}5 (t12*d)z2130 53 (m
ml 1

ohs 3 el 4H) 6);*1”‘”“ b 2hhe b adf .05 M. Bl {iz @b 106 B B, oo

70. 75, 7®.84(t QH693F$)2 CBEJNERS(W@MF@G pdelmeﬁi@)55‘t7317%1690190658@& 27,

fg %g 3 1565, 184%53293849; 430.739133 65, 49118, 129.09911826231723; 437.0017- 60,
102.00, 77.17, 73.53, 72.96, 72.09, 71.46, 71.29, 70.79, 69.07, 63.12, 51.95, 37.27,
35.86, 34.82, 32.60, 32.47, 30.84, 30.63, 30.48, 30.41, 30.35, 30.28, 30.25, 30.20,
30.10, 30.03, 26.99, 26.87, 23.42, 14.77. HRMS (ESI-TOF) for Ca7H76FNOsoNa* [M +
Na]* calcd 856.5345, found 856.5362.

[00312] Isolation and Generation of Human NK Cell Lines, Immature Monocyte-
Derived Dendritic Cells and NK/NKTs

[00313] The naive Va24i NKT cells were separated using indirectly conjugated anti-
Va24iTCR microbeads (Miltenyi Biotec, USA). The isolated cells were incubated in
the presence of 50 U/ml IL-2 (R&D system) and replenished with fresh media every
3 days. The generation of a-Galcer-pulsed or phenyl glycolipid-pulsed Va24i NKT
were done as follows. Anti-Va24i TCR mAbs, and anti-CD14 mAbs, each coupled to
magnetic beads (Miltenyi Biotec, Auburn, CA), were used sequentially to isolate
Va24i NKT cells and CD14 cells from leukopaks. Immature dendritic cells were
generated from the CD14 cells after a 2-day incubation in the presence of 300 U/ml
GM-CSF (R & D Systems) and 100 U/ml IL-4 (R& D Systems). After irradiation with
2,000 rad, the immature dendritic cells were cocultured with syngeneic CD161 cells
in the presence of 100 ng/ml a-GalCer or C11 and 50 U/ml IL-2 (Invitrogen) for 10—
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HRVS (ESI-TOF) for C44H80NOS + [M + H + cal cd 766. 5827, found

766.5813. [ 00306] Conpound C12 (lot. M-J3-018-1): 1H NMR (400MHz, CDCl 3- MeCH
4:1 ) d: wo2610as312H), 7.19-7.13 (m 3H), 4.91 (d, J = BC/US200905)328 4. 20
(9, J = 4.4 Hz, 1H), 3.95-3.85 (m 2H), 3.83-3.61 (m 6H), 3.59-3.50 (m
2H), 2.63 (t, J = 7.5 Hz, 2H), 2.20 (t, J = 7.5 Hz, 2H), 1.78-1 .54 (m

6H), 1.47-1 .17 (m 46H), 0.89 (t, J = 6.9 Hz, 3H). 13C NMR (100MHz,

CDCl 3- MeCH 4:1 )d: 174.16, 142.27, 127.91 , 127.77, 125.14, 99.33, 74.28, 7
1.38, 70.42, 69.86, 69.33, 68.51 , 66.84, 6 1.40, 50.02, 36.04, 35.52, 3

1.93, 3 8. 9, 8. 2. 25,
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(C 129S2-CD1t MG u/J, U S) and provided by Dr. Steve R Roffler (Academ a

Si ni ca, ooam)TheernV&WGa@ér atda&)g:w@ed/\ﬁurﬂanww 8élngfdsi Wadadmrogen
free animal facili 00308 %nt hesi s of g@@cosphl ngol i pi d conpound C34

is sumr&cg@dlrigntoséhfemeﬂzoctsm@ o g7f) al., et 8sRi erRilesVAE Heed Jatassessas

Synthes! 2RSSR, silRa Sl i A PHBROl ol b RSFaNRIE

sel ectiv protec propene I'n resence o
act oni de DCBEt weredirived froamctm heneltshe |gukiopaksy aftgrdr twwdzla;gmoutmat@h with 300

i eyt eler SRS i W) e afblinfor TEobhBah Bt Do bl it

react ed \mttlhreﬁ-tbgbmé#wﬁh?»autarogbﬂs O qar esgigde thé pgréddricendf 100 ng/ml a-
hexanet hyl di si | azi de ( yield alkene with the ElZ ratio of 2:1 by

1H NVR sﬁ%ﬂi@?bw |19 LHHléﬂlaBtf%rr ?QQ?Y%nAﬂ% fepeating this stimulation, NK cell lines
were generated and shown to express CD1617/CD3./Va24iTCR" (99% purity). To

generate immature human monocyte-derived DCs, CD14" cells in leukopaks were
cultured in the presence of 300 U/ml GM-CSF and 100 U/ml IL-4 for 6 days. These
DCs had an immature phenotype (CD14CD80*CD86'CD83"* HLADR') and
exhibited higher CD1d expression than mature DCs. The iDCs were pulsed with
various o-GalCer analogs at 3 ug/ml and their phenotype and morphology were

examined 48 hours later.

[00315] The naive NKTs (CD161%/CD3") used for TCR activation experiments (see
Figure 19) were isolated by using indirectly conjugated anti-CD161 multi-sort
microbeads and were further separated by anti-CD3 microbeads. The isolated cells
were incubated in the presence of 100 U/ml IL-2 and replenished with fresh media

every 3 days.
[00316] In vitro Human NKT Cell Cytokine Secretion Assay

[00317] Va24i human NKT cells (1x105) were cocultured with 5x10* irradiated
immature CD14" DCs in the presence of the o-GalCer analogs of the present

disclosure at 10 ug/ml in a 96-well flat-bottom plate. Cytokines/chemokines in the
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catal yti c hydrogenati on of unsaturated al kene internmediate to gi ve al kane,
the hydroxy group was activated by triflate anhydride and 2,6-lutidine to
gi ve a trwOlatoeobiiser nedi ate. The SN2 reaction of trifl aC&/useaenssds at e

wi th tetramet hyl guani di ni um azi de (TMGZA) gave azi do conmpound with inverted
configuration. The trityl group of C 1 was selectively renoved by using
triflouroacetic acid (TFA).[00309] dycosyl ation of doner-gal actose
derivative and acceptor phytosphi ngosi ne was subjected to a condition using
t hf | uor onet hanesul f oni c anhydride (Tf2 ) and dinmethyl sulfide (Me2S) as

pr onot er ter r of, th key
"t er moa S Bfedd Ay AL PRE Baunthn 108 SBRgRtE it et ne

i nter mad|I\MIECyﬂ&kmealDeﬂeetmmaSystamrdrﬁdje\MMnéd @5 bliryiinp k@0 W §)&tetny. acid by

usi ng EDC and HBTU and then gl obal deprotected to give conpound C34.

[ 00310] (@0@3183t/emvitraExpansianaffiNKTshi s conpound i s descri bed bel ow. [0031
1] Conmpound C34: 1H NWR (600|\/Hz, pyhdine-d 5) d: 8.53 (d, J = 8.6 Hz, 1H),
7.27 (d [003198.Hurkln @BH6" ECellsd (NK/NKT -mBiuvtedyz us@H)for TNKB- delbaxpansicm—l) 5 59
(d, J = 4. 70- 4 5 d, =

(hy 2 s Bxpefihantd Qee,Pigprest [ anilpy wacisBiafi 5 tifanGyRpddiny\siyd” 5 £6
(t, J = an6-CGiz56 didrobeaddd HumarR€P562caB (WK/NKF)mixilirés) wem callhl)red m.ta14 (m

Al eﬁ) OS B aimbaassoiipetls, A Dissddlasd wish ey ikt Calbel atpioass 5o,

154. 53, 138. I313(93‘73DM§%530r§§ay @3’&1@9%%%&99 plﬁuresl@arﬁpM%%?atzﬁO oht17. 09,
102.00, 77.1 73.53, 72.96, 72.09, 1.46, 7 1729, 70.79 9.07, 63.12, 5

1.95, 37.129, ngﬁ@l es daszﬂ 82, 1830086 (8%2 F@ere 36) 8On &ay. B3the3guspensigo calls |

30.35, 3 0,2 0 6 87002 2 4 . HRMS
(E5 - TRy A cr B Pyt e e s goor Yt B ekl

[ 00312] Irsplkrishedwithdre€e megdiirm avenf 3 Hapsn ThK pGplilbtidn nb€D16nﬁm&ﬁ4'léCFR/bnocyt e-
Derived De dr| i C d NK/ NKTs 3] The nave Vaz4 C wer e
sopar at el Mie NS T oD G eLts BRTPM QATAS RN o8 b SEES CRIEL t oy
Bi ot ec, uﬁmbergheagﬁwmﬁ,gré:@ddrﬁed(\ere i ncubated in the presence of 50 Unmn
I L-2 (R&D systen) and replenished with fresh nedia every 3 days. The

gener at i qpo3Ho] HémhA NKTPYEREACtVatidReny! gl ycol i pi d-pul sed Va24i NKT
[00321] In an exemplary implementation, HelLa, HeLa-CD1d or autologous iDCs
were incubated on 24 well-plate with C1, C11, C13 or C17 at 10 ug/ml or with DMSO
for 2h, and then 3 x 10° naive CD161*/CD3* NKTs were added (see Figure 19). In
another exemplary implementation, HelLa or HeLa-CD1d cells were loaded with C1,
C16, C23, C8-5, C8-6 or C26 at 100 ng/ml or with DMSO for 2 hours, and then 3 x
10° naive CD161*/CD3" NKTs were added (see Figure 20). After 5-10 min
stimulation, cells in suspension were transferred to tubes, washed with PBS, and
lysed with Beadlyte® Cell Signaling Universal Lysis Buffer at 4° C. The
concentrations of phospho-CD3¢ (Phospho-tyrosine), phospho-ERK1/2
(Thr185/Tyr187), phospho-CREB (Ser133), phospho-Syk (Phospho-tyrosine),
phospho-p38 (THr180/Tyr 182), phospho-1kBa. (Ser32), phospho-Lck, phospho-Lat,
phospho-STAT3 (Ser727), phospho-STATS A/B (Tyr 694/699) and phospho-Dap-70
(Phospho-tyrosine) in lysates were assessed by Beadlyte® Phosphoprotein
Detection System according to the assay protocol, and determined by a Luminex100

system. The value was normalized with the amount of total input protein.
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were done as follows. Anti-V a24i TCR mAbs, and anti-CDl4 mAbs, each
coupled to magnetic beads (MItenyi Biotec, Auburn, CA), were used
sequent i awbyotoosH6l at e Va24i NKT cells and CD14 cel | s Pcomsbeglospaks.

| mature dendritic cells were generated fromthe CD14 cells after a 2-day

i ncubation in the presence of 300 UmM GWCSF (R & D Systens) and 100 U/ mi
IL-4 (R& D Systens). After irradiation with 2,000 rad, the i mmature
dendritic cells were cocultured with syngeneic CD161 cells in the presence
of 100 ng/m a-GalCer or C 11 and 50 Um 1L-2 (Invitrogen) for 10-14 days.

After S“{[b‘@%ilﬁ%it%‘gn%% _awi%',aacs_l%la s a second tine with 100 ng/m a-

Gl Cer o ul'sedrradia ture dendritic cells to generate

-Gl - i DI i cells, . j . Al
"t et (SRS B JaBUbe SR dhodebt et 6 PSPt FIRES CETF ere
shown f | oyG¢yéteamaéscBD Bhdrmityg) egs iMadgkted oe&inightumtithgEnmoke efpéach §95%

purity). NK_ and NKT re isolated from hunpn | eukopaks usin

Dt i - S er Sttt BRIC AL B rI AR BOBE AT H GoRe FRPR- of
a- Gal Cer Toaa]@tipidlisastdhoD®a T tetRilers WReS indBBatd@MatharsWeIKGs ho4tdhe
met hods of Fujio et al., and these cells were used to assess cytokine

r esponse P N, JellpyvasiPyainehation vyial d§scquptad antymerse GHhmA®) (ASPnhat ur e
DCs wer e 1¢ar iagdvd b0 SR A4c:Sklngdl With BUBERKBIAl AIRENR drPAPRY cdupetbat i on
with 300 Un_ GWCSE and 100 U m |1L-4. After irradiation (3,000 rad), the
i DCs wer @ndtRe e BEYBh3TBHNGANHh aut ol ogous CD161 + cells in the presence
of 100 ng/m a- GalCer and 10 Unl I1L-2 for 10 days. After repeating this
sti mul at ilB@32441Prepprationefdmpuse spleneeytesd and shown to express CD161 +/ CD3
+A/ a24i TCR + (99% purity). To generate inmmature human nonocyte-derived
DCs, CD1400%251] |BALB1C reigk dfraited wethetheundigated ¢-alGer pralegm ot the pementy n

GVt CSF a ) 4 . - .an i type

(Cora coRtetsaes. chayshid e el at L2y sPEL IRAGRD, TEE s WERE] ¥

t han mat Unaeveldtegl. TrhbriefDEfempressipgl the dspldenhthvarghot® uer €abiGer antdysiggsf at 3
/m d thei henot d hol j 48 | at er.

(00315 FReNRsyieBNRT S BRI ol TR oy S omee Eatpn el S SeBr | rrent s

( slete Fi gla{na ceRrifivgsdenti3nolg@iord niik atdt@\ghémgitsjesttl Yo EACBUglyer’. ant i - CD161

mul ti-sor

[00326] Determination of Mouse Splenocyte Subpopulations

[00327] BALB/c mice treated with the indicated a-GalCer analogs of the present
disclosure (2 ug/ mouse) or vehicle (1% DMSO in PBS) and were sacrificed at 72 h
and the spleen was harvested. In brief, after pressing the spleen through 70 pum
strainer and lysis of erythrocytes, the nucleated cells were resuspended in Hank’s
Balanced Salt Solution and centrifuged at 300 g for 5 min at 4°C, then subjected to
FACS analysis. The anti-CD3e-allophycocyanin, anti-CD4-PE, anti-CD8a-
allophycocyanin-cyanide-dye7, anti-CD11c-allophycocyanin, anti-CD23-PE, anti-
45R-allophycocyanin, anti-CD69-FITC, anti-CD80-FITC, anti-CD86-PE, anti-Ly6G-
PE, and USA2-13Ag+ -PE were obtained from BD Bioscience-Pharmingen.

[00328] Determination of Mouse Splenocyte NKT and NK Subpopulations

[00329] BALB/c mice treated with indicated a-GalCer analogs of the present
disclosure (0.1 ug/ mouse) or vehicle (0.1% DMSO in PBS) and were sacrificed at 72
h and the spleen was harvested. In brief, after pressing the spleen through 70 um
strainer and lysis of erythrocytes, the nucleated cells were resuspended in Hank’s
Balanced Salt Solution and centrifuged at 300 g for 5 min at 4°C, then subjected to
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m crobeads and were further separated by anti-CD3 m crobeads. The isol ated
cells were incubated in the presence of 100 UWm 1L-2 and replenished with
fresh nedwve 2eway313 days. [00316] In vitro Hunman NKT CelPCT@sR@kiones28
Secretion Assay [00317] Va24i human NKT cells (1x1 05) were cocultured with
5x1 04 irradiated immature CD14 + DCs in the presence of the a-Gal Cer

anal ogs of the present disclosure at 10 ng/mm in a 96-well flat-bottom

pl ate. Cytoki nes/chenokines in thesupernatant collected at 18h were
gquantified with the Beadl yte(r) Human 22-plex Milti-Cytokine Detection

%(/f);ﬁ;nl gn gge ﬁﬁ%ge%g%%%ﬁé%g% W%ﬁéﬁﬂhwgg §J%fa‘ure\éé)gt Lg)eEd for

i NKT cel Iweeapamemjrfrcﬁnm Bmyeuesce( Bearnkingerr.es 13 and 14) were isolated from
human | eukopaks by using anti-CD56 m crobeads. Human CD56+ cells (NK/ NKT

m xt ur es)[00230¢ SarLtruCpdkindsiCHemokiesaut ol ogous i mmat ure CD14+ DCs pul sed
with the indicated a-Gal Cer analogs at 3 ng/m or 0.3% DMSO on day 2 for 18
hour s (s4¢@031JWWMaselScramdsdmples averatcollécted at @) ZngBi36pA8dayd Z2flblafté8 hour s

(see Figure 15 t he cells we transferred to a new
i h, oot o ide sy BItE Gocar Taes 8 e bEREH GREESWP b fresh
medi um evigey sérufttoncdhatipaP Wralarusotytekiéd/chdrmolardsT (Rre mehdsed Nby he

NK/ NKT m xtures were gated bégflow cytometry on day 9, and the tot al nunber

of Va24i Bﬂ@ﬁy\‘ﬁ‘é@é\ﬂ%‘dﬁ%?éﬂ"e"[ ose HekagHomn SRR A T&A%k PYrP R Lo6%22® | n an

exenpl ar oot ation, HeLa, HelLa-CDlid or autol ogous i DCs were incubated
on 24 well-plate with C1, C11, C 13 or C 17 at 10 ng/m or with DVSO for

2h, and f 0@332? RuntPEancaranédUGA MiceD3 + NKTs were added (see Figure 19). In
anot her exenplary 1 nplementati on, HeLa or HeLa-CDid cells were | oaded with

C 1, C16,[06353] (§§7‘Eﬁ_z/6%cé5(638m@%ﬁs%nﬁ%}v&é}érﬁe&édwmh@@QOﬁ%g purs, and
then 3 X 105 ha ve CD161 +/ CD3 + Ts were added (see Figure Af t er

5-10 ni n 49 aencef i(ba?) edlls suspandge efdi BhohBPe- t/r\hﬂmévegrroeaStoaBQ B4 washed

‘é“t tz EBS_Pn@é‘d(nLS?%r\Q‘ -BaBgadl t @k Indi@ltdd -8R drNGniBY &rSie bistet Buf fer

disclosure IV (2 ug per mouse) or vehicle twice per week for four weeks. The body

weight was recorded for one month and survival was monitored for 50 days.
[00334] Breast Cancer Model in Mice

[00335] BALB/C mice (6-8 weeks, female) were inoculated with 2 X 10° syngeneic
breast cancer (4T1) SubQ on the right lower back. Groups of BALB/c mice (n=6)
were treated IV or SubQ with the indicated o-GalCer analogs of the present
disclosure or vehicle twice per week for four weeks 3 days after tumor inoculation.
The a-GalCer analogs were injected at a site distal to the tumor inoculation site. The
tumor volume was recorded every 3 days for one month by measuring with a caliper
along the long axis (a), the short axis (b) and the height (¢c). Tumor volumes (mm3)

were calculated by the formula: a x b x ¢, and survival was monitored for 70 days.
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concentrations of phospho-CD3 e (Phospho-tyrosine), phospho-ERK1/2

(Thr 185/ Tyr187), phospho-CREB (SeM 33), phospho- Syk (Phospho-tyrosine),
phospho- p86 20108868/ Tyr 182), phospho-I kBa (Ser32), phesphis2000k050328
phospho-Lat, phospho- STAT3 (Ser727), phospho-STATS A/B (Tyr 694/699) and
phospho- Dap- 70 (Phospho-tyrosine) in |lysates were assessed by Beadl yte(r)
Phosphoprotein Detection System according to the assay protocol, and
determ ned by a Lum nexl OO system The value was normalized with the anount
of total input protein.[00322] In vitro CDld-tetraner assay [00323] 1 ng of
sol ubl e dival ent nmouse CDl1d-1gGl fusion protein (nmouse CDl1d- |gd

t et r aner 4003X0] Meal FimgAsseaasmentabbumdr Grewth yhMied t h 10 nol e of each a-
Gal Cer analog at 37C and at neutral pH according to the manufacturer's

pr ot ocol .[0033] gVlgussl impigds Wesel ebta@BUBnideBBlized bantanoger s ¢V iS&R 2B Bedesni t h

nmouse NK t. . ] f d i i i E d

T < roueRd et inbe@Esdie (REAGHEE (LX), IEHRRIOR] Hobll CatBIaohRiEr, |
PE coupl ¢6-8awtekd\Kemal) AREe dojepleddingaténcOBy witth 2)BD° Bhagarieityere)anon@0324]
Pr epar at i of I t 3 AL B/ i t it

e o T3S SR Oy T R P D oA T e Prllpe or o 7B e (bl

S ?cri fi C@fbr@ﬁreﬁﬂ%ﬁhnﬁé\rwoubllyjh\ﬂﬂt inﬁmgteﬂr@y@mbm_enmdmtr? if’tdfc_ﬁ@ﬁtt?dr.apbntri](bri ef ,
after ressi n e S ee throu stral ner a SIS O eryt t ,
The nun! St b whis R el n8s Sabied etk e Sau o 204348 ¢ sol bt 1 on and
cent hf 0 f i t 4C bj ect. tp FACS | ysi s.

[ ooszaiJ gﬁﬁ?ﬁ%ﬁﬂg‘&ﬁ%&?%g‘ff %mih%n'ég“éﬁ?%%ﬁ‘?‘g %ﬁ%ﬁ‘%ﬁ'ﬂ‘? gf‘ﬁ&%s [ ooggg] YBALH ¢

' t ith the indi d a- Gal Ce | f the pr t disgl
S s E e e N L T
tthe spl een g@,:ss Eﬁiraﬂ%?ttaﬁhotr Hmdalh%&ﬁ)n ﬁd ﬂfarﬂll‘:lkbﬁ%hﬂgwtb lml‘?—?)smheprecb@rimeghd7g mm
Stral ner a SI. S, er oC es, e nuc ate ce S. re spende I N
Hank' s B&PQW@ cPt%QISB- &g émahﬂséf?dfsr%%fﬂ?ﬂw‘@?é%t Cg%it%d Y"B\ﬁ\%@r‘#} ﬁ’ﬂ.jﬂsgmq

t hen subjogptopthybRrdnifaBeaBad VSI% colldbRnasd (IR -Sigrha IINEERE TY . in RPMI

anti-CD4-PE, anti-CD38 a- all ophycocyani n-cyani de-dye7, anti-CDlL
1c-al | Opﬁ§égégragﬁ% ab$f C. witip gombinuog firring. The resulting single cell suspensions

were then washed twice with 0.1% FCS in PBS and stained by standard flow
cytometry methods. To detect subpopulations of lymphocytes infiltrating these
tissues, the following conjugated antibodies were used for FACS: FITC-anti-CD3,
PE-anti-NK, APCCy7-anti-CD8, (BD Biosciences PharMingen, San Diego, CA).

[00340] Immunohistochemistry Staining

[00341] The lung nodules were taken from B6 mice i.v injected with 2X10° TC1
tumor cells for 3 weeks then sacrificed to do paraffin-embedded sections. 3 um thick
sections were treated at 56°C oven overnight followed by deparaffinization & heat-
mediated antigen retrieval (in pH 9 Tris-EDTA buffer at 121°C for 7.5 mins) and
incubated with anti-CD45RA antibody (clone RA3-6B2; BD Biosciences PharMingen,
San Diego, CA) as an indicative of common lymphocyte antigens at a titration of
1:100 at 4°C overnight. The bound primary antibody is detected by the addiction of

secondary antibody conjugated with horseradish peroxidase and DAB substrate. All

sections were counterstained with haematoxylin prior to mounting.

[00342] Statistical analysis
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45R- al | ophycocyani n, anti-CD69-FI TC, anti-CD80-FI TC, anti - CD36- PE,
anti-Ly6GPE, and U5A2- 13Ag+ - PE were obtained from BD

Bi osci encwoRhavaesdigen. [ 00328] Determ nati on of Mouse SplCarusesoosiEs and NK
Subpopul ations [00329] BALB/c mice treated with indicated a-Gal Cer anal ogs
of the present disclosure (0.1 ug/ nouse) or vehicle (0.1 % DVSO i n PBS)
and were sacrificed at 72 h and the spleen was harvested. In brief, after
pressing the spleen through 70 urn strainer and |lysis of erythrocytes, the
nucl eated cells were resuspended in Hank's Bal anced Salt Sol ution and

cent hfu 0 r i Lhen subj ect ks. The
ant - coedoet eled BhotRes et soeh T RS B NS BRFERNE ¢/ om
BD Bi osciseftwerePhaBraphgeshow 02380} alSes wh Opticate nepefiimentskianes efro0d3ld Mouse
serum sanpl es e I ted at. Q, 2, 18 36, .48  and 72 h after

i ot PRRESSIGRE st DR Gioc8n ot preiectdf et oh aPOEL e SHAVAS ent

di scl osunsingThe Iefanktesin Pei0salaashsiferadstatstivalty sigkificast/ chenoki nes were
measured by Beadl yte(r) Muse 21-plex Cytokine Detection System and read by
a Lum nex00344] KhitidyertislBffiEO8SRIdiésing Cancer Mdel in Mce [00333]
C57BL/ 6 mce (6-8 weeks, female) were injected IV wth 2 X 105 syngeneic

| ung cangeo345] @lytokisidl Anslogpoendssalcer0. 1 nl of PBS. At 1 hr, groups of
C57BL/ 6 mice (n=5) were treated with the indicated a-Gal Cer anal ogs of the

present qo@346QStHeSsthu¥trés BOthBEI-GATC Bnafigs \BBH Gh thel MMtbaCIRARI #e@kKs bRy four
weeks. The body wei ght was recorded for one nonth and survival was

noni t or e¢hPwn iBCigkips?. CHOC84L1Brangs€1€4nidera-FBtear analagsceofloe8BEPNBALB/ C

mce (6-8 e f | &) i af. Wi X S enei ¢ hr.east
cancer (Z(‘ﬁe\f,ﬁg )pﬁé;&%r@g on% 1? He i'g%'k"gﬁ’f)%'ﬁ'@g% kq—b@%ﬁpgﬁé@%g%ﬁ%% @ﬁ%ggew'%n:&
wer e treghespiae BufSelQaivd (PBIao i10dignal issor-sel Cer anal ogs of the present
di scl osure or vehicle twice per week for four weeks 3 days after tunor

i nocul at i[eeB47T i@ hk@ Bakberiogs were injected at a site distal to the
tunmor inoculation site. The tunor volune was recorded every 3 days for one

nmont h by [0838Y rAdhghl¥iCSTLE &/l BREB/c-Byl mice at 6-8 week old were used for studies.
Mice were housed in plastic cages with free access to food and water and allowed to
acclimate at least one week prior to the start of the experiments. The bacterial strain
Spingomonas capsulate (ATCC 14666) was obtained from BCRC, Taiwan. The
bacterial strain Klebsiella pneumoniae (NTUH-KP2044) was a gift from Dr. J. T.

Wang, National Taiwan University Hospital, Taiwan.

[00349] Antibacterial Efficacy Study Using Sphingomonas Capsulate Infected

Mice

[00350] Six to eight week old female C57BL/6 mice were injected IP with 5x108
Sphingomonas capsulate cells. Mice were grouped into treatment and control
groups with 4-6 mice per group. Four hours after the infection, mice in the treatment
group were injected IP with testing a-GalCer analogs at 50 or 100 ug/kg, and the
control group mice were injected with same volumes of PBS. Twenty-four hours
after bacterial infection, mice from all groups were sacrificed. Livers were removed
from mice and homogenized in 0.9% NaCl, 0.02% Tween 80 using tissue
homogenizers. Colony formation units (CFU) of Sphingomonas capsulate in liver
homogenates were determined by plating diluted samples on nutrient plates.

Colonies were counted after incubation for 48 hours at 37°C.
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along the long axis (a), the short axis (b) and the height (c). Tunor

vol umes (mMmB) were calculated by the formula: a x b x ¢, and survival was
noni t or eawban10/@6ays. [ 00336] Real Tine Assessenent of PomaS2@o3sin M ce
[ 00337] Mouse inmages were obtai ned and anal yzed by Xenogen's Ms5(r) 200
Series and Living Image(r) Software (Xenogen, U.S.)- In nelanona nodel,
C57BL/ 6 mce (6-8 weeks, female) were injected intravenously with 2X1 05
syngenei ¢ nel anonma (B16) cells suspended in 0.1 m of PBS. After 3 days,
groups of C57BL/6 mice (n=5) were treated intravenously wi th indicated

Pelor dea 9] HiutditaidlEhgs S Sh IR QRRBAL DI MGTR 1ndPRAMEY ooy es
by Fl ow YbEIRN A0 Yoo [003 380, BSG @Joaga A Lghirflghedl ¥ Glpld i ds

treated re aseptica y re ved on |rrp antatlon
and nmanualoby (tAftCH U} of IRe3<. rpmepineoizs bynoral gavagar Mléketrrnhedrezaltrneﬁ’trg;osmml I

ti ssue fragnment en d| ted % DNase %

vl i an e ST e Wih 198t e las: 1t oD el Miiee & ERPULBIOUE n ReM
1640 for afesbhctatial3diectivr. hlvwwtﬁel@uﬁtr@tgrém Rere H’tﬁztécﬁﬁMMJBEaMﬂéHcﬁ cel |
suspensi ons were then washed twice with 0.1 %FCS in PBS and stained by

st andar d Sy cyvaswefaw heetshaiar, infestierbrallcice s RacEiGasnsBath Werepdityt es

infilt ratlur%@ \R/Bt%stgoll%b%%uf%m ddeg r‘ﬁ@ué&"ﬂn@%&%@éﬂ%ded%&bhg%ﬁ% Were used
for FACS: Canti - PE-anti - APCCy7-anti-CD8, (BD Biosciences

Phar M ngéi@terwdﬁl@d@ﬂy @?esqlb@@ﬂb?vq munohi st ocheni stry Stai ni ng [ 00341]
The | ung nodul es were taken fromB6 mce i.v injected with 2X1 05 TCl tunor
cel I s fol0@333Htatistieal apalysig i ced to do paraffin-enmbedded sections. 3 mm
thick sections were treated at 560C oven overni ght followed by

depar af f i[GO35%4 | Gamarativea reé‘maaleédofamstlggm@@@re@aalogss rwerd @Justnratgd BDTA

buf f
(gl oﬁre R&g@éﬂggbﬁ?ép%s{? %ﬁ](@iu ﬁggﬁgﬁ% %Qﬁwltwgﬁﬁnn |cat| ve
of commoyréynsplrodythe sagrificpens oeﬁtth@ eﬁ" cacatwasnindicated1i0Op-aalud® ©f oWdinoght . The

bound pri Yy %S%ﬁ {?\peqi is detected by the addiction of secondary antibody
conj ugat ed” G 'sefadi sh per oxi dase and DAB substrate. Al sections were

count erst[@b:ﬂ%cjl C‘:‘Y&Eghﬁﬁq@ﬁﬁé%bﬁtsp” or to nounti ng.

[00356] The structures of glycolipids and their code names used are shown in
Figure 64 (A-B). Glycolipid stock solutions were prepared as 1 mg/mL DMSO
solutions. Compounds were diluted with phosphate buffered saline (PBS) to 10-30

ug/mL and used for animal studies.
[00357] Mice, viruses, and bacteria used

[00358] C57L/6 and BALB/c mice at 6-8 week old were used for studies. Mice were
housed in plastic cages with free access to food and water and allowed to acclimate
at least one week prior to the start of the experiments. The viruses used in this study
are influenza strain WSN (A/WSN/1933/H1N1), and Japanese Encephalitis Virus
(JEV, RP-9 strain) as previously described. The bacterial strain Sphingomonas
capsulata (ATCC 14666) was obtained from BCRC, Taiwan. The luminescence
Staphylococcus aureus Xen29 was purchased from Xenogen Corporation (CA,
USA). All animal studies were approved by the Academia Sinica Animal Study
Committee and were conducted according to the guidelines. Immuno-deficient mice

used in this study are as described previously.
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[00342] Statistical analysis[00343] Unpaired two-tailed Student's t test
was used for data analysis with PRI SM software. G aphs show nean val ues of
triplicatwoespaosiments, and error bars represent the SDPCDUSt@vasses in
tunmor protection of each group were anal yzed by using the | og-rank test.
P<0. 05 was considered statistically significant. [00344] Antibacteri al

Ef fi cacy Studies [00345] dycolipid Anal ogs of a-Gal Cer [00346] The
structures of the a-Gal Cer anal ogs used in the antibacterial studies are
shown in Figure 2, C3, C9, C 11 and Cl4-Cl7. a-Gal Cer anal ogs stock

sol ution il / wer e
a1 ut ed IPERe SRR Eal kel stuay MBSt giin g A SHlard it

[ 00347] Amicerl s and Bacteri a [00348] Fenmle C57L/6 and BALB/c-Byl mce at
6-8 week old were used for studies. Mce were housed in plastic cages with
free accg¢ee3aod Simcb@l eiagtnd week erld dardalel CoH/Ad6 ndcaedre mge¢aedtinttapasitoneaty week
prior tothe st the experi nts rJr\?e bact eri al tra nas

capsul at &' orq%ga offtPaH Cf" '@Wreﬁf)ﬂ% éreﬁiﬁ?@r?ré strain
Kl;ebsi e: |o@ntbdilegﬁmilﬁm§ aieh 6N [Wm&&%@@#éupl\ﬂﬁ_r@ @Iff)ﬁlroﬁ%ﬁ%miﬂz tha. mf&hdﬁﬁﬁ@ceEf .

ti ona n Uni versit ai.wan. ( n i cac
Sty b i e R gione er puea apeHiaRak W FSae ey earsis ot &) ght ook
ol d femaligoGayid/ éi]dﬂr%ecdlﬂfo@ graipeRti@dwer: mjédae@mh%n@hbma@@msssapsul ate
cells. Mce were gm(aés aftel nto treatnent and control groups with 4-6 m ce

per gr oug WeRdafouR e bagtreali wf@@pnomlcwr@@ Al arpeps wese ﬁﬁﬁ'ﬂﬁ(‘@ﬂoup wer e
i nj ected | bRy P&ﬁ&&é&ﬂﬁ&ﬁﬂk@?ndaﬁkﬂ% ﬁ%.@% ﬂ?@l g&ééﬁ/%m%ﬂ z?
sane VO went our

contr ol group mce were |njecte unes O
hour s af tusingbdisswes i RoMogenézsrs. or@olcmycéomamnalumt@r@%@ eI §pélagomf>n@sed

Li vers e r i 9% } , % Jween 80
usi ng t:NgCra SU/%%Drr&gg\ﬁélrz@%%%ﬁt ? or mat | 6'?1&ﬂr?>,t %Ig?r?;l};' OP %%Haﬁa/oonﬁtl)\ﬁas
capsul at ewirient ipletes. oologjes avers omunmddaa‘teafrlnwtaliobyomnatﬁqmgs dt Bat@dTsanpl es
on nutrig nhbé)ctgrlaef results were analyzed using one-way ANOVA to assess the significance

of the difference in treatment group followed by Turkey post test.

[00361] Antibacterial efficacy study using luminescence Staphylococcus

aureus (X29) by image analyses

[00362] Balb/C female mice were weighed, grouped and injected in the posterior
quadriceps muscle of the left thighs with 200 pL PBS containing 3 X 10° CFU of S.
aureus Xen29. At different times after Xen29 infection, mice were IP injected with
vehicle or glycolipids as described. Mice were periodically imaged using IVIS
Imaging System (Xenogen Corporation, CA, USA) as described. The imaging
results, in relative luminescence were analyzed using one-way ANOVA to assess the

significance of the difference in treatment group followed by Turkey post test.
[00363] Japanese Encephalitis Virus (JEV) infection animal model

[00364] Seven week old C57/B56 mice were grouped and injected with glycolipids
at various times in the JEV infected mice. The infection was done by IP injection with
5X10° PFU of the RP-9 strain JEV in 500 uL PBS and simultaneously injected
intracerebrally with 50 mL PBS (the IP plus IC routes) as described previously. The

survival of the mice was monitored daily. The survival curves of glycolipids treated
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Col oni es were counted after incubation for 48 hours at 370C. [ 00351]

Anti bacterial Efficacy Study Using K Pneunoniae Infected Mce [00352]
BALB/ c- Bywofermloes1si ce (ten mce per group) were adm ni $CErusdooa/0sieg)l e dose
(106 CFU) of live K  pneunoniae by oral gavage. Mce in the treatnent
groups were injected with testing a-Gal Cer anal ogs at 100 ng/ kg tw ce at

4- hour and 8-hour after bacterial infection. Mce in the control group were
injected with PBS at 4- and 8-hour. Twenty four hours after infection, all
m ce were sacrificed. Both livers and |lungs were collected from each nouse,

and hono i zed, o i opnt e erimned.sin larl i bed
above. [%8% %@{%ﬁ\ioﬁé’a&%{’ tgn%%ygf)é# IO%%’E&] u%&rplgrr'sa r%/oéc@veafr%’(iﬁgéj@iacof
testi ng &oBalaterSamieggsCMere illustrated by conpari son of the organ CFU
val ues of treatnent groups with those in control groups, and the

si gni f i c40@365pfAnthinfhiehze anjmabmodebstadyed i n p-val ues of <0.05 or O 01 ,
respectively. [00355] dycolipid testing agents [00356] The structures of

gl ycol i pi[0@366)d-dr iteé revaldtiomafrttse s eido afficash @fnhe n-Gal@er analbgs ABBIb/c

d ycolipid stock,sol utign re._prepared as.1 ng/nL O_sol uti ons
CompoundSEe BTNl CAY phaLBret s e @iive [ K16 PASA] IDERSOD $SHS-H) g i
and used L WaN bilis. Matdeasirvitdld el grdlisewetd éxspfifed agit foAcs abyaposted

[ 00358] C57L/6 and BALB/c mce at 6-8 week old were used for studies. Mce

wer e houd®BCHR: JiNgssurkivalagiexesyof BIycpiids dealed gouppPrar@mpa et e al | oned

to accl i @holdroliPasihg PREMVRSRaR ;@rrapﬁpaél BeftwhR, SaffDibde cryper i ments. The
viruses used in this study are influenza strain WoN (A/WSN/'1933/H1 N 1)

and Japanegss AP protéctdn UaghinEY, aRRmd wiff@inzh adrd evafedfiby dspcri bed.
The bacterial strain Sphingononas capsul ata (ATCC 14666) was obtai ned from

BCRC, Taiibfiamusaalar inipelier ehbwo dospass etBeHAS Hualygelinddascites pur chased
from Xenogen Corporation (CA, USA). Al aninmal studies were approved by the

Acadeni a [693A83 Minpivese vaEdiogieduii RGAS SHinAkTe dvsatinids Ednarbsrushidl t o t he
gui del i n?&uteléﬂmﬂé’r'edr?ofo'sféde\mh BbFlﬁS only two weeks later. Two weeks after booster

injection, sera were collected and tested for HA-specific antibody titers by ELISA
(Fig. 73A) and mice were challenged with 200 LDsy of NIBRG-14 viruses and

monitored for survival (Fig. 73B).

[00369] Single intramuscular vaccination of pCHA5 with and without
glycolipids.

[00370] Immune responses and mice survival after single IM dose of pCHAS were
enhanced by using glycolipids as adjuvants. Mice were vaccinated with pCHA5 (50
ug) +/- glycolipids (2 ug) or alum through IM route. Three weeks after vaccination,
sera were collected and tested HA-specific antibody titers by ELISA (Fig. 74A). At
the same time, mice were sacrified and splenocytes were harvested for ELISPOT
assay (Fig. 74B). Another group of mice were challenged with 200 LDsp of NIBRG-14

virus and monitored for survival (Fig. 74C).

[00371] Comparison of the adjuvant effects of glycolipids for pCHA5 and
pCHADJ5-Il vaccine.

[00372] Mice were vaccinated with pCHA5 or pCHAS5-II (30 ug) +/- glycolipids (2 ug)
through IM/EP route at week 0 and three. Two weeks after booster injection, sera
were collected and tested anti-HA antibody titers by ELISA (Fig. 75A), and, mice
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used in this study are as described previously.[00359] Antibacterial

ef fi cacy study using Sphingononas capsulata infected mce [00360] Six to
ei ght weewoabt)/desml e C57BL/ 6 m ce were injected intrapecirtuse@alososnsth 5x1
08 Sphi ngononas capsul ata cells. Mce were grouped into treatnent and
control groups with 5-1 0 mce per group. Three to four hours after the
infection, mce in the treatnent group were injected intraperitoneal™ with
testing glycolipids at 50 or 100 ng/ kg, and the control group mce were
injected with sane volunes of PBS. Twenty-four hours after bacteri al

i nfection, .m r I roup e coikiced. Limer r d from
i co. and b g o 2hoetes SOHREEHRASG (38ss SoL 0 pCHERHE (P o) HER
honogeni zhakengedIvatmyE 31 virusiaowl sunvivas (weFdnoaftor8phi ngononas capsul ata in

| i ver honmpbgenates were determ ned by plating diluted sanples on nutrient
pl at es. @03%3] Boseceffects wftpHASleand G8dlmat HArsJeawifiel@ntibody paodBet®® The
anti bacterial result re.anal yzed usi ng one-way ANOVA to assess the
signifi ca?ﬁ'géng?u?%gr%#\g%? EheC%n treat nent group foll owed by Turkey post

St aphy! odB0 Mor 5525 ProdyetBy W Rapb e st BoPBeb BRI S el & i ce
wer e Vel ghiedut 5aues) and. NiGEbs hdjivahd Shidagh I RSuEURAfdeCBEKITAREH © Of

the left thighs w S cont ai ni nﬁ(‘; . . of S. aureus Xen29.
At di f f evepgingtioneseer were xelignded anddifshecitie @atibpdyetiters wiereaseayedi h

vehicl e Y, I 44ds | . r i ogliC I RO si ng
(V'S | mag o G JAS AR Sals I e vl Srgfd A oqyR9REe
i magi ng rhesuested farrElEP&XTI assayuthig e&an Meanmhde anitiey geelinssofngicenwergtay  ANOVA

to asses ol ePA N y [ re ' tegr owed by
Tur key. pose i gel Mgl BR8F %4 Shut, 88 Mild SEERER e i REERN " Pl 2

ani mal nedelivdl90864de Seated witekiffetaht Gogé8B56 pEiHAS-Wand 219U adindantnj ect ed
with glycolipids at varjous tinmes in the J infected mce, The infection
was doneCqu/ 7|qu shgve syrsiali QfW§Rir%59‘£wU‘ dggt%p(%ﬁgéﬂg%mgf%%ﬁé\yaf'ﬂu%oo m_
PBS and gjogigdaaneously injected intracerebral™ with 50 m _ PBS (the IP plus
| C routes) as described previously. The

[00375] Adjuvant effect of C34 on neutralization antibody production against

various HA-pseudotyped viruses.

[00376] Female BALB/c mice were IM/EP vaccinated with 0.2 ug of pCHAS5
dissolved in PBS containing 2 ug of C34 on week 0 and 3. Sera were collected 2
weeks after the last vaccination and examined by HA-pseudotyped virus
neutralization assay. Data were reported as serum dilutions giving 50% of HA-
pseudotyped virus neutralization (IDsg). TK (Fig. 77A), VN1194 (Fig. 77B), IDO5 (Fig.
77C), and Anhui05 (Fig. 77D) HA-pseudotyped viruses were used in this assay.
Nonlinear regression analysis was used to examine the data fit. Value of p was the
comparison of fits. * p < 0.05 and presented statistical significant when compare

C34-adjuvanted group with pCHAS only group.

[00377] Serum cytokine expression profiles in mice receiving pCHA5 with or

without C34 as adjuvant.

[00378] Female BALB/c mice were vaccinated with 0.2 ng pCHAS with or without
C34 through IM/EP route at week 0 and 3. Sera were collected before (Oh) and 20h
after second vaccination. Serum concentrations of cytokine were assayed by
Luminex 200 system. * p < 0.05 by two-tailed unpaired t test when compare C34

93



survival of the mce was nonitored daily. The survival curves of

gl ycol i pids treatedgroups were conpared to the control group using Prism
sof t war e WaOramh®exisSof t war e, San Di ego, CA). [00365] AnrCTiustéovsssas ani mal
nodel study [00366] For the evaluation of the in vivo efficacy of the

a- Gal Cer anal ogs, Balb/c mce were treated with C34 at different tines
relative to the nasal infection using 10 LDSOABN virus. Mouse survivals in
all groups were exam ned daily for 14 days post infection. The survival
curves of egcoI i pids treat ed groups were corrpar ed to the control group

manopr GRREe Th% ner RoTER o bikCe s Eftweralid BOPSTRA Lttt ou ar

i nj ecti onvheh ¢ompatte slee 6B wmfn PEHAReslts greystolinpwith vespechte. IL{Z)O?»@S]8A\)‘] ce were

wer & boodted g TCHG? Ay 7o RRMEES (fro0h, il e 10, BBLAL, © ™

I nj ecti onFigsesR), W& EFigord@r liedpary. ey, ad-1froridAsppach Sp4p sy yGII ters
by ELI SAm ISg 85691) %e(:Fg mge V\gSe@chal ?engeg('vathEZOO LFbDSO@:k? RG 14

Vi ruses &fﬁf i 1%y eand l(EIN (g kB (Fig. 73B). [00369] Si ngl e i nt ranuscul ar
vacci nation of and wi thout glycolipids. [00370] | rrrrune responses

and ni ce [Q0#47] Jﬁ]e a?*t'*é?"@"w@l%b |iNp2 9 @ngfperronith w@vst'embovn(éée thyough ng

gl ycol i pisdisgiaioddjiniramus culd §ek6®, vacci nated with pCHAS (50 ng) + /-
glycolipids (2 nmg) or alumthrough IMroute. Three weeks after vaccination,

séra wer g ?;%ﬂd] Gedrsle B BY S RGAWERY M@ﬁ?&rﬂeﬁe@mth%@dy bi bé‘l"—lﬁSl?legérL\%Ad (Fig.

74A). At 't Sane tinme, mce were sachfied spl e ocytes wer arvested
for ELI SF?GPBéBsmjeIrQlﬁgQ ug?@fB}34 Ahctenaeelgrleiep sefa wececaliectedenal dxengeet wi t h

200 LD5 NI .BRG 14 d f | Fi 74C 0371
Compar 1 SO S-PrRRiNsa N T nebeleiongroty | B Db Bediaut By o e 11
vacci ne. \[NO®42]IDS] aad WRGH weeC used adl thist hssm@-%t@rwaﬁl%ohbd(a’ﬂ)lw) +/ -

gloggflelr p:rfﬂngéeqrg%éretgglkgu glylsl\é’v%gs Lgé‘é ?o g&a%e l%he da% fit. {]/alue of p an\%eks after

comparison of fits. * p < 0.05 and presented statistical significant when compare
C34-adjuvanted group with pCHAS5-1I only group. Results are shown with respect to
Anhi05 (Fig. 79A), TKO05 (Fig. 79B), ID05 (Fig. 79C), and VN1194 (Fig. 79D).
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were collected and tested anti-HA anti body titers by ELISA (Fig. 75A), and,
m cewhi ch were vaccinated with pCHAS (Fig. 75B) and pCHA5-11 (Fig. 750
wer e chalwergwdoesish E319 virus and survivals were noni Poras20000808728] Dose
effects of pCHA5-11 and C34 on HA-specific antibody production and i mmune
protection in mce. [00374] Mce were vaccinated with single dose of
pCHAS-I1 ( 1 00, 75, 50 ng) with or wwthout C34 (0.5, 1, 2, 4 ng) as

adj uvant through IMroute. Three weeks after vaccination, sera were

coll ected and HA-specific antibody titers were assayed by ELISA (Fig. 76A).
At the sane time, mce were sacrified and spl enocytes were harvested for
ELI SPOT %@S(Fi g. 76B). Meanwhile, other groups of mce were chall enged
with NIB virus and mice survivals were nonitored. Fig. 76C shows
survivals of mce treated with different doses of pCHAS-11 and 2 ng C34
adj uvant. Fi gl1. 76 DAshowessi§on comptisingif m ce treated with 100 ng pCHA5-11 and
C34 at various dosages. [00375] Adjuvant effect of C34 on neutralization

ant i body productio LSt ri = e i Fenal e
BALEI o i b were | ] ERTG AR HaTAH s VRO R ARl LR pras RO Y pes
cont ai ning 2 ng ofthe3fruoturavelferroularid 3. Sera were coll ected 2 weeks after
the | ast vacci nat i@ and exam ned by HA-pseudotyped virus neutralization
assay. Data were r Eorted as serumdilutions giving 50% of HApseudot yped
virus neutralization (1D50) . EK (Fig. 77A), VNL 194 (Fig. 77B), 1DO5 (Fig.

77C), and Anhui O (Fi gio _7hP) HAjfpseudot yped viruses were usFed in this assay.
Nonl i near regression simWas” bisett o~eRre

O @ i he fit. Value of p
was the conparison ¢f° TS *[ potH 0.05 and presénisd i stical
si gni fi cant when conpar &° juyanied group with PCHAS only group.
[ 00377] Serum cyt oki ne expr ess'g n profifles in mce receiving pCHAS with or
w t hout C34 as adjuvant. [0037 Femal e BALB/c m ce were vaccinated with
0.2 nmg pCHAS with or without C34 through IMEP route at week 0 and 3. Sera
were coll ected before (Ch) and 2Ch

, or a pharmaceutically acceptable salt thereof; and

a vaccine agent.

2. The composition of claim 1 wherein the vaccine agent is selected from
the group consisting of a Kkilled microorganism, a live attenuated virus
microorganism, a toxoid, a fragment of an inactivated or attenuated microorganism,
DNA, and a uniqgue marker (e.g., a protein, glycoprotein, saccharide) or a

combination of the markers on cancer cells or microorganisms.

3. The composition of claim 1 wherein a subject is administered the
composition by subcutaneous administration, intravenous administration, intranasal

administration, intramuscular administration, or oral administration.

4, The composition of claim 1 wherein the composition elicits a

neutralization efficacy against H5N1 influenza virus.

5. The composition of claim 4 wherein the HS5N1 influenza virus is at least
one of wild type H5N1 influenza virus (E319), TK0S5, VN1194, ID05, and Anhui05.

6. The composition of claim 1 wherein the vaccine agent is at least one of
pCHAS5, and pCHAS5-II.
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after second vaccination. Serum concentrations of cytokine were assayed by
Lum nex 200 system * p < 0.05 by two-tailed unpaired t test when conpare
C34adj uvawoediogoedlp with pCHAS only group. # p < 0. 05 byCrws2eioseads
unpaired t test when conpare the Oh with 2Ch. Results are shown with
respect to IL-2 (Fig. 78A), IL-5 (Fig. 78B), IL-1 3 (Fig. 78C), RANTES
(Fig. 78D), MP-1 a (Fig. 78), MP-1 b (Fig. 78F), KC (Fig. 78, IL-1 b
(Fig. 78H), I1L-17 (Fig. 781), I1L-12p40 (Fig. 78J), GCSF (Fig. 78K), and
|FN-g (Fig. 78L). [00379] The neutralization abilities of antisera with

i nduction by C34 thro L se J niran ul i njecti ]

Femal e BALB/ ccr\':r?‘i cemv%gggpﬁl%@%ﬂzgf %%tﬁﬁdf VVQIA%F ﬁeq@g?errﬁg@f) O%@éh}%}sé ggggeed in
PBS cont aroduttjo? ofgatofeati3éne Tdfr preinflemksatddt eytokises, aT wesigerctybk elcted 1and
exam ned by HA-pseudotyped virus neutralization assay.  HA-pseudotyped virus
of TK, Vﬁﬁf@&‘? al”%é’, era"%l? m@@nv\g&eg |r&§%l[jprioh1%{q“o§ 35@5%?%06%'% were reported as
| D5O. Nonlinear regression analysis was used to exam ne the data fit. Val ue
of p was the 8onpafhea@ompbsition sof claipn 4 @hé&siratie pompesitien is tedfecthte tal
significant when canpare C34-adjuyanted gr.ou ith p - | n roup.
Reaul 15 dReeSomOSIE AxPreSHER T b 15 oo 4 i g. 1o P iAN fES MR gy i pos
(Fig. 79QIP-BKA/MNL-1B91 -{Fi1912080))G-Csh, Mid IFN4. conposi tion conprising: an
ef fective anount of a vacci ne adjuvant conpound represented by the
structure of formula 1: ( 1) , or a pharmaceutically acceptable salt

t hereof; and a vaccine agent. 2. The conposition of claim1l wherein the
vacci ne agent is selected fromthe group consisting of a killed

m cr oor gani snp. a | Avehaathbesutatle domposionyi for ase ganargirturer tiowaindthexapy agnment
of an inactivated or attenuated m croorganism DNA, and a uni que narker
(e.g., aBMB'&NH: gl ycoprotein, saccharide) or a conbination of the markers
on cancer cells oranreffeotvegambentof 8. comfup@neprisehed 1Y titd atroetlrerberein a
subj ect is adm ni Sfto%glg 1t_he

(1)

Q
HO _oH F
o] HN
" \/L‘/?i/\ ©
HO
e Cq2H25
OH

, or a pharmaceutically acceptable salt thereof.

10.  The pharmaceutical composition of claim 9 wherein administration of
the compound is based on at least one of cancer, an elevated risk for cancer or

precancerous precursors.

11.  The pharmaceutical composition of claim 9 wherein administration of

the compound elicits a response in at least one of tumor and cancer cells.

12.  The pharmaceutical composition of claim 11 wherein the response

elicited is a slowing down in a growth of the tumor.

13. The pharmaceutical composition of claim 11 wherein the response

elicited is a reduction in a size of the tumor.
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conposition by subcutaneous adm ni stration, intravenous adm nistration,

i ntranasal adm nistration, intranmuscular adm nistration, or oral

adm ni st ra0i2019/004315The conposition of claim 1 wherein tREeTASAPODFERHN
elicits a neutralization efficacy against HS5N1 influenza virus. 5. The
conposition of claim4 wherein the H5NL i nfluenza virus is at |east one of
wld type HS5N1 influenza virus (E31 9), TKO5, VN1 194, |D05, and Anhui G5.
6. The conposition of claim1 wherein the vaccine agent is at |east one of
pCHA5, and pCHA5-11.7. The conposition of claim 1l wherein the conposition

effects a higher produglioneof-Atohgailiodng $linPs UM -LAMIR Riskafad 8K nes, T
hel per type |I and |17 ¢yt okKi fedcand BKi Nee? My ol ved i o Cel
prol i f er dhe oompoghd Betoudffext an a8aptiMeemmaumezosysteéro nhatfindldesa bophlatien of t he

conposition is effective to,.increase cytokine expressjon.of at |east one of
0750%) L isBls) e optiiai g ot FE5 b BSoR i, theBirInelespige 1 opao,
G CSF, anrficitddNs @an.expandlomp bithagopulatic@bf eSO &ict adptivéd Pimus@sydierdnt i - t unor
i mrunot herapy conprising: an effective anount of a conpound represented by

the structure,pof formula 1: (.1) Qr..a rmageutical l.y acceptabl e salt
thereot 10 the phif Hedaticetide! kampasith Bh B dRpian e RpRRIAR of

adm ni st rtiad ipopulafiot be celznpotibchdaptiasetiung sgbtehre dsiudes@anoéxpadsioarin an

el evated risk f can r precancero precursors. 11. The pharmaceuti cal
Conposi tinb'ﬁ‘%é’f ngéf')ﬂﬁ’g:e[é%g?eélgnﬁgdﬁ?ﬁ%f)%@%gt‘ﬁe %1 of the conpound elicits a
response in at |east one of tunor and cancer cells. 12. The pharnaceuti cal
conposi tion oflécl alm plamtzeeetical theposisaoosdaial 9 Curtred compasiag @damgedown i n

a gromh of the tunpr. 13. The .phar eutical conposition of claim1l
wherei n VRESPELLBREE s coipeid S 29UPlict i on in a size of the tuamor.14. The
pharmaceutical conposition of claim9 wherein adm nistration of

17.  The pharmaceutical composition of claim 10 wherein the cancer is

selected from the group consisting of lung caner, breast cancer, hepatoma,

leukemia, solid tumor and carcinoma.

18. A pharmaceutical composition, for use in the treatment or prophylaxis
of a viral or bacterial infection, comprising:
an effective amount of a compound represented by the structure of

formula 1:

(1)

0
HC _oOH F
O HN
HO OH
HO o o

CyzHas
OH

a pharmaceutically acceptable carrier;

wherein the compound, when administered to a subject having an
adaptive immune system that includes a population of cells including at least one
lymphocyte and at least one antigen-presenting cell, forms a complex between the

compound and the antigen-presenting cell, wherein the formation of the complex
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the conpound is to effect an adaptive i nmune systemthat includes a

popul ation of cells, the population including at | east one |ynphocyte and
wherei n twe 208#pe31Se elicited is an expansi on of the popalrasean/osd2geel s in
the adaptive i mune system 15. The pharnmaceutical conposition of claim 14
wherein the expansion of the population of cells in the adaptive inmune
system i ncl udes an expansion in a nunber of T cells, CD8 Tcells, NK cells
or NKT cells. 16. The pharmaceutical conposition of claim9 further
conprising a cancer vaccine to which the conpound is added to. 17. The

Phe. or ousordRandBEREplaEs BREHS! B NI ERRecl® FaRERn el TS,

solid tumespomsd carci noma. 18. A pharmaceutical conposition, for use in the
treatment or prophylaxis of a viral or bacterial infection, conprising: an

effective anoygt o . r L. f qul a 1
1) a phar rracgg'ti Cgp?yﬁ@ég@%g?gtb{ag%gﬁﬁﬁgﬁérgs é\%g%gfrg%tt %%E%@Bgn%%&dﬁn (
adm ni st eegubnse isaa $ubijtyget cytakinengsponsedaipich peoducesiel sytekiees.t hat i ncl udes a

popul ation of cells including at |east one |ynphocyte and at |east one

ant i gen- preseggi ng | | e
anti gen- pr eseg{)i ng Tﬁglqh?rrﬁv\%%e;@f:% C@ﬁ@%@?ﬂ%ﬁl\gﬁ?g?%&QQW@?)&%?%JQ in the
acti vat i ane aéleatedefompttios gooupt tensisfinglod diyitl-g, tle1fribdydle3t He8cht1ikilind5r esponse

19. The mageut i osjtion o | af m 18 wherein the cytokine
response i '%’éﬁfé§§g%A@3ggkﬁh%4P@¥BQW§5' i ch produces T HL cytokines. 20.
The pharnaceutical conposition of claim19 wherein the T HL cytokines are
sel ected fronpthe gheuphdraasesidahGobfpobitibh dof tikind 18 whereln thé-ctoKide 8,

I L-12, 1L-15, TNF-_a, GWCSF, RANTES, MP-1 a and_MCP-1 . 2 1. The
phar mac e (B$RIIEE (AP o RS IUf NG TesPprseav iRl PEdvcen &He YiBinaS
22. The pharmaceutical composition of claim 21 wherein the Ty2 cytokines
are selected from the group consisting of IL-4, IL-6, IL-8, IL-10, IL-13, RANTES, MIP-

1o and MCP-1.

23. The pharmaceutical composition of claim 18 wherein administering the
compound is accomplished by subcutaneous administration, intravenous
administration, intranasal administration, intramuscular administration, or oral

administration.

24, The pharmaceutical composition of claim 18 wherein the at least one
lymphocyte is a T lymphocyte.

25. The pharmaceutical composition of claim 24 wherein the T lymphocyte
is a Natural Killer T cell.

206. The pharmaceutical composition of claim 25 wherein the Natural Killer
T cell is an invariant Natural Killer T cell.

27. The pharmaceutical composition of claim 18 wherein the at least one
antigen-presenting cell is a dendritic cell.

28. The pharmaceutical composition of claim 27 wherein the dendritic cell

is an immature or a mature dendritic cell.
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response is a TH2-type cytoki ne response which produces TH2 cytoki nes. 22.
The pharnaceutical conposition of claim2 1 wherein the TH2 cytoki nes are
sel ect ed wpamwdee3igr oup consi sting of 1L-4, 1L-6, |L-8, PCLAK)09/05032B,
RANTES, M P- l1a and MCP-1 . 23. The pharnmaceutical conposition of claim18
wherein adm ni stering the conpound is acconplished by subcut aneous

adm ni stration, intravenous adm nistration, intranasal adm nistration,

i ntranuscul ar adm ni stration, or oral adm nistration. 24. The

phar maceuti cal conposition of claim 18 wherein the at | east one |ynphocyte

isaT Iynpho c ai 4 erein
the T Iyrrphoc% e |ér%§ FNér{P |a§+1Lﬂ gﬁc’@%&fs cel fg%%gﬁ 1E#nse"q%har ﬁn’{fcg%ﬁglﬁr}w
conposi t ifermsod compliervzth anGBr ensletlie ohdihelastigekigresentihgeelll i s an i nvari ant
Natural Killer T cell. 27. The pharnmaceutical conposition of claim18

wherei n the abyl easho e ald BB RLGSRALDNG k! d fndedFRLE |ks)

The phar naceu |caI osition of cla wheren (e ce% |s an
i mmat ur e iDa Qi)1miarhulleeuldendr| tic cell. 29. The pharnmaceutical conposition of
claim 18 wherein the conmpound forns a conplex with a CD1 nol ecul e on the

ant | gen. pr esegt | N9 156l dray oo SOASIRREUE G5 S2TRSUAIAR Bl " 29

where the CD1 nol ecu I's a rmaceu
conposi t iten T dfmphayte i24 Wwoel eicaptohe receptor on the T | ynphocyte is a T
cell receptor. 32. The pharnaceuti cal corrposi tion of claim 18 wherein the

compound sti mybat esy At faste ARSI BAMESSHATBNBEK S1el AnBIAUEE cLARaGY] Oki ne

response. he pnarnmaceuti ca OSI Ion of clarm rei e at
| east on@tlmums avm@@yt@eréyrapﬁodyta toerodiael the Bytokinkeegdtansaaceut i cal
conposition of claim18 wherein the

33. The pharmaceutical composition of claim 32 wherein the at least one

other lymphocyte is a T helper cell.

34. The pharmaceutical composition of claim 18 wherein the
administration of the compound results in an expansion of the population of cells in

the adaptive immune system of the subject.

35. The pharmaceutical composition of claim 19 wherein the subject

suffers from a cancer or an infectious disease.

36. The pharmaceutical composition of claim 21 wherein the subject

suffers from an autoimmune disease.

37. The pharmaceutical composition of claim 18 wherein the subject
suffers from at least one of Sphingomonas capsulata, Japanese Encephalitis Virus,

Staphylococcus aureus, and Influenza.

38. A composition comprising:

an effective amount of a vaccine adjuvant compound represented by

the structure of formula 2:

(2)
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adm ni stration of the conpound results in an expansion of the popul ation of
cells in the adaptive i mune system of the subject. 35. The pharnaceuti cal
conposi t iwo 20f0/wbasmM 19 wherein the subject suffers fromCa/usanomso3es an

i nfectious di sease. 36. The pharmaceutical conposition of claim2 1 wherein
t he subject suffers from an autoi mune di sease. 37. The pharnmaceuti cal
conposition of claim 18 wherein the subject suffers fromat |east one of
Sphi ngononas capsul ata, Japanese Encephalitis Virus, Staphyl ococcus aureus,
and I nfluenza. 38. A conposition conprising: an effective anmount of a

vacci ne adj uvant con&gund represented by the structure of formula 2: (2),
or a pharmaceutical |} acc@ abl e®salt thereof: and a y“gpm ne agent. 39. The
conposition of claim 385 I el tihe mgetr;eageng, rsfselxqg(r_. ed fromthe
group consisting ot rlﬂ%: L’ganl sm a live af\\twe“ﬂuat ed virus

m croorgani sm a toxoi a br agnen@ of .an.i na,c\tl vat ed_ or. attenuat ed

m cr oor gani sm DNA, and a unique [marker “(e.g., "a prot &7 n, gI ycopr ot ei n,
saccharide) or a conbination of ©he narkers on cancer cells or

m croorgani sns. 40. The conposition of claim 38 wherein a subject is

adm ni stered the conposition by subcutaneous adm nistration, intravenous
adm ni stration, i ntoranssamaaéeuticallsbcapitaie salhtheesaisand ar adm ni strati on, or
oral admnistration. 4.1. The conposition of claim 38 wherein the vaccine
agent is at |east JMNECYI® 4945, and pCHA -11. 42. A pharnaceuti cal
conposition for anti-viral therapy conprising: admnistering an effective
anount of a c8é8pouhite rempesiéon ed digimt B& veltareiot ineevaricineoageritas Zeldcd

from the group consisting of a killed microorganism, a live attenuated virus

microorganism, a toxoid, a fragment of an inactivated or attenuated microorganism,
DNA, and a uniqgue marker (e.g., a protein, glycoprotein, saccharide) or a

combination of the markers on cancer cells or microorganisms.

40. The composition of claim 38 wherein a subject is administered the
composition by subcutaneous administration, intravenous administration, intranasal

administration, intramuscular administration, or oral administration.

41.  The composition of claim 38 wherein the vaccine agent is at least one
of pCHAS5, and pCHAS5-II.

42. A pharmaceutical composition for anti-viral therapy comprising:

administering an effective amount of a compound represented by the

structure of formula 2:

or a pharmaceutically acceptable salt thereof;
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or a pharmaceutically acceptable salt thereof;43. The pharnaceuti cal
conposition of claim42 wherein a subject suffers froma viral infection.
44. The pwheropow®siiscal conposition of claim43 wherei n Ph@/vs2ealosi3n$ ecti on
is at |east one of Japanese Encephalitis Virus and Influenza. 45. The
pharmaceutical conposition of claim42 wherein a subject suffers froma
bacterial infection. 46. The pharmaceutical conposition of claim45 wherein
the bacterial infection is at |east one of Sphingononas capsul at a,

St aphyl ococcus aureus, and Kl ebsiella Pneunoni ae. 47. A conposition

by The struct i of ' BYRITRCC) SprBo e of e e S MR PRI o "C

t her eof ; fndaairaldcfectien.agent. 48. The conposition of claim47 wherein the
vacci ne agent is selected fromthe group consisting of a killed

m croorgani smy,a | agnent
of an inacti \%t ed 1-%63&%%%&%?{'%? ch‘n ggpgﬂ of 88{”9%%,&%&9@ tﬁé’{%’élqr&fg@tn(%ﬁ ke
(e.g., a |spatjee$tro,negjf)dep@'raseeﬁnmepbaictlsMrrus%)j loftuemze.onbi nat i on of t he rrar kers
on cancer cells or mcroorgani sms 49 The conposition of claim47 wherein a
subj ect i's_adgini SHEl BflhiteRAERASEDORobY: SURGULANIUS, AL BLLFAI on

i ntravenous adninistration ana adm nirstration

adm ni st fiaim ebacterialdnt@ctiadm ni strati on. 50. A pharmaceutical conposition
for anti-infective therapy conprising: admnistering an effective anmount of
a conpound re es SEir 3,

phar maceut i caIQr y :Erﬁ:egg)thgm%@g %I ?‘g@? tf&f gffo({lé"#has gé%]cgﬁ? fbgg}erlal

conposi t iinfactein isl ai lrast0onehef @iphingomobp@@apsuatfaeS@phylococcus aureus, and

Klebsiella Pneumoniae.

47. A composition comprising:

an effective amount of a vaccine adjuvant compound represented by

the structure of formula 3:

)

, or a pharmaceutically acceptable salt thereof; and

a vaccine agent.

48. The composition of claim 47 wherein the vaccine agent is selected
from the group consisting of a killed microorganism, a live attenuated virus
microorganism, a toxoid, a fragment of an inactivated or attenuated microorganism,
DNA, and a uniqgue marker (e.g., a protein, glycoprotein, saccharide) or a

combination of the markers on cancer cells or microorganisms.
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froma viral infection. 52. The pharmaceutical conposition of claim5 1
wherein the viral infection is at |east one of Japanese Encephalitis Virus
and | nf| v&02a10/®8315The pharmaceuti cal conposition of cl CEUS00st080328 N a
subject suffers froma bacterial infection. 54. The pharnaceuti cal
conposition of claim53 wherein the bacterial infection is at |east one of
Sphi ngononas capsul ata, Staphyl ococcus aureus, and Kl ebsi el | a Pneunoni ae.
55. A nethod of synthesizing a conpound represented by the structure of
formula 1: ( 1), conprising: selectively protecting 2, 3- dihydroxy groups

g]::t (E)>n: é)éolsﬁt g%i?redl at e%8§¥f§g'?§ﬁ%? él%mtp??n@ﬁ?/raﬁ;% %ﬁ&lcé %lfl%nqr(])'gtley fre "Sct oni de

i nter nedlcatrfp)otsmom rhytgdbcotaheomsjedmnulsttm:se mtradetdusnadmingtratorg ibtraragal et her

i nt er medi actl the tr r nedi with CGIls +PPlIVBr by
Wit g orBrmisRR: MiemiacyrbadioisTalSh & ok di o1 azi de ( LHVDS),
wher eby an al kene internediate with the ElZ ratio of 2:1 by 1H NWR
spectronetry characterization is yielded;, hydrogenating the al kene
internediate to give an al kane; activating a hydroxy group of the al kane by
triflate anhydgi de - c f [ j ate;
reacting the ?EI:)I f IAa ngrﬁ?%ru#é ﬂiggglt'{)m(?eat%rﬁéﬁrrfgw})ﬁ téﬁ@ﬁ?’&?ﬁ%% zi de (TM&A)
by SN2 reaction toa@mmestesmngam dﬁe@w&mmcmdwtwfte‘rtc@mp@trtobdepcemrntegnbsatth&)n
removing a trityl 1 E trheI ido conpound by using triflouroacetic acid
(TFA) to give phyt % ﬁg?g Wé' ffecting glycosylation of doner-gal act ose
derivative and accépt or phyt osphi ngosi ne usi ng thfl uoronet hanesul fonic

anhydride (Tf2 ) and d| nmet hyl o
o fOH 0 N
o) B PPN X J
HONmmey,  HNT 7 e i i s
HO OH
N S ~. N /\\w[/" e /‘\\v// \\_\/,»
i
OH

or a pharmaceutically acceptable salt thereof.

51.  The pharmaceutical composition of claim 50 wherein a subject suffers

from a viral infection.

52. The pharmaceutical composition of claim 51 wherein the viral infection

is at least one of Japanese Encephalitis Virus and Influenza.

53. The pharmaceutical composition of claim 50 wherein a subject suffers

from a bacterial infection.

54. The pharmaceutical composition of claim 53 wherein the bacterial
infection is at least one of Sphingomonas capsulata, Staphylococcus aureus, and
Klebsiella Pneumoniae.

55. A method of synthesizing a compound represented by the structure of

formula 1:

(1)
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sulfide (M2S) as pronoters to give a key internedi ate having an azi do
group; reducing the azido group of the key internedi ate using a Staudi nger
reacti on wo 2giv@6an am ne i nternedi ate; and coupling thecarhasa@oionides nedi at e
with fatty acid using EDC and HBTU. 56. A nethod of enhancing an i nmune
response to a vacci ne agent conprising:adm nistering an effective anount of
a conpound represented by the structure of formula 1: ( 1) , or a
pharmaceutically acceptable salt thereof; and a vaccine agent. 57. The

met hod of claim56 wherein the vaccine agent is selected fromthe group
consisting of a killed mcroorganism a live attenuated virus

m croorgani sm a toxoid, a fra-nent of an inactivated or attenuated

m croorgani sm DNA, & ur]_'!l a-Qrote gl ycoprot ein,
saccharide) or a corHy on [ l_p '@ er/"ls or

m croor gani sns. 58. The waef hod o cI ai m 56 wher e HSU) ect 1S

adm ni stered the conpound subc ¢S adm ni stration, intravenous

adm ni stration, intranasal adnPHi st rati on, intranuscul ar adm nistration, or
oral admi nistration. 59. The nethod of claim56 wherein the conpound and
the vacci ne agent eddngprisiry: neutralization efficacy against H5N1 influenza
virus. 60. The nethod of claim59 wherein the H5N1 i nfluenza virus is at

| east one of wild $FEVRBNPPIREINENZe-UNYAIEXY ESOUFS, OfKEFYXaERL %42 | DOS,

and Amu'n%tho@me-ﬁ@@n ff%tﬂ%ge ecﬁ'a@ld‘fb aes&bRidE MedshatBe agent is at
| east one of CHAS- | 62. e nethod of claimb56 wherein the

conpound and the v%l&ﬁqfﬁ'égaﬁ};é’ﬁfnaélf fygioxyl gioyRer’ heoaetepidernigrmadiateetst one

of proi nft#.@lrﬁmérmevarﬁjyﬁég@daﬁamoﬁ tcbg.k,@%rtnfyy%e} inddttheblatgyt OKi nes and
chenokines”involved in cell proliferation and chenotaxjs.63. The nethod of

cl ai m 56 wherein tmcmmﬁﬂlt%@ﬂ\qrh@wa@dlaﬁfe veithe G3He PRI BsCY Wit
I ncrease G¥hatbMe TP HREheS Ritdtm! AEHM&ARNdRiaZide fHMBSY, whireby:an

alkene intermediate with the E/Z ratio of 2:1 by 'H NMR spectrometry
characterization is yielded;

hydrogenating the alkene intermediate to give an alkane;

activating a hydroxy group of the alkane by triflate anhydride and 2,6-
lutidine to give a triflate intermediate;

reacting the triflate intermediate with tetramethylguanidinium azide
(TMGA) by SN2 reaction to give an azido compound with inverted configuration;

removing a trityl group of the azido compound by using triflouroacetic
acid (TFA) to give phytosphingosine;

effecting glycosylation of doner-galactose derivative and acceptor
phytosphingosine using trifluoromethanesulfonic anhydride (Tf2O) and dimethyl
sulfide (Me,S) as promoters to give a key intermediate having an azido group;

reducing the azido group of the key intermediate using a Staudinger
reaction to give an amine intermediate; and

coupling the amine intermediate with fatty acid using EDC and HBTU.

56. A method of enhancing an immune response to a vaccine agent

comprising:
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RANTES, MP-1 a, MP-1 b, KC, IL-1b, IL-17, 1L-12p40, G CSF, and IFN-g
64. A nmethod of anti-tunor inmunotherapy conprising: adm nistering an

ef f ecti vewarmouwmenf a conmpound represented by the structrarasedoonsmesl a 1: (
1) , or a pharmaceutically acceptable salt thereof. 65. The nethod of
claim 64 wherein the admnistration is based on at |east one of cancer, an
el evated risk for cancer or precancerous precursors. 66. The nethod of
claim 64 wherein the adm nistration of the conpound elicits a response in
at | east one of tunor and cancer cells. 67. The nethod of claim 66 wherein
the response elici | sl owt.ng. do i of 1t . ,68. The
nmet hod of claim 665(&}%'3}% r%gt%}ré\étfgcgblgna\éxgo%qqiogﬁgé%n“@gungf rreé)géjscehi%%f))( rt1hea si ze
of the tunor. 69. Sheturetohéwtimafa tl ai m 64 wherein the adm nistration of the
conpound is to effﬁ;t an adaptive i mune systemthat includes a popul ation
of cells, the popul'ation including at |east one | ynphocyte and wherein the
response elicited is an expansion of the population of cells in the
adaptive imune syst em 76,4 TheSnet hod of claim 69 wherein the expansi on of
t he popul ation of cel \Quid t apf i emd ldes an expansi on
in a nunber of T celH%:? eldss, NK cells or C . 7 1. The nethod
of claim®64 further conpPics] ovidi ng a cancer vd&tcine to which the
conpound is added to. 72. The mget hod & *cl ai m 65 wherein the cancer is
selected fromthe group consisting of lung caner, breast cancer, hepatong,
| eukem a, solid tunor and carcinoma. 73. A nmethod for treatnent or
prophylaxis of a viral or bacterial infection by activating a cytokine
response in a subj egty; GRELSINRGIly 8SERILH S4it Mart: &1 ective amount of a

conmpound to a subject,"
a vaccine agent.

57.  The method of claim 56 wherein the vaccine agent is selected from the
group consisting of a killed microorganism, a live attenuated virus microorganism, a
toxoid, a fragment of an inactivated or attenuated microorganism, DNA, and a unique
marker (e.g., a protein, glycoprotein, saccharide) or a combination of the markers on

cancer cells or microorganisms.

58. The method of claim 56 wherein a subject is administered the
compound by subcutaneous administration, intravenous administration, intranasal

administration, intramuscular administration, or oral administration.

59.  The method of claim 56 wherein the compound and the vaccine agent

elicit a neutralization efficacy against H5SN1 influenza virus.

60. The method of claim 59 wherein the H5N1 influenza virus is at least
one of wild type H5N1 influenza virus (E319), TK0S5, VN1194, ID05, and Anhui05.

61. The method of claim 56 wherein the vaccine agent is at least one of
pCHAS5, and pCHAS5-II.

62. The method of claim 56 wherein the compound and the vaccine agent
effect a higher production of at least one of proinflammatory cytokines, T helper type

| and Il cytokines and chemokines involved in cell proliferation and chemotaxis.
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wherein the subject has an adaptive i nmune systemthat includes a

popul ation of cells, the population including at | east one |ynphocyte and
at | east woeosmmwsyén- presenting cell, and wherein the cecpasae9ioso32s
represented by the structure of formula 1: ( 1 ) or a pharnaceutically
acceptabl e salt thereof; form ng a conplex between the conmpound and the
antigen-presenting cell, wherein the formation of the conplex results in
the activation of a receptor on the |ynphocyte; and activating the

| ynphocyte to produce the cytokine response.74. The nmethod of claim 73

b oduces Th 91 ok TRl Oritit &6 il ¥ SorhSd It Rt oo

cyt oki nearareffestlectt adréasentittbieng rexpessionsofsat legsobné FEfk-10-2, IIL-51 1b13) L- 2,

The- et hEHSHER MR 7t ok 6 Ly E L HEP bepiite a8 BN 2. Lype cyt oki ne
response whi ch produces TH2 cytokines. 77. The nethod of claim 76 wherein

the TH2 cytokines are selected fromthe group consisting of I1L-4, IL-6,
IL-8, IL-10, IL-13, RANTES, MP-1 a and MCP-1 . 78. The nmethod of claim 73

wher ei n adm ni.sterjn h ompound.is acconplished by subcut aneous
adm ni stratio 2 i n’%ﬁg?}é%(gﬂfgarg;g |rér{‘?‘é{{‘i’t§ﬁfg%’|yﬁt°%?ﬁ'8'§ | adm ni stration,
i ntranmuscul ar adm adrsintstdringnan effectival aracumtof H ca@hpoaund EpresEnesdrey ied of

claim73 wherein the at |east pne | ynphocyte is a T | ynphocyte. 80. The
met hod of claim YQQW?ZLF@iOﬁ?C{rWé'PaTﬁI ynphocyte is a Natural Killer T cell. 8

1. The net hod of cd1 im80 wherein the Natural Killer T cell is an invariant
Natural Killer T cell.
0
HC _oH F
2w S Y
HO OH
HO o (¢}
\/L[/J\/\Cmst
OH

, or a pharmaceutically acceptable salt thereof.

65. The method of claim 64 wherein the administration is based on at least

one of cancer, an elevated risk for cancer or precancerous precursors.

66. The method of claim 64 wherein the administration of the compound

elicits a response in at least one of tumor and cancer cells.

67. The method of claim 66 wherein the response elicited is a slowing

down in a growth of the tumor.

68. The method of claim 66 wherein the response elicited is a reduction in

a size of the tumor.

69. The method of claim 64 wherein the administration of the compound is
to effect an adaptive immune system that includes a population of cells, the
population including at least one lymphocyte and wherein the response elicited is an

expansion of the population of cells in the adaptive immune system.
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82. The nethod of claim 73 wherein the at | east one antigen-presenting cel
is adendritic cell. 83. The nethod of claim82 wherein the dendritic cel

is an i neoOur®/6314 mature dendritic cell. 84. The net hodTafS2avasisey3
wherein the conpound forns a conplex with a CD1 nol ecul e on the
antigen-presenting cell. 85. The nethod of claim 84 where the CD1 nol ecul e
is a CD1d nol ecul e. 86. The nmethod of claim 79 wherein the receptor on the T
| ynphocyte is a T cell receptor. 87. The method of claim 73 further
conprising: stinmulating at | east one other |ynphocyte to produce the

cyt oki ne respgpse.88. e t | ai. 7 2] e | east pne

ot her | yrrphoc;?@'e igﬁea mle-[ﬁ%q ggfgg’ﬂﬁg W@S%'#]ﬁ@e reﬁ\é\(?%résgérg]o% @Teaﬁhﬁ)l'ygﬁ%gfei n the
adm ni st rcatls onthefaddpéve onmanadystesuintisdes aarexpapsiosiroa rmimdenef Jopallsat i on of

cells in adapt,ive,i system of the subject. 90. The method of claim
74 wher ei%ﬁﬁggu@}(eﬁ's?ﬂﬁ%@rcﬁ?'r om a cancer or an infectious disease. 9 1.

The nmethod of claim 76 wherein the subject suffers froman autoi nmune

di sease. 92. The nEtdoetiufd of daim 88 furtrer eébmptikieg gubyidioy ascerfcer sadairem at

| east one_of . i ngononas. capsyl ata, Japanese Encephalitis Virus,

St aphyl oi%&/@{ffqﬁwgm?ug(ﬁﬁ qoﬁﬁaﬁ%nza. 93. A nethod of enhancing an i mune
response to a vacci ne agent conprising: admnistering an effective anount
of a compound72epr Bsentedtbdogf ddim 63 whetain theodaricer isdedeczed {ramn, thergreup

phar mce%tohggtlirl o?qﬁr%)tc%%leﬁ Sr%latst tcgﬁéeer?fﬁepg{écrina, leukemia, solid tumor and

carcinoma.

73. A method for treatment or prophylaxis of a viral or bacterial infection by
activating a cytokine response in a subject comprising:
administering an effective amount of a compound to a subject,
wherein the subject has an adaptive immune system that
includes a population of cells, the population including at least one lymphocyte and
at least one antigen-presenting cell, and
wherein the compound is represented by the structure of

formula 1:

(1)

[0}
HQ _oH F
O HN
HO OH
HO o Q

Cy2Hzs
OH

or a pharmaceutically acceptable salt thereof;

forming a complex between the compound and the antigen-presenting
cell, wherein the formation of the complex results in the activation of a receptor on
the lymphocyte; and

activating the lymphocyte to produce the cytokine response.
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a vaccine agent. 94. The nethod of claim93 wherein the vaccine agent is
sel ected fromthe group consisting of a killed mcroorganism a |ive

att enuat edlowDro®e3rsScr oor gani sm a toxoid, a fragnent of pam/use@otsosas ed or
attenuated m croorgani sm DNA, and a unique marker (e.g., a protein,

gl ycoprotein, saccharide) or a conbination of the markers on cancer cells
or mcroorganisns. 95. The nethod of claim93 wherein a subject is

adm ni stered the conpound by subcut aneous admi nistration, intravenous

adm ni stration, intranasal adm nistration, intranuscular adm nistration, or

oral adm nistrati 0.y T t | aj erein th i.ne agent
is at |east ozg' omecaﬂ%ﬁ“’d;ﬁ%ggéﬁgﬂ?rg'@?‘@@?&‘&"’%& eé'Bf)néaen{es’l é’%ﬁg}/pe{ her apy
conpri si ngtokmenrespsiserwhich prodetdseTil srgolamesunt of a conpound represented by
the structure of fornmula 2: (2) or a pharnaceutically acceptable salt

thereof;98. T e i i bj . suffe vi ral

i nfection. 99?§Theﬂrr]egﬂ}$gﬁao ogbia!él??g? 214\é@?%'gﬁggnﬁ#h@?w ?e;ﬁ &{en# e%‘{tléggpolﬂ]s at

| east oneh@brolppeonstingrot ePpiial ilk-1%, 42, us-3ands) hi12dnz®, TNFOa, GNVeCB8Et hod of
claim97 wherein a subject suffers froma bacterial infection. 101 . The
net hod of VN Hrdn M1 wRBA MGPthe bacterial infection is at |east one of

Sphi ngononas capsul ata, Staphyl ococcus aureus, and Kl ebsi el |l a Pneunoni ae.

102. A nethod7ef eTHRRtE 8NclaMTBENEEIRONS ytdkir MRABEEEisAF EMD-type
conpri sing; admni sterlrgggan effective anmount of a conpound represented by

the st rudVigkidegpspasisarcsprodasesgidonpkines. £

77. The method of claim 76 wherein the Ty2 cytokines are selected from
the group consisting of IL-4, IL-6, IL-8, IL-10, IL-13, RANTES, MIP-1a and MCP-1.

78. The method of claim 73 wherein administering the compound is
accomplished by subcutaneous administration, intravenous administration, intranasal

administration, intramuscular administration, or oral administration.

79.  The method of claim 73 wherein the at least one lymphocyte is a T

lymphocyte.

80. The method of claim 79 wherein the T lymphocyte is a Natural Killer T

cell.

81. The method of claim 80 wherein the Natural Killer T cell is an invariant

Natural Killer T cell.

82. The method of claim 73 wherein the at least one antigen-presenting

cell is a dendritic cell.

83. The method of claim 82 wherein the dendritic cell is an immature or a

mature dendritic cell.

84. The method of claim 73 wherein the compound forms a complex with a

CD1 molecule on the antigen-presenting cell.

85. The method of claim 84 where the CD1 molecule is a CD1d molecule.
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HOi : QH OH, or a pharmaceutically acceptable salt thereof; and a vaccine
agent. 103. The nethod of claim 102 wherein the vaccine agent is selected
from t he woacow/wae3si sting of a killed mcroorgani sm a PCTasatwsnsas ed
virus mcroorganism a toxoid, a fragment of an inactivated or attenuated
m croorgani sm DNA, and a unique marker (e.g., a protein, glycoprotein,
saccharide) or a conbination of the markers on cancer cells or

m croor gani sns. 104. The net hod of claim 102 wherein a subject is

adm ni stered the conpound by subcutaneous adm nistration, intravenous

oral "adm ni st i offe T03CSSRRLE bt ine RpRAR DR NAL AP RESY i ng:

adm ni st arc¢eligeesptef. f ecti ve amount of a conpound represented by the
structure of formula 3: (3) or a pharmaceutically acceptable salt thereof.

106. The net hgg of-l-ﬁ;é %iewoépéfcygﬂﬁrﬁifnrlt@%sw eg suffers froma viral
. 0 clairm

infection. 10 The Tret 0 T8I the viral infection is at

| east one of Japangseul@itgephaddadti eneviothes lgmgphoayté uenpdud®8he Taykokinet hod of

claim 105 wherein a subject suffers froma bacterial infection. 109. The

met hod of ¥ 108 wherein the bacterial infection is at |east one of

Sphi ngononas capsul ata, Staphyl ococcus aureus, and Kl ebsi el |l a Pneunoni ae.
88. The method of claim 87 wherein the at least one other lymphocyte is a

T helper cell.

89. The method of claim 73 wherein the administration of the compound
results in an expansion of the population of cells in the adaptive immune system of
the subject.

90. The method of claim 74 wherein the subject suffers from a cancer or an
infectious disease.

91. The method of claim 76 wherein the subject suffers from an

autoimmune disease.

92. The method of claim 73 wherein the subject suffers from at least one of
Sphingomonas capsulata, Japanese Encephalitis Virus, Staphylococcus aureus, and

Influenza.

93. A method of enhancing an immune response to a vaccine agent
comprising:
administering an effective amount of a compound represented by the

structure of formula 2:

(2)
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, or a pharmaceutically acceptable salt thereof; and

a vaccine agent.

94. The method of claim 93 wherein the vaccine agent is selected from the
group consisting of a killed microorganism, a live attenuated virus microorganism, a
toxoid, a fragment of an inactivated or attenuated microorganism, DNA, and a unique
marker (e.g., a protein, glycoprotein, saccharide) or a combination of the markers on

cancer cells or microorganisms.

95. The method of claim 93 wherein a subject is administered the
compound by subcutaneous administration, intravenous administration, intranasal

administration, intramuscular administration, or oral administration.

96. The method of claim 93 wherein the vaccine agent is at least one of
pCHAS5, and pCHAS5-II.

97. A method of anti-viral therapy comprising:

administering an effective amount of a compound represented by the

structure of formula 2:

or a pharmaceutically acceptable salt thereof;
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98. The method of claim 97 wherein a subject suffers from a viral infection.

99. The method of claim 98 wherein the viral infection is at least one of
Japanese Encephalitis Virus and Influenza.

100. The method of claim 97 wherein a subject suffers from a bacterial

infection.

101. The method of claim 100 wherein the bacterial infection is at least one

of Sphingomonas capsulata, Staphylococcus aureus, and Klebsiella Pneumoniae.

102. A method of enhancing an immune response to a vaccine agent

comprising:

administering an effective amount of a compound represented by the

structure of formula 3:

)

, or a pharmaceutically acceptable salt thereof; and

a vaccine agent.

103. The method of claim 102 wherein the vaccine agent is selected from
the group consisting of a Kkilled microorganism, a live attenuated virus
microorganism, a toxoid, a fragment of an inactivated or attenuated microorganism,
DNA, and a uniqgue marker (e.g., a protein, glycoprotein, saccharide) or a

combination of the markers on cancer cells or microorganisms.
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104. The method of claim 102 wherein a subject is administered the
compound by subcutaneous administration, intravenous administration, intranasal

administration, intramuscular administration, or oral administration.

105. A method of anti-infective therapy comprising:
administering an effective amount of a compound represented by the

structure of formula 3:

or a pharmaceutically acceptable salt thereof.

106. The method of claim 105 wherein a subject suffers from a viral

infection.

107. The method of claim 106 wherein the viral infection is at least one of

Japanese Encephalitis Virus and Influenza.

108. The method of claim 105 wherein a subject suffers from a bacterial

infection.

109. The method of claim 108 wherein the bacterial infection is at least one

of Sphingomonas capsulata, Staphylococcus aureus, and Klebsiella Pneumoniae.
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