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ALPHA-GALACTOSYL CERAMIDE ANALOGS
AND THEIR USE AS IMMUNOTHERAPIES, ADJUVANTS,
AND ANTIVIRAL, ANTIBACTERIAL, AND ANTICANCER
AGENTS

RELATED APPLICATION

[0001] This application claims full Paris Convention priority to U.S. Application
Serial No. 12/218,082, filed July 11, 2008, the contents of which are incorporated by

reference herein in its entirety.

FIELD OF THE DISCLOSURE

[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.
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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
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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.
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targeted to the dendritic cell, wherein uptake occurs in vivo, for nethods
as descri bed hereinbel ow. [0014] a-Gal Cer anal og uptake and processing, in
one inplementation, can occur within 24 hours, or in another
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[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



t he subject, thereby del aying onset, reducing incidence or suppressing a
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in one inplenentation, sterile solutions, or in other inplenentations,
aqueous or non-aqueous, suspensions or emulsions. In one inplenentation,

t he conpositions may conprise propyl ene glycol, polyethylene glycol,
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implementations, aqueous or non-aqueous, suspensions or emulsions. In one
implementation, the compositions may comprise propylene glycol, polyethylene
glycol, injectable organic esters, for example ethyl oleate, or cyclodextrins. In
another implementation, compositions may also comprise wetting, emulsifying and/or
dispersing agents. In another implementation, the compositions may also comprise
sterile water or any other sterile injectable medium. In another implementation, the
compositions may comprise adjuvants, which are well known to a person skilled in
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:

O
HO _oH F
O HN
HO OH
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(1)
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OH

[0021]In one exemplary implementation, the disclosure provides a compound

represented by the structure of formula 2:



[0021] In one exenplary inplenentation, the disclosure provides a conpound
represented by the structure of formula 2. (2) OH\0 HN
WO 2010/006315 PCT/US2009/050328

[0022]In one exemplary implementation, the disclosure provides a compound
represented by the structure of formula 3:

@)

[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.



HO 6, OH OH [0022] In one exenplary inplenentation, the disclosure provides
a conpound represented by the structure of fornmula 3: (3) OHr_cm O
WO 2010/006315 PCT/US2009/050328

In one implementation, the immune response is marked by a cytokine profile which is

deleterious to the host.

[0027]In one exemplary implementation, the NKTs of this disclosure may be
administered to a recipient contemporaneously with treatment for a particular
disease, such as, for example, contemporaneous with standard anti-cancer therapy,
to serve as adjunct treatment for a given cancer. In another implementation, the
NKTs of this disclosure may be administered prior to the administration of the other

treatment.

[0028] In another exemplary implementation, this disclosure provides a method for
modulating an immune response, which is directed to infection with a pathogen, and

the immune response is not protective to the subject.

[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:

(1)
[e]
HO _oH F
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HO OH
HO (8]
(o)
CyoHas

OH

or a pharmaceutically acceptable salt thereof;
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may be via any means known in the art, and may include, for exanple,

i ntra-1ynphoidal, or SubQ injection.

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.

[0031] In some aspects of the method at least one lymphocyte is a T lymphocyte
and in some cases the T lymphocyte is a Natural Killer T cell. In some instances the

Natural Killer T cell is an invariant Natural Killer T cell.

[0032] In some aspects the at least one antigen-presenting cell is a dendritic cell. In

some instances the dendritic cell is an immature or a mature dendritic cell.

[0033] In some aspects of the method administering the compound is accomplished
by subcutaneous administration, intravenous administration, intranasal

administration or intramuscular administration.

[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:



[0024] In one inplenmentation, the a-Gal Cer anal ogs of the present
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aneliorating NKTs. Analog delivery in the steady state can be acconplished,
in one inplenentation, as described in Bonifaz, et al. (2002) Journal of
Experinental Medicine 196: 1627-1638; Manaval an et al. (2003) Transp

| mmunol . 11: 245-58. [0025] In another exenplary inplenmentation, select
types of dendritic cells in vivo function to prine the NKTs. [0026] In

anot her exenplary inplenmentation, this disclosure provides a nethod for
nodul ating an innqng respon®e, which is an inappropriate or undesirable
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as, for exanple, contenpora®dous with standard anti-cancer therapy, to
serve as adj uhbt treatnent for a gi ven cancer. I n another inplenentation,
the NKTs of this disclosure nay be adm nistered prior to the adm nistration
of the other treatnent. [0028] In another exenplary inplenmentation, this
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directed to infection with a pathogen, and the inmmune response is not
protecti \@038] It peme insjtanaes the vaccine agent is selected from the group consisting of

a killed microorganism, a live attenuated virus microorganism, a toxoid and a
fragment of an inactivated or attenuated microorganism. In some instances the
microorganism is a bacteria or a fungi. In some instances the toxoid is a tetanus or a
diphtheria. In some instances the vaccine agent is capable of eliciting an immune
response in a subject that is administered the vaccine. In some instances the
compound acts as an immunologic adjuvant and is capable of modifying or
augmenting the immune response elicited by the vaccine agent by stimulating the
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:

0
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(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



[0029] In another exenplary inplenentation, the imune response results in
a cytokine profile, which is not beneficial to the host. In one
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I npl ementation, a TH2 response is initiated when a TH1L response is
beneficial to the host, such as for exanple, in |epromatous |eprosy. In
anot her inplenentation, a THL response is initiated, and persists in the
subj ect, such as for exanple, responses to the egg antigen is

schi stosom asis. [0030] In another exenplary inplenentation, the disclosure
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elicited is an expansion of the population of cells in the adaptive immune system.
[0042] In some aspects of the method the expansion of the population of cells in the
adaptive immune system includes an expansion in a number of T cells, CD8 Tcells,
NK cells or NKT cells.In some aspects of the method includes providing a cancer
vaccine to which the compound is added to. In some aspects of the method of the
cancer is selected from the group consisting of lung caner, breast cancer, hepatoma,

leukemia, solid tumor and carcinoma.

[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.,

10



[0031] In sone aspects of the nmethod at | east one |ynphocyte is a T
| ynphocyte and in sone cases the T | ynphocyte is a Natural Killer T cell.
I n sone iwetani®s3ishe Natural Killer T cell is an invar P@RIUSREVOBELS Ki | | er

T cell. [0032] In sone aspects the at | east one antigen-presenting cell is
a dendritic cell. In sone instances the dendritic cell is an imuature or a
mat ure dendritic cell. [0033] In sone aspects of the nethod adm nistering

t he conpound is acconplished by subcutaneous adm nistration, intravenous
adm ni stration, intranasal admnistration or intramuscul ar adm nistration.

003 : , : i th
con ol e e SPERMTR BT b8 o BB pb AR RACRALA BBy 1RBp Rt "
nol ecul e aesogen€R1 dKlebkietall enelmosi@ee Pastuasliize s muhiecidac ePaderoitest hep.T

| ynphocyte i T cell receptqn. |n_sone instances I nul atin . | east one
of her | yioreaseys ° preRiar: RireplPaRie FRDUEREES Miedield ndifiunethe At
| east ondrgidreind pertemueyLeptospia, Actredrpgesdshtlli, $N3GImbmasseapsulagpect s of
the nethod the cytokine response is a THl-type cytoki ne response which

pr oduces [0044] cyridoKrameiselMni talararays. alnssorhe ssleetst efl the anethbeé whee;m donsi sting
of IFN-y, [L-1f I L: IL-3, 1L-8, IL-12, 1L-15,. TNF-a, GW CSF, RANTES,

M P-1a afgmNRr 3{!O”[ 863'%? ﬁoﬁn@é’ﬁé g?sﬁeé't‘@e‘é}f recSHéS H’ét%oe%‘fanﬁﬁ"gﬁm‘%ﬁr erein

t he Eytolder\xaﬁaﬁ%sa@nﬁﬁnl ;ieﬁfe% tEEHQl-éu!owté Gﬁ(ﬁdnﬂﬁisteeé@qnéa:mmqpn@cbmf " 4T1H2
cyt oki nes ich may also be selected fromthe group consisting o - 4,
IL-6, | L-aéP?‘PtE-OfLé‘,e rF‘EF“?@F“‘F?AﬁFﬁE‘Q”QUP@-"I‘C H‘ea%“méﬁﬂlref@@é?]thq lﬁ'”g‘SrPé”é%(errpl ary
| pl ementygbioBRs abBist. tH S6thO SEpECtd bPHeARBtHBJAE GURISRTIBNI ST ithd cémpelidect | ve

anount of a conpound represented by the structure of fornula 1:
results in the microbial agent not being able to grow.

BRIEF DESCRIPTION OF THE FIGURES

[0045] The patent or application contains at least one drawing executed in color.
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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OH (1) , or a pharmaceutically acceptable salt thereof; and a vaccine
agent. [0038] In sone instances the vaccine agent is selected fromthe
group corspD2pivigess a killed m croorganism a |ive atteRGAUSA09/080328

m croorganism a toxoid and a fragnent of an inactivated or attenuated

m croorgani sm In sonme instances the mcroorganismis a bacteria or a
fungi. In sone instances the toxoid is a tetanus or a diphtheria. In sone

i nstances the vaccine agent is capable of eliciting an i mMmmune response in a
subject that is adm nistered the vaccine. In sone instances t he conmpound

acts as | nol Qg ¢ adj uv, ant, i S caa no |ng rn, au nting
the i m*rui@%@%ﬁ%gagp c,sl% fq?%gf VEEES a§®o|[:NE)yy % I'i’ru1 ”hg %hrag | mmune
system WPIL-Gh an@g0) tLrs112 antl hE—19Lthcﬂm’ie p&ﬁgouitgh m@rrhenztehetovtamsmeom eby
V|gorous S xe

ol enent et by MR s Fes bR e G alienen Pe FiigtS RiAGererslpy

Cﬁmf"l Si i tl’c?éifﬁr?ée?ﬂ Qfsciﬂﬁuiié\ aﬂlef(ﬁﬁédlweecﬁmﬁhnéut@rbg@ué:ﬂﬁmwﬂél cB'epert ed by
the str UCLte%Jtrsel}deopaneolsr, rlrr%u%te a 'I(H1 -type response and right side panels indicate a Ty2-

type response.

[0051] Figure 6(A-B) show the (A) purity of human CD161°CD3* NKTs and (B) the
“fold of increase” of the ratio of IFN-y/IL-4 cytokine production, normalized to control
(DMSO), derived from the data shown in Figure 5.

[0052]Figure 7 is a table showing the folds of increase over basal cytokine
concentration in the supernatants of human NKTs from Figures 5 and 6 treated with

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

[0053] Figure 8(A-F) shows 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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, or a pharmaceutically acceptable salt thereof. [0040] In sone aspects of
the nethod, the admnistration is based on at |east one of cancer, an

el evat ed wWpR1f09s316ancer or precancerous precursors. | nPETAS2@908628 of t he
met hod the administration of the conpound elicits a response in at |east
one of tunmor and cancer cells. In sone aspects of the nethod the response
elicited is a slowwng dowmn in a growh of the tunor. In sone aspects of the
met hod the response elicited is a reduction in a size of the tunor. [0041]
In sonme exenplary inplenmentations the nmethod includes the adm nistration of

the comausghipyfe &[4 @ AARLINE AITHRE Y ML Bhel BELATES,
popul ati on of celTs,” tthe popul ati'on 9 ncl udi'ng at 1éast ohe Tynphocyte and
wher ei n tcoeceresgtions én &la supesdatastsanf ksopan 8iKdis fodm tHigurpoliutraatedrwitf acel s i n

t he adapti i ne tem 042] .1n aspect.s .of the nmethod the

expansi 09%59"[?%%55@‘?33?9638}9% erc%rhl%gsl (ﬁ‘%%gre gaﬁ'??}%sqr?nmne system i ncl udes

an expangj Ln. a nmber of T cell Tcells, ells or NKT cells. In

2ore. nepddfeIbRufs, 4Rt enrerGuave, 1o ool i &7 IR 8ol Rhi i« ne

conpound husnaadGea6t celld (NSOHE asxtecs cokurebevitrebbiotbgols timenataec€D14S

el ect ed fr O Bisnon . conskRt LoR 8L, LG SANSea BIEASh: SRASS! of figpat om.
present disclosure. The percentage of CD161"/NVa24TCR" cells in the NK/NKT

mixtures is shown.

[0059] Figure 14 shows the total number of iNKTs (10°) found in the NK/NKT

mixtures from Figure 13.

[0060] Figure 15(A-B) show representative flow cytometry data for the expansion of
human CD56" cells (NK/NKT mixtures) cultured with autologous immature CD14"
dendritic cells pulsed with a-GalCer or the indicated a-GalCer analogs of the 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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[0043] In sone aspects of the nmethod the adm stration is based on an

i nfectious disease resulting fromthe presence of pathogenic m crobi al
agents. |Iwooemaoadpects of the method the pathogeni c m ecolisatosayspt s are
selected fromthe group consisting of viruses, bacteria, fungi, protozoa,
mul ticellular parasites and aberrant proteins. In sonme aspects of the

nmet hod the pathogenic mcrobial agent is a virus. In sone aspects of the
met hod the virus is selected fromthe group consisting of Retroviridae,

Pi cornaviridae, Calciviridae, Togaviridae, Flaviridae, Coronaviridae,

Bungavi riERooEAPLr By 2 B8 no ARl LE Ry PR ol T8Rkows e

Par vovi r iimteseellitaplevels iof poesphoAdlREByVi ri dae, Her pesviri dae, Poxviridae and
Iridoviridae. In sonme aspects of the nethod the pathogenic mcrobial agent
is a bact{@065Figure QO(uPeL)a@epmMa*.rattﬂs hdve orealled ahdlegbattherpraserd diselasateed from
t he group . caon cter bur gdor f er,i

Hel | y orel | |
Logi onel PrBRE, &b AfkePandl b 8RR fochi KR adi¥fin, hE afVe itk &y ks
St aphyl o¢de24f3. M}Ms theidessmiraatign v isohaed eaivbidiuseeT Va24ancallgitlyi fibivs ,
Listeria no 0 Str pt.oco Str toc al acti ae,
St r ept oc&g&%& t(Bg'gtSE'f?W %“88(95\%% g%% ﬁéﬂl?c?fs &@ﬁ'ﬂ ﬁl BEBt occus
pneunoni agadepatittngeHICeGan@Eatbacireice. G 16Ty, JDIS-BS7BWS-6 aﬂbam ghd sp. ,
Haenophi l us i nfluenzae, Bacillus antracis, corynebacterium di pht heri ae,

cor ynebadhe iagied pto, nErvgstp@f# ‘otThrcelts.r hilisé ophiad:allaka,r levelst ofi theurolipirig i nger s,
Clostridiumtetani, Enterobacter aerogenes, Klebsiella pneunoniae,
Past ur el Ip@oemhdryjeietdapromm eweoédmemss:ped aﬁds&)dpeessediamwmd(dneﬁhmmscence
Streptobacillus noniliform s, Treponema pallidium Treponena pertenue,
Lept ospi ratensip iandnijrawlired 4elthe anspmit i daish 40u8 apeteinat(B) pbosrio-GRe
Francisella tularensis. In sone aspects of the nethod wherein the

admi ni st (plasphotyfosing, cé@bl@fmi@hp&%E%udjS@éﬂ%bsth) ShpspharERKNVZN ¢ Eldhr-
bacterial, cl earance as conpar + not adm ni stered the conpound.
In sone d8pdatd8hk t(ﬁéphﬁ%cp%%e(ﬁmﬂn&@(%r@?? or(FePhesRhodsREoume™@sul ts in

t he ki Illng of the mcrobial agent. |In sone as&ects of the nethod the
P

adni ni st (& PBeSRIC-kake EARAASAROLES uI(DPIPRPRMSTAT &1 SBPHIR Agelrt PRRSPhBRI ng
able Lo wovs R FryDBGHRYGT | bhEsphbisyi! {ddssn A3dshd) Sndal #losdho-

application contains at |east one drawm’ng executed pres of this
pat ent orZapatlerdPhesaiio-yeasingn puls T 84X cﬁOrWEtrﬁd C‘Glth)l’DMISQMQ@QHOWaan Be

provi ded Jy e est and paynent of the necessary fee.
[0046] Flpgu(r)tg%ﬁ%%r%grmgmggﬁre%h c illustrations showing Natural Killer T

cel | r ws ho
al phagal l%?é)dgﬁpht%?gﬁgg%a %Qfo&?)){@gﬁ%ggeggﬁéeégana gpF E?f‘]%%p??gtgent "
di scl osurirduged gregtabrell expdsisiodi any dtsplemfdglwrcba@taclifwwabmd@&w m@ird:tad—ll and
TH2 cyt ok 0 of

a- Gal )C/Jer K\{%%) aﬁﬁgpvarl ohgggbégébmg?éc%& }éﬁcsr\l%a‘lgso ré;ﬁéq ?er(rJIH o aﬁaanal 0gs)
of the pnrﬁmhem$dvpsuﬂoaonraxﬁlOu‘dug/gnmgbmferhmlajsx Ghl(zaot ¢ne aldicatedgon ( C3,
C3 and Cl14 I | i pi dified with t] , C5 gnd C9),
oheny! - iyt AEAROY yEDPPRPHEOE - EalS K T8I (£ el ot Boeinety . 5
(aka, CB8+8) stdwb am%nﬁbi(nak@ afﬁ?ﬂh@é of @O&ICENENASARiintieREd8-G4CBEahRegs

glycolipids (Cl12, Cl3 and
to CD1d-restricted NKTs and 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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[0048] Figure 3 shows synthetic schenmes for Cl2 and Cl13 a- Gal Cer anal ogs of
the present disclosure. [0049]Figure 4 shows |L-2 cytokine secretion |evels
(pg/ M) byormrweees1s. 2 hybri donas treated with a- Gl Cer @®CTiUseomfMs3eHt ed

a- Gal Cer anal ogs of the present disclosure. [0050] Figure 5(A-C) show the
"fold of increase" of (A) IFNy and IL-4, (B) IL-2 and IL-6, and (C) IL-12
and | L-10 cytokine production, normalized to DMSO control, by human
CD161./CD3. NKTs treated with a-Gal Cer or the indicated a-Gal Cer anal ogs of
t he present discl osure and co-cultured with autol ogous i mmature GYM DCs.

Left sid c

I ndi cat e%gﬁ\%@h ype r?&%S%%ae ?t[rb%fp@id’ EER@?E% ?‘ Qwﬁ&’eﬁtp%%e}?%) purity of
human CDX81 (b8 pahdimicenid r¢Ronsbevertd e$szbseéd bpnEA€se” of the ratio of

| FN- 7/ 1L- 4 cyt oki ne production, normalized to control (DVSO), derived from

t he dat a [8068}Figure FZ&jAfCé) Show06®R%e Fsagume Iekelss (pg/trélbloé wmows ngytoltieesf oI ds of

NKTS 1 o0t 46 5-0Rr ) T A Rt A Rar e by SERESTR TaRie weny Cor

anal ogs Q/‘ehu@eam@e@ﬂbr thestdiostod e-GaI0RP 3halbhur the Présdnt drbRBEret1®, 2f ol d of
I ncr ease” ( % IL-4, (C) the ratjio of IFNy/IL-4 (D) I1L-2, (E) IL-12
and (F) I8 %60‘% Riiosh iniRrion iapA, NoPAlRRd to QM$Q C@BH?'I'OI (DIVISO) by nave

human NK atedg I& Gal Cer or the indicated a nal ogs of the
pr esent E@Qﬂ %QH'F% 63 cBNPWr eBOUPE h SEHBI 0%3 G m r eo gr'ous
cytokines/chemokines A) IFN-y, (B) IL-4, and (C) the ratio of IFN-y/IL-4 at 2 and 18 h
after IV injection with vehicle, a-GalCer or the indicated a-GalCer analogs of the
present disclosure.

[0070] Figure 25 is a table with the results (in folds of increase over basal cytokine
concentration) in the supernatants of BALB/c mice injected IV with a-GalCer or the
indicated a-GalCer analogs of the present disclosure. All cytokines /chemokines

peaked at 2 hours after injection, except those marked with a * peaked at 18 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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[0054] Figure 9 shows the fold changes in the total nunber of iNKTs in
response to the indicated a- Gl Cer anal ogs of the present disclosure.

[ 0055] Fi geipeod0es1E) shows | FN-y cyt oki ne producti on byPCAUSR@O5G3RKTS
co-cultured with autol ogous dendritic cells, (B) nave i NKTs co-cul tured

wi th HeLa-CD1ld cells, (C) a-Gal Cer-pul sed i NKTs co-cultured with HelLa- CDld
cells and (D) aGal Cer anal og Cl1-pul sed i NKTs co-cultured with HelLa-CDld
cells, normalized to vehicle control (DVBO), treated with a-Gal Cer or the
indi cated a-Gal Cer anal ogs of the present disclosure. (E) shows different

basal ki duct NKT
ey A SR R R TR
11(A-C) sBpws4,(aid (b‘%lthe/ra:ystdvkm@/lsacaif@rl.rﬂﬁarﬂmmlrﬁ (Ivpghjetion \&B) véﬂnclé

cyt oki ne secretion |levels and (Q ratio of IFN-7/1L- human
e | NeTesiCes ot the Greried Ceplod oo thpreapeisesan eat oA tods of ¢ he

present digsed AdkRinjdHOR dhd RbAHAIRcd % DMSD kBRE®. | ndicating the folds of
i ncrease over basal "serum concentrations in the supernatants of human NKTs

from Fi gypg7 ﬁudu?ee@b@dHWstha(]@kr@efoté?rndnﬂ%r'd?CHu%%taﬁQi @el@aér%efheaélﬁé&gs of

the present disclosure ure 13 shows representative
cyt onet r;ﬁ'z@at(a) ther p@méa@maﬁmr@ﬁe WW%@P"@D&W'U(&@Q I”éat("rQKﬂNPOI"'t'ﬁl @@t”@r es)

cul tured (w?g % |n§ oys) édmgtteHrIQK@lgﬁ)a@ FE(ﬂrS el &ivBnEpBursgdisWi th

a- Gal Cer | cat ed resent disclosure. The
per cent ade) e¢tiverdB4’ Tneeds4AnaRH)dke rafio of €R8 /QQANKTCQHSxtaUmgnii'@eghww

mxtut es o0 B GoPa s> [odRumorRlaSiep o B Riees Mo bICeL g 10,

cyt onet r yrodatgufeo?9.t he expansi on of human CD56. cells (NK/ NKT m xtures)
cultured with autol ogous imuature CD14. dendritic cells pulsed with
a- Gal Cer [@076]higurendi (Palpsheaw (bl dfactsanhlootgsofcddniihistrpties @Yt SdbQar dlipe. (A)

ShoNS T SRLRBRNIAES 4 b OB G Bladde PRI S 424 O
tot al nurgkinef kihé\ﬂi(:'Esarhd)tsptdanbnyteineexblﬁﬁmamwatium.es(A) shows mouse serum

levels (pg/ml) of IFN-y. (B) shows mouse serum levels (pg/ml) of IL-4. (C) shows

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.

16



[0061] Figure 16 shows the expression |levels, as Mean Fl uorescence
Intensity (MFlI), of surface proteins CD40, CD80, CD86, and CD83, as well as
t he MVHC cwagsiodosigl | surface receptor HLA-DR, on dendr iPCIrase@i9los03¢$Cs)
after immature human DCs were incubated with a-Gal Cer or the indicated

a- Gal Cer anal ogs of the present disclosure. [0062] Figure 17(A-B) shows how
the a- Gl Cer anal og C13 of the present disclosure pronptes naturation of
human nonocyt e-derived DCs. (A) shows histograns for CD40, CD80, CD83,

CD86, and HLA-DR expression in DCs in response to Cl13. (B) shows the

Cohomor g T o, BERBR SHA i Sl 1ERIDRS ariols aikines S TEN: °1 Soear
P g [0064]

Fi gure 19CNLE), Senm)shd Eﬁt@&)fhWyﬂt-@aéffé@ﬂva‘i}@dti@gSM@f(N)h@hll@ree&E(ElélCdr sel osure
pronot e CDld-dependent T cell receptor tivation of hu

A
shows expREQ4 61’9%@9"(:@1%109?1 ohté@apr@éwtsd@cﬂ%@ é‘&peﬂlz adisas, LKL PL?eE%t'itCDIdg

(B) ShowsnibhtRni dHd R lalizt o eRiR Sorftfol. Phospho- CD8c.  (C) shows the
|ntraceIIuIar | evel s

[0079] Figure 34 is a table with the results (in folds of increase over basal cytokine
concentration) in the supernatants of BALB/c mice injected IV with a-GalCer or the
indicated a-GalCer analogs of the present disclosure from Figure 33. All cytokines
/chemokines peaked at 2 hours after injection, except those marked with a * peaked

at 18 hours.

[0080] Figure 35 (A-G) show serum levels (pg/ml) of various cytokines/chemokines
at 2 and 18 h after IV injection of vehicle, a-GalCer or the indicated a-GalCer
analogs of the present disclosure to wild type BALB/c (wt) and CD1d KO BALB/c
(CD1KO) mice. (A) IFN-y. (B) IL-4 . (C) IFN-y/IL-4 ratio (log 10). (D) IL-10. (E) IL-
12p70. (F) KC. (G) MCP-1.

[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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of phospho- ERK1/2. (D) shows the intracellular |evels of phospho- Syk.
(E)shows the intracellular |evels of phospho-CREB. [0065] Figure 20(A-L)
denonst r aWex0tmeH5Gal Cer anal ogs of the present di scl oRGTAISRPEOO/IDI3RS
CD1d- dependent T cell receptor (TCR) activation of nave human i NKTs
(Va24.). (A) shows the determ nation of isolated naive human Va24. T cells
by flow cytonetry. (B-L) shows activation of TCR on i NKTs. HelLa or

HelLa- CD1d cells were | oaded with a-Gal Cer or a-@Gal Cer anal ogs Cl16, C23,
7DWB-5, 7DW8-6 or C26, and then added to nave Va24. T cells. The

| ntracel lyhatioh QuehnoPhnlide drahd AR RSENG"WIA!SH ERL Bl 5, MFLRsEasUr ed

|
and expresse n rescence I ntensity nor nmal’l he

anount of(A} shas thepesul fiori the t¢BingpdfdSplop-1 CEGealGarrarsfyst yiByshovey thg C)
hospho- CRE Ser -, 133 hospho- ERK1/ 2, ( Thr, 185/ Tyr;187),

Phospho- S3a e i Tsoradnd TUsfpuB TS Bt ik ad T e e ey s - Lok

(H / ggg)spémmbacbthwop pg@i@hlg:ﬁswﬁaagfﬁya?dws thl% rﬁﬂsrtkmﬁh Wgeﬁiﬁ;g( of/r

694 , 0 - ospho-tyros|n n osphoZap-

CPhosphnGrbalngraicer Babins. Shi arednt A9 AT e RUVIR SHYVER. Uef < o o5,

conpar ed pahbR) and=8hémjes ih BEEY Ivelghl Widht 2ahés [ ralteweanayViUnyecancéal ey

anal ogs of the present djsclosure induced greater cell expansion and

di spl ay KPgHers eHE] WP Y TWROTCRACH!R¥Y r i ct ed NKTs and T cell's. Spl eens

from BALB/c nice re harvested 72 hour after intraveneous (I i njection
of (0. 1 | S8 R38R Sew Gk redhion anch e b Lo o ase (irladmPhgs. (A
per cent aggicOftredRiss RithISaer (Faloy €l Isv kI, deldesdrringst oh @ayST®Wher
different binding affinities of a-Gal Cer and the indicated a-Gl Cer anal ogs

to CDLd- te8eF inecdatinmngthaie-TToelis) #nd (Bloerpcripgeres bmos of ke waated

CD1d- depgRfeiicfxeaa84108 Ff1 bRl SasyRaske8Nth My A6l At SR itlimbesponse
to the a-Gal Cer anal ogs™ of the present disclosure. (AC) show the

CD1d- depédmfaiationyparmouse kipastgansieells (bséls. Spl eens from BALB/c wild type
(W) or CD1L KO mice were harvested 72 hours post-injection of aGal Cer or

t he i ndi d89%H Figu38h-BarsapwgsKatlan Meigrr suivel guryes d&ir panefoead twfber s of

NKTs, ang,.l : j : T T I RNKT i n (B)
W or (O e (R PR B e SRR s A s b ML e PR ey
dependentcellaéiilvand trrated ikscorntob celepléies oo theohdicatied|a-Galidssanelogiksheé n W

(F'Agfst Panglden?bistBluihide! ¢k ABPRobuBGS dnd thiRBARPSR NI oS RESRES, 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
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[ 0068] Figure 23(A-C) show nouse serumlevels (pg/m) of various cytokines
(A IFN-y, (B) IL-4, and (C) the ratio of IFN-yilL-4 after intraveneous
(1'V) inj ex0i20/086318 vehi cl e, a-Gal Cer or the indicated RCEAISSHY/0a0328 0gs of
the present disclosure at 0, 2, 18, 36, 48, 72 h post-injection and

normal i zed to DVMSO control. [0069] Figure 24(A-C) show nouse serum | evels
(pg/ M) of various cytokines/chenmokines A) IFN-y, (B) IL-4, and (C) the
ratio of IFN-y/1L-4 at 2 and 18 h after IV injection with vehicle, a-Gl Cer
or the indicated a Gal Cer anal ogs of the present disclosure. [0070] Figure

25 i o SRR e S0t sai Chel Sob0hda Blon IR SARR- AYBL RARAL, GiEoki ne

concentr € supernat an mce 1 Nnjfec a- Gal Cer
or the i ma’l-‘caar&ﬂtmaneaéﬂed thres! dgys eftert hmcmiammthdvemdlmsu-mméd br ¢tha oki nes

/chermklne ours fter excet th rked wth a *
poaked ab e GGt Sngput B el Sose e dodie aFERPBL BRI PR B of
nu?:: eat edbydbda g oa8dbQhreutep( %)eaﬂno%zﬁang@ |nttfi:ejypﬁmglhta(t:glm‘rpabﬂel)lamﬂ§l(eq)larmmned
cells, n ture ritic.c activate
s (et pORVER it TeR Bangh oS e e B I ol v RpRIG Ser T s
and (H) e ¢aicepcalls, COBt/dhdter tr@@ﬂeb&hre@lday@@lft@rﬂinbé@atudn with DbEe, b0
response to the |V.injection of vehicle, a-Gl Cer or the a-Gl Cer anal ogs

from Fi glfaCe30r ﬂ‘@d?@l]'ﬁatppdhﬁ@% qralagp S BevPRRSEEE dSElog eI k8 ReTove’)ar i ous
cyt oki negor fAur Wedk¥ by ) M br @ub@mwt&) (Ehensad itk %péd?&ovlf}équénw ber

subcut aneous (SubQ i'njection with vehicle, a-Gl Cer or the indicated

a- Gal Cer agfunisigationf on lﬁ’@dbr"\@é@ﬁt(”@h%w&%h?@i &erlan bleieggurigal cugres7tef
post - i nj eahbRRf 23RBS HREIARH IV MoBMERE ¥ith Mduse lung cancer cells, TC-1, and

then treated with vehicle or a-GalCer analog C16 twice per week or once per week
for four weeks by the IV route.

[0088] Figure 43(A-B) show the evaluation of the anticancer efficacy of various o-
GalCer analogs of the present disclosure. C57BL/6 mice were |V inoculated 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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[0073] Figure 28(A-H show (A) the total nunmber of nucleated cells and the
spl een size, (B) the population of innate i mune cells, including mature
dendri ti cwoeblo#06316C) activated NKs, (D) activated NKTsPCTES2@001050828 B
cells, (F) active CD8+ T cells, (G active CD4+ T cells and (H) the ratio
of CD8+/CD4+ T cells, all normalized with DVSO, in response to the SubQ

I njection of vehicle, a-Gal Cer or the a-@Gl Cer anal ogs from Figure 27.
[0074] Figure 29(A-C) show nouse serum |l evels of various cytokines (A
IFN-y, (B) IL-4, and (C) the ratio of IFN-7/1L-4 after intranuscular (IM

| ect | on pb Nl <O Gt or DBl FRled arfalaoapal agp of The

present disclosure at I'on and nofmalized
to DVBO cughﬁounée ouﬁdwﬁér] wetlg toreth@@( Wedhs. :GEpsmdw%) thbhmmm'tlah ol CDET callk.

nucleateg t he | ee % t opul gtion of .innate inmune
cell's, E t%péfla?lgrr‘ld‘?fngﬂézgqelc @ &’e)é?‘ s the ‘Popllation of NKs!
(H) shows the population of NKTs. All analysis was performed by normalizing to
vehicle.

[0091] Figure 46(A-B) show adjuvant effects of alum, a-GalCer and a-GalCer analog
C11 on antibody response to tetanus toxoid (TT) - protein vaccine. (A) mice were
vaccinated TT without or with conventional adjuvant alum, a-GalCer or a-GalCer
analog C11 on day O (first vaccination) and day 28 (4 weeks-second vaccination).
Serum was harvested weekly for determination of anti-TT-specific antibodies.
(B) shows the effects of conventional adjuvant alum, a-GalCer and a-GalCer analog

C11 on delayed antigen boost 20 weeks after the second vaccination.

[0092] Figure 47 shows adjuvant effects of conventional adjuvant alum, a-GalCer
and various a-GalCer analogs of the present disclosure on peptide containing
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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(C activated NKs, (D) activated NKTs, (E) active B cells, (F) active CD3+
T cells, (G active CDC T cells and (H the ratio of CD8./CD4. T cells, all
nor mal i zesloOwNINOBNEBO, in response to the I Minjection ofPCrasz@®50328 Gal Cer
or the a-Gal Cer analogs fromFigure 29. [0076] Figure 31(A-K) show the
effects of route of admnistration (I1V, SubQ or IM of vehicle, a-Gl Cer or
the indicated a-Gl Cer anal ogs of the present disclosure on cytokine

ki netics and spl enocytes expansi on/activation. (A) shows nouse serum |l evel s
(pg/ M) of IFN—y (B) shows nouse serumlevels (pg/n1) of IL-4. (C) shows

t he rat| ( e

nucl eat e 51] F@L t éth%% %%P%&Dﬁf %hf? fLﬁ acﬁ 3&“@? I ﬁﬁért gﬁ(ll‘rbsmmne
cells, i mﬂremmrrgmrmdumm dHAdth pc witbouitsC1 rmr ﬁhrremipjamg GdiTeshoaisgs be

popul ati gn. of ac ed NKs, ,i.n the | ee ul at n, of

ot vat ed e RUet ek SpbfS SHBeT rat Hlp PR T G MBI ARl 1 5 1 1
the spl edsllowing irdhamzatidrewpie@s ayipHA @ﬁdaﬁé inttctEB a-GalCet bialbgs ohénespl een.
(J) shows the popul ation of active CDC T cells in the spleen. (K) shows the
ratio of PEgEeNt dalostree @ ) shows pergandisyevival flowing Yic geallesgenor mal i zi ng t o

vehi cl e. &0077] Fi %ﬁre 32(A-H) show the dose- re%?onse of spl enocxt es
expansi orf?038] Fiowrs (AB) r QY6 MRsEotiten 0f| antialdhi 19G ngpodhdAEOEal Cer

anal og C#éuo%ng/%hﬁjnﬁzau&ﬁ)w.ah%eﬁ hg) b4t a? MUADST (9 0. JoNs S HMCRRRA cells

(spl enocyt es). % hows th e@po pul ation of 1nnate i'mmne cells, including
mat ur e déndieated o-GalCesanalpgs ofcthe prasent discpswhows t he popul ation of
activated NKs in the spleen. (D) shows the population of activated NKTs in

t he spl eéﬂO97(]EpU@&%Aﬁ)esfm\p@anieoﬁt%fofn@ﬁbwt gpegifien ld@@ntibode |(A¥6) n t he
I i G
SPL™ S P ASSPORL B ARG IAESL U5 S  SELLe AT e, (O

shows the pop I'on of activ ows the

popul at i omdieftedatGalCeBaggibdssofi the prsseppieclosurdlat oaunm ysi ggwas perfornmed by
normal i zing to vehicle. [0078] Figure 33(A-D) shows nouse serum | evel s of

v?ri ous qa(ogdel”g@Se 6B) (AHENXMOW tﬁ@)lrbdlctlén @frgéét( BDA- etpl@elflti<’aIQGOarﬁthboHly_'|‘1shy7éll LI 4
after ecti Wit icle r or rious a r .anal ogs
of ' the p@AERt ORIl SERE e Hiags GRS Haser SHAqRIc.. BNLEE M and

nor mal i Zegbré Qad&huted By eRtroRhnsFEOA ARlsch With 8-GACESohE aklicatud hleamb@r results
(in folds of increase over basal cytokine concentration) in th

super nat #RAYIBFWIBAPHIAC ﬁm%@opﬁﬁeéc@rw MR G FAPTERAEN ¢ Heeakadiets ed
a- Gal Cer ma Qegﬁpleé mieb@c&re%%rﬁt ﬂwé@rlsoacftérr%é ééHBnE'\/éHélﬁat?é’h arfd fesfestigki nes

/ chenoki nesg_ﬁ)eake hours after mkectl on, exce[)ﬁwt ose marked with a *

peaked atani Acf‘oﬁ@%?lflc[ kg@BemtlhDidgdH@rS:#B' ENSA. (Ahshpws titars (0bvali¢iA sBeei9  of
various g é%'ﬁhb‘@oﬁ/ @%ﬁ%&@ﬁ%fut fs Mt\lﬁA@p@{:hé d %niigd “(Nﬂg (?Ztut\éﬁ‘é" cl e,

a- Gl Cer r anal ogs o rese sure to
wild typef BatiBis gpeciicalgéh emltmbd&dﬁeﬂﬂ)B/(B) %W«@)ermﬁeanh(b&a\ srenifie. lgGB) 1 L-4
NCI(DC)l I Flg'n%é&;f(ﬁ\ﬁ%s.i o (log 10). (D) 1L-10. (E) 1L-12p70. (F) KC. (O

[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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[0081] Figure 36(A-1) shows the expansion/activation of splenocytes in
C57BU6 mice after IV injection of vehicle, a-Gl Cer or the indicated

a- Gal Cer woabwgwoss t he present disclosure, and (G 1) sRORAISRING/050328
CDl1d- dependent activation of two NKTs subsets (C57BL/6 wild type (W) and
CD1L KO mice and after IV injection of vehicle, a-GalCer or the indicated
a- Gal Cer anal ogs of the present disclosure. (A) shows the total nunber of
C57BL/ 6 nmouse nucl eated cells (splenocytes). (B) shows the popul ati on of
mature dendritic cells. (C shows the popul ati on of activated NKs (D)

ZE?}N\S/et g%%ml]”ﬁ lfrgrSé){‘—p)‘ %Ztsw\ﬁ t ﬁgc 8# éﬁ(flle%?/s\%%ﬁﬁ Braﬁe{%\%g' nor ma i zed

with DMS@/er(e @)ac@h@me bdreetleastmtnaasﬁeom omsblbe/vuttebH-lAc i(2 U and ceGhiCet loothe

cytonetry left pa t al nunb r of NKTs (up r-Ieft panel ), and
its two & ‘f%ﬁ Gﬁ@%oﬁwgogﬁy?f they PrgRENY( ﬁﬁé?urﬁu Ght9ha @'oaﬂoﬁamﬁ%sl NKT

(1 over - riyght cBﬁ’é’tﬁéa thréé’%e@k@}éﬁerté?ﬁi tb%@'fornémpﬁﬁ\c-%bemﬁg(} Anfiidbyke ce. (1)

shows the total nunbe 88 s in m ce. anal ysi s was perforned
by nor nal(BxMig W@W@h@'bﬂ”@ed[\@' 2P0F'+%39r|§|5@@ A4I35'ru§ﬁ%\ﬁtwaeaweﬁlﬁlé‘fte'énal 0gs

of the pr%‘ﬁﬁ%nénodélﬁﬁl/&%'ﬁisemﬁﬁfbr%m ong survival of mce bearing |lung cancer.
ate

C57BL/ 6 ce were inocu IV with nmouse lung cancer cells (TG 1), and

then tre QJ@W (RO sHRAWSR] %f‘a;nér%ff?ggr%f\tlx\e@ié@ﬁhél i mag@& anakbeg of the

pr esent scI e twce per vve e results
fromthe atnélsogsrtg’ o meery disclosuae QY canvahydjete amjgensowBALBE mésuvere from

the test|@g@;t99wwgbjgg@mﬁram § e nﬁ&?@éﬁ&@gldf ;oggm;ét !t he

testing o anal ogs e resu
testing ofixe mjb globodH-CAl amﬂrbcam&cbtg\sce \Bhlmwra ’rmoeNedieniea\mlaBldWBammeB vi val

curves (I h p )1, Qf ce
beari ng Ivﬁeﬁ% C@@%ﬁ%@tw%\{geegga%ﬁr%g% thr'ld'?' %gg'ﬂgﬁsrg 0 Q%St%m?r @‘3% nf IO% ||gjtl on.

[ 0083] Fispacific R AntBody laod (Buamti-globd tH-sse cifivd gl armbo(jy\))raojucmrsurface of

l ungs of mce treated with a-Gl Cer anal og C11 or control, and sacrificed

on day lqOMMrFingtﬁf%(A@cshbwsisurviWI rdte Wheh BALB/S naind vw(dBe trieateslubiﬂuﬁaneous
tunors of ce tr th, a- anal o cont and sacrificed
on day 160e60: OBty KA nESHEE! oA arE Todse BroRDl “tsrBiiecdd «
(4T-1). 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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[ 0084] Figure 39(A-B) shows Kaplan Meier survival curves (left panel) and
tunor growth (right panel) of m ce subcutaneously inoculated wth nouse
breast cawmoeniog®bils 41-1, and treated with control, a-GRCTAIS2@9/05(328

i ndi cated a- Gal Cer anal og of the present disclosure three days after

i nocul ation, and tw ce per week for four weeks by (A IV injection or (B)
SubQ i njection. [0085] Figure 40 shows Kaplan Meier survival curves of mce
beari ng breast cancer and treated by either 1V or SubQ injection with

a- Gal Cer (C1) SubQ del i very of G is nore effective than 1V delivery in

prol 0”9' Jﬁp@éﬁr&' Or?clvfﬁneb&ﬁlfba?%ngf Efitd C&’l?%%rc% Oo‘?‘?ﬁé ir) Al

41(A- O er apeu ncer
anal ogs (nf-GaIIQerpremmgs chfsthleostesenmdlszhdxmge |0f maxdemln‘ietsied aw|trmri<le®eltages in

body wei ght ane VI va S. ft panel) of
C7bLI6 ReeTRrea g At S el kil psRleaiblopiE at 18 oB8EY ) ane
t hen tre&tﬁrﬁﬂervd(tB)haerGﬁte@efe@rona Gal Cer anal ogs 7DWB-5 or C26 at various
dosages twi ce per week or once per week for four weeks. (A a-Gl Cer. (B)

a- Gal Cer [amma@glgm%ho@@)tha@aécﬁu ambelgs(irﬂﬂlﬁgs)[cﬁ(ﬂﬁﬁ];rdar)glmeete@al(nﬂw (@) fshow
optim zatiQn o ic anti ¢cancer protoco Cer anal ogs o
Che pres %i%#%@ﬂ?@u@@;gﬁm grficen %SWM}@W%I@ $07QWous the ¢ umDr
vol une ( r and. Ka i er surv urve | eft panel) of
BALB/ ¢ mﬁ&?%’& 'Jéfg r@@%& %ﬁ%huﬂv‘émfheo&e\m'? %ﬁ%‘ﬁ%‘ée%?e%éafg S g@l"?gou%l 1,
and then &GQ@e?%eykblfpﬁ@s. (éﬁ’ébSre?érFé%f to'd&oé-‘rté'ki&s')@f‘th‘é"dr@sé’rﬁ'@lis‘élo%uream@@b r or the

i ndi cat ed_a- Gl nal o(g he@gresent discl osure tw ce per week for
four weekss: |69, (. ClA L1 Lﬁ)@ et (g HsS- @h%ﬂfb@§ |n body wei ght (right

panel) and Kaplan Meier survival curves (left el) 7BU6 mce after
1V i nocull@118% Rigura Ros5ews dhry 8@8%@?“5&e@ﬁlf@ameﬁcoflglya@iw'(i%&ﬁat@ﬁe%t%Q;P three

days al t lggAGHIcB mREeWilh SpAhGoRon A eadselard! ThOTRY Uhas Gl '@athe IV

anal 0gs e pr esent Cl osur tw ce our wee
or SubQ robumiee i @cfstrearsnetrth@rd)uppa@asur@ﬂ a‘tr%lqbureaﬁtgr infectiemiard eanr%armﬁ on body

el gt (LGNS (BEREImBnd KRl AN M EraHMAN (FHIER (KhELEARAELIPT

C57BU6 mice a V'FRGCUI Al oR Wi ancer
t hen t r edibedontal Imege Biatistéc analas@alsmg Abi@ajlﬁogauﬁﬂi&hatv\iheegrpeps Weeﬂedomtronce per

week for 610%11\’\58%(2? br¥d tCpl% reSult éjln 'significantly reduced 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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[ 0088] Figure 43(A-B) show the evaluation of the anticancer efficacy of
various aGal Cer anal ogs of the present disclosure. C57BL/6 mce were |V

i nocul at asowotanosidse | ung cancer cells, 1C1, or SubQ PADASREYAS3RE t h
nmouse nel anoma, B16 cells, and then treated with vehicle, a-Gal Cer or the

i ndi cated a- Gal Cer anal ogs of the present disclosure once per week for four
weeks. (A) shows the Kaplan Meier survival curves. (B) shows the tunor

vol unme (nmB) growt h curves. [0089] Figure 44(A-B) show the real tine
assessnment of tunor growth in (A C57BL/6 nmice after SQinoculation with

| | ] B

col T's( aToteeipu figoopantel waltaln RRASE etk B FHCTePIRE i o6r e
i ndlkcat [egbog/eﬁarrﬁermlaaﬁlsemgmdmftoﬁehaja_?_ywaﬁl - dayssaliddﬂarp@rmt‘aglepcﬁrsum@{f ttlff or four
weeks. re W | r anal.0 e
et | dNOUNoERASE) ies wilke ShSuREL I ARe ERRGTTENEL MrohBe SLRRVA P g and

el anorracbmmr@ons(ﬁe@ p&MEM dduti®ihg iPRis édf&varagstétwoam wnhltu@gog:ancer
cells (1C1). mce were treated with vehicle, or a- @Gl Cer

anal ogs % te@garyi Br Qﬁﬁagtcomp@rqdotgssglvgﬁggorﬁ@,l 'S\Aié@ﬁatfe@r""'tlhhr ee weeks. (A)

shows the (g)opul ation_ of g I) hows t he pul ation of CD8 T
cel | s. %1%\/%9Lﬂrﬁe68p6“p9|) é‘zf‘?‘ﬁrﬂ'mo“mfé cléfiprce pmfhes Hg’ﬁémﬂ% PEpfaRiebn of

NKTSs. AI ||mﬁﬂ|%|t)2/$ﬂoﬁ1p‘6ﬂ§ntﬁet'bfl@i@ﬁ&dpr@(ed?l@ﬁ MR alirt n&vt ihfé’étll&hc sever-rebk-ofhow
tumor infiltr hocytes in nel anoma cell C57BL/ 6 mice were treated

with veh|Ir@rrwn069f@eﬁrtbem@ﬂa@@r@apfc&atén@i)og@m@zwlomnax §ha'(ti{ﬁ) a@r @D8opg/ nouse
once per r t . (F)
ahows. ¢ nd"BEHGdlers dUE e wib e o R RS SR RORERELs Bl dnel HAERL™

shows t heispgputvat-dose pfotddT st heAblat-drkabglsiud mies wees bbalieeged)yvuthd} miRlFL i ng to
vehicle. [0 6. nt effects of alu a- Gal Cer and
2 Gl cor Gniiagred Sfird bl STElko ke Bl B RiaSetk e ErA- R ot e n
vacci ne. khégkdiit @icaVivefe \CASIKNGat ef dé&cﬂbémﬂﬁgor(s?v\ﬂ‘hb rRies weste indrédoredl] uvant
alum a-Ga | Cer anal og C 1 on d\/}?rgﬁg%g{l rst VaCCI nat i ong and day

| -
58" (4 wodRLY B AP aLET RRIBIRES SeR0th SeRUMRRITyIER N €2

determ n@xb@r’?n@ﬁtaﬁ@’bbpTTsrﬁﬂﬁﬂhfth@Ie@@hdlﬂ@éé C%ar(elﬁ) shows the effects of
conventional adjuvant alum a-Gal Cer and a- Gal Cer anal og Cl1 on del ayed

anti gen hoests] Higweedss (B eholvhessiecond tWaosBdrbebol, 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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[0092] Figure 47 shows adjuvant effects of conventional adjuvant alum

a- Gal Cer and various a-@Gal Cer anal ogs of the present disclosure on peptide
cont ai ni ngjoertwmeyl| ul ar donai n of M2 (M2e) protein of PRCTNB2M90S28t r ai n,
two weeks after a third i muni zation. BALB/c m ce were vaccinated with 5 or
45 jig of Me peptide with or without a-Gal Cer and various a-Gal Cer anal ogs
on week 0, 3 and 6. [0093] Figure 48(A-C) shows adjuvant effects of

a-Gl Cer (Cl) on mce inmunized with pHA, a DNA plasm d containing
consensus sequence of full length H5 of avian influenza viruses. (A) mce
were i i Wt e . . f R i 1 on
week Om;%g I%IFHY%S \R’?'lc%eérﬁﬁé;d ?‘ﬁ%%}%?'gga& Vr\}trtoﬁgrl%g\?v %@Sﬁé)@so @'ﬁ%ﬁ&qa&%@%@g’lm t hout
or with @34 $tQ), aitbéshoprobiert intactiagaVivst wereriadaget adt [48nfgeurvaash in2€ctioB50 of

Vi et namr. as.sortantfv,\(jjnfl uenza strain NII BQIEG,(M Lo vee s.aflt er H5 DNA

vacci ne i tHBIOSOTE HUBNeS TR 445/ e(Z‘L@)PA@'%) PN R L YR

ant i - HA- spés afd shdwarGimilait todtyurafeieet* nfoc signiic@ndenmitnpz®01w t h pHA wi th or

wi thout Cl or the indicated a-Gal Cer anal ogs of the present disclosure. (A
shows ti f[eds! 7pfFigurti 72Asspetable chbgiBgartite beftiyacy Ad3)selented gi/cbiidovibng

I muni zati on V"i-thq%z él% pq?A.. B) shows titers of anti-HA specific 1gG
ant i body SURRIEPSIE SRS YgP| th?&si mruni zation with 0.2 lug pHA (C) shows
per cent rviv following.viral challenge. [0095] Fjgure 50(A-B)

B how 1 nadBUT A TR 1R L SERT i BeerEiREh ot cibeinst cpind CBGRIZE FiRiin e
with pHAir}rﬁbttlferhSy Wnitrahigtulel infrctibhef it\mlicdcgé@é @f—@i@&]{-@ﬁilomgi@ \m‘cpntr;bg ( AYA)
present djscl osure shows titers of antj- speci fic ant i body

fol | ow ngﬁqrwm (z‘%l[ch?ﬁ)%‘{] stgddof ﬁ@-saﬁﬂﬂaﬁat'te% tF@rgﬁyﬁ%éAgg@péﬂ}l%anm 0gs
of the prese’hallingel WstHI20 L3, bf RIBRE-1R8IiSES asdMonieredfed dupwaigayi r al

chal  enge. [0096] Figure 51(A-B) show nouse titer of anti-HA specific 1gG

ant i body [66¥¥8) FigUrboWis(YC) BRYWI idAtrerteubdresidnashice Aunfival aRgr BiHgieom (B) 0. 2
lig pHA and the 1 ndicated a-Gal Cer anal ogs of the present disclosure.

[ 0097] Fidé’ﬁ?eOfSQ@Nﬁé) With oandhrotithout  glysolip Sa@ﬁiawlwaﬁls?ecﬁr?% W@@%ﬁf‘?'body
(AY6) fol 1 i R i hth B r i ig pHA
and t he ivhg%%kggdﬂgﬂjgﬁ%gr(ggﬁg ogs&%#hﬁﬁg%\}lgggﬁ?lgﬁi @E@%J%r@g{t@géa@pl g or
1 pg. [00a8$ chiaptecanBtesimdBiA-sheeific artitodyditars by B SAA). Atihessames filne, | gG

ant i body i pdi - Gal Cer I e sent
di scl osur@?ﬁe 3@&%&%%%& V\ha/(e?‘rd e%gﬁ@%ﬁ% ?&%y@%c?@gﬁeyﬁ F()a(tr)lﬂ A r%?s e wth
a- Gal Cer Amothdnegronpi dfaméxt svetaloGelleraged| wils 200t hDpHAE NIBRGbdstired anmte wit h

t he sane for.trruelﬁg]‘toiron A\f/ Y\@ﬁks | ater. Bl ood sanples were collected at 2 weeks
after thé"¥8C6 vaYYIVAaton and tested for anti -HAc-specific 1gG anti body

titers b . (A iters of. anti - HA_speci.fi nt i.body. (AY3).
(B) “shondlo AT ot ZR0PE ShehGiuiiisPhar 1k el oal S eABRE el o
anti - HA 9@#AS iand IpgBlAGHi vaodine( AVbd .wddBs aftepvisooster enjectidn euntvactiAatigreci fi ¢
1 9G anti Body (AN8) hoHAS-1I (30 ug) +- glycolipids (2 ug) through IM/EP route at week 0

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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[ 0099] Figure 54(A-B) show (A) HA-specific | FNy producing cells and (B)
HA- speci fic peptide response cells. BALB/c m ce were vacci nated by

el ect r ot rebavoob31snuscl e with pHAc and a- Gal Cer or thePChmdise@vmsnsas Gal Cer
anal ogs of the present disclosure and boosted once with the sane

formul ation three weeks later. Splenocytes were cultured with HA-specific
peptide (9-nmer) and spots were determned after 1 day. [00100] Figure 55
shows protection against viral challenge. BALB/c nmice were vaccinated by
el ectrotransfer in nmuscle with pHAc and a-Gal Cer or the indicated aGal Cer

anal 00 b BAES koAb % 2o R RITHE AR A B30 5 o 14

viruses afeatetowie et ugbterastinans esand vias® dwbges and nice survival was
nmoni tored. [00101] Figure 56 (A-B) show the effect of single dose

vacci nat ifjpm22pAtidires M7EA-DYesow aefivast edestyoeC8st srotheasiiRtion antibs®) € with
pHAc (2 rig) and a- Gal%er or the fundi cated a- Gal Cer anal ogs. of the present

di scl osumEOustipRy poaing) vaissd ARspreyRast drussei dandigeemiegessriga@alwier and
tested fqi- gt dfiioRDeRb! IMEPURRRISR Win'd £ icor AENAMRRONRE S it | enged

with 200 LD50 NI BRG 14 viruses at three weeks after prine and survival was
moni t or edonfal® 2] nFi Guc@ Bn weelB)0 shd\d, aglyiog &itt% eff flédpseadotgpedali@as or t he

ont 1 gane NeBkeAT BB TR A P APeE0E) 1ot e SRUA R B EPRER or ¢ e

i ndi cat ed/atueGall Cavas aimabogpardsueh dfifked pik M0 Sghmb prefslehib datatistical sigrifidant ce

thi rd vadt RS haadiiaa e O A B AEHAS B8 SRUEpec i ¢ oG anti body and
B ti- : ific 1gM antibod duct i on. 0103] .Fi _58(A-B

Shone sl GBS RtTBS TRl Cual Sh Shoue SPeacll ablies dimmice PR ithe

i ndi cat egpGHAZRWER br ANBLATB404s dd)6vdt.e SBRIm dbiscinatie®s aftar vabtingenwitroneal

(I'P) route (A starting at 30 mn after FLU-A virus serotype H N (WSN)
virus ch&? eap&mywitsior stithpr Gat shrauek YVIRR wuty at weeln® apdrigrecshaenge.

00104] FEi; - Q { i uwb v al ol BALB/
m oo | nf eupaaengt (6 AL IERTE AT FEL R LML LB IR R ot e
a- Gal Cer (@ndl-d@qHof L1 )pHet2pdO (d), SLCE&FUKS, dntl) IFdiadlt)i ng at 2 weeks prior to
virus challenge with a high dose of HINL (WBN) virus and (B) via intranasal

route. [Q0ATH] Figwes & 960-0A-sBpwshewalibagionyaliljs haft antisedfal wete iGARElonay

Madi n- Dar, i he_.kj (: l.s. 1A Vibro. IVQ(% I pretreated
with vehiT 4eﬁ%§-déa?'&rg%?réednea 0 SCt%ﬁéer @?é‘ﬁnCeFr:{eg%ﬁ ogsA%%ﬁpé%?ﬁécg}npﬁG at 10
pg/ mL f omelivalizakion assayf pdrfcomed thngeiwdebketdften vaddinatibh With 50 ngef pEHBEYpe HLIN1

(WBN) at 10TCID50. (A) shows the survival virus titer (10%,10 after
treat rrentd@?P'V&F’%B’B%pﬁQﬂ‘éa”ﬂ'ﬂg\?i ng%f%ar(e@hog‘ﬁ‘o‘m%h fasRech tp NG @y. THOPVDCK

cel I's at &8 HEs(S), RAGIN92GDY). Whlue 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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[ 00106] Figure 61(A-B) show antibacterial efficacies of a-Gal Cer or the

i ndi cat ed aGal Cer anal ogs of the present disclosure treated at (A) 100

ji1 gl kg orwOBp10306315g/ kg in m ce infected w th Sphi ngonoRa3/tSaE9.O5E2%.

[ 00107] Figure 62 (A-B) show the antibacterial efficacy of a-Gal Cer or the
i ndi cated a- Gal Cer anal ogs of the present disclosure in mce infected with
Kl ebsi el | a pneunponiae. O and Cl4 can significantly reduce the bacteri al

| oads in (A) nouse lung and (B) liver after injection. [00108] Figure 63
shows that the CFU nunbers (in lungs) of the groups treated with C23 and

o8 12y b e O h AR Dby oL 201, 0,01 Ut ened growp,
vari ovs quiolGen, slycel gl (8l 5o el sired ho os apal ous) of Lbe, present

and C34. t}ﬁ&éldﬂ)slknFlngﬂhbearﬁimmvm’w tikrnatat mbatihglid bt fofthibeini.esn abse of
nf ect ed h Sphi ngononas

| | ds t
gai;gal :51'?'& ﬁf‘hﬁ{e Eia@:%qk?g'loﬂésQ'e ﬁﬂgﬁgtﬁ'ﬁnmm C'%B#'OWT'?Q%"? W@ ch treatment group

d ft ct ; Th CFU
R L s

Statisti thﬂrb@mc%eﬂeymld@g §hat the groups treated with d, Cl11,
Cl4, and C16 resulted in signi |cant y reduced bacterial load in |ivers.
G oups Wi[bdm 28] g1 Edeeipdremi, tHecteancglytsipmtrrrPBSa camongtirats-atiaaedaniov t h
stars: "*" for P<0.05, "**" for P<0.01. [00111] Figure 66 (A-B) show the
ant i bact datSErvesrasSERRREST Hr C@&‘I"@E'ﬁeéﬂg'at olipids in the Staphyl ococcus

aur eus thi infection nodel. The antibacterial efficacies of glycolipids
at 150 j il |%&1?§] a%ﬁﬁ‘srﬁds*ﬂ%P'@dtWefrP’ ?'H]‘%@?l%ﬁ@wa@er@mfﬂe |§6§t0‘19ﬁ|@§'i |r%fﬁr§/\ere

eval uat eq, Qéwd%ﬂ;?@ tﬁé@tu%ﬂi‘aﬁe%atﬂ%l lP<FI’|§F TakHSTo pBHESE bAR ThIPer @I MNGRFENCE S

aureus Xen2 I mages of mce I n ferent treatnents were taken at 48
hr post-lTeréJ&tq tes. (B) The rel ative |umnescence (RLU) val ues of each nouse

nmeasured at 48 hr post-infection were Iot”t ed as individual synbols, and
t he aver d0@13Pd1Aresusel dweding rtbat tasm “glveap detershiowe walysagehandsnt af ines.

*. p<0.0 I 7, | g{gap{r Hl’ﬁ’}ﬁ’
pro!toectl o%n %%g;%ﬁ%r%deggﬁl %%c%llé%ﬁg@dsg%%ﬁpmrg (F g typaet8 ?@%/%f mce
were | nt rga@eﬁommgaia,l lsych{ |1a8) ai glyeartreteiny glhcompplu gjvcopenmnrgjyc@protem 5 023,

vvere IA b CEH'eyd:faﬂr Fﬁ&%&fgé .880%? ag%ét - st rlyaf%%)S éh E(rg}ru%isft}%ge st

i nj ect ed of Mdghcesidior lalklagesvibetweh monB%:chﬁdaes:Ia)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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after virus infection, mce were |F boosted wwth 1 jig of d , 7DWB-5, (C23,
C34 or solvent. The mce were nonitored daily for 25 days and the

per cent ag&oab1ges3asval is shown. Fourteen nice were i nclPGaadb2009/086eh
experinmental group. Survival curve conparisons were perforned using Prism
software statistical analysis with the log rank test and P < 0.05 as
conpared to solvent control is indicated with "*", [00113] Figure 68 (A-QO
show gl ycol i pids' reliance on the host innate and adapted i mmunity
conponents to trigger protection against JEV infection. Seven- vveek ol d

i rmunodef ci ' I i B), or

CD8achai %F‘%E?HM%C%E&'%@%%@& % F%%‘irﬁ{:w}aégﬁgcrgﬂg@@é&eﬂ?ghiuﬂgpe[ 5. éscrl bed

in Fig. ~G6ypassifgtycantattecitoss).pr ot ocol. The Stat-1 knockout m ce Were

challenged with 0.1 PFU of JEV (RP-9 strain) intraperitoneally. The

:jgp chgi gommﬁmse@mﬂare}m’dﬂledb@h fanatgg kefats tmiace)rmmtmfdcb:gl Iaedrglgdwhese
escribed,in Fi re monito or

per cent agis B A sfeted K alle® BRARER eSRMET B8 “Rielcnied o BiontHE e a

group i s psbyumnies may be dquegeii@réra. each panel . [00114] Figure 69 (A-B) show

results of a two-dose protocol, one day before and one day after JEV

i nfecti oriooga'a]iAu“:;ustddehérest thy erectantigerefi§ eefinedhy any ispbstafid cgpgbleoof 7DV8- 5

(B) wa ﬁr’q rated t week-old wild-type C57BU6 nmice by a two-dose

pr ot ocol g '%émfﬁ%‘ae r?‘ﬁp@in@e 67 [day (-1) & day (+1)] or only once one day

bef ore t he s ne . da Q r. .one day af +1
vl i pAGAERY yadd etn B Y pelfted Mo HPRERE At bl riR R
Fig. 67 dTérelaseefrdmtsage Hsslmv;swarrﬂe&Lo@bowgtm rﬁehh% rlimma??rd:fnfgg §cfain@t each70
experinent a s shown in the |Je t o each .panel . ure
AB) showne SURGIcEImeR BRNPESER (SUAP | Aanietmapata dh the &t SR 4 at
((ZII fférennmmuﬁg%yg@m dog(fas Blab/C mce were infected with ten LD50

i nfluenza virus by intra-nasal route. Mce were grouped into four groups

recei vi ngo0195] | A isHERSrem) sheaterMOtimdaygent refees &adin ahtigerl et & ¥abdtanddre
i nfluenza infection. The study Frot ocol wth contents of the IF injection

(1 ji g/ ms@Rableshi ngkicipg @restystioR AT & é')‘t'gﬁﬁ‘ds%'%aﬁ ﬁj% Y3$NS mes of different
treatment_groups are described in & The suryival curves of different
treat rrent[o‘g FBhps 4ed SHIGRR: (185 . (oI TBUNRERRIFY 7BT&R o\Rs ther R8PS ohfanca4

adm ni st ﬁrﬂl’rﬁu%?érh rERtgEN, 'dﬂfvﬁééuhé’fb Sinf@sRHrEnPhuidi@spdtidene thi gh-wound
i nfection node M ce infected with lum nescence S. aureus at |eft thighs

wer e gr oyper 7 MO u¥ENhéleth, GRS BnUHRtIRNED Y Wercds @dRA dritat off fetimead C34 at
0, and 6 hours after infection. Mce were inaged at 48 hour post infection.

The i magé¥atpoiashRasedningdsibervacericelerPaylating t?@twaursaqay%t% tpechiqvo e

| um nescepesh WMt andloftHthgMitigigehl ar to Figure 66. """ for significance
with p<0.01.

[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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[00117] Figure 72 is a table showi ng the efficacy of selected glycolipids
for suppressing S. capsulate infections. [00118] Figures 73(A-B) show

i Mmmunopr gvechiomeeHgai nst avi an i nfluenza virus i nfecti oRCHUS2EM0033RSCuUl ar

i njection of two dosages of pCHAS +/- glycolipid vaccine. Sera were
collected and tested for HA-specific antibody titers by ELISA (A) and m ce
were chall enged with 200 LD50 of NI BRG 14 viruses and nonitored for
survival (B). [00119] Figures 74(A-C) show i mmune responses and m ce
survival after single IMdose of pCHAS with and wi thout glycolipids as

adj uvant s ThGeRo URSKS B ALTOHAGELATH AN WDBCHER 458 delfhnaRis by

gl ycol i p| al um era were co
tested HAhes pezsehce odra shaxibl recepgors obythét ICEIA sAxce AblldachthesAnelltreoeptom ce

wWer e sacr and Ien te e ted for . ELISP sa B) .

ot hor STERSE S AeL SRLERESHSER A5 SolbHarR BsRh deBirufest SRl SFFLe and
rrgm tor edur:(?lbns lHel?eraT (T@)Cel[sgé}éfzm} "rlﬁio@jlnmen"?cﬁ(tﬁe @papthewintroumeasystan. of L he
adj uvant ects o col.ipids for pCHAS and p ccine. T Wee S
S £ R S A A A 2 R e R
gl ycoli plrdguléta d)"hélpr aHghimndireP régpshge at D@@@kduagam th@r@ﬂioklﬁeﬁrs@gr\we
collected and tested antj-HA antjbody titers by ELIS A), and, m ce which

wer e vacCPeAYeSH RiserFepeAisQMiptentp hckds2y Twl7 @5 OQ%PEO REPYRSSER VR h E319

Vi rus angegite Hividtent WrbRine®Ni tored. [00121] Figures 76(A-D) show dose
effects of pCHAS-11 and C34 on HA-specific antibody production and inmune

prot ecti gpoi4] ALEsedMEreR, RaKEM aditRen\REesaniag icem mpd)réﬂefwﬂoea gashadf
pCHA5- II([(100 75, 50 Mgy) with or Wl@thout CSSIQ(O 1, 2, 4 ji as

adj uvant dSplaysdRreian PRiiges, coseriexamewEh BGOrTR ee bl i spmeleKi( IMody

titers weke AassyRdeRYmBl e dnfk thidtc c%;tﬁeﬁagﬁg ttlhéIPTCPé' C&P@@r@ n‘nﬁFMJ i ced
and spl enocytes were harvested for POT_assSay 76C shows

sur vi val $asfgofegeprofasaiong! mmnmrcvfeésﬂ@rﬁﬁl d@gé@ltl@fcqb@lmﬂ Ifalhrnder they C34

adj uvant . 0 5-11
anjd C34 r('):f\%gsfu?rgaﬁga%g;‘agae@}‘ér%oéé%@]&%p%%@gF@%ﬁi&%&twstgevb%ag}th\l;%gﬁ fect of
C34 on neftGRil.i 2aenoexeantlaryooplemerdatetn, dine & nidized an |tb®$ne’éh0qﬁsei1ﬂmﬁt yped

Vi ruses. e regr (,0 n | er i i ef EP
vacer nat (O My 58'of 30V A RBALTE LBt Tt h BB aNE ko 5 7oy
C34 on wémkletheatalioB, Ighphoid &0% odindtterp sepldmeniadidn v inmyesoidc dudnealmarsow on

(1'D50) faor ‘Iélﬁé , VN1194 (B), I1D0O5 (C, and Anhui 05 (D) are shown. Val ue
of p was P& é arison of fits. " p < 0.05 and presented statistical

signifi CE[‘B'(BM%‘]] eA"s s?erg)ﬁer%lnc%ﬁle ?er%u %?\;eegelprrg%Ps Yg ‘Iarh1 ﬁ%?en%gle\é ﬁ;nrrﬁlﬂJ €
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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[00123] Figures 78(A-L) show serum cyt oki ne expression profiles in mce
receiving pCHAS with or without C34 as adjuvant. Serum concentrations after
vacci nat ivu0 20i0fde6352 | ug pCHAS with or without C34 throRgh/USREPsI3Rt e at
week 0 and 3 are shown with respect to IL-2 (A), IL-5 (B), IL-13 (O,
RANTES (D), MP-1a (E), MP-113 (F), KC (G, 1L-113 (H, IL-17 (1),

| L-12p40 (J), GCSF (K), and IFN-y (L). [00124] Figures 79(A-D) show
neutralization abilities of antisera were induction by C34 through single
dose intranuscular injection. Results of HA-pseudotyped virus

ot ol | ARl Ol AR BoREE ] TR L RS MBS R0 i ACRE AL PRGN 80 11 9

pCHAS- | | |ss contal ni ng Wth respect to
Anhl 05 (Apon- iIKéﬁar(tB)lKT$”D®\B1|((?C)nayamjnMi¢b1Bdmeﬁ))and\/aiouee cb‘onp masowhand

conpari sqQn _of f d ented st tlc n|f|c when
Compar & Mg et T eal Pouclions, BR Bl RE Periid ol Bl BoRLSHFRT "6
shows a wh%hﬁtchéexsmerm/e;r]mTCRé m@ah@arcaamadoqgodmcd @mrﬁe eswoht ofi lEcl osure.
Reagent s an C itigns, sho al e (0)¢ ropene

o B5044” Bl TBRS DB tt Subget; & CBN3iasbabean. SR NSRRI S50

(d) Hz2, Wa%%QTCEAaIpH@%'CR)a)Té% 2L Hesb Udre Giefred TR %ty@*?@ﬂnvdrfaht
TFA/TFAA CH2Cl 2. two steps 63%@%@ Tf 20, Me2S, 2-Cl-Pyridi pe,

cH2d 2, OBShS QWfT?J)PhTC:heP?rCPHﬁ A GpEever)bebyren Rygtens 6\1‘%4' g8 ond fﬂ)\ﬁ st eps

88% 0) Na@Ma N Hh&ERCRplicted | ﬁgg%%n)uno(dg)ca HBrocBseaH) 2, MeOH CHC13,
three steps 40% TAlI LED DESCRl PTI OF THE DI SCLOSURE [ 00126] Al

scientifi 00145r|f¥$s @§6dtr€br8|ﬂ ghey aBrmb hejtokipedireRFY toBHY BEhuAkrsRdeReliood by
t hose of skil he art, unless an alternate nmeaning is set forth bel ow

In case SFCEH pro&qms iabregefataiia irpsipend deraion of the imayneciospensd Bh shal |
control. a&feeﬁr?gﬂm/r\anélso‘&sftﬁﬁ@rbﬂmattohe?rto%éé@. 'h%umydmvb@fr@réhércge@nm {;éﬂ sol ubl e

(It pophilic) nolecule that participates in cell signaling pat hvvagl [ 00128]
As used B&PESAiont by whiehma' gregsesarpeall’ beedrees & leéln@taﬁ gedteellatpached

lipid thed, SERaEShAR AdB Keiridl8ly GRinted ks I §AAHAkineS interleukins, and

chemokines, based on their presumed function, cell of secretion, or target of 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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[00129] As used herein, the term"al pha-gal actosyl ceram de" and "a-Gal Cer"
refers to a glycolipid that stinmulates natural killer T cells to produce
both T heWpep1o(oDtdi: and TH2 cyt oki nes. [00130] As used RETAISRY0IOHS28 er m
"glycan" refers to a pol ysaccharide, or oligosaccharide. Gycan is al so
used herein to refer to the carbohydrate portion of a glycoconjugate, such
as a glycoprotein, glycolipid, glycopeptide, glycoproteone, peptidoglycan,

| i popol ysaccharide or a proteoglycan. dycans usually consist solely of
0-glycosidic |inkages between nonosacchari des. For exanple, cellulose is a

gyean  SofRA ASRER AUGAL ik Brfl HEARsEETRISE, An Bihndachid tlb6Hse

D- gl ucos nposed
N acet yl 4rDM¢1|almp|$)ducm oGI'y‘cayﬂs)kmaa dmel/dnmhenmklrieetlenmxpedas,adetosa @reater
branched. d ycans can be

?gﬂgzagtctwéeﬁ‘ggja{ngosr%&%giépr?zﬁlégC ﬁk'g%%hnpg{jﬁrﬁ%k'%%sd prot eogl ycans. They are

gener al | on t ext rsurf. ace, of and N-Jinke | ycans
are very (R0fB s Rt Rebik ot ‘s & e andne Pnotignt palest
commonl y,molecuyds akihyoohest ths-dritigke dirglingcsitesof aineanttibodyoad Taeh esteptort he
R-group nitrogen (N) of asparagine in the sequon. The sequon is a Asn- X-Ser

or Asn- X-[mbrr51$e¢tajesmbhemhelﬂm ﬁérMs“vaaynei’rfefBDs &¢ acreparafidin pradlcon@insGihil31] As
used hereij the ter.m tein" refers to.a protejn coval entl

o1 cu e risEith & YRSRLOSFat e Rt [l B FRARETED) v 1 1 nked
gl ycopr otcempenes o@sbcmb@énwms;@pmtaelpﬂﬁeuhgymm@)as &F) polyysaceisitie8 O@hy cans

(GAGs, which are also call.ed rot €eo ans GPl - anchor ed. st
gl ycopr ot'%Pﬁ%‘?FPaQ@fgrt 'thE%'rl‘ﬂ'yaEI’ %rtlagﬁé%?% é%? YIS pRECdi T R ¥nt

gl ycan styrsidrbitis htRehRGraNisththtid Bedsael byl rsesHbihaht DA $édhdbloggnd
structural macro-heterogeneity (nultiple sites and types of glycan

att aChm?f[bMSZfl wﬁ%d Héreﬂﬁ ake herheidhtintidiebibe Meferg i bOdibstRke thatt IR or
conmpound ose structure is related to that of another

conpound 'rﬂu@'%,ﬁaagéovzéthmgpb%au% 31 brteria flﬁ?%ﬁ%irvtrp%% may be quite
different, [00133] As used herein, the term" antlgi is defined as any
subst ancd0®tAiseUsad Berel, tth%erah toxpidnereradp heectenaldedn whese jedgither ei n,

the termha@%e'éﬂ%‘ébkehéd %rQUB&)@%&%&@Wcﬁéﬁﬁ&alq%r'ﬁm%ﬁn)dcbrsw@re@fmérﬂt' ness to
it's host. The body contains many natural defenses against some of the

conmon patHegiher rrenetiesstyPisanEyLrageiGity, aleempitainest { BOids At Usethune
System iy 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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[ 00135] As used herein, the term"inmunogen"” refers to an antigen or a
subst ance capabl e of inducing production of an antigen, such as a DNA

vacci ne. WOQ0BBY6AS used herein, the term"i mMmunogeni ci PET/USR§08/05032® t he
ability of an imrunogen, antigen, or vaccine to stinulate an i mune
response. [00137] As used herein, the term"i mmnot herapy" refers to an
array of treatnent strategies based upon the concept of nodul ating the

i mmune systemto achi eve a prophylactic and/or therapeutic goal. [00138] As
used herein, the term"CDl1d" refers to a nenber of the CD1 (cluster of

var i oue. 1t Pmphotsl I o e imRLI bR, SRS Ce Brabihof Tie
act i vat e pnedant alisclosuleearel used las. infohlirtbldyis adjudants @ninogdién-obiaudmeat gicoove

B ) e

"adapt i vedhiimtteee s vatting & Rispohd@tdtheVaycia® aforéhigerslislysystem ¢ cel I's and
processes that elim nate pathogenic challenges. The cells of the adaptive

i Mune sY60188] ALuded HoRiMfthé eshocatie, adjaVdredrefersiodinaNhnurd 2@l with and T
cells are the major types of_I|ynphocytes. [00140] As used herein, the term
"T cel | s"MEw@e-agiuvankpelivityo Eh'éﬁsabt B¥saik? PRI refdeitates PEOIRIAGANIgRS In

| ynphocytsghitioh @t réddiinPpreeilitalimprdvesivaceifb imARebgdrishy timabiitating The
slow release of antigen from the vaccine depot formed at the site of inoculation.

[00159] As used herein, the term “anti-tumor immunotherapy active agent” refers to
an a-GalCer analog of the present disclosure that inhibits, reduces and/or eliminates

tumors.

[00160] As used herein, the term “granulocyte-macrophage colony-stimulating
factor” (GM-CSF) refers to a cytokine which serves as a colony-stimulating factor
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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cells can be distinguished from other |ynphocyte types, such as B cells and
NKs by the presence of a special receptor on their cell surface called the
T cell re¥weopdwo0(3IER). Several different subsets of T c@CIrask@vasizesn
descri bed, each with a distinct function. Helper T (TH) Cells are the

"m ddl emen” of the adaptive i mune system Once activated, they divide
rapidly and secrete snmall proteins called cytokines that regulate or "hel p"
t he i mune response. Dependi ng on the cytokine signals received, these
cells differentiate into THL, TH2, TH17, or one of other subsets, which
secrete ' rent 0141] e r
"antigen- pre‘ég'e(%I |Oﬁ?@§t@ﬁ§&$§€& ’e-lr- E(%ﬁgﬂ '41%&) érrr},z\a/t M] rs"b aé;)érgr 8rr|§i gn
ant i gen codpGlheied iviGly orafGor Fhi furtheo rdeatrigdioni d)fyamcmpda(eds (Nelde cefen tes

surface. TceII rec ize t l e usm t APCs fall into
two cat eqopEls: SyPBLet 88 MG ToRBRER A STeh. Barkr WHTE RN 6

fall unda&o.tNew Mook €8&3.0nal category and are capabl e of presenting antigen
to T cells, in the context of CDL. In an exenplary inplenentation, the DCs

ut ibl i zed [0011_65]Id\/lairatﬁabai$ anfl rmydobadbsaﬂl@&israermmwlnetodfe myemiéd wmzdn DC
subset s, c ent | om __in on tation, oid or, in
anot her i‘% %Rﬁ{%tqeféw Haéf%{ cﬁ\@aﬁtﬁ?ﬁé‘\?f% gﬁeﬂ ipigyfound U%{E%Z]‘a%&e used

herein, tgnden /a@@q\f@r@:@h&s Ha8TRER the iRt EREhET &Y alldiet RebrigTere®1ay st em
cell, for exanp T-cell, that has not yet specialized to recognize a

speci f i ¢ s %%‘hSthUDEMB]” yitro stimuitien of MousaEPlasnr Aol by i-GRIGATIPSHo cel | 5"
and " NKs'y& i fpfetatidh & r@kﬁéénd’FrddW%}ﬁbe& - VngQD 42581 §C P?éf ahge, by
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binds self- and foreign lipids and glycolipids. The TCR of the NKTs are
able to l[e@tﬁgir]lilzeor@ﬂ )aspecttpitlub gmesaye ndis@okse npredides ha series eaf) ndel dipiddDld
nol ecul e. S se of, NKTs i rapi d secretijon,of . cytokines,
e gl ngoTioTe S g SIPAREF afdiont afe bR HpEIRGTICR oS IR E SR A
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that are, for exanple, CDld-reactive ngninvariant T cells whi ch expr ess

di verse PERaNsighd AT AX@ERIaR W'BW@BW@@” a8l &’@@'%tﬁﬂﬂoﬂbpf the: Breseat | FN-y.

The best dﬁmre%baeé.g@éd %mtmp?naer& s dg%bmmgeéﬁ.ﬂﬁy fthi heabih&ing-
TCR-al pha (TCR-a) chain. These are referred to as type | or invariant NKTs
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(Val 4i WE%th@F‘Qﬁ@rﬁ@gt%mdléﬁéﬁgtlérp dl@é%}%ll@?bPﬂb éé&ﬁ%ﬁ%ﬁusuf&o“ﬂ

As used hereln tokine™ refers to any of ndmerous snal
secreted lq)dwemed; sti¢hathat éd’tﬂseﬁ stremgebindtingraffinitly withl thtubiadingrgrodve: o themune

response étykﬁhf ol il B&rél%f;]r!j;@tﬁﬁ'ﬂ 2- tgé{)equv%mﬂﬂ%r{?@%leme% JAggss usual ly

i nvol vi ng changes Tn ressi on rsor cell becones a
di sti t

| ymphoki o873 chplhel %%éeétyoqﬁhe Resat! ﬁ%é',og aZe*ﬁeeoh YRE! shabs PSS 2
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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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[ 00146] As used herein, the term"chenokine" refers to any of various small
chenotactic cytokines released at the site of infection that provide a
means f orwoebiddog:si on and activation of |ynphocytes. CREFASRIVQH5EBLE r act

| eukocytes to infection sites. Chenoki nes have conserved cystei ne residues
that allow themto be assigned to four groups. The groups, wth
representative chenoki nes, are C C chenoki nes (RANTES, MCP-1, M P-1la, and
NAI P- 1p), C X-C chenoki nes (1L-8), C chenokines (Lynphotactin), and CXXXC
chenoki nes (Fractal kine). [00147] As used herein, the term"TH2-type

response r t 0 ' | h
ypoeof LOGTRER{cbfihy R 4 BifL: soBit Mk (onPUIERS LSt nbR cBf ey
cyt oki nesnolwﬂ;eldud\ea ghatmaceautioalt ol nutrdcedtita, cdntpo&;tlohLto@ethbtmﬁihaadﬁltldnallo.

[ 00148] As used herein, the term"THL-type response” ref, attern of
ytoki ne 2C1 EYE S ColiER Rl Seey EImEYSpEs BRIGY: BRrHesaeTiieBir b dhs.
chenoki neersoheskiliedd thedart dygn eadingH they prekemetisdlostirétlde, but are not limted
to, IL-2, IFNy, GMCSF and | NF-13. [00149] As used herein, the term"1Hl

bi ased" 1[ed69 The ammmtmumgaerdrmutrespmrme cbmpm"ticrhs prefciadtyi compiisel Bl

cyt oki ne ' [ease reater xt nt t han
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anti gen, cgaR$! fcludes afolvdned, &dislier 8188 InERH S EOHings Jantibedteriak iahl eshtilingaeakened)
or conponents of such organi snms, such as proteins, peptides, or

pol ysacclRaengedsotomat ands abseiption dming adeftisiany ket Combalila ity t hat
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derived by reconbi nant DNA technology. [O used herein, the term
"ant i ni crrssrrAratedeinter thet @P@p@IWaﬁc@WQrﬁ@Pelkﬂan §0@PO$IF\W i f%mUWéerfQ)vw h of

m crobes | JUehnBSiREGkR i@ infdHdgh: rodfe bk TdiGRistration. Examples of routes of
administration include parenteral, e.g., intravenous, intradermal, subcutaneous, oral
(e.g., inhalation), transdermal (topical), transmucosal, and rectal administration.
Solutions or 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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[ 00153] As used herein, the term"toxoid" refers to a bacterial toxin whose
toxicity has been weakened or suppressed either by chemcal (formalin) or
heat treawoento/006#1s| e ot her properties, typically i mun®gEAISeI00p50328 e

mai nt ai ned. Toxoids are used in vaccines as they induce an immune response
to the original toxin or increase the response to another antigen. For
exanpl e, the tetanus toxoid is derived fromthe tetanospasm n produced by
Clostridiumtetani and causing tetanus. The tetanus toxoid is used by many
pl asma centers in the United States for the devel opnent of plasma rich
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const ruct? (T 0°Cel I'4° dnd' equen Iy tr |nto
speci f i ¢ bantfegeditc apragiatients indiodib.HniAs|, begtdohecpient. t he term ™ pI asm d"
refers to an extrachronosomal circular DNA capabl e of replicating, which
may be ug@an7d43 %amﬂnenéeuigak/e@hpositicEr&OQlﬁ’@pleAﬁ)rLB;Edemtﬂaé nuse tingdudes starile

(Too. smaiRUpalt, a8l fers ardielilon . Aapab SAYET s B Ao Ragl oo P! ©
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t he vacci ne nore vigorously.
conditions of manufacturé and storage and be preserved against the contaminating
action of microorganisms such as bacteria and fungi. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyetheylene glycol, and the like), and suitable
mixtures thereof. The proper fluidity can be maintained, for example, by the use of a
coating such as lecithin, by the maintenance 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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[ 00158] As used herein, the term"alum adjuvant” refers to an al um num sal t
with i nmune adjuvant activity. This agent adsorbs and precipitates protein
anti gens WO 280/096316n; the resulting precipitate inprovePCTASCINH50328

I mmunogenicity by facilitating the slow rel ease of antigen fromthe vaccine
depot formed at the site of inoculation. [00159] As used herein, the term
"anti-tunor inmunot herapy active agent" refers to an a-Gl Cer anal og of the
present disclosure that inhibits, reduces and/or elimnates tunors. [00160]
As used herein the term "granul ocyt e- macr ophage col ony-stinulating factor™

(o CoF) FABER: By bR ARG R SOAMSH, Rl s 2t o

t hat stl roduction o cells Icu granul ocytes
(neut rophnoluﬂaonltfmeqﬁhl | s, and eosi nophils), nmacrophages, and cells in the
bone marrow that are precursors of platelets. [00161] As used herein, the
term” ant[OWS] ipetbcbrhpdsiticﬁrfsegemetajlyancpmdﬁoem ineriodiluanted 4n pdiplel GriienFeuch t hat

supply of artlcular lge or nent of the anti results in
spoti 1 o o ARahest i Sheal T BRHBRHIR o SRR 18; £bffe RRbREPh, BT e
cytonetr yhco@moréléél@ﬁth eReipent hrad haemuetrfeoformX@Cmabietug ttdohephyrscapaslleand
chem cal rog |es of ticles ended in a strlea of. fluid,
Chrougn S+ BaPtn SarSlet iy oh fuRtetiets tar ad0 HBageorsHlshS ATHLES Hor of n
a- Gal Cer f@n@éé)l§ aOMoBihNaRAT Paam&@bﬁwnyadm;mme unhmg%géhtserdmmv@at ed,
refer to structure- baseggfynthetlc | ycolipid gs base n
al pha- galBRIEHRH Cap he Mctdled a0 R of ih%/HBmQ@?'Ho?e L?é%et?np'ﬁ%p‘fqp&élﬁsshall

her ei naf tt@bh@@aﬁ@hf@hﬂe%a@ﬂccﬂﬁauﬁ%'nb%@he f?)ﬂ@\ﬁ)hﬁbarh@r@tiiéﬂtsl or B6Rp8linds oflLuci ne
is Leu or I soleucine is Ile or I; Methionine is Met or Valine is Val

or V, Selsirﬁ'@rln@%ra Bnder syshaas Micreaysialing eelfposeyn peBrTagacartn s getating:
Al ani ne ig é!cﬁ)SéHt ych DS Q8 ACor Bctb¥E, Qrdls\ﬂ’!teéﬁ'eﬁﬁg?_@bgﬁ é&h"&s’sa@fmd"ac@ ut am ne
Is Gn or paragine is Asn or N, si ne yS or K; Aspartic Acid is
Asp or DPr@qgeén@rCcorn starch; a lubricant such as magnesium stearate or Sterotes; a
glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or
saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange

flavoring.

[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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Acid is Qu or E; Cysteine is Cys or C, Tryptophan is Trp or W Arginine is
Arg or R and Aycine is Gy or G For further description of am no acids,
pl ease r evOr20t000R¥16t ei ns: Structure and Ml ecul ar Pr opePCIras2y/ 08432 ght on,
T. EE, W H Freeman & Co., New York 1983. [00165] Mammalian and
nycobacterial |ipids are known to be presented by human CDla, CDlb, CDlc,
and CD1d. a-Gal actosyl ceramde, a lipid found in the mari ne sponge Age/ as
mauritianus, has been the npbst extensively studied ligand for CDld. It has
been shown that in vitro stinulation of nouse spleen cells by a-Gl Oer | ed
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incorporated into the conpositions. A pharmaceutical conposition is
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Exanpl es of routes of administration include parenteral i ntravenous,
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bases, such as hydrochloric acid or sodi um hydroxi de. The parenteral
preparation can be encl osed i n anpoul es, disposable syringes, or multiple
dose vials made of glass or plastic. g00170] Subj ect as used herein refers
to humans and non-human primates (e.g®/ guerilla, macaque, marnoset),
livestock animals (e.g., sheep, cow, horse, donkey, and pig), conpanion
animals (e.g., dog, cat), | aboratory test aninmals (e.g., nouse, rabbit,

rat, guinea pig, hanster), captive wild animals (e.g., fox, deer), and any
ot her organi snms who can benefit fromthe agents of the present disclosure.



agents. A subject regardless of whether it is a human or non-human organi sm
may be referred to as a patient, individual, animal, host, or recipient.
[00171] Pherawdweilscal conpositions suitable for an inj @CTABR@INSE28 ncl ude
steril e aqueous solutions (where water soluble) or dispersions and sterile
powders for the extenporaneous preparation of sterile injectable solutions
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
conpositi e e easy
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detergents, bile salts, and fusidic acid derivatives. Transnucosal

adm ni stration may be acconplished through the use of nasal sprays or

suppositories. For transdernmal admnistration, the active conpounds are

formulated into ointnments, salves, gels, or creans as generally known in

the art. The conpounds can al so be pré%ared in the formof suppositories

(e.g., with conventional suppository bases such as cocoa butter and ot her

gl ycerides) or retention enemas for rectal delivery.



[ 00176] According to inplenmentations, the active conpounds are prepared
with carriers that will protect the conpound against rapid elimnation from
t he body,weuetv/me31a controll ed rel ease formul ation, i nclPadiusgoovfpisant s and
m croencapsul ated delivery systens. Bi odegradabl e, bioconpatible polyners
can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic
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preparation of such formulations will be apparent to those skilled in the
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care sho be, taken..t 0 desj a delive t
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uni nf ect gdegldd b@nODw hftrn&baf[es redasie Bidenef T e ptokineOképdnsEne 1dadra

obtained fromthe c ture assa and ani nal studies can be used in
o ol o R g Rspeiatat oot BT csgoRt anemee halieedoa 1ot satlBR

Corrpound%xlamgﬁarwm bR Ation tahiT2 ytekitee rédpofibé Gsllimtiatag. Cﬁﬂ?@tnbh@thbpns t hat
include the ED50. with little or no toxi city. The dosage can vary within

this ran(fé%ﬂ@l%hﬂ‘i‘ﬂ@mﬁﬁ@ﬁo’ﬁ HE’“HBJ&J&@WJW%%‘FP&!W@HPW it Hiatefit e of
adm nistration utilized. For any conpound used in the nethod of_the
di scl osul@0186}eTheneheipieal pleuatyies aff eialGer. @sswet &% the agthetier edGalqptial 1y

from cel langfélgglbrf?héaﬁﬁe"%ﬁt dléblggérg a‘?@%hg\?/n n?rFrHUr@TQ?dTH&oc-GaICer 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 a—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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animal nodels to achieve a circul ating plasma concentration range that
includes the IC50 (i.e., the concentration of the test conmpound which

achi eves woRalofoosexi mal i nhibition of synptons) as det ePGrASAMMHSESRS |
culture. Such information can be used to nore accurately determ ne useful
doses in humans. Levels in plasma nmay be neasured, for exanple, by high
performance |iquid chromatography. [00180] As defined herein, a
therapeutically effective anount of the active conmpound (i.e., an effective
dosage) may range from about 0.001 to 100 g/ kg body meight or other ranges
t hat woul a nder b |san mnth n

exper | nontdtTSENT o P Ao s A 1Y EPi eVt YR ¥R et or
can infl laeamgstolﬁﬂwaimegﬁ digulbduréraregcapeile ofeattivatiref NETS un/e:try tii @adthar

subj ect, including but not limted the severity of the disease or
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and ot hersaghi5ie 3% 86tivRERS RIKTs i YRS81] According to another aspect, one or
nore kits of parts can be envisioned by the person skilled in the art, the

kits of peoies] iR mMakdPidhalvideaart Sﬂﬁﬁllé?iﬁgtd?eer{@hei‘ﬁgscyk@(r% BrafiueGdofed, the
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procedur e |dent|f|able by a person skil in the art
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hygropﬁobEP c bi P{% ﬁéggfg@\{/@Bg#e%'ﬁ@%%{(g%ﬁecufc’gﬂfe %ﬁ'ﬁrﬁg %%fb'% ‘i gen

conpl exe mgqphag{ ?5@3?@ e§ %8@%% Jtioh” ?ﬁqriner ?%eyibﬂg%rr@%% a&:{\?e NKTs,

whi ch Ie even I'hvol ving ¢ I'nes I'nes and
co- st i nuh\atidy ceulrgmudmas)TWeredcwmrai inym@md decotadatt 9@1’wed:|yptla1b|errej mulegtlict i on

o e S, RS ol o B SRR IER o7 e =

(TH2- t y peyidcRspRNEEH00 n@rirg.url@zlr&eia% %t@qmeﬂeéueccunuélmeem %s%‘?@é@u&gﬂ how NKT
cell recognition of a-Gal Cer or an a-Gal Cer anal og of the present

di scl osu epaeé&h% dugtur@D@a seen i Figuess 4a Megti of teo- féal@eﬂaza@gﬁ okithee

response. a fo:é on
o e ot edrestat METROE Hobepl R SR 2 A oudiobnha oS B Pesponse i s
initiatedalCer amlo@mot trer prexeritpdisdlysureeeaebmineanior lﬂﬁﬁlhc@pa'ﬁ&lil t@rtcitr H2
cyt oki ne reip i nitiated..
e/c emo ine productlon 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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[ 00186] The chemi cal structures of a-Gal Cer, as well as the synthetic

a- Gal Cer anal ogs of the present disclosure are shown in Figure 2. The

a- Gal Cer wWo2a2bwgwosf t he present di sclosure include a-GalPCEFUS200Q105328 Of
bacterial origin (Goup I: C2, C3 and Cl4), a-Gal Cer analogs nodified with
sul fonation (Goup Il: C4, C5 and C9), phenyl-al kyl chain a-Gal Cer anal ogs
(Goup I'l1l: C6-C8, C10-C11, Ci15-Cl6, C18- (C34, C8-5 and C8-6) and

phyt osphi ngosi ne truncated a-Gal Cer analogs (G oup IV. Cl2, C13 and Cl17).
Figure 3 shows an exarrpl e of the synthesis of glycosphingolipid a-Gal Cer
anal ogs
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t he preséitnifigasty osates seeetion PNy dfanaeGalien w@emmsali a-GalEeoanalpgsanot her
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subj ect, the nmethod inc adm nistering to the subject any one of the

synt het i ¢b@ifam) dé/rhear@qpmeefa& &/ Ibriesatiee C Slifo§dde CltHRNI%RIh CRowgctt! i n t he
subj ect icynpplihdRWeee fiRbre O NBasQNt RiIkdreds Iy td1e @4@@5%8 ah@log aeek a
cytokine response is initiated. The cyt oki ne may for exanple
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THL and TH2 cytoki ne secreti on. gure 5A WS 1 n uctlon of TFN-7
| L- 4, Fi doNeg mBdstiows hlghlduﬁNoﬂL@fatlQaﬁddngherUeﬁelarw |IEH2g(Hee E@J@h&ﬂ/}s

duct f | L- A f 11
cspeci o ATCorCales Ao i ndubalr s SRt Sy srdariioedcfafs on of
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IL-4 than a-Gal Cer. Figure 6 shows the purity of human CD161. . NKTs
(top) ande&tﬁé (et Figurss QEFARG BF ). - BigurRP @prv@éfde EEPAPBO &fdnimas lW@t BYor) .

Compound< Gere” Ao i Al G RCRE. e BhGer o Cadeotone AfEb, .

nore TH2-bi ased. The induction of the cytokines and chenokines fromthe
human CD161+CD3+ NKTs are listed in Figure 7. The top five values for each
cytokine are marked in bold. Some of the a-Gal Cer anal ogs tested showed a
greater induction in chenokines than fld a-Gal Cer ; for exanple, Cl13
elicited a striking increase in chenokines such as MP-la, MCP-1, and |
Aromati c conmpounds C10, Cl1, and Cl16 displayed a greater induction of I
gr anul ocyt e/ macr ophage col ony-stinulating factor (GWCSF), and |L-15.
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[00191 | Figure 8 shows nore in vitro results for the capacity of the

a- Gal Cer anal ogs of the present disclosure to elicit cytokine/chenokine
product i oNOi2010M063t&r y nave human i NKTs. Primary nave humam/UsRiP®s05es e
cultured with autol ogous i muature DCs and pul sed with control DVSO,

a- Gl Cer or the indicated a-Gl Cer anal ogs (Cl1 and C18-C29). As shown in
Figure 8A all of the tested a-Gal Cer anal ogs of the present disclosure

i nduced higher levels of INF-7 secretion than C. a-Gl Cer anal ogs induced
conparable levels of IL-4 (see Figure 8B). a-Gal Cer anal ogs i nduced higher
| FN-y/ 1L u Gal Cer
anal ogs %%g%d 4T@“%529(t§1?§ere ng bﬂ%f{slaﬂla r%t”géﬁmﬁt% ’?ﬁ?@l‘?#ﬁa | FN-y
producti &, ard Gher |FN-y/IL4 ratio, and hi gher I eveI s of IL-2 (See Fl gure
8D) than a-Gal Cer analog Cl1. a-Gal Cer anal ogs C20 and C24 induced IL-12
product i ¢o0ta2] Ridwo 1€ shomtsedifferentel FIN-y secrretucealeeelshmtweehemt/etendafafﬁathijer

anal ogs te ted (see Figures 8E 8F e he ex i on of
human i N ré”@ﬁtgc%ﬁs%wﬁ@%%f a%fau éﬁbowﬁqé/ﬁ:&?/ SER& B@ rog0,

C22- C24 %%aﬁzﬁalvggﬁKTQQV&ﬁﬂ*)%uﬁﬂﬂefd' FRDmBLERE XD APBES! 9Rd Qlised with
CDld-restricted human 1 NKT célls than A and C11. [00192] Figure 10 shows

di f f er entconFl- YMeOr ex-GalCérewe| thebatdieded navzalGed aratogeugf ath@ap@sent

| og- pu). sed h 0A h t he | t f h
P ve’ NI Lol T Rl EaY adb e radfodroial FERISHGRLal AR 1 ™"
contr ol [Dwﬁi@eeaimf@rbﬁbmwbeé loe INIKTs:c(@) etlinsarCabiCeriNaMe) (g)sa-GalCdrepyises ent

anal ogs. 1 ﬁKt o8 G Aot seTher kR ST cufloraflt bk 0 iads (o
a- Gal Cer gpul d M Sorthsl BNBSOCHIGEM s @ i EScatdng-GAKES anBIbgs €t 1gur ed
w th HelLa-CDld cells, and pul sed with control DMBO, a-Gal Cer or the

i ndi cat edosrsGaFigere ApRIshgysdiffera basat levelsi ofuFN-v DENWReSaeriNETene- basal

| evel s ofg LIS&Y INKTR YeolNT sykeGal Cer pul sed i NKTs and G 1 pul sed
i NKTs. [6305‘1 %ﬁ‘yF%ég}lulre 11rbnsraﬂ%wspl+%€-TH2-l%cytokl ne production by invariant

hurman_ naipygndfFiadd 1 LSABNS T 0T Ioney BkiR8 BaucA! O mvaladRuRbR SEe

di scl osure Huma I NKTs were cultured wth dutol ogous | mmature CD14+
DCs pul sé¥Kla lﬂﬁe%rmlitsﬁcw tta\@ﬁal(a‘ter@net@gs @frthe peesentidigeloture a HearameY o2dtal ogs

for 18 h(?Hk?s I\/Fe_rgu&fft F%d%).thsg&%tghlﬁ it G @F)lj_lgi EB(Eé\I' 1ﬁe(jB)Z/1wtﬁ h&%of he

i nduction o e ratio of nornmalized to
DVSO contDM$O, Th&Gal@etuari the mtidi«:ate(d)kuMCem(hnahﬁﬁokorneﬁ hooms t hEigneeve human

Va24+ i N are |i ted in 00194] EXPANSI D ACT| VATI ON OF
NKTs Us! R ebnedhe dRay et 5o B) HicH tespEuEIon felLe) APAGL) YWl Cor
anal ogs afhe tdiie qineNgnévedillsa) asvictized & DRISTOEentadl. Fxpaidlictign aneytekhésyat i ng
NKs and i NKT Because decreased nunpe NKT. human ri pheral bl ood
Hononucl G CRBMOE TR LOBOR ORI L HCr R RUrTAE SRR RS Shanci 6.

expansi on_and aCtFI’V&tI on of such pati ents' |NKTs W|th th Gal Cer anal 0gs

of the pr[%"eqd‘t] NRANSION AND. AGTIVA

exenpl ary i nplenentation, the a-Gal Cer anal 0gs of the present d| scl osure

are capallP@1% laepamerey. Wﬁrﬁdﬁtheﬂk%qatp%&r\a 9s[af teopesantriisgesdIre 8repr ovi ded
for produchafie ¥ eksHANEInd SR NRP ARk TS TBecause 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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popul ation, conprising contacting Val4i, or Vcc24i T cells wth dendritic
cells and an a- Gl Cer anal og of the present disclosure, for a period of

ti me reswwoi2at/iossianal og- specific T cell expansi on andPC3alsaevegee
expanded T cells thus obtained, thereby producing an isol at ed,

cul ture- expanded NKT popul ation. In an exenplary inplenentation, the nethod
for producing an isolated culture-expanded NKT popul ation further conprises
the step of adding a cytokine or growmh factor to the dendritic cell, NKT
cell culture. [00197] Human CD56. cells (NK/NKT cell m xtures) were

or var odtehed (8 S3AHTeh BB PRI He: bR aBTY, SRS W ey = <!

exposure prd)dmslr@qmnsusolate;i,ur cultak-eapamdesi eMIdT NK®pulatiwh. ofin aasubp@'pplla@t i on of
NKTs, i NKTs 6./ CD3, was det | o try.
ho shown THIEEIENARS" 132 e TR 4 Srognd et TarE -l d gt i S ont ;o
was not eqboppkat’lorslflurl’hdraiontpmsm the €p &Baddi?y ancltékide Gl grovAhTfagtot Ittetr&y Gal Cer
anal ogs testetd 5€ %El' of t he aromati c conpounds from Goup |11,

especi al [dgngiticeellch B4%e were nore effective than O. [00198] As shown

in Figur | | NKT m xtu e cul.tured wt

aut ol ogoﬁg;(}isgr?rlrg%j %% CB&(@M H’Wr?ﬁ{ Bﬁg‘o\,\e'&’ I"‘& L§?|09%lﬁ ous
a- Gal Cer .raﬁ%m@scgfmt BCHr HRE PulsBl SEtesOMSL o X8alger WOvarpus! o@aiday 2 for
18 hours. The percentage of CD161+Na24 TCR+ cells in the NK/NKT m xtures

wer e gat @dalegsiaf i BipsERkdipgloBHed N day Figfier expsurenbRe PResipR/peviehge of
Va24i NKTg i RiKiseSRpRse m@rslooadq)g/ de. B guy %@_ﬁ SO WSt hq\”{-@ d q{n@r@es in
I

total nunmber of Va24i NKTs in response to rent doses. * < 0. 05,
conpar ed (GDd 61 TwEL " /@DS@ /1€DB’ )05waaaiﬁwnemdmbv Hlo@ cyfoott99] PMASTIQMT IrO\I AND

EL ONGATI N N | 02

effici en'?\ba%? ﬁngﬁ %:ﬁ#ﬁ%ag] 'ngf)%%%sr} arﬁy%vg?gr,&ﬁg ho ogji %&F y
conpet entstich@rEdioh twith OQI IC8- (C[E@hd Oz Caee Ampa@ltﬁe ef-Geldr vna gertestedmat ur e,
anti gen- caturbﬂ&cells to mature, anti resentl

||
celI's; cGRVERL eaﬂW{fé'ﬁscqmﬁ%'”pm% ﬂ%p hoes@%'@ﬂ\ggﬁgaél@&]b?@nguch as

cyt oki nesveré R kiB&Re th@sCHMul at ory nol ecul es and proteases to initiate an
i mmune response. The types of T cell-nediated i mmune responses (tol erance

vs. i mmunod+a8] AL skéwn 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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TH2) i nduced can vary, however, depending on the specific DC |ineage and
mat uration stage in addition to the activation signals received fromthe
sur roundiwg 2riod0068AVi ronment . [ 00201] The ability of DC®PCTase@gobees
imunity is dependent on DC maturation. Consequently, maturation of DCs is
critical to the initiation of the i Mmune response. A variety of factors can
i nduce maturation follow ng anti gen uptake and processing wthin DCs.
During their conversion fromimmature to mature cells, DCs undergo a nunber
of phenotypi cal and functional changes The process of DC maturation, in
general , a Lr n r o] i | 0 ex
(VHO) m)l ﬁ%aeé Poﬁéﬁ?ﬂ%ﬁ%cbpwbi’%r (89 g@l{/] |8nc®%p§§ ntds:&tllg]te%ﬂé %

sur f ace, mhmmtloegtd@t incadditfonatnt thg exctivatioersigialz eddeoved faom it se@sending t he
surface expression of costinulatory nol ecul es, norphol ogi cal changes (e.g.
formati o@grfoea)éﬁodwef cytoskel eton re-organi zation, secretion of

chenoki n Ki ne d teas and surface ex SSi adhesi on
ol eoul 0300307 e *Peftx 9 "RER3b GBI, BERuTH! S RBRERE O wBbuBRS: PO
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maturatl of _hu Dendritic cell turati.on nma ead, t o enhanced
ndapt | ve 3 NS OF BUSE8 MR R ABEEID OB SP BPAKe ik UPSETN o
dendri ti i@l best Miringnekiddeaverpiba \fiot HEmMBITRA LA FrRtEe @l tDCs cabégo @and

i i the i ture dendritic cells with a concentrati on of Gal Cer

i ncubatin
anal ogs 6‘%”&% oh PRGNV PIER ANJROFUPNeHFNNYSST | GiF BHOCESSB! @Gcrﬁai%%itont He

i mmat ur e g@ﬂ@l‘é’l' invoves! las rb@s@Btidrat 3T @najérn rﬁélo&i?%ﬁlibﬂﬂtw ddﬁﬁ’dlé(m(fl\m{@) on,
these mature denriti c cells may then be used as inmunot herapies, such as

for exanﬂ@ec%%é@lm [ ?Hﬁ%ﬁﬁ*ﬂt"ﬁéﬁi‘ﬁp%'%ﬁ@fn%mﬂ@%ﬁt 9 Rkt Heriape edowpn

anot her @é&ﬂ@tﬁo’ﬁ Yof | 4R 6H‘9urr\¥eﬁlﬁél&8tuor§ hen anGhEerinail Qigatd dxprosRioRsent
di scl osure” may be conbi ned immature denritic cells or mature denritic

cell's an@oﬂﬂ”ehlatmdma@culﬁﬁurmranalagic@b Ch§0@¢$ d6-oF oformestionp|af, dendiies).

h I
| munot %gﬁ%h‘t%t(?ﬁscl @érﬂ&’é’li‘% é%@;%‘ﬂ;tﬁfe r es[%gglgt:ﬂs JAE Rﬂéé%'e@%é@cﬁ”a 09s

of the pr ure are uci nouse s l'enic

mat ur at i eorfacmexiression DM@S@I@BC@&&BO@@WOKM@F@G@MW di scl osure were
able to directly augnment the expression |evels of various surface

mat ur at i cWOZﬂQt] Keoge aispecttutﬂﬁerayntﬂetldpc CaBZer :0BRYs (CHB3preSBBE]isCBROS areand

HLADR (VHC | | | | d t
Cown | n APl B el BR U GrnFralRcY iy bR el Tl dRihed on ™
| evel s oflee(a:)ﬂd) enﬁéﬁ@ad ap8dveCltbuae desfhohsER aAdmetraiDisediso@bed goi de of
coaa,  cogtiaionon danctiip el Pk ndlidsl oG o RBL oo S Bels e 7

shows t hendiBaHA RO RAtuféCenditib RIS dithd EordedAtrattin &€ OMCEr ah0g9 61
CD1d- DEPENDENT TCR ACTI VATI ON OF NKTs USI NG a- Gal Cer ANALOGS L(g 205] In

yet anot e pé@@@&tdisctqséreswtaw@@ri@d &f Gaecavchathat doe immatyre dandgtigcells
di scl osung.gmhe haRAR! & 9h éx@ﬂw‘rﬁb gm@Qﬁ%n%%ﬁ”ﬁ%% MR AAEAMRI AT - m&) gure 18

shows a schematl c I I ust rati TCR signal I ng pat hways in NKTs.
i NKTs redlm@hbzwsgﬂﬁmlmrpurmbthwp@@nsum esém expmplet teRNceonMmawnotkeratEas on t he

surface o RO RN RRsC Bl hRohORGRmtb eREldnaBReREoL GqE] exes

The blndlng 0 ens ac Ki'hases Th I'NKTSs,
i ncl udi n@nah;gspimlneybaéSeandrstloEtRIé%ay bp?xﬂzmblMEE&&WltEREB]atlSENB’ﬁrla@del&TérTS

These o1 o8l ). SARCARSoh T oA Qb RHALERERALGD SR G189k bashghemk ne

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
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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 inducing CDld-dependent TCR activation of naive
human NKTWO 20w/@s3ser n whet her TCR activation i s CD1d- d@p&nwsernn/05a3pe
effects of various a-Gal Cer anal ogs of the present disclosure presented by
HeLa- CD1d, overexpressing human CDl1d, and control HelLa cells was

determ ned. Al so, the capacity of HelLa-CDld (nonprofessional APCs) were
conpared with i mmture DCs (professional APCs) in presenting the various
a- Gal Cer anal ogs to NKTs. As shown in Figure 19, C and the a-Gl Cer

anal ogs I nc ed I r h CD3c by
713, T, e o7k G el EBATEHN RLlREE hhBlefeedth, RheBaTERANS ]
HelLa- CD1dC[R&(], |GD&3dCDO6 nd2H L B;DR 7ardl prochdl@s hwdtdstior sy dwimare monowyten

presented, b Far phospho: ERK1/ d d < n s.Cli, C13
bna- Gl CRAVRCaGs: o e o o Shout istasting; 6 G g rGRBRC G 91 wi ¢ 1

HelLa- CD1dHLoeDRsexquinebsiih indBCS in dspansk 18C63.f Gigise NEB mhos\thd ynorphdlbgyDCs. The
i nducti on_of phospho- CRER.is even nore surprising; C and the a-Gl Cer
anal ogs @i%,cséﬁ@st%ﬁ?fj @78.1h39rc%%h%3-117, 41 and 20 fol ds expression

respecti 16@4 - G .
folds in d WENT JCR o AN, Ol NK g ASIY !
anal ogs t¢AEdcglad any effect on the phosphorylation of Syk, a protein

ki nase, known to play a role in B cell receptor signaling but not in the
TCR pat hygy205TN8Sfet! ARKthe9assat9e%d dyhtfetidr Q@Bics aRBbEe el passenf the

present disclosure induced a strong TCR activation in a CDld-dependent
manner, &fglashee @xe eapakle efcindueing dpDid-dgpendany Téih asteetiophedrigirestht ed by
pr of essi I O 0 - PRI 50 of

o Cal Cor LU ogs 4P TIRG Trdchoh “TpRETh CRERORBNR Pahelf e
phosphor yNET$ cecoghizERBEoliERIabli@ensy preREBed in KikTcontdxt sf GRdd cndhe gsbitfaceed wi t h

' TOR acl POSETOR SR Sali (AR g e P i BRET T iy 8L T

t hei r gr etcelipid mdtigdnsoactiobtesHitdsolis kidassd inkNKE s pinoluding phosplyeyletdodyf C11 as

conpar ed W C ecau and activations have begen reported to
oy a1 ST 3 RRGLCREGn SOATAY ST 2y dlerReishelnd fosetRE o B

| FN-y. Ci8Kalpssifératigoenddytskigaichémakine pedductién.on of TCR presunebly as a
consequence of the unique ability of Cl3 to enhance expression of

co- sti NMuI[@0Z06] INDAreXee®INN iPEfomdmatidmentowGaCal GaaloghadfogR eraehned, the
TCR was activated nore potently when present ed&tg DCs than by HelLa- CD1d
cells, eé’ﬁé&qsé!fq §r%qmb o ”W%’Pﬁbpméﬂﬂ%”@@tﬂ_ @ﬁkb‘f%}'PﬁtOé(ﬂ‘at‘l‘EahE‘,m@RKll 2

and CREB Nt cesl diR¥erhRehétndrat R lacfibR % @md?d%%@n@é’ntftéae!e?fe@%rlﬁiv%ﬁ&ﬁ'ﬁ with

the notion that stronger binding of glycolipid to CDld induces a greater
sti mul at ico@Ealsier TGRangSNKd's . theoORe3gNntFi giselesure gresentethotoierHebatPIldr y

i mpl ement at.j - - a h r i sclo

ngabl e c?f% E%G%HDG§F'H§%ﬁe%@§t é%' g{:etl'%v%fll?’o‘ﬁ%@%}e?@ﬁ%da-sé%ﬁoﬁeeanaI 0gs
of the preapacity afitsellaa€Di ¢ ((apecietsicadl| APCH)Byer€28mpaas] wiilgrsmahde C&>6) ar e
o o BPIolEl BBl B P AR AR KR SR b MR ] !
di scern whelgags 19.@% ad thead IGUICESartdiigs CEREIRaRd Cl Nhcddse@limradeliviar | ous

a- Gal Cer anal o%s of the present disclosure Present ed by HelLaCDid,

over expr ¢ekiea @l phaspnacOPRds b, cdni’roRntHEISTotds dfscapirsl, desractivelvdwvher gur e
20A sh i i i ; | t
b ch cotrar i GEHELETD QoS Al P4 2Ly s o TR0 PR Per MR s,

speci fi carésen@bby O&3, E&6phdsphb-ERKH/ZBE 6 anditbe easealCearrdnabnysl Cul,aC13/al ues
of (B) PoaRhg 1,08 § BNORRNE % o5 05hs iRk 1OSRIGH S R! ReLAT B0 (P

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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(Thr 185/ Tyr187), (E) phospho-p38 (Thr180/Tyr182), (F) phospho-IxBa (Ser32),
(G phospho-Lck, (H) phospho-Lat, (I) phospho-STAT3 (Ser727), (J)
phosphoSTWO20MB063M§r 694/ 699), (K) phospho- Syk (PhosphoPCyusgemsyosand (L)
phosphoZap- 70 (Phospho-tyrosine). *, p < 0.05, conpared with DVSO #, p <
0.05, conpared with d . [00208] The a-Gal Cer anal ogs of the present

di scl osure al so exhibit higher binding affinity to CDld-restricted nouse
NKT/Ts in vitro (Figure 21) and CDld-dependent activation of two subset
NKTs and NKs in vivo (Figure 22). As shown in Figure 21, spleens from

BALE C e PO 5 Gthe! B IR o4k kb B8 Yol b shBl e by o 01

v)ehl cle. dﬂes@ﬁ{jnylam@hotrgyuamrbléﬁs kme}sé slar(dgwgw @Ia&l&)rolggnTBQ%InIrslcégﬁogure j21
B) were stained wt 1d traner | oaded wt r (1 rmeper pg
Figure 2 BIGRalPGH RSt 7Pk ettt 4 RE *}nyaf ? neE$e y'”%'f‘g%l sagpesirth har%TP% o

a- Gal Cer @nebPAndBYS-07 the [SrEdehtr &sbibd b SHINEES addithbn] FER! Sctivatigni® 22 shows
CD1- dependent expansi on of two NKTs subsets. Spleens fromBALB/c wild type

(W) or &h1dkeergndgt MERCpT rﬁf@ethﬁe?éteﬂbpf/@@ﬂ\@@ovzs reiit enfgnsedi whernbf  DVSO
control 3, C26,
Tove. 5 afieTovE B PlrtRE i A B cBrpRlglo AEPLRESSCRel kiR, JRione oF
desi gnat dhe as-Ggiper | Bndlk@s ( GD3 #eNl @EDeg+/ dissbesure alonWque ahy Ni&ffect  on

Lo the I RaradiRdois G b ye forder 8 oK £F s ofeitukd wftbia:

dependentcongsli M@td e8lisof oMé@u I&ﬂp@mn@nO@n@fcis)taabeéwm@rbe%tr@@brVrﬁ NKs
(CD31 NI CCD69+) in W or mce in response to the indicated a-Gal Cer

anal ogs V&R #68%alionqthep Mﬁﬁour’ds G1<and 657, chigarmede viasists ity their < 0. 05,
compar ed gtédibr (ol BOFORL1-bhibkad ?I{F?oﬂ'hb%he SHAT L 1 {EXP NS ERKIAGH VATI ON
OF SPLENCCYTES A TCR ACTI VA NKTs USI NG aGal Cer
ANAL OGS C[b@zw}sq RRK#/2 andaQBEﬁeactla@tm@thaveH@ea rep@rtast toplay ageledm thee
present %&&#.8& ;t? %%I@né%f Reh! 321109 Hd NS C?3Vd|é’oot||g(53 r&yal uate
the inpact o ministration route on cyt okl ne secretion r and
seven a- Ggneantactivatien of TCRe pprseisaily d$ sctonseqeencerad theuuerquedahllmy of BALB/ ¢

m ce by either intravenous. bcut aneo Sub roi scular (IM
Foutes” a3 et B SR RALA! e HPOHAEY TobiEale 3R et AR bl 250
27A and Z%Céh%l@éfseemm@m |tey EICROIvas Bblivatey eor@ ppehtlp dheh p7é’selncwtsy after
i njection of variaous a-@l Cer anal ogs through different routes. ?eneral

an i ncr ed¥e® AN QY oRimEDHH G8lIR 15SBRCIRYs Wik det dBoherdrvesspiRh ghgy

peaked atchf} hawkfoash aratsiahducedr BPRes osiemetroaﬁatwgzl@aae Haﬂemb Q‘)’ﬁ'us by 48
hours. Waen i ntroduced throu&@ltthe 'V route he a- Gal Cer

anal og Cgoagigtenhavith- el Teifonathal ¢iotae blndwedofaglyéwd &é Cémd Wndugeslase to

t hat of at&roét,nqwﬁ‘tﬂ}rrt)?@fé}@ fin Ler analogs C13, d 1, C2, Cl4 and C3.

Not abl y Uced by SubQ adm ni stration (F| gure 27A) of
t he sane n wher eas
the | evel[&‘mf;ﬁt| c';%uorgt gb( ﬁ%”%ﬁ? %Aﬁ%ﬁ]%r&em%{ngétg%% c?hh(gw %ﬁllé%uced

t he hi ghesblogevef| thefprbE@htydlsmmurglaremabvolet dfeinduciag m1cada|d>e)gie D TOR passed

C when given. by SubO and.| M routes ures d 9 w t he
Tevel oo el Vg - Vhrousidaaileh aeibos ik vt dseiacut (Wcoigly BB

di ff er entcap @RS . cAbl aﬁoh@%)@ﬂe@épa@l@'oﬂ%tl&aﬂﬁlgeﬂCRaéigN@ﬂnE gthaagidCer
showed little induction of I'L-4 when introduced through t he SubQ route,

wher eas |hh'ﬂ@nn’élﬂqz§t &/924v el sels) with nhm’r@rylmnc@deBWéa P38, Gl Eﬁal 0gs

oo (Froore AR ST e SERRRef i PR R B o

a- Gal Cer eﬁaaﬂsag‘sve@bui; a-Gﬂa[@}er@lﬁI@scbfGﬂ]é pésdra clisstosatle presgntedeﬂ)y tieted | ess
TH2 @] t the, |V t Ce |
hauced bt ke R a@ssRa ceminre A e BEIrbLiab oy s Pade ”e Bl aE Sl i 0
Fi d de t

o Pl he 08 Sfphts BN déminkon 1R85 VOST TES 5 BOETRIMERS (IR (her ©

TH1/ TH2 ratio than C during the entire period of 2-72 hours except

a- Gal Cer CARRINGGP0 nalvg \&24 /GP 1 Hecalenés anchige Ovﬁ@!Cquam@wgﬁySn%fiCﬁi%ct i on,
all the a-Gl Cer anal ogs of the present disclosure showed a TH2 bi ased
response at 2 hours and again shifted to a nore THL bi ased response during
the period of 18-72 hours except for Cl4. The latter showed a nore TH1

bi ased response at 2 hours and renai ifng 111 bias during the entire period
of 2-72 hours. In another view, Figure 24 shows nouse serum | evel s of
secreted (A IFNy, (B) IL-4 and (C) ratio of IFNy/I L-4 at 2 and 18 h
following IV adm nistration of indicated a-Gal Cer anal ogs.



[00211] Along with IFN-y and IL-4, other cytokines and chenoki nes al so

i ncreased significantly in sera in response to these novel a-Gal Cer

anal ogs. wWhesw/iosibuded 1L-2, IL-6, KC 1L-10, IL-12, | RCIZS2@MEBE$ TNFa,
RANTES, MCP-1, and MP-1, which are listed in the Table in Figure 25. In IV
adm ni stration, these novel a-Gal Cer analogs elicit a greater THL bi ased
cyt oki ne and chenoki ne response than C. For exanple, aromatic a-Gal Cer
anal ogs Cl1, Cl13 and C16 induce striking rises in IL-2, IL-12, MP-113 and
MCP-1, and Cl4 showed greater inductions of IL-3, GMCSF and |L-12. [00212]
To deter ul-at 4 e /Cc mce
i nj ect edrevai%“fahé%a 8?@9@6# %e&%nédrggiégag @?éegu'tagﬁ/a o&’sgg?Bf%%&@bgsent

di scl osurGhH3:BRhBéshartyassingd e (Chpecdphd-GREBt héPere33)1 n@E) phaspla+ERKATZ er
injection. As shown in Figure 26, after IV admnistration all of the

a- Gal Cer (BdBogyrt&dst &) phosmteep3s gdinf 18041 8Xpatfsintaspmo-[KBo s(@eedicyt es,
with C9, Cl13 and Cl6 showi ng greater potency than d., (B)DCs, (C NKs, (D
NKTs, ( EXGBpbeddhe;LakF) (HDBosPhaéht,s (1)(pBpsiBESTATE! |(Seai2d), ( HY) pludsphat ed

CoB. 1Dt i (5 SN Do FUMBES 5 Bhb oS AR ) Bha, 1oe
(A) spl errapyr(egPhasphootyyosired. Wit hp ka5, 0fcoipareds vethodME0; F,gpr<s. OBD after

| M adm ni st rati ab of the a-Gal Cer anal ogs tested i nduced (A) spl enocyte
expansi orf &13 and Cl4 having greater effects than C. Aromatic

Gal Ce 13 _and CL d f t|
b A9 S e Al A ops
c9, C12, a@m%TBdDWréitrﬁjﬂécﬁmsé hNKES tin @m@angwe f2@5 afY [EME-888étfefehv at i on
of NKs and N ures 26C-D, 28C-D an Gal Cer anal og C16 was
nost ef f @tyafen] t‘BO@éWet%Bﬁ’s‘”%ﬁ‘stﬁd”‘@ @a%ﬂ%néﬁéﬁgwczn Fipre €10, and
Cl1l were g8|e2As %heB%‘EByd/ﬁnéeh@Qreql\ar(/&ét%lW@Saa%@@aft@ﬁﬁtré%a%@@w .Ej%t.&PB T

cells, a-Gl Cer anal og Cl4 was nost effective in cell expansi'on/activation,
al t hough ca0cahd@ismouseaf digsindigatedla GaCer agdlogafel, dﬂw&& €28, €8, Rdrpoacti ve

o coa, torBld FeeEaaodhl nBlFe RATY oo SR AT TS Bl b ity

Anong t hatainexkhith smblpm@luétmm@rﬁsadai Wit fo- Gbl@e&-((@h@w panaypgBigueseed i nduced
arise in CD8+/CD4+ ratio, wt Gal Cer anal ogs Cl11, C13, Cl4 and C16
bei ng moreBOWS Cifisrentibindieg afﬁmtbef @sG%Pr angph ag@ajCer@va{'ﬁgcéDWﬁe%f%d with

the a- Galdppfq AR RIS NRYstdH PYBR." FiYufe 29 %MDM@&S O8éne e'xBQrH’é?

si gni fi cant Ih{%_lgreater expansion of total and nature C1, Whl | e the
remai ni ndwa wbsit | @@%rf@%mﬁw”é tyee QVT) Pr gt e KZ‘QB) OUFGFONK and
NKT expa | A% 1 ﬁ%«f (p shoved
conpar abﬁbgﬂeﬁb%ﬁégéstbgsq?aap&? rﬁ%ﬁt Oﬂe%rem?%lgﬂté&a]oba ?r o;r:#a? 0gs seerred

| ess act ivGdCerganaog8@®) C160ICR, a3, expambiNsitaatd TaIWe6, \a- Gabtaer

analogs d, C9, Cl1 and Cl3 sho d si gni fi cang act vities_(Fig E). For
Chee T o QUimpERs. o BT ardiithgls oo cotbbeas. esdrald o TSl M.
activity (EbahNK/Cyu/Ghes. @malmp@g m@@mr&mm&?mﬁm @éwtna thse

conparabl e activities as gure 28F For CD4+ T cel was nost

ef fectiver (&) QRuRocoah INise Irarfa$mzj1§e¢o they indicetes!, acalCasPrel@sweee al so
more act 'a‘é@e&.\égrbalclf’/ﬂttzéo{e (s'.ﬁb%r(ﬂj’?@caepgggér)tésﬁ%ﬂo%  of TRRY. ?g%%&ﬁé’rﬁsuc?r{‘a' 0gs

tested elicite reater 1ncrease in rati o than ure 28H).
VWhen t he cAtatall r@énb%(rﬁlaog\se NKs d CDBE/NBIGESS llhr\NTgfni GO miceint @Spame i nduced

signific i nc ses K NKT B t The
o or 1 1y 1o SOAEREE B el oMY pertsBll 5V s b ST oBiPa ' han
ad  (Fi gunethIOMB0; &; (ol (0es, (ﬁ)ﬁ&ia@wwmcand Cl4 di spl ayed stronger induction
of NK cells (Figure 30C) than O , but conparable or |ess effects on NKT
cells (Fl[gmnosg] END) VIO GmHOecEBhaIArcfEIVMIONllE)«Bl&Nﬂﬂ):NlA:ﬂ:ﬂ'l\Mnﬂmd QR onger
activati I Gal Cer
anal ogs &5-=H E=DHE = b Go-
expansi ordae;gy thALQstand the remai ni ng a- Gal Cer anal ogs i nduced
significant 1ncreases over the control (Figure 30F). For CDC T cells,

a- Gal Cer anal ogs C2 and C9 showed conparable activities as O in cell
expansi on/ activation, and the renmaining a-Gl Cer anal ogs i nduced
significant increases over the control (Figure 30G. a-Gl Cer anal ogs C9,
Cl1l and Cl16 showed simlar activities as C in raising CD3./CD4. ratio
(Figure 30H). [00213] Figure 31 showd” anot her exenpl ary inplenmentation of
the effects of route of adm nistration of a-Gal Cer anal ogs on cyt oki ne

ki netics and spl enocytes expansion/activation. Figure 31(A-C) shows the
kinetics of cytokines in response to DMSO vehicle, a-GalCer or a-Gal Cer
anal og Cl6 gi ven by d| fferent routes. BALB/c mce were injected with

e o~




cyt oki nes induced by various a-Gal Cer anal ogs of the present disclosure was
assessed (Figure 33). BALB/c mce were injected IV wth vehicle, d or the
i ndi cat edw@-2@G/i@e¥1Sanal ogs (see A, 0.1 jig per nouse). BeTarse@amnpizes were
collected at 0, 2, 12, 24, 48, and 72 h, and then assessed for the
secretions of (B) IFNy, (C) I1L-4 and (D) the ratio of IFN-y over |L-4,
normal i zed to DVSO control. These potent a-Gal Cer anal ogs elicited

cyt oki nes/ chenoki nes as can be seen fromthe Table in Figure 34 which shows
serum sanpl es collected at 2 and 18 h. aGal Cer anal ogs of the present

Bl o mige2 i ST EeE aSect ok el tifpee St Ritprmt SR s

col | ect edtaptbl@ oﬁadtl\ibﬁinbdurcellslli}dvﬂ/dieI’I'oéwaluyafeemefmfpactyéf(ddmﬁﬁlsfraﬂitﬁﬂmlﬂtmes

LS e Lkl el e i Sk b e
results 'd‘EHd%%Feewa@Fn édfls%l F?ﬂcﬁBlA@ch ﬁﬁﬂfé' 08It |ﬁthﬁleﬁb€§@% éﬂb%@ﬂaﬂ@b‘mﬁse elicit

CD1- dependent cyt ok |nes chenoki nes secretion in mce Figure 36

shows andBHe®) exdmamusculaidl¥haeutas iaod Be wcémaﬁé%m eRfW ion ovasf
spl enocyt g, F?ﬂ%dc% r%@%%é??:&e 2AgJg aéHo?J‘}h% ﬁg;trﬁﬂﬂ IN%ToﬂFlRF by F&F od( A F)

injection with various a- rana o S o resent di closu
shows t hef@2pauss afiériajectiern bbmamfuss(plmmeyaﬂ@ogmthreuagmdlsferdno réres.atrGal Cer

| t est Spl f C57BL h ted 72 h t IV
ol oroBETa T TIESSE. (PR PP AOR o LBt AN, PEsOrhaF GBows, 1] i g

per nmousekakéd\ht $8GWErst &Rl hridablyurseped eownus!te@badelrel IbSsl dyBié:ho@r’GOW t he
popul ation of mature dendritic cells (CDL1C/ CDB0+/ CD86+), activated NKs

(NKL. 1+ Meronggdyceddbrqughitael Norswter (Figurex 3 cobelCeainetysd+y and &8 vat ed
CD8 T I + + DVSO.
, Ce@é%a(q:(%sp%r{r @4 W@?%ﬁ%@% I%}E g{f%c % {O%%p%fe%grﬁ%wgfg tztirsr:]bm on of

t wo NKT HEACS. arBpd@e0$3,f Com CB BB amd IG3. t MpblyEhe evelGFlFkaobkoctd ( CD1KO)
m ce vver%yharves ed. 72 h |V | n ction of _vehicl e, 5, C22,

C23, C260YCHPCLA¢MBSHatipn E’QPWS 24é mq gy Galshaneings M’é‘?é‘ﬂDV\z?‘Ha‘f"P'bn of

mouse NKYgaDYndd @w ¥t MMBbis, (\M‘Pé/?@és l1gEt 1eRaN ek ) v %ut'en@Ff §&2e 29A) Ll
nunber of NKTs (upper-|eft panel) and its two subtypes including Type I

NKT ( CD3-taiediate CDAhqughe0] qumwgértheu@ghespém@l pf d vwfw glvmmfv the

gﬁg\?\;/ !(\I ﬁéx #06@%4%#&%%“&@ rﬁ}/ a%@)ci{va)n\éqﬁﬂo ?ﬁ‘le i/gt%'tlr:%csnunber
of Treg cebl 976&Kd 2@925hé\5@z@°févélsldﬂ|m éﬁ@?ﬁvg{écﬁoﬁs efthen@spenssaldgs t he

a- Gal Cer anal ogs. <0. 05, conpared with DMSO #, Pc 0.05, conpared with
a. [oozihrpugw%’lmﬂ@mmut%oéme qfh@alinﬁhﬁlﬁ@bg?éQ%%* st welt Ay er-Galiraivent s

our body sﬁowé&rf‘tt%equdgct%fﬁf)f ﬁLbEWNr%ﬁ ?@g@&kﬁiopl n%eh' m%z SWSéhr%H %}}e‘?éésec“ ve

i mmune system people are subject to sorts o ectl ons
f r om bactimermsediateriesads of [hrdwere mdupad agidles-Gaiderf amgogs Whery givee kgl I8 nor e

i kely to devel g Because NKTs pla egul atory_rol e e | mmune
system  EHBEFaRE {PaeR: (e dak e Srersean RO HErAgso Fiateid A0 of
NKTs par %@&9@@% Yefe@dntheeRA/ B2 hISS, tﬁ@amroeo%f@mepéna%gmh atcem ©fp | Mune
responses. For exanple, the production of T111 cytoki nes are thought to

correl at @diGt @frhaoﬁﬁﬂﬂbp”g'arﬁilpl\t&dr leb$ dnE rgRponees Bian Ghat Adioursarie et viti es,
‘["ggrﬁg]s B{ﬁtﬁéﬁ Q%%B%g%ﬁ@hﬁg@dﬁcw?ug Blast-8ssuHREY GuAtY HloPBRE JHlgeases.

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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[00220] It is now understand that there is a firmlink between the inmune
system and cancer, and that by properly stimulating the i mmune system
there i s wheopawsiibi | ity of inpacting many cancers. Tr eRCERAISR000/050328e Wit h
a- Gal Cer has been shown to suppress tunor netastasis to |iver, |lung and

| ynph nodes. In two phase | clinical trials in patients with advanced
cancers who were injected with a-Gl Cer or a-Gal Cer-| oaded i DCs, a distinct
activation of the i mmune system was observed in those patients who had a
det ect abl e Va24Vv1111+ NKT nunber prior to treatnment. Although there was no
durabl & LUame LaO0 eS8 Was TR S lRERSFaBP o1 9laM hls S el RAlibEN!
wi t hout any toxicity, and sone” patient’s éven showed a"transient reéduction
of ser umRigurer24nshiokarmoase sernoy leselz @f sétretdda@R IPN-ys (B)NLHi arah(C)anatio ot ancer

activity of a-GalCer jn several clinical trials may be d to the effect of
iy (4Pl AR b & Rlkedrn bl BFrelonSlingCRRe e RRRPHEFIORecul i ng
in no net benefit. [00221] In one aspect, the smheti_c a- Gal Cer anal ogs of
t he presdf921d] SHpr with IRiveanss B-4sother Fytekings antrigwekBeR plpodeeraeethgent s.
The a- Gal Cer.. I f. i u \ es} t hat
hey- ar o PR B 85Serdin rShpPbE W Mhost! Aeb B BRI o IR TnaHERY
elicitindla, THS, &KZt oki10e IL-€3 plhrs®e, GIMFCIRaENRg, RANTE&RIMCPHe aoid BI-tml s

fflicted wth . , Sl ow d t h in i mal fflicted with
Cancer  afihFoASI g 6 t i 17 T9YEr 281 i 1 rATBEGHTBEon. | WePRdidigT T,
CO8T, NK cashiddsTarfeddsSeliclt @Qteatbr TIH Bias€X eBkiAE Yant EREABRINE &S hse tthdh

a- Gal Cer anal ogs of the present disclosure act as therapeutic drugs in
anti - t umé¥1.i feuesameleapyomatice caGalfleCeanatngal 64t @by abd Gtirintiuse estréindas
cancer v Lnes.»In er ALy, | [ . - tal Cer ,anal ogs
o the precelfi LRt Bhes SHERREEEYand g REBNEL oo BBWIRIRLFRACTE the
a- Gal Cer GMd&Ifgandtle1Zzonbi ned with an already existing cancer vaccine. A
subject treated with any of the a-Gal Cer anal ogs of the present disclosure
may be afl00212] e vetermimaniber popuatione citimemure eelkst mdthei sileé¢ms ot 8A¢8/c or nay

have precancer.ous precursors. [0Q223] | one empl a i enentatjons the
G sc1 bouraon BeFRAnEs tieiCer, 00106 AMdRDERcr SR b RIge G SHPRE b ng an
ef f ecti velisaiosurd, BXLBIc ¢0o® ol irjécted 3l tthed eramingturEhélrertef irjectdnsubj ect ,
t he conpound sel ect ed fromthelvgr oup _ consistin C10-Cl17, C19-(C28,

t

f C3,
C34 and @8 S10YDUREE ASoRER: M UBBISRHOR &l dfdnar GARRRN@PdS SRS of | he
- Gal Cer k0o ot S BARRGT FAPSIGRIS s, YRrPGo SKTBPLAEY ¥1bRIGRENL 2t | on,

nouse nodel s of tastatlc g cancer with TCl cell Tine, d t unor
nmodel of deealaspoteacictanvet.n(BPCseéC) NKen@®)iNKEy HGEBeadeds.i (MreMec dngrilsent mi ce
(C57BLJ6 A S I tudi ed,  F e

resul t of(égér[)eﬁplr:rgéséglﬁt%r}%i @@%&&%ﬁ%?%ﬂgk@fhﬁﬁgﬁuégéh%ﬁhﬁg%ﬁj@{ é%1ggrrvt?%nr%'tr:oduI es
on t he | BupCsadmirisgrationnnoee taf eébé ed-GalCar an8abSdestadahoye@l4 .sighifecaaf f ect s

of IV adm_nistration of. varipus a-Gal Cer anal ogs, of th resent disclosure
Fr om gr oect o fie.pagaion o (RLSiaRvirs: a8 Fores i NEEaF Fig 73 &4t e shown
i n Figuren $gursd Q0! BiteaN JIhahisRatedn 8N oPthé U Gal@dr @flbdsetdedingaeat | oss
were observed with many of the a-Gal Cer anal ogs tested, except for C4, C6,

C7, C8 arf) gplgnoqyksr exransiorejwythiy C8f GlReand Edrdeavingharesiy effeptedhance - 10,
Cl1, Ci12, L ~gRkf 4§ ; iz

efficacy ﬁr%ﬁtl%‘f éﬁllec%t]'sant%I [’Ibgsa%:]‘%’ _d(“l?‘r’r%rosdé? g:.r{:dggg@fgtg%g%ﬁ@ g{eégﬁp &?gﬁgﬂgs
and C adotehasd eratute| DCothan C¢ (Bigarasn26Bl 2BBhaed $0BL andialiCaasnasge€9ed. The

d dt i f i 1 ft t t t. wth a- @&l | Cl1
e ¢ A S Bk s e Clacny b biensionkbtelod o A 2
wer e abl (KT (PGS S6CIDITRC DIANINCIDG PIGHO0BGaRIGY DYBlwasmeSBIRkAMh L0 L he

a

control, and were nore effective than C, Figure 39A. Based on these
fi ndi ngs,in Bneclledfnaesions anthe—-Salisranalagsr §2.089.sbhe atd Emé wass ralspemote

vero tosconre BRI FeP BT ShdSER & dndl 164 achlicditacls [ ©

suppr ess wdgmost@revtive iandll pxphmyich/activetions|althsugroopaaiedr bhalegeowC11a- Gal Cer
anal ogs Cl3, Cl4 and Cl16 achieved significantly greater_suppressjion of

h
Lumor i £d8 27 end G HeTrRISoHERre apfvsciench | BB e oG &b nahddiyer
significantly fromthat of O (Figure 39B). O showed a statistically
better efficacy with SubQ delivery over IV route (Figure 40), whereas the
route of admnistration did not significantly affect the anti-tunor effects
of the remai ni ng a- Gal Cer anal ogs t estdd (Figure 39A-B). Mce receiving a
SubQ i njection of a-Gal Cer anal ogs appeared to be |ess norbid than those
treated IV, which is consistent with | ower serumlevels of
cyt oki nes/ chenoki nes fol |l owi ng SubQ admi ni strati on.



[00225] In order to optimze the therapeutic protocol of these novel

a- Gal Cer anal ogs, we assessed the anticancer efficacy in tunor-bearing

m ce, W tWOo2pBdioai1sf ocus on the routes, frequency, and @#6FAFR000f050328

adm nistration (see Figure 41-44). The results showed opti nmal dose schedul e
to be IV adm nstration of 0.114 a-Gal Cer per mce, once per week., This is
applicable to the treatnent of mce bearing breast and |ung cancer, as well
as nel anoma (see, Figures 43 and 44). Treatnent with new a- Gal Cer anal ogs
led to an increase in the tunor-infiltrating | ynphocytes, includi ng T

Gt or oma- PRI Shdss Ga vidsdbs dhebivd RERR, B1ET Bed AR RRR G o

Wi t h nMougEighfesaEdG,CB® afid GeG). SArrbethhe Theetiasudpysulaidre! all bMe d1EHCkAL i on,
the mce were treated (1V or Sub(g h vehicle, a-GalCer or the indi cated

a- Gal Cer 28AKGBRSIED qs’gw%a rieeuR & &Iﬁ% 1B, Wit R-EaiCer gnrloge &4, CtRe t unor
vol une r I r S i I red for
Up Lo 704 SROCIRbENTord S bgh, CF (ERURCAMH OMY L s0KBe T RILT
breast cdmatad with et o-paaiCer analcrgs bgthmBhb@mouvte o{ByICep aBhalog CGH ndueet e |V

[ I d h I | | h d (lLV
sub0) w et B3 aPeasBTR o Srndnandiedoa i Bl Ml FRE e o per

nouse) tw-cRIPer anerls f werd @umpertis toLefit (Mguel 28BaRP! Bor MK &inds WK val
curve of mce beari ng | ung cancer; right panel, changes of body wei
)

[00226] (EEpParFIUBCHVREOD npaEal et aﬂ‘&'%ﬁj&ﬂzycéi £d%i T4 randi 616 e 6 m ce
IV ted (IV

or - sub() CoRPPERottes SRR O dne TREEr eaPalCs o Bl shAEP 2" 6

per nouseptiveV Eigupe28Cvegk Far B)nelIaenmnsmﬂdctlf/attorf oHGaleekanaldgsf C1paoel |

Kapl an Mei er survival curve _of mce beari ng | ung _cancer; right panel

changes &1 10, Chesgaved pigobioant actiytiee & iy £88)-4B050BR TirelevaiGaleron of
the anti caaeRs €5 CQEICBCIQ’I @1£3Iget18NSHRES PrToré hetpkesaH i SsdPsy e with
the optim zed protocol. Figure 43 shows C57BLJ6 m ce were inoculated with

| ung candemainird y— GeICer anatogsmepaersed te B)mgom@arlableaml@tleam Ehdhigureeat ed 1V

el ous S RES, PRAESN Ylgbils, Xawas FiosPeru8 aibusl - paR i BhEReS AP T hous t ne

Kapl an Mg GIdr amd @160meréealod nﬁbréeadﬂ@@rowélgca'r%l (KiBureshe®s FopWit telisur ves of
B16 tunor. AII of the a-Gal Cer anal ogs tested showed a signifi cant i ncrease
in the siPAtwaiCA¢HRARAIOIE tf‘étﬁt?eﬁ'ﬁ'tﬁ@ W@Pat%'ggea%%cﬁw aﬁaf'?ué BI6 were

treated Iﬁéﬁ’reaZé:ﬁ C‘Whﬁﬂ%é)%cs GéiCérhgnéIJS%é%tre qﬁt?cfdu%é&”tﬁr:g E?%E IWRsS a
si gni ficant crease in the size o Figure 4 ow t he
real ti momsseﬁ;smdcﬂigmfmmt lrgmmtels inrD@s c@K CHBLE @eIhs eed\@a&/@aﬂaQ

i nocul at ed vm @)orl n']gf can (éC1 GFP Luc ase bre Z:%Ccancer

(4T1- er-itIPm EOV [ fhA%TRE (Qf%t ug™ 8 SIAHEL SO t h
vehicl e, trarGah ((Je@ufer BGB)eocLGdIO“eabﬂdlo@s c2) %CW@IS@@%& SHSngeductibV8r 5 and

C17) onceN}{)er week for four weeks. The pixel of the biolum nescence of the
tunor i n NA ¢8/ S\/\E&%@%Q&é’&ﬁr‘aﬁa %IQQWI%W%QIGWWS?I@%%@%MKTL‘@”? (pigHEa , the
quant i tatjops dalaniek: b LDegqeres? awggcb’fe RRAVRA 8&%&%{.@&%%@6
i mges of mce bearing tu . conpar e 0. 05,
corrpar ed calld hha@ C1I (Flgmree?)ﬁ)E\)omEloat@hB Wit tellsung GatPareanal ogse C9- Gad @TG anal ogs
C34 gnl i,cant decreas unor owt h conpar ed

wth bot FOBRTCOmPRDIS ceifsras FriB el BRRETO enlekoh Aad bR edatihe,  Caa,

C23 and GBGalc&l andidyscineessy §|bﬁ\ﬁlﬂaﬁt0n@69§t&s€3@/@ théltoRir@sEdure SPPNS For as
shown in the results above. In mce inoculated with breast cancer, the

a- Gal Cer Gk Dgelss o5 Galforiernaogss @%laﬂﬁccé%ﬁh@/é%d earmpaiahle aetitiegsviEhinconpar ed
wi t h bot I

o ani 1 canl AeatiaRdnnch S neliiill CRaCH pRfo0s APS Rfoan:

EI m | aL ieseddest 0\(/;& Gal é&;flr_ﬂHroI I(Htger%ssog)gl A Galqﬁeraar@adggecgardﬁl1ogn&:xl716 ha;

een sho produce, a i ased re as, shown in the results above.
These re\gﬁpwg d semiter pRivitRS %‘g%l”'trlfi’z‘;?t'”9§5% F%afué?tloo 'Qﬂre'?pﬁgcytokl nes are

t hought to correlate with antitunor activities. [00228] Figure 45 shows in
an exenplary inplenentation, how the a-Gal Cer anal ogs of the present

di sclosure elicit THl-biased tunor infiltrating |ynphocytes in |lung and

nmel anoma tunors. (A-D) show tunor infiltrating Iynphocytes in |ung cancer.
Single cell suspensions of tunors renmoved on day 21 fromthe C57BL/6 m ce
bearing TCl tunor treated with vehi cl 80 a-Gal Cer or the indicated a-Gal Cer
anal ogs (C23, C34, (C8-5; 0.1 ng/nouse, once/week) were stained for (A CD3+
T cell, (B) CD8 T cells (CD3+/ CD41CD8+), (C NKs (NK1.1+/CD3) and (D) NKTs
(NK1.1./CD3.), nornmalized to DVMSO. The a-Gal Cer anal og C34, showed a
significantly significant increase in the nunber of TH1-biased tunor



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

| mmunogens [ 00231] Adjuvants are conpounds that, when conbined with an

anti gen, Wwot2erwaoaild® an i mmune response in an i muni zed PPLEAISREI/OFBRS Over

ei ghty years, adjuvants have been used to boost the effectiveness of

vacci nes. Live vaccines, containing weakened forns of an infectious
organism generally work fine by thensel ves. But vacci nes containing dead
organi sns (i nactivated vaccines) or pieces of the infectious organi sns or
their toxins (acellular or reconbinant vaccines) generally need adjuvants
to boost i P se

o duced ([{n%fgﬁ 1#?%&853‘1 ¥ﬁd§§ssﬁnoth8r é;%’egﬁ #y .ﬁﬁ érf?é}?tat.cﬁrl"Sf {ht%hegffe%£30§§§ot%96{‘/e

ef fi cacy off acﬂrhmlstrancm ne. oAIGamératalnumgadpuvayiblsné ekidetiocs faadosplepesjtds ¢ t ypes
of responses ectio conpl i ed b functi onal

npr edt CEXBRISIOTEG VN af B0y S S alhe SR oy Ok M osaPoan f ¢ y.

[ 00232] @M%%Wo@'&%al@%—@al@éwﬁalcﬁj@%b@eﬁ%&)ﬁuf@éh&"r@%samflﬁ%d for
use in the United States for routine preventive vaccines. However, al um num

sal ts haveichuere irsied wWith velieleaCé or & 16URAmeer azouse) |V, &bChoralM. neersm
excl usiv S ( The
i nabi |'i t% }é}p gdr%%e%t&trc]iq sachzzs 13%%51 %%I ?QQS\%E—W? 6?:” zed fg ¥t8@8g%:)1 XSponses

(e.qg., | KBbN- 4)taodL(Ct) trenjatiosofalFivey ower ILd t redrimatizeaf ta DMSQe/eblsleadFlgwemt

Parti cul ar,l or ines _agai nst i viral and ., bacteri

Tt eos 1 ord BRIShoURIREASRa g0 B EBlekds e 1A FRpoPE S VEREIL T 1o
a- GaIbCer aadal tRygiveh by liffgrestsentesdi Sidarsifram mm@nﬂwwbaﬁhmdsteuglz H hat a
TH1 bi ased i mrunogeni [ nse is initia e or ved vacci nes
o b aeh oy sht T (FTBAE g herrannae! barice NS e of IMuRARERS 4 oo
addi ti on bia1 AurhbEr éfYrRR;IéaQéd)@Qlﬁﬁ(@é)osrﬁ)wEHiHetddbﬁla%Bh foﬁ‘ |r9faté BemUABEBRS
reacti on may be achi eved using Cer anal éﬁ pr esent

di scl osurreling daiemntdendpiic §@H$1 (Qméco‘/C%Q "éCRBE @éPVQi%I%% (Ghod2
adm ni st guad*a$3380RaHUY alfvatdl CQRIrYN usﬁ?éw %Béﬁb%§’f Ko

i Ay ' e

vacci ne. eover, vacci nes already avall e can ed in an

i mpr oved adeptive nreune mlsan@adlmlacm%@scedﬁ (@ﬁéSBr/@Qaat/Cﬂ]@cx estiMatedar e
added t0é['%emce‘ﬂ@'(éBB‘%bbW)?D%H@UG@d)U%chi%'atl te&‘CBithcﬁl%gé@?P@Bﬁ‘?CDbOOZ?"‘]

I n sone exe osure pro S a vacci

conpri si ni@Déﬁ )ef(Kéemow& therpatio off C@%Dﬁumodﬂaﬂrzed talQMBO. & mpxt 08, t her eof
sel ected %@%\ﬁggbqup consisting of C3, Cl1, Ci13-Cl4, Cil6-C18, C20,

C22- C24, and C8-6; and a vaccine agent. In sone instances the

P ooy o a8 RUER ek bR P Em e YRR CRE S Bl aalctp Sirsh Prasnt

fragment dafcladord wakd adkainitered t@hﬁ@atazaeudugrucgemwomeme hethena dosst ances
the m croorgani smi

a bacteria or a i..In so i nstances the toxoid is
L el dounge a8 siingatia 61 TnensRiarsioeiaiation poSTEREBIRS adenshav Kanabl o
of eli ci tRigife BRALANEHEALHONBALB/A rAics Ulkre Harldbbdd 73 ragiﬂtemvsmj@bﬁ&m bhe
vacci ne. In sone instances the conpound acts as an i mmunol ogi ¢ adj uvant and

is capabW@h@F*%bﬁﬁ*@?@ﬁ?ﬂ@bgdﬁbhﬁ%ﬁr%élﬁlﬁ?ﬁﬁﬁﬁﬁﬁé(Aé§@6ﬁ%§mépkﬁﬂﬂ eby the
vacci ne agenf e SELil( Btlji)ngp&kﬁ thé*‘;ﬂérbﬁlla%ﬁt&rfhﬁ‘é‘tbcﬂwﬁ obifs |H?:IJJ® subj ect

respondi ng to the vaccine t han mnthout e co

[ 00235] Inmatoree DEEHED1 1631 100 /%EJ% \)aecil\@@d mitys dohpR |1§ég d@@ﬁl/@@% br ot e| n,
pol ysacc {g@h, mOt . a

sel ected p oéring%ﬁ{éKor n‘gﬂgllg’g‘ rci gq(% )gvrg:&lﬁo eﬁ@?&éﬁ@ﬁ g;?érﬂﬁ’ %’ but not
limted t(GD1vAEE] He- H()nshbiepaidepinae ;Mmhiaa@aeils ineludjngRadtevatadu€ P40 peleer i a,

Tet anus, t b f + (0] + Pol {ovirus,
I nfl uenzé,gsbggg%e?[)%ﬁ@?ﬁ (g'glr"{eg E@%ﬂ c& ﬁ’sg‘%c%{ E@(&%@&@ﬁég )‘-Iu%%

Papi | | onactivatsd mpeqcmsRé/cDmg R hyr g0, esomparyg waind DMSPaftese
encephal i ti Rabi es, Ti ne encephalitis, Cholera, Yellow Fever, H5NL,
West Nil &< é&ﬁv%‘?ﬁ‘??@d Vﬁé‘l@ﬁ% YRR tis, Cali ci vi rus Panl eukopeni a

virus, Chlamydia psittaci, Feline | eukem a, Canine nine
Adenovi rAQSEREL i et i e i e, B BIPR Ve PROBAH S PTPER, Ol e

Cor onavi rytires aindiided %gbl/érﬁ)usLéFGQ@BP rhalRGL 6f iy prédpetdiQuSs RO ae

Rhi notracheitis virus, Parainfluenza 3 virus, Bovine Repiratory Syncyti al
virus, Bovine Viral Diarrhea virus, Clostrldlun1Chauvoe| Septi cum
Haenol yti cum Septicum Novyi , Tetani, Sordel l'ii Perfringens, Mor axel | a
bovi s, Mannhei m a haenol ytica, Pateurella multocida, Leptospira ponpna,
Leptospira hardjo, Leptospira grippotyphosa, Leptospira canicola, and
Lept ospira icterohaenorrhagi ae.



[00236] A nmethod is provided for enhancing i nmunogenicity of a conpound,
conposition, or vaccine in a subject, the nethod including: adm nistering
to the swEpedto/@msdnpound, conposition or vacci ne furth@CTASEI08I3RY an

adj uvant according to the present disclosure, wherein the adjuvant enhances
t he i munogenicity of the conpound, conposition or vaccine. [00237]

Adj uvant Effect on Protein Vaccines [00238] a-Gl Cer and the a- @l 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) i ' d, & 0X]| Noa M ) j . i it h Ce
ganal) olgg ao%%g%(%tg(apﬁ de%'? 33&‘ sc oﬂégzgr5 gm\éﬁc\&g&aw%cﬁ%ﬁd?y%%.L{}eggd;l%vn\?\t}vagra% vegt ed
weekl y f ondickttdrorGasieroanabgsaiéde RI-Gpag pec nasusehodbesim Bagpies w6k shows

adj uvant effec f .a-Gal Cer _anal of t resent disclosure,. on aptibod
r ejs g\c/)nse CPEG%I‘S %}@ 01\%;1 %gﬁ B GUP%QA?”BH&J&)@F?WGS?{OEE&? _Ssgqr_eg%p?i I(: I g)c/;
anti body ({B’ﬁﬁ:l\ﬁﬁl‘(@)m@d and (@) G FRib dFPFN-\advbrting, Aofdiieed tDMST cEAttkol.

Al t hough e kinetics of anti-TT production was simlar to that induced by
convent i dW&Pe KAt arfPalflen @nalog @ieiled @itokinesichastpkinasras camhe Ispeyfeat er

ant i body tio a ; t) T, u s_conbi ned
with a o 3%% Etnh'ggg%t ?‘Eg’w‘ﬂ Sspoﬁggn&a%gﬁ‘\é’ﬁ}’hbe‘?@ﬁgn%tn? éﬁdtﬂé W eord of
convent i GdaCevaratogseof thbesasehi didelogse iwaile administhieed ¥ to avild tyiel (Vi daradj uvant

effects i are s r.oi sti ith to further au nt | e

Cesponse D iHetfp BT R mal Al biod VUit e bemOSiel o Tty eSS hr kabl
dur abl e. shnmdsy Wweeks caffdctdd t Be Secand MBTURbFAL @B, tAePOQHaBzedOSer Of TT
al one (wi thout Alum or a-Gal Cer analog C i rapid rise of

, , ! , 11) in mce led to a
anti - TT &MKBEEFheMAriBRS| BEWAINOHY i h-Va 6B i»rﬂawéCi IN-¥ls-6 (Blo.oP)dLal Cer
anal og Clf) po goayefkentdge (G prest 1.t weptyn vseksmphlear withepgieenndrhe _
vacci nation. The [evel of antibody in mce treated with CL or Cl1 was twi ce
as hi gh desultsoivdicgiey éhat Tiire +o-Rallagr andlogw ot theapresents gselosirgriicitt GRM- t hose

i nj ect ed%é@%n&?@me%géﬁgwﬁé Qeéﬂa 8 4aB- These findi ngs suggested that

C or th ana ave eftects on the nenory T and B cells

| eadi ng nt b ri er .o | uvant fect on
Pept i de %Q%%%A?J&FEOZ%] S FERPRRE. HAGHCNalY hﬂgéepti de
vacci ne caparsion/agivatien et sperelcygsaand @i dedendest kRtiyation edfntvaf NKIe H N1

bt fot fl i r.us. i i f th tid
vace) e et HEATRCORER e oGP A 4 tng BEREF s QhnirPruPEl with 5
or 45 ug spbwhdRe BRRHNsRR/ WtV AU ofWpleMotitel & E&Eags?e f?athw-ea@drogﬁm@@s t he

present disclosure (C9, Cl1, Cl4, Cl7) on wee , 3, and 6. Figure 47 shows
adj uvant testeécbplegps {ram GEBld6 citowerehaiverjed 44 hafter pé puecddienvhrehiele. As

shown in Fj ¢ i RagssTial } pepti de
al one in&ggggfegr?ﬁh?\Ee- g%%ﬁ?ﬁ%é%g@%%e@mopef% Xu%)?(éﬁ%ogx’sﬁ%}e(ﬂ%%k for 5
and 45 pouanber génnuhbssigd, cetles (€Y i shelwy theWpepuletiorbiofiedatvre lead@id Cells anal ogs
of the pr s UR-Toy e - | i, gh i < t] titers were
obt ai ned.(eiﬁggﬂ@@ %I )(:S%Q‘éaﬁ%i‘ fa‘g& Cz{\l glg ?‘ e}?, D%@P%d;g at%ﬁ\éétg&e)gtlbd'ahjcgf\i/sant
ef fect wWHCDB'/oas " NI D6, activaeap CeBe TFeelsndCR3&AD4/ams™ (OTHA) ), barid 3 f ol d
hi gher ti an,.Cl . The. r i Qf a- Gal anal ogs : a 7) were
equi val erﬁﬁfg/gbgl r.at'?hggpzﬁizﬁgﬁﬁg@vgg)ggesq<Wa‘\st CQ”@P%%S’V@@%%S gﬁé’l%gs have
strong adhowenihe & 1i-deganesnt expapeiphi sfewaNKDe0Bsets.t ISpldus Efrano T5TBLI61Y
Aot ik O Y kR RR SFmiCh RS WA TR 28 S8k v 208

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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[ 00242] An H5 DNA construct (pHA) was prepared as a plasmd containing full
| ength H5 consensus sequence of avian influenza viruses. Briefly, in order
to cover wheoganeilsc variability and thus induce cross- pCoOUSea0OM32Lr 0SS
different H5N1 strains, a consensus HA sequence was deduced from HA gene of
500 H5NL virus strains and used for a vacci ne devel opnent effort. The
consensus sequences of HA were constructed into a pVAX vector as DNA

vacci ne candi dates, based on a simlar strategy for ADVAX, a DNA vacci ne
for H'V, devel oped by Ho et aI (Jinet al., (2002) J. Virol. 76

(5):2306- 6 £f 0sag nd with
LGt cor T A5 G RGP AESRT PP DRI OB Ry e b eRTRARE ¥ 5l

I Muni zatanalvgss € pshovs, campargd weth4AMASOL #NpIRI(Z@8, icompafedwviteCwi t h 5-45 pg HS
DNA vacci ne without or with a-Gl Cer showed that the anti-H5 responses were
enhanced [00217] GMMIENOTIHERARY pi g H5 DNA, but reached a plateau at 45 jig.
Figure 48B shows the effects of | ow dose H5 DNA vaccine and a-Gl Cer (d)
on anti -th021'8!] et |trmnmlst9naétfecrtive|@/qmmbdtmmomtsifmm b¥hgrovebakdbydose was

reduced to 0. '\&ﬁ uvant, ef f ect of C@ r w? evi d F r all
| ow dosagséwr@g}geae%ﬁ gud %@C’j‘%ﬁ’ ﬁ&t"’ﬁr BeaHes &Ms Jhi P BF s Elﬁﬁ i f%nge by
Vi et nam rgeasispingadt sbﬂéldﬂaﬁ&e@n@isr aom DhERG,Ldirdses, \pﬁﬂ&ﬁoaafﬁaeésuﬂe@verﬂpse H5

DNA vacci ne hout or ne of the ani mal s at ed Wlt <2 |
survived ' R&”Q‘WLF enhalg @ﬁ%@?rw ‘fEHY E‘bl\l‘?%‘@l? EANCKS- aPée\hk HoRIRY 8-regy @fé’Fy whi | e

80% pr ot eglkl |ﬁnth\éﬁ|$r1rﬁm&@%§6ﬁnghé)h%$@ atFRAVE darfetd fd}- .amrmwolhéﬁﬂ?p HATvd th
a- Gal Cer (Figure 48C ese findings confirmthe adjuvant effects of

- Gal Cor AENONSEINGTS raredoxisle O@HA!G@QLQ!‘ihﬁé @UPPBSEON G gimyetarest i ve
| muni ty iRgRineSespbridRS 1for é%?pﬁf] thet %Hu&roﬁ%fcﬁﬁl éﬁ%&uﬁ@@ afd tﬁdm@hpf&sent

di scl osure were al so tested as uvants with vaccine in mce with
a si m | arcopegteowidh %ﬂﬁwr@@hédwl@l/a@tlh@g@dlahmeadjwwﬁ actbviliass vaeeeasoligtl. 6-7

week ol d eﬁ}rgﬁt@/ g,lgqhgg?mgg) @Lﬁ&é&@ﬁﬁﬂ Pé’d@bgﬁ?r otransfer in nuscle

with a- Ga I'ndi ca car anal 0gs W pHAc and boosted once

with the ?@é@]fﬂﬁﬁ“f@MUﬁ‘lnﬁMUNdﬁ@ﬁAlb?t er. Blood sanples were collected at

2 weeks tert d tested for anti-HAc-specific 1gG
ant i body I VR c 1gG
ant i body [?%g);l i E'y?n(ﬁg S @ersroﬁuﬁ‘ét [ mmﬁ%?%wkvef‘?ﬂ’%% gﬁ% i'rB#@H%%_&n th{out or
Wit h aGalagdr cazncea aad Chat bmabrogertse stiouttinCltBe iCMauren@yies)., theguise thidB shows

| zaeeone i B e et be o el o o GG Bk deen, ) o

C10 C13, staen t@isepramels Cator rﬁetglateelsélt@(llvehd)twsg w lyemth nulese s twe phase |

Fi gure sORTERAES 2R erTRAS o FRRHCeq Bkt i moRValtold vl T80 2at i on

with 0.5 q—GgIerMbaied iDadi| aatistthchatidlatien oafted mgaund-isgsterd wABobdmwsd rer cent

survival follo v | en . above. 5

et 1 g, Attt Yhia Tadk A el ethatie el IE T, MRS ot 10 TRt at s on

\AA Ntof\}Ae:( t Metll?o%’a\a Ith')erla Pas PidA dupdtihe . tbm\bs rpg8esibn; +|§|%>&a2 dllse'ésé’HA \gészlnl@telgigr way
rusKka IS test J VS + <

O O DLASYSRL PRI SV asseny ooy, dic siTaR EoElS /e S aMEdica ongT test)

and the irgglictioh @ sardarksRsr mBkeRDor tﬁhwrs&éﬁ@@uﬁ oneigﬁmcéhttaﬁﬁ.s(:ahﬁeantl -

specific I?G anti body (AY6) follow ng i munization with either % 1 pg
oA or ( BRUGON-GalSian IaRevarRcEiTisal GatsoraAbediueds tamalieg ciF1 4 bl or 1

acl v ant SYR57 SoyReled AL CRTER R S B B Co0) i qure 53
AYS and. 2@}’2% i Pt g e afby” e el Rl o

the indi mvednseJa@Edn@EtUman&hmgnﬁﬁera@&@a,ctlﬁéiéger@éﬁ Thé:bélGa@eﬁ an@lb@s oﬂl&a Cl9
Cc20, Cz23 m The resu i.cate C13,
Cl4, C17 pr%?é’éﬂ é’r‘?&ﬁ’?m ”I?Yh*&% d@ﬁ'@”% SUeh B {?}\%rﬁre +th?)?§fides P‘ ﬂ*f‘.e ot hers
in enhan%e{%dt&léaﬂﬁr'aﬁg%sta'ré §épabTé)o11 él‘éﬁl%b'agﬁﬁecmé‘%rspbr"i% %ré&ﬂ#ﬁj fic CD8

T cell response woul d be enhanced by the use of "an a-Gal Cer anal og of the
present @uUBdvad dtneeofanimals afflicied mith @ncer, chving downwamsr groveh iy geigais
further. As shown in Figure 54, the IFN-y secreting cells increased in

a- Gal Cer anal og -adjuvanted groups. Furthernore, after N BRG 14 virus

chal I enge, the survival percentage of C, C26 and 7DWB-5 adj uvant ed groups
wer e hi gher than al um adjuvanted or pﬁA only groups (Figure 55). [00245]
The adjuvant effects of a-Gal Cer anal ogs of the present disclosure was al so
evident after single dose of pHA vaccination. At three weeks after one dose
i mruni zation, anti-HA-specific 1gG anti body was enhanced in mce treated
with C26 and C as adj uvant (F| gure 56) Mce treated with d , C26 or

R s s % " Al e~~~ 4 &




[ 00246] Adjuvant Effect on Pol ysaccharide | munogens [00247] dobo H, a
hexasacchari de (Fucal-> 2@l f31-> 3Gl NAcf 313Gal al 4Gal 81 -4Glcl1l31) had
been showmonoi1d®eIFer expressed on a vari ety of epithel i RCTABSR0H0&032% S such
as colon, ovarian, gastric, pancreatic, endonetrial, lung, prostate and
breast cancers, with the use of nonoclonal antibodies MBrl1 (IgM and VK-9
(l1g&). In normal tissues, globo His limted to the apical surface of
epithelial cells at the lunmen border, a site that appears not to be
accessible to the i mune system Therefore, globo His an ideal target

antigen f@f . of her 0 t . : Lihelial cers.
To0245) AT HERkREr PhethoBpSAS f RIRGLAREHE) Wb L £
present @GRET,dNUaed SKT cetis. 7DWB-5, were eval uated for gl obo H conjugated to
di phtheria toxoid (G+DT) vaccine. BALB/c mce were injected IMwi th gl obo
H DT/ a- G40@222] dn st @semighdd] /implEmhebeatioan ahegs-GélCer dnalvgs aft tHenmpreseeks

i nterval . ,Siera was col | ected two weeks after the third vai_%i nat { on and

tested f&#SCIReaRat PyNNAAPPUtH Bivgs HP <PWAHOE IRAUNEBEAR 17880 Galen : 240

di luti 0”1anb%§_§e%dyVQJey1adﬁ§hi§&ré’d OhsY CAIMCBE CVRRINEBY - IS A bRedib@Hf € S7A,
GH DT al one did not induce any anti-globo H antibody, but the addit’ion of

S gr 7r[])\VBpﬁmnfiaiiODe@EsD(gfﬁafGQfaﬁlna|¢Q§®hﬂlei bsggnipeisdasereomay &g w@dm her
i ot " cate i llgSlaeletY HiERgS 86 LI a5CR anpfhob Y, RoRBARI L arpy O1PS

but not r eat gure r
7DVB- 5 i mireadekStinpearicaevaming Rihbjecetreqted withcangrdfitie dyGaCodac|o gn

agai nst carbohydr gt ntigen. [0024 ANTI M CROBI I HERAPY [ 00250]
PRI 1 R mrered iRy e e GoET. DR PLER A AIGIINT o has
use, for caxesndrenay MavierRatdrBtousireQ@sorsor i nfectious di seases resulting,
for exanple, fromthe presence of pathogenic mcrobial agents, including

vi ruses, [06Z233haonfdl&gmplafyoihpidaentalibris el disdiesurdprasddLan aandumber r ant
rot ei ns rions).
P ir%ﬁwnothe)rapy comprising administering an effective amount of a compound or a
salt or a mixture thereof to a subject, the compound selected from the group

consisting of C3, C10-C17, C19-C28, C34 and C8-5.

[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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[ 00251] In sone exenplary inplenentations the nethod provides an

anti-m crobi al i munotherapy for a subject conprising: adm nistering an

ef fecti vevarouwnedsf a conpound or a salt or a m xture tRETASROWOSE2$ UL ect ,
t he conpound sel ected fromthe group consisting of C9, Cl1, Cd 3-Cl6, C23
and C34. [00252] Antiviral Effects: [00253] Antiviral drugs are a class of
nmedi cation used specifically for treating viral infections. Like
antibiotics, specific antivirals are used for specific viruses. They are
relatively harm ess to the host, and therefore can be used to treat
infectio i riug i I Y,

di seases%%ﬁivﬁgltohéfgu 'Véi aléviéorrﬁléfre@\{g thg%ﬁtr&tﬁhé %ﬂd'\é&rgna % %fgéé&%%éﬁ%%e

i nterferddfs Flg'[tneBQAamsed redhesafirsiisgsothd effant b’ét‘rter&b@bplh&ry besame ahd

gama- |nterfe The .al| pha and be |nterfe s ar y i,ch are
oo e S ISP dtye o GRleE s S B MeRert i SQSuid el EIELBAS, Las

adj acent C§31Q5|) |a$|d@”ﬂdwéfeoﬁe§f‘eb tdipn Bélﬂ/@ry B tﬂ@tol—@hl@é(r é(ddlé%et%steah@é’refé%lén part
of the imredi ate protective host response to invasion Vi ruses

addi t i on t® supprese tumergrowdmiaindipralbng fspiadtal aSanommraMo b@lﬂtéph m-&€rdleeon al so

ennance LNEIGE BT A oTh ABeloalnFans, dkoMHC nlequl 6p i i, surface

i nf ecte ese |on o vira
antl gens than §pealltﬁautgh|thermeﬁea:ieldnssur\]’haildld po’edlﬁacelgnlanarhb/ fdemdimsttafa@ted in

body fl ui d f i | ph

oo ot o ERuia80 ERSHBREC BIRRFe) Pt RireBl Bh Sund SR BRE Mot et

of fChronircutble(E@iuret ug8), B/r@mhhs?hralorgtsut@hofm‘da?]?uﬁ]mfl?g dtid wv eignifisaiokey alTeﬁﬁd:r?efsefg(r:]h
ever al se | .

(i mmune. AoPTe; 8508 o B i waicrb A lenedt cuf RpL eMehet L on

is to enb@émngtéesmﬁmqm@cw bt EEELRIP T SRRPDS B o dORREM e

mechani sm of action of the interferons inclu enhancenent of
specific ﬂhcmmnérea@ﬁpoﬁée whighi nisr easnsigienthe witRpr k@:m@rorﬁame—ltBVeISasQf I

nmol ecul es, P’Rﬂ %Q%h§MBL?8§f&I%¥Jr{bf§ %d %tﬁatlohhe interferons increase the
oroXi

opportun| S specifrc cy sto recognlse and kill infected
cells; td raI and b)
i nhi bi t| 270%5]390 rgigrnq@yrﬁ{hgm tﬁet,v\ﬁ lgtr e\%g(%{) #e%r? |e(|)na_o HeWw cel | s.

([jOOZFS] Iamatr?lge wepmbf ssémméynmda;aberceﬁeé‘w ﬁaetumaieagagoﬁucehmtpr?eeuat _

| SCI OS re ave Se or ntivira r.eat nen XIS 0 varl ous
ot ougeusrors vuS Fogk, AReNEY “nd BEHAETE! o EAyBh RS, FE R d4ea of s
protecti igel PEBURS SRS il dfssel 8bhariulavbChe MRY depniagiediohl bstetyi a the

met hods of this disclosure, or utilizing the NKTs, vaccines or conpositions
of the proeﬁalﬁ)erdpgrcrrmr@cpmqru\deek blihisaseanicable rptibe treptmpat poied dae

TV 11 ep BPRAREGI Bh et Ao RN R FefimBi e FRURS, AEPULER CQ °°

HI V- LP; Hiregimeaviwithdaew (ce-GalCempahalogy iledigean |hcerpa$e in sheAtummordsfiltrating

ent er ovi r us unan C0X use hi noyi r us chov

Cal ci vi r g8 c{cg &: inclyd Sﬁs&bfﬁ%\m{“ Z\Iﬁtﬁqeoglgtué? 25 sﬁgur“?oi(j $’r%§;{"e (e.qg.
equi ne enkephphitsi &f \diffdﬂ@rﬂSromeéo@lflaﬁmrhrsua@@r) (Aﬁlma/cda@e(%ga Subengue
Vi ruses, .ence éalltls V|ruses éello gg_vi vi ruses); Coronaviridae (e.g.,

cor onavi MREEEd pHB RAYGE Hrerst C? cey cellg, rgree adﬁﬂ'“‘ﬂ(tief funGyiinpyationy apj es
viruses) th&Hu&VWéﬂeQ?e%técﬁ(lv or SeBal \”MtH'va§%3thBﬁféFr&‘Wl'n6icg% d-&sdcer

parai nfluenza viruses, nunps virus, neasles virus, respiratory syncyti al
virus); @nalegefXag Derdmeumé twyicei perl \u@ekzﬁor\fommweeBs Bhenglanorr Velame(wasy.

et RSHST B Bl 0SS SR SN A Sl 15 S0l e

or bi vi ur de# @ama/, rkdpdan Messe survidilrauaxa of ohive; bedeipgdirasstr cahaer; (rdapatnd/i s B
virus); Parvoviridae (par ' es a viridae (papillom viruses

ol yoha ViPdcdic AfahOutel hzB Rl waBOpued WRERS Mo tEher pes
SI mpl €X' \beNldISTE-HSYhd hé thedted AR Iof Bub@) 26t shidle” 4SGalCyF eFegRirNdatdts (CW),
herpes viruses'); Poxviridae (variola viruses, vaccinia viruses, pox

Vi ruses) o—SrRiCerr ARRIOIT (Hae R @OU%)rWDQWﬁ@kﬁ@VB}UFWW{%) Lefh@anel,

uncl assified viruses (e.g., the etiological agents of Spongiform

encephal opat hies, the agent of delta hepatities (thought to be a defective
satellite of hepatitis B virus), the agents of non-A, non-B hepatitis

(class l=internally transmtted; class 2=parenterally transmtted (i.e.,
Hepatitis C);: Norwal k and related vira3es, and astroviruses).



[ 00256] Viral Challenge - Influenza Virus HIN1 Infection [00257] Treatnent
via I P Injection of a-Gl Cer Anal ogs [00258] Figure 58 shows nouse survival
at 0 to Modaywxopist i nfluenza virus HINL i nfection. M @€ETSe@vss28 ed (I P
injection) with 2 gg of a-Gl Cer (d) or the aGl Cer anal ogs C2, C3, (9,
Cl1, C13, Cl4 and C16, and conpared to control DMSO. Three different
treatnment schedul es were tested. Figure 58A shows survival rate when BALB/c
mce were treated starting at 30 mnutes post-HL Nl virus challenge. P

val ues conpared to control were C: 0.4554, CZ 0. 5149, C3 0.5764, Co:

0. 5466, Fl STV BALB/ c
m ce vver?agpr ea&%gajrs[ ?I&rﬁ%%ﬁ\%gémggéﬁn% ‘@%r h\{ a |C§%§%w8€h H1N1
(WBN) . Mbody weightt reated at - 14 days, -10 days -3 days 0.5 hour, 2 days,
4 days, 6 days 8 days 10 days and 12 days with 2 pg (IP injecti on) of
control , [60226] Q€Y slialy trer intjaetsaGairéiprenay af egmlnlst&‘wnni rEEBiEhmict aeteed t wo

ORI R e T I

wth all v@h@le@@&(}%éredr (h69|ndi6éfbd &lGalaet atdkbps (P \wpperemotssipaviad peo
control were : 0.000116, C9: 0.000126, C11: 0.02627, Ci13:. 0. 000027 and
Cl4: 0. O(W?Pii?or GG R VS%?kst‘?b\f%J d’tﬁﬁfﬁat#%%dﬁﬁ'?%ﬁ"%@r %lEY'W'\/%HWQ/\Pf h nm ce

that ver enit&besirRAul thndrigh®hndoskarfesionbbsgRémhyi rus HINL. In Figure
59A, BALB/IC m ce@wleﬂ?ge treat é%h?t arti ngr%at t\/\ow\/\ee%s prior to virus

chal | enggomi@ nguNés(Mﬁ\&nd Wk CEn MR TtRe t ERAIRDN abf 1Hél ¥ ancer 1&ﬁ9@98 of - 3
days, days, 4 days, and 6 days with 2 jig (IP injection)

control, oa%@fereaneﬂ@% ofgihe titesent cigcostreawih ol Op@ﬂ@aé ploiiogolt H%gletr@r&& ol
group. Gf ( 7 wth
Ol cor o SO o HIESbiEf HoblaRd i Ring{dnkor PRV ‘o middifin® 01 "
were t rea{Be@) wIIBrSLmQSaaIn@eheratradateg \Z16.1 &3 ﬁbﬂ Beusgnethoge i, sheal€dr pr ol onged
survival, indjc 0 avi a iral effect 00259]

T eut ranitng T e Gale i e o8 £04, B} Oie. PRS0k GUIBGT Fi gur e
S9B ShO\A@vé’elRﬁU(A@tshM@s Rﬁé’ﬂ’@bldnolf/le%fr sBHAVAI ‘(:@A*veV\ébftr"ch1 b‘e%rlhgf'r@ﬁ QE! @hdv{ib HINI.
BALB/c mce were treated via intranasal route with control, a- Gal Cer (d)

or the a-amwitepunpal PgB1e1Mac14 Abr oCtite «t-GalGenanerloghi iestedoshowed a
chal | engg |chBnﬁfr43?'efwe¥\é‘5i'N)theC&§rv§/9P‘t’fﬁﬂ o mﬁgsgnédé;rw&awsosw

di rect ant vira ects. In general, certain a- r anal ogs nay exert
di rect arerrivg BAb vedré erebied wih the to— Gat@ereﬂtalqgsmfahe praseet disclosurat there Fi gur e

60 sh th t t heti ffect .CP f Madi Dar b Ki
oo ThOM ks SorfRa Srfasd oo S PLURLMrE FigaR U EBL IR KB e ot
L he af Ga![h%amfﬁalg:ft dE1dmofGrbwar mGéh&eatCﬂZ%i_m(JMiﬁb were SLm1n_Jz mbo%le&s,?hw.m | oned
i nfec W \. ro e e virus
D o s e RS daheet AEC R esp e o NGRS Cpeet. (4 BOF PaniciiPiae)

panel ). auf@lda@rthedfediel!ivas. 1t;tbepérhﬁs&e%ﬁﬁ'x@ﬁfcl@%@b%ﬂ?@ert&%@ﬂm%%
slight inhibition of the entry/replication of HINL virus in vitro. [00261]

Ant i bact er-{GICEfdnetags: (CPGOQBQ]?ESNBcfeameWhWWMQﬂK fof fopeweeks. | The i nt o
e S I3 of Tyl BELARO% e BB RRELGHOAS, IRYES SRUELR 4id 8RB, Blodt byeS,

However , | mcro sistanc eatens a
return thlSweysmre d.m#ftubmm |tbe equantltSty\ni tathiaf biplyoolesgerds; Kig'ht pagveh @l Cer

and nat ural terla i ds vve e _deponst ed as 1- i,gands t hat
BCLi vat odSRRYS TR, Mads S o bE bpuRE inStamh B9t coatperahiith SHSBr % e
hosts. The< ki icbmpbrid althaTt.i Vhtrhies isbcutatealviier Iungr carder UAg ni-ashiCer t he
anel i oration of g%cobact erium tubercul osis infections, clearance of |ung

i nf ect i or"BPIPsEdtoAsagnder iy $HeWed | af gnificd BgcrepsendbrMAs Faptul at e
and Ehrl| IC%EH y(r:é(ﬁ“'{l;vglﬁé)\gﬁ{ Borthct Andtd &PMIBEL dncedthg§, Mest NG-aGidarainaRiysof NKT

cells via
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 a—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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[ 00263] Exanples of infectious bacteria to which stinulation of a
protective i mune response is desirable, which may be acconplished via the
met hods oWotzhiogodilscl osure, or utilizing the NKTs, vacciPREaSer0osispesiti ons
of the present disclosure include, but are not limted to, Helicobacter
pylori, Borellia burgdorferi, Legionella pneunophilia, Klebsiella
Pneunoni ae, Mycobacteria sps (e.g. M tuberculosis, M avium M
intracellulare, M kansaii, M gordonae), Staphyl ococcus aureus, Neisseria
gonorrhoeae, Neisseria neningitidis, Listeria nnnocytogenes, St rept ococcus

S opt ocotn) ol afReBE MY lror Pl R RaT oy > BFRL ABbuE Sel & AR o

Strept OC@@t@ttﬁstlb%yl the SLGACEP@AGIEYT(RAMRSEHNCsHRG fo. prSUU@@bO'F}QCl@iH%d
pneunoni ae, pathogeni c Canpyl obact ersp., Enterococcus sp am dia sp.,

Paemophi IBRPANAE1 G0 SPAWN TBABR PSS AR ae TEESE: sSHELARNEr .tfeﬁn'dﬁapmahé?q ae,

cor ynebagk&ducdh 8PTy1 &iodhécaltRbihght iestaRdiiraetitfchSSddtividesim per fringers,
Clostridiumtetani, Enterobacter aerogenes, Klebsiella pneunoniae,

Past ur el lrgoIBg] trag 'rga4 B@rﬁ)tv\f‘sr @ des &Qmplf%%%@e@ﬁé{téﬂ{m WG4 BREUMGalCer

Strept obaC| I'1'Us rmnl ITforms, Treponema pallidium Trfeponema pertenue,
Lept ospi reaalogstdf noenpogsent disglobie, elsﬁhTMdmmqhwnmpBMHrattrw lamphpevdesirsel | a

tul ar ensigyg LRB2BRacbRRRGRIBIALSY LAby QLR ANERatnPRILARIRRRT, GaRsl ot e

Infected hi'n caps als V|ronne
bact eri alcasterai 8ingleacell sus‘penaldns of nemyrspleacesd sarc Hay 21tfloem dne %ﬂﬁLﬂ@at er ot

Col ony cangr Peaiing ¢S nbir i i T BREe, SR TlihlacheTdlfet At o
does ot cpemisi(02l Q@nObBSﬁqsﬂﬂ%{g/rd@uéeL/bﬁbeMé@k) WerdiSeShd fRABDS Tt he

activation the host antibacterial activities. Since the antibacterial

activiti &8llofBYEDBol i prls &RPBdeRd /aP8 Ind@) Aiked (NI ad@D&)hén@c&D)MT&)n of
NKT cel | d C[E%IVI u of

ant i bact er\llkiﬂg % ga@})fe@&fggpnm gﬂtﬁ%e&ﬁ%é%&aéfn%@yhl ng4(5rmnas capsul ata
i nf ect i osigniflcanfiy signifcant h@reaqeamt thef numbeNKT nddil-hissedpanionayfitragig i s
activated b calipid bindin Si x to.eight ek old f | e 7BLJ6 m ce
were 1y deneheERn BhEaAndtS o Ao awpeish GitS E P e oBdt GUGPE TR @ ¢ he
infecti orGambﬂ@ne\wg@CQBljaa@tc@s lafsovdHowedansig AificartpaigrficanCncrédisetiféhed- Gal Cer
anal ogs (C3, Cl1l, C14, Cl16 or Cl7) at 50 or 100 ng/kg. Twenty- four

hours af tr\é’Fané@F dvngy 'rif'H’feé'69|'¥mph(?qY¥Pér 8 B9 &aPesfp FEFOMRITHIE ool

homogeni 2gd cOZe 1108y Is§ QhdTBS Lo pHRidtFitd Gﬁwcoﬂfrol%qm &Q@Q@Bﬁﬁoﬁé@%lﬂ &g, in
| i ver honpbgenates were determ ned by plating diluted sanples on nutrient

pl at es. Ot{soandebKne). ¢éEdbahordtuator énfiltraliggdymploecytasrinagelanems. Singsycell Fi gure

Cia, ana sl PPHE PRl o Bl ft iorh (EBIFE Y BeRBhaBE e S

signifi cam&lhryorha)vtmﬁatedmntht the oaimidle,0b-GiGap or Toe daditated d-BalGart atalogser i al

The StudjCBy CoRatitng Prit BOIUSR: GSHIERR50 PGP REPA e Cah T lase

nodel . Fl(eycesfShB sewsdiIchHirecHe) b@@)tr@&é a(Nief fit/eashesarf (ncmdrsr eat ed
with Cl1, Cl4, Cl6, and also Cl5 are significant in conparison to the

unt reat edNﬁﬁ 63/63[)36\%@@9 perealireedo IMSEa h@u@-%'@@pgnalegs C231 1C8-Bn@ndC15, the
di ff t tat [ 1
o 11 o neond gt Sl esptch e SEER AR Y She iyt 61 SRR |

treated wirmbr @ﬁtliraimg Ig8whatyte® ih irgélkgomar as stampdred amth |bntrccmptmllm to the
untr eat ed resu u he CFU nu inlivers
after m @bg‘{ﬁi&g tr8 (%@é a&(i ﬁﬁ&ﬁ\éﬁ E[be)gé%;[ Cgﬂﬂarr?genﬁbéit eri al

d earanci %),‘;é mwmm ed Mce [00267] K. pneunpniae is a
G am neg ?9 ver abscess and |s becom ng a serious
di sease i armn bet| o ient Fi guge, 62 s d and
Cra can 09 RAHIRY EiARR bhe HRREE | SrotplrRaEOpRRRE00 e LAGE BB e
after injleeiurogen8ALB/ cByl femal e mice were adm ni stered a single dose of
live K. pneunoniae by oral gavage. Mce were injected with control,

a- Gl Cer or the aGal Cer analog Cl14 at 100 lig/kg twi ce at 4-hour and 8- hour
after bacterial infection. Twenty four hours after infection, both the

| iver and lungs were collected fromeach nouse, and honogeni zed. Bacteri al
counts were determned simlarly as dg;cri bed above.




[ 00268] The extent of bacterial clearance by Cl4 is found to be greater
than the clearance by d as shown in Figure 62. [00269] Antifungal Effects:
[ 00270] ™Ohebperwon&l | type 1 (THL) cell-nedi ated i nmuni PETAIS2809/0803e8 i t i cal
role in protection against various infectious fungi. In still another
aspect, the a-Gal Cer anal ogs of the present disclosure may be used in
antifungal therapies. Antifungal drugs are used to treat infections caused
by fungus and to prevent the devel opnent of fungal infections in patients
wi th weakened i nmune systens. Fungal infections have becone one of the

| eadi ng f S | hut r ' L pressed
patients [%;ﬁ(ﬁ&%g g%n%%#]ug]ggq I51511‘ g)rqéé nggfdr@t\k?l‘u%éélnhg (re%lsﬂée}g%l%g based
on t he aani iommwie pdspgossy in anceinhmlz(elal\ﬂo\ﬂbm:l&sndFuaoverpéiggbfsyearbmd)uwdnm nunber
and the function of these gﬁ]lls can be r& u at ed tpé/ t he col on§ tlrrulatlng

factors (CEFESLENGTeAHE B8 V%%G&S. c?cﬁ'@F)@ns V§ ¥IBTEs QBRI %r  and
hunor al |wnﬂmnéd/fdrimatoframquercésus nutgehaat igensrdiig twiele fina iy tgems@lr/@sewt ng

cells hocyt hocyt es at are driven an uIated
by cyt okIVAEGRGNG- S5 qOTERRSTs Haciesh RariPapgr « BREES GTf
activati oifeiticusCorgalismesor theirh®xiestaceiefignse rmmntam@mtaypgérﬁergw ungl
has been the subject of several studies and has raised sone intriguing

quest | oné‘eﬁﬁ(?GtUVﬁB\?éP ORABY ek GHPCIYEPaIS gindBOSI Y LRGN e YRR Oh&SRPYIE | us

i nf ecti onsducelfifypeenbr BpLeNtHaala %@hﬁléarﬂtQan%}éi@Hﬂtﬁteﬁrd?@é(ﬁe Remcyes id bed.
First, exposure to fungi and their antigens rna&/ i nduce rel ease” of IL-2,

|FN-y, t YAseinpreditgeative adiuyants temduie &lv?r SRRGifUYBRS PErSEPBYAS SHPWEYaLt i ng

factor (%d@'é)]t, sBREtGH ABULSAY @SR YO RAREBNACLARUR AUt bRY JiIdStIy
(Gu CSF) hese cytokines may 1 n turn activate or enhance the antifungal

f unct i on commgiaigbeysEsinianchavailehiii da and Aspergil | us species. [00272]
Exanpl es of infectious fungi to which stinulation of a protective imune

r esponse [08237d \lvraisiue) salis knowayEsEUECawnibei e ddisyaridariedepr Hee én
a- Gal Cer gjnﬂgd @taﬁe@ﬁg”cﬁ%ﬁ@t reHiilL O SMEENEL Om-ﬁ)m%éeF rblﬁrﬂm&‘np%l't@ﬂ?\% th an

ant i fungal rug inc ) re not limted ypt ococcus neof or mans,
Hi st opl adean shpwoltainaeaseon tudianisdas wethaistin spinBllastxcivgiyetly a shift to Tp2-

derrratitl i S, j ctipous

or gani smits respoRBE et LFHRRRbcRy. SREMARN TP SHRETo BT

Schi st os @e’dmmnilatad\dnffmmepbammes fe.gl, OBIZ%Bﬂ)roSMN‘K}FETé. @ ranGAle(fﬁ@&Yhf MERAM DE

ANALOGS SUPPRESSI NG BA]gT I,f_ IALI ND VI RAL | NFE I MJ NE [%I FAS'E MODEL S
use as adjuvant ry "for-vaccines against intrac IIu ar viral and bacteria

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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[00274] Natural killer T cells contribute to a variety of inmunol ogi cal
process through the recognition of lipid and glycolipid antigens presented
to CD1-d woletuloes CD1-d are major histoconpatibility ®OmAlses0onbees | |ike
proteins and are expressed in nost nonocytes, macrophages, dendritic cells,
B cells, as well as nonlynphoid cells. CDl-d presents glycolipids antigens
to CDld-restricted T cells (or NKT cells) that are inplicated in the host

i nnat e def ense systemthrough the production of Thl and Th2 types of

cyt oki nes, such as IFN-y and IL-4. Anong the variety of |igand that bi nds

CoL-d, theoTnE WELL- ShUld L 9nide Al ahR Rl actonyl fenagile.fa Gal Cer)

that is the synt optimzZ a- i ycosp ipid

fromthe mmrraorganﬁnmnqe toRgid/ mdntwrfragrae’rus .of Sgnt hnachv,atgd yool aferdataich as

al pha- gal act os ceram de ( H? and nat ur al . {?I X Ixccol i | ds wer e
at ENRT"E) 'F's 9t Yedt'ddF

repor t ed "A§ ”&F”ﬂ i @‘aﬁ?ﬂet rﬁ%?”caeét
a- Gal Cer sbmmnﬁedcésheemmMcesta etk o avdiphthtya. df somb éadtames. thé/amcwae Gal Cer
anal ogs were syntqﬁ ﬁl r |m’runem)ulat|ng? i,Vities gshovvnto
be rel at &ePSTARAYE 7 P%‘r{goarbﬂlm‘df‘e FREREMTRC DA RHOMRC At A Epiisierad £

bi ndi ng eatahé.i IBhgthd Rtarcbs tisees@bbans aets dsFih ynmudo|bg4c4adjnvahll<§n@eé s are
determ ned by the binding constants of the a-Gal Cer anal ogs to the CD1-d

bi ndi ng [FEEREE Of dRAAIHY PapreBering e HHNURG EPSPRDS PigIGohRY the¥peing ar e
one of t%@eﬁpm BfvhelaliAg te fnrhafe EhQenTHBE réRtdli ﬁtthélgulﬁ]é@tpr%‘éf)brﬁﬁng)fothese
nmol ecul es.” [00275] The efficacies. of some of the synthetic glycolipids for
the prot 428 VRASiNst M Yiooraus!x than wishaut the GaMPnEet i ons were det er mi ned usi ng
several nurine infectious disease nodels. Anong all of the tested synthetic
a- Gal Cer [80233)d8, opheaspech- aPPﬁS’BF@Shé’ﬁ@@&W%H@ﬁWIC%&@rb?ﬁ’oﬂep%ﬁ:h Pred@ing- Gal Cer
(C34) i's gERshedahibi¥ ol DNAGMRUALEERY. ONinddAbtREE AsPEctPasd Gfakaihe aRdy Vibd al
infections in nurine nodels. The protective effects of C34 are nbst

ef fect i vaelggtas fd}PrOéWel% raorgrappHyerglly @vaiahtreyacsineshawah gs, &t apt limitett | ons.

[ 00276] ty I I al [ PrIQIERRas
capsul at ggl n%&ct e ﬁH @B[dgg\?ﬁéb%hﬁs gghﬁég\gﬁ%ngia@%ﬁu atrgtRJiqnf ected m ce
wer e usediagsnapihidus nﬁﬁwﬂnzantymdéﬂ Poewwedacatle Poloviws.i bilteeza,aMeaslescacy of

some ofWhgpsy KARKLCVELUSE! MiRioctec A SRR ok b AGUTRG RO gprrent a

bacteri al aces s as air a It can
be easi | \Barcdat |b‘ur@izbrﬁen ndyphadt Japanepd ateese;biahhslse‘?aﬁlesstsﬂylel IBownec ol ony
color. Unlik [ m _ne i ve bacte suI a a does not
contain |e|n6 rIT'P Cﬁ]oj?ra qaﬁ%) FFH%{ Héﬁ]sgw] zgrvp 5 hg “ivation

of the th(amchbuast eCalaliviras! | Patleeisopehie anis, bmﬂaenycada aeittavi, t Feknef

| lipid d th h.th t t f _NKT | | lipid
Lo Distkeflis Taiind Dot S ABRAe: BB R aaGsra B et ot he

di sease mByd&dhiHpticH NTaYMEDORGN VRS Ubiatda uarﬁ@uat iLeptospita bheeks, lafectibgs | mpact
of the NKT nediated pathway activated b CO|I pi d bindjngs. ure 65
Shows  t hiloV e RBOTABHEIET SV6P. PREVGRSRS € rubeoWrenReDEaY Synaliel 11,
Cl4, or GibsaBovfe Nodl DikRa BAs &bshdiuR ERbLRIES 96/ticehDPlabmeRAELM, | over
than the control oup. In contrast, the CFU differences of the groups

Lr ot ed RePHCED, NsYhndetanr Soielot Perighasis aMormislgogsis, SUAMERSTTR CFU
found amapgmiEl el Patbli!s Athioeka IreBoiAdlndRN BboBBAIPREHR! Lebtoshid cacy
studi es of these glycolipids were conducted to treat Infected mce with
jiglkg glojiepttyphess, Laptopeiraseanicald, feddeptasgin ictgiogaempehagiag. r educed CFU
val ues were al so observed in the livers of mce treated with d , d 1,
Cl4, and [Qﬁ@ﬁ]rﬁdﬁﬁﬁb@ﬁi'§oﬁrQV61ethé0ruﬁﬂhmr&j '@M@@%@@it)’a ohod eomeRaiNd,

a- Gal Cer I i i vo
than CLLORbsenay b yAEEiR £ bERk, b SHAREFIRARING, B Id e

[ 00278] TFhbjept cdieompoundf COhposifiook Phesctivet hww@hthroprwg gnatagjuvanh t he
anti-tu ti-.hacter ir ects of l e the
abili tyn%oc?r?ij(rjh cetgt ﬁﬂé@.&@sg oﬂ'?ﬂéésurfgs Y@hougitﬁtteo a% urvf%(lg Ma?{cgg }chHe

anel i or atimownofemeityt aithe aorhpomndmem;bosmarssesyacmmh as type 1 diabetes. Many
a- Gal Cer anal ogs were synthesi zed recently, and their cytokine induction
profi | es [0823] Adjuwantdffecdtdn Proteinr\baawinésn vi vo. The anti-bacterial and
anti-viral properties of a-Gl Cer and three anal ogs, 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
capsul ate infection nodel in C57/b nie®. The table of Figure 72 shows that
all four glycolipids at 50 jig/kg are able to suppress S. capsul ate
infection to greater extents than vehicle treated mce with p val ues snall
than 0.001. However, anong the four glycolipids, their efficacies were not
significantly different in the S. capsulate infection nodel.



[00279] Anti bacterial activities of cc-Gal Cer anal ogs in the thigh-wound
nouse nodel using | um nescence Staphyl ococcus aureus (Xen29) [00280]

| nt raperiwonresloos3isecti on of C57/B mice by S. capsul at e POT{USR000HSWRE S | n
transient infections, and treatnents with glycolipids hasten the clearance
in 24 hour post infection. However, in the absence of any treatnments, the
infections often are cleared in 2-3 days. To evaluate the anti bacteri al

ef ficacy of the a-Gal Cer anal ogs, a nore rel evant di sease nodel of nobuse
deep t hi gh wounds by injection at nmouse hind thigh nuscle with | um nescence

S. aureu used The X i nfectjon can ored by
Crage. andP0ER AR 0E A A e TR AL SR e RN Lo
to al | owforetheatbitity examhanatiimmuok relisorses enlexisfing pn‘oe@hlbaeedj ha@(ﬂrwgukth t he
anti bacterial studies, Ergaure GSéoA_B .shows that tre ﬁtrrent

of
t hi gh- muSeIt8EnHs el (T) dadliy 3t e WREP YA ngied gv'thegmrtvm P

prof ound Ji€af %Hﬁl%g@fofnlh%t pFersgﬁ{t %QCWSGI% oRONBY @r an§td98ty' 581 cablum was
significance difference Ee in conparison to thé vehicle treated

group i s haptestedomeskly forde r@mﬁyﬁn loéé‘@ﬁ'wTTrﬁ@e@@ﬂ antppdies. eligure 4G shawiygest s

t hat C34 t I

cl Zar anceIOI ﬁghﬂfaibtc I seoggaza\{ e@@#&%?@%? é %%{tl (glllgcl’lg rg\?)gﬁjdgtﬁi)@%]r o?ogéé:GaFrCia?

?Bglzgg]s _llil_(SIng Wseshlm\p’ameg@utﬁ“léGAhamcmcnor\ﬁolf astl(TJ'E@emflnIIth ammoaiyl\?m m)_delt
0, de nm n eli otective, i nmmuni agai ns

Sapanese OREGLY Erasort (e e orPatiranats ¢ I aBSe o Sstoads "Daed.

i n whi ch gnbatt grygetibPi WagvasmBdry en t@é’te|r\‘é|abfed3€tfy066n\ﬂdﬁﬁoﬁéleaﬂjayar&f bR Vi ral
chal l enge in mce. The prototype glycolip aGal Cer (), and a glycolipid

deri vat i v&\¢®3. Ciglighedaiopiieantiyceca \ﬁ”%‘?dyf P@HP‘?!P%Q“@” Y asVEs ed to

sol vent  G@RL&on&IFT BYr RuRWas E%bh@@rmfremtd?ecﬂr @lﬁ@ghm g&&mme even
nore profound in mce receivin | ycol i pi ds such 7DWB-5 with

a survi vaurthestasigsrentemioand fcﬂm? cpp I@ﬂak/@oymeﬁ &eS@mndmme@élcat@smat s
strongly suggest 1 thaty “E{)’)éﬁp%’ﬁ&téj""ﬁkhg"éﬁn %%a N Wikl AiSmlth *&{Hér%?gh%hf)“t eto

host defense agai nst nfection. t hose anal ogs effective in
protect i mymMUBY fespensdsonsTheerasjuast dfieatsd of dhﬁrmﬁﬁ@em laeatogr ¢l alversf

i nfluenz n e | b/ ,.ce t t ). he t he

Fequi r endtorEBY; ey oty SrebRSiReL R S mrlfizelibl . bBpE s «

conduct edf Ty deiee(withoet Alet dreg-Gaereiedg Cl Blin ﬁflé@@d&o@fran@rtﬂ anhtM8- 5

were still noted in certain _imune deficient mc %@a ently, both of the
of

i nnat e arld 2HReEY Jevestnaiee EigwraAbRtshowsdhe 859‘?"?@8 ICenaadlogIGIdd pi ds to
trigger %e@g@&%ﬂ?&ﬁ Bd@gp'ﬂhéﬁ‘tyaxﬂ@é@séfte]rﬁ\‘e &5tohd \;%%@ﬁfah&r\ al7igf fe%F of\as

noted in Stat-1, i nmunogl obulin g-chain, or CD8achain (Figure
68 (A-O )antlp@b@esrylcertr@at@dtwnh @1 et il b weasdwideas high as thase@ivenst T arfdlrogs are

nost eff [ t
rosesarears Tgeene AR hRREr Bl ol BiaRa W T o e iPibue L o
46B. These flndlngs 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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generate protective immunity if they were adm nistered post viral

i nfection. Besides the two-dose protocol described above, several one-dose
pr ot ocol swaesw/@b3s tested. d ycolipids C34 and 7DV8-5 @Cram2@aiojoience at
one day before or at the sane day of viral infection, elicited a weaker
protective effect as conpared to the two-dose protocol (Fig. 69 (A-B)).
However, if the glycolipids were given one day after viral infection, no
protection against JEV chall enge could be noted (Fig. 69 (A-B)), suggesting
t hat gl ycoli pid-nmedi ated i mmune nodul ation is an infection tinme-dependent
event. The effects,. of 4 adm nistrati i .versus vihral inf iLpn tine
were. al sonEuR teRis o8P BRDat el R STFBICE L ~Glifier PBoB& PEn o
C34 one diey phefent alisonddute NE@-30nfodd thigher vaasi- MR sdntibe o ftitars avereoolbtalned.
survival (P value < 0,0001). Treatpent with two doses of C34 adm ni stered
both one engoté\eo?c-_@ai_ﬁar_ BROURIST, dr 11 P9 e Past ﬂi%@ntcﬁﬁeebwﬁ&haW%

prol ong 4uNhMAL to%c%ﬂ@lfeieclar’ébhd’s(a'ajd@hﬂl@r—ﬂ)g)u@@%ﬂj @Zé? tidtanh¥em1c! fhd r eat ed

group. Simlar to J i nfection, a single dose of gi ven one day after

i nf | uenzaemang dpalivas anetogb ek iEidapnd E Blrwergaeayivalgnt7io, CtheTeeseect s of

nf oot 1 onmibagic-Gard SR o GaliAr bR Grra PV RLERT b id PEEenCHERHRa PG o

48 hr pogleptidd @atigens, wilaahesd ebntainigr aneeativaire Mot acoftailedcH astdrel group
of m ce adm ni stergd with C34 imediately after the thigh infections were
i nt r oduc @§MIFBPSLAEYr oup receiving C34 at 6 hr after thigh infection,

i nprove j cteri | e is noted, but the difference to the

vehi cl enﬁaé%\41id£(§|"8%t ﬁgeﬁ&"aéﬁ&ﬁ\??qcé%‘?ﬁ (Figure 71). Simlar bacterial

cl earanc ile re observ n exam ned at 72:-hour post .inf.ection
Cdat o noto BB Peobbis fomtut DnhE e PEnarest fhel Plamatd i BRBHRIP 18° rodel s
ME;; ge(ﬂeﬁgﬂl\ ewaddm@bﬁsltst*@f dugﬁﬁ:]b]; Qfl?]ﬁwglné(ﬂié}/ilﬂnseef thrmy,i iﬂsorﬁér ts)fuoeéu?l |

a- r anal ogues and foun e 4- - fl uor ophepox enyl octanoy
modi i ed (B8 %ﬁ‘%@r"a('@g'ﬂt)\’ ang tﬁﬁ%t”%é?ff FrogePheiectan Qﬁﬁ?gﬁw‘gg%ﬁe ?ﬁ&%ﬁraun@ st udi es
showed t hatorRel<CRIA $dRRNEENE ddRiIcE@ MR Sl §6hatbt Bod FENASHRE! &fdign of

detrinental side effects and the treatnent efficacy was influenced by a
vari ety @dgsedrist @ vaccingdgyelprrent effori Nkhg cersansup sspvaitees ©f iNfY wets on

associ at eenghysd b 48 pYiXTUE @bl Q8DNR ViRkineaSaridtes, AdsBESorP ROGHASH DY

dendritic cells activated by mcroorganisns. Thus, I n experinental mce

recei vi n@irBteon fen AleBAKpa BN avrrcinesfee Hi\orieyRlgpEe Ry &, et@bridinest abt (290RAht i on to
the nmuri ne\ e/cS. kS € okl ;

docurent & T RCTEPPEERIE). PHREEHEGs o1 PRCloRhd FRNRERRS R .

i nf ect ed aaddwith Gat@a€et r(€4) eah rantid-15 Gitemt 61 rBieeuat diyieekiveeks vadtee firsind i n

t he many .doubly stinul ated m.ce. wever, the profiles co Lcated and
vari eq iMAIEHEH AT TR BT e e D SRy SFIEIOB T e 16 e DR Cer i
the prot ggkiRd wiBBIISHwitH RERACYSHFRAMhSEhB UGS RPEKsMBFerbUHREnEy be

critical on the tinme of administration while the glycolipid needs to be
adni ni st &y behiEes abb- nhid DNA, kdttreachedS platdaueaidé. ngourigine 48B/ehawsudi es

usi ng bactertial, and viral | npf i on .npdel s ) dth 4 i s nost

o f oot va RecisaRdad] e HF BA oRBe R Cu At et Rl e GHs Bty

after i nfreks @fer $dtond imanpiza8sM! WHeh NRDNAMdsBTWHErelitdtoal. 28N sy, the h

different kinetics that are |nt|nateI¥freIated to the di sease progression.
[

It is cofdiivaabPieet it v-EBICemwap yideet fanalhiyy Hesagas istedonSigse e doses
and adm gk ?rb%ﬁoﬁ %ﬁspfvirgll Mﬁé?ie@é% &26hrh OreBSsddRe iniiRAda trahe
benefi ci al . 0287] | NOTHERAPY F AUTO MMUNE DI SEASES

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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[ 00288] Autoinmmunity results froma breakdown in the regulation in the

i mune systemresulting in an inflammtory response directed at

sel f - ant iyon810m9a315i ssues. Aut oi mmune di seases are the PRTAS200985032HMDON
category of disease in the United States after cancer and heart disease;
they affect approximately 5% 8% of the population or 14-22 mllion persons.
Aut oi nmune di seases involving the destruction of self-antigen by T

| ynphocytes includes, but are not limted to, nultiple sclerosis,

i nsul i n-dependent di abetes nellitus, and rheumatoid arthritis. [00289]

Accordin do 0 ol nmune dj,se ch as

s oor i o Wbt L BRice Siugs, BE AL TSR R e RS AR Nt e
prgt Otyple@JL_ﬁ\‘/ﬁh@MI?ethe-gHm r/@@jnwt inasiceinethes sinildr dl@ltbdm?tatﬂtﬁsdﬁeﬁiuheéé aeyad Ito
reduce aut oi ity. Because of. e present di sclosure
oo SebPuh Tl POl 167 ekt Tamaln BalBT Mk HerDie e atad by ot oot

t hese a- @?éc%fraﬁé\’é# RURUSAOIWIE USEE A Dr tHéTTHai@ét@@fo@Gbﬂferfa%lo@Etvﬂﬂhgﬂﬂm

di seases. [00290] ADJUVANT ACTI VI TIES OF a- GALCER ANALOGS 00291] Adjuvant

acti vi t i @ddfoogtedoncerwihtilecpang tarmylating fouoveaks laleri Bloodesaseples wer
i ntranus Blléétéd’ at 9%%&% E’f"tﬁ- thauslc¥nd VachAidAEEMN %@é{ﬂ‘f&r%ﬂ Hﬁlfﬁpé&ﬁ’é' on of

mce vmth ectroporatlonllntrarmscu ar (EP/I'M route
i nduced Hg@harttibpéy diters @ntﬁuw ahigusdPasshavd titans eﬂ‘fr@dl HAOspesifiot W& i on to

| et hal Y v |vered by
EP/ I M t%% é@d&g&ﬁd ofrTL'%ngngéﬁl sméj\ﬁsz%tlor?lgﬁtﬂe&n%g%cgﬂl rrvrvr@n%gb\roég'g%n%es
further. G”meéueéro&@alcté}ear@mbgmzanmef(tﬁa:tcmanCY@.oFlg@reisgB@hothﬂf&s ghCcCi ne
delivered by intramuscul ar route instead of EP/IMwere tested. Mce were

i nj ect ed AITTH IPEGHF ts@mtmdw{/\m WoiceZolRyvigg yeBNatRN with 0.408 PHévs, 34,
and 7DV vsﬁt)noH'&r \%HH%R%' Rk Yor %a@?%%?@g%ﬁ@&%@ﬁ%&%%ﬁ"&dm? Koird ater.

Sera were ected m ce were cha nged w't VI rus vveeks
after t heﬂfQEnmomcperrmam oouse Bum@dAﬁolkoMryg viral echaliergrel & above fortsomdheSpeci fic

| gG ant dt d t hat d
pURx 1 n bt ShAn o eaes. dipegDA e A sogtife M Falatl AGEE. ©
showed slfd>|gmrhg/.nhhgm,@ét.oaqnmtm@@ g;m&%ﬁdnﬁu.éd%&j Elf@émefﬁﬁﬁbg@dF re(ER)‘B250
3206) or C34 (23622 5516) as adjuvant and simlar level 1In 3 (14538

3223) andéhews r(er@ﬁf»mcsurm%fp"@m@gpv'r(at chatiengeany despidredy pbeie. ciiagurenje none
of the mgg wé‘?rﬁﬁls‘é b rROY At Y e0s \}Fé g%]ﬁlvé YuEQd ng%llovsf‘ﬂ%ﬁmﬂﬂr;n%\g_&ﬁuﬁi ved 4,

C23, (C26, as adj uvant sur survi only
group ( 8@%@1\/\@9 Orfopg a*sIAg(obld\oays @I-Weol+|C|‘a261$><aGJQ]vamnedvq’r@M@k/A Kruekal-

di fferencgs rv statl tical re 738)
Ther ef or I{Shtgsi 6%5@% @éRB B2 YR8 @o§| y@/ﬁ (I;ds(f)inégg&oﬁ& érl y

del i neat @QG b &fy, @5 e Bh&®ay ARORMEKuskiiewiang Eé%a'f')Jﬁrﬁ‘dJHitr m'df@ja%bt b@aiceut e had
not been evaluated for vaccine delivery. [00293] Next, the adjuvant effects

of glycolanplogs &iguse A shawsemersetiens aferntydfcapasiia laG rﬁnélé@qixorﬁAb{é} e
[ uat
o o7 ogr arclMIE MFLRARGE IR Skl IARIUSRY SIMoMEI- 20 e Fa B o o

wer e col liretitaed anGalGereanso @ ad:h}a’l lienoed wyt hoMNEBREr haloigr o thd pehseht on of

HA specifjc antibody response were observed in pCHAS (3692 97.
vacci nat SPOASEES BHG'CH'HBYt TgRis 89 GAkIvaRs#h 92 @ PHA,G0s8) Wath %\7 naa. dn't

show a betdesngetdect. However, increased titers were noted in the presence
of glycolipid adjuvant C34 (7208 1482) treated groups (Figure 74A).

Sim | arl ypo2ifangad s2khsbdimduEBURELY 0f8nti-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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determ ned by functional |IFN-y ELI SPOT anal ysis was detected in the
presence of glycolipid as adjuvant (Figure 74B). The IFN-y secreting cells
i n pCHAS wonre12@63s5 0.5 per 2 x 105 cells and i ncreasedPsirgmseoonooamsesy (p <
0.05) in glycolipids adjuvanted groups, such as 66.33 5.3 in C, 176.7
2.31in C34, 69.17 1.5 in 7DW8-5, and 68.56 8.72 in alum Upon chall enge
with lethal dose of NIBRG 14 virus, none of the animals in the control
(pVAX) and 20% for pCHAS only group survived. The survival of mce with
adj uvants was 40% for G and 7DW8-5 group, 60% survival for C34, and 0%

survi vl o TSGR (4, I T POARBSipE I ARpasl B2 shyge! o1 ¢

adj uvant groups Is's cal’l'y signi Ti cant
Overall, .&Iwélaw de GPNLAsERBANE BelldAnERREEATIR (ﬁ@talélé?dé(natléé eiduvdrddpe the

nunber of y production cells, and inprove the survival after | et ha
chal | eng@r&j "Bh"&rt}‘(érﬁﬁe 5 %@R@“\%W@@tcrﬁa‘%%&hé%uﬂfuveﬁ %@Bfﬁl 0gs
for pCHA consensus se ces were

vaccl nw 00295] Since
derived berﬁZﬁGGYnd-lE 8 edmvgmteélgﬁ@unwesee@geeratgen ajum-ailigmants O(D@ﬂ‘mof dat e.
1192 ful n %ME(% nces were collected and a new consensus HA
sequence , was obtained. There are 5 residues nutated in

CHAS- 1 | I In
!tohese t con ensus % E)gf&é)vacc‘lx_rggleas?ég\g%‘ed118 8“% E%%@P&S(%y@gﬁageﬁoecel ved
EP/IM i njem:ienblmftef smgleheios@OofnpldAogacmmanaﬂASAOrthr@@I%elké dfter tdme dose

A A A e T N L T M
i Muni zatandnC1 Tée adivantHiFigurel BOXi adicé i theaited Wwithe C ﬁﬂZ@dobW[ﬂlLBSAwéfﬁi no

S|gn|f|cant differe re opserved betwe CHAS .and wi th or

it Shout  r5teSeR sy JmRe “tneiguss by S Actar cHATERaS it e

signifi C%ﬂﬁvu@ll tates demmemwm%nmd@@mambb indiedie el d e eeredamd t h

hi ghly pa VMgenl c wld pe H5N1 influenza virus gﬁlf319 No matter which

gl ycol i pi’®@Wés r@d&@@og§d&UPﬁm'ﬂ't'e§ Hethﬁrséft@@tqféwg ¥icsinatien BIPCBEYES was not

remar kabl e %‘ﬁé gur.e 75# m ce survived in pCHAS only group whereas about
10% and 4% 2%?%‘5?“ féectan Felygaccharideimmmunagerss adj uvant ed group,

respectivel Et))CHAS 1 vaccinated groups, the C34 and 7DW8- 5@%' ycol i pi ds
coul d i mi? ltCH@ ? &t @ bexasgeeharde (Frewi abselP2ovs3Ce NIt —58%Rkd—about

409% I tit
30%, [ eSHRE el GE el Shouh T BERSL R RRsobh VBB e ofRlpagy 11 ters
pCHA5- | | tmnrfsessuodadad)eolberO\mrrahegaa';tda, pmmneqi@—wﬁdemdtrlahéurpg qirestaiecandabi | ity

of pCHAS5I | d t [ dj 02 r nor e,
P B et S el TS GRS e S Aandil i BB S M RN (SIS &

eval uat edn aocmslugzess, egiobdna{ mhrdmaﬂgﬁthﬁ ap%ﬂak:eaﬁobpﬂaéhaﬂejellyet ¢t by | M
as one srllot v Cc'zl nati on |rr]1tsorre Ci rcEgstances |sb|0|? Era Var i ou§ dosages
of pCHAs.YMen L9hderz @ sitg, ihatopPhaary N9k 0 s apepssible o Jhe immune; fydtefer o " used
in deter mhereﬂgref gromi|Hiisl@ﬂaeélﬂérg@%@ehlfbﬁa#nmﬁﬁmmﬁy oBbreasksnabt &id

vacci nati on, t‘:ﬁr]& Yvere collected and anti-HA antibodies titers were tested
by ELI SAOtr?erﬁeB B £3NGfkat ed groups, only weak anti-HA antibodies were

det ect ed _and no_obvi ous dose effects were observed. The anti-HA responses

were enhdPO248] hsLariveant edests| o o-GolCaiandghe o Bgiiar anglegaof4bg Blesit A 100
119 of pGdRsslite 6935arﬁ)n¢D\%/8 59WQ,fe %&e&j Gt @ng'l-%@ﬁju?é‘tbh Qﬁ%{pﬁthérﬁ s than

1 and 4 jig (Figure 76A) (p < . Mor eover functi ona
secr et i ndoxeid SEGDR)@@D(;MOBAJLBQ: r@fcep/@ﬂe\mectted Mwﬂ;\oglqncebltfe?/arﬁaiﬁer er of

| FN-y produci el 13 11.26 ei t he 31.33 1 r
T Lab SIS dingl Fces bres BSS ok Sea Hlentil a Sl FRnGRET R ponses
vvere(l1 gclzmgaweébl&gyafaeidgmegtrﬁa4ve?ﬁun@dbmneﬁfgt ZtheUl?rgg? mgaegmeéntgglobelms inl
jig an 0 adj uvant e roups were
bett er tﬁ'ﬁﬁc'g‘? Bn‘ggj’dé’féé“ﬁ[oa%@éﬁo iHion, ’6’& @B’e%us'ﬂ@ac%yca&fm B"GYoups but
the diff exedeam |W®r@f5t7ASm¢ DFtdI6ad Hiv rivt gﬂiuﬁe%ﬂ Tan(lgjlcgjdﬂe ahfBddy, Ypon

i nt ranasal chal | e\ﬁge with | ethal dose N BRG 1 ose effects of

pCHAS- | | tepddidaRwh Gnopr BYEEPisigited élsn'éz@%ntnlgﬁ oy PEpHAiahgOn e

sur vi val Sl HERBCIHBAL RN AN UOTINVEA 5 It SbWRsANhERRd drllpand 70%
(100 rig) in pCHA5- 11 groups urthernore, adding 2pg C34 into 50 lig and
75 jig of pCHAS-11 groups could increase the survivals of mce from10%to
100% and 40%to 100% respectively (Fi gure 76C). Al though the survivals of
m ce were not as good in C34 at 0.5 p (80% and 2 pg (75%, the
differences did not appear, based on these test, to be statistically
significant (Figure 76D) under the experinental conditions at the tinme. The
addition of 1 pg C34 as adjuvant to 100 pg pCHA5-11 increased the survival
of mce from70%to 100% These data suggested that 50 1..tg of pCHAS-II



[ 00298] The nechani sns responsi ble for the adjuvant effect of C34 through

| MEP route remain unclear. To explore the nmechani sns of the adjuvant

ef fect ofwQ2410/8631& were col l ected at 0 hr and 20 hr af PET/USCW0S3RS

cyt oki nes were assayed by |um nex. The anal ysis reveal ed that (Figure 78)
very low to undetectable levels of IL-la, IL-3, IL-4, IL-6, |IL-10,

| L-12p70, 1L-15, and TNF-a were found in pCHAS with or w thout C34 adjuvant
groups. Serum |l evels of IFNy, GCSF, IL-5, 1L-17, KC, MP-1 f3, and RANTES
were significantly increased after boosting in C34 adjuvanted group.

raTES, el B terieRiarhiny RO s, eabbiatfo. a0 N BNBE IR ant e

group th&HDT pakdiie colly grhenpe Smecadchrﬁlbodny pdﬁmctaarsea@alnst/elaﬁbob;/dnate 1f 3

wer e fOUI’ldtI n pCHAS containing C34 group conpare wth pCHAS only group. The
data shoW'?#4t, in sone exenpl ary inplenentations, adjuvant effect of C34
correlate with h| gher production of proinflammtory cytokines, T hel per
type I and Il cytokines and chenokines involved in cell proliferation and

e S RO T . S e
t T
0,01 PSR e A, SO D Rt

Vi rus nemisealfoamamrpleasmayreaiﬁmm hiedilods nfdruifizaious r disesseserasultivgd fand t he
antisera fro tro CHAS-11 _onl and pCHAS- | adj uvant ed m ce
nor 6 o EpiRsn erh ot Pseia, e Roge s giFtobRb aedils. LnetdBav iR crs 1|
only gromcfeh@mdggbﬁﬂ@ﬁfa_ AriticemlibZpargsited, bh@dbesaragrdtams (Jidde).(| D50 =

0. 05376) HA- pseudot yped virus than pVAX group (1Dm = 0. 144). UnI i ke the

PCHAS- | | [00251]10h @dhe &XEenpIgnytimpldraarithtihsethé ingdthyd (oPch’l'x@s & afBiedbiavant ed
group agai nst VN1194 (0.003), TKO5 (0.004), Anhui 05 (0.0027), and | D05
(0.002)  WBMNethGRARY; fohrt Isybléﬁhﬁﬂ@éﬂs'”Qaﬁ@ﬁ'”ﬂ%@{é’c%éP eff%&‘é% amaunt (f 4 ndi cat e

that C34 RRipaVARRRE saNbYa iMmsiLeARRréMoRPEE)EM, He SHBAMA JAEdted o al so
can act to broaden the spectrum a a| nst_ various virus. [00300] EXAMPLES

[00301] drgg@upseasiaing efd=9.¢311a CRyhr$4 and M ce [00302] a- Gal Cer
(d) and synthetic a-Gl Cer anal ogs of the present disclosure were

synt hesi & %&%Wfal*ﬁé@c!ﬁ/ col unmm chr omat ogr aphy by t echni ques previously
described in Fujio etal. (2006) J. Am Chem Soc. 128:9022-9023; Xing etal.
(2005) BilBeTP] Ansiiralcdregs anes azdess. gfomedicrigy) sed seecificeby fes)tradding rvral

434: 520- Fn%éetlo\ﬁ@ %ﬁk@éntlb{&gg@pe%ﬁklantlﬁ%gareSGéed for s&m% \%Rr%e§9i'ge§%7e7 and
Wi et al. 05) Proc . 1-1356; each

which is rﬂ@h\eqﬁx/ haﬁ@lﬂsmmatf@d hﬁétr earwl B}éref@fee@ﬁcbe qS@@JstyB]trearhenfggtmnﬁet i
a- Gal Cer RAHAMuN al S NEEERDtredt SAY W HPvir HisBBONE o 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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oS i, i RRRR b APanSE, BihOEABRG TR KX osHOn CERFRY biers | nolastiss i ¢
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%&@a”d pq?ﬂéz{ g%polrgﬁﬁhe”hlfilhgﬁ%qt%%%&lsy e ) B R 2P ERL L)
degradation of viral mMRNA and b) inhibition of protein synthesis, which prevents the

infection of new cells.

[00255] In one aspect, the synthetic a-GalCer analogs of the present disclosure
have use for antiviral treatment of and prophylaxis for various infectious viruses.
Examples of infectious virus 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, Retroviridae (e.g., human 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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[ 00304] Synthesis of glycosphingolipid compounds Cl12 and C13 are summari zed
in Scheme 1 (Figure 3). Characterization data for these conpounds are
descri bedwbebw0o63190305] Conpound C13 (lot. M-J3-017- 1) PCTRSRIMROSBROHMHzZ,
CDC13-MeOH 4:1) 3: 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). 13C

o 2o R s A A %&%5.33@‘539‘?ﬂnile‘%ﬂralﬁﬁtranjs%ﬁﬂe?é’c|a’s§§ Blrentsranyt3

99.48, 7
transmitted (i.e., Hepatitis C); Norwalk and related viruses, and astroviruses).

[00256] Viral Challenge - Influenza Virus H1N1 Infection
[00257] Treatment via IP Injection of a-GalCer Analogs

[00258] Figure 58 shows mouse survival at 0 to 12 days post influenza virus H1N1
infection. Mice were treated (IP injection) with 2 ug of a-GalCer (C1) or the a-
GalCer analogs C2, C3, C9, C11, C13, C14 and C16, and compared to control
DMSO. Three different treatment schedules were tested. Figure 58A shows survival
rate when BALB/c mice were treated starting at 30 minutes post-H1N1 virus
challenge. P values compared to control were C1: 0.4554, C2: 0.5149, C3: 0.5764,
C9: 0.5466, C11 0.2031, C16: 0.0359. Figure 58B shows survival rate when 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 hour, 2 days, 4 days, 6 days 8
days 10 days and 12 days with 2 ug (IP injection) of control, a-GalCer (C1) or the a-
GalCer analogs. When treatment started two weeks before virus challenge and was
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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[00260] Figure 59B shows cumulative proportion of survival with mice infected with
H1N1. BALB/c mice were treated via intranasal route with control, a-GalCer (C1) or
the a-GalCer analogs C13, C14 or C16 at one hour prior to virus challenge with
H1N1 (WSN). C13 showed prolonged survival, suggestive of direct anti-viral effects.
In general, certain a-GalCer analogs may exert direct anti-viral effects, or act
indirectly via immune stimulation. Figure 60 shows 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. The virus titer in MDCK cells was determined at 48 hours post-infection
(right panel). a-GalCer, as well as the three a-GalCer analogs tested showed slight

inhibition of the entry/replication of H1N1 virus in vitro.
[00261] Antibacterial Effects:

[00262] Since the introduction of penicillin into clinical use in the 1940s,
antibacterials have saved millions of lives. However, 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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Streptococcus bovis, Streptococcus (anaerobic sps.), Streptococcus pneumoniae,
pathogenic Campylobactersp., Enterococcus sp., Chlamidia sp., Haemophilus
influenzae, Bacillus antracis, corynebacterium diphtheriae, corynebacterium sp.,
Erysipelothrix rhusiopathiae, Clostridium perfringers, Clostridium tetani, Enterobacter
aerogenes, Klebsiella pneumoniae, Pasturella multocida, Bacteroides sp.,
Fusobacterium nucleatum, Streptobacillus moniliformis, Treponema pallidium,
Treponema pertenue, Leptospira, Actinomyces israelli, Sphingomonas capsulata

and Francisella tularensis.

[00264] Enhanced Bacterial Clearance - Sphingomonas Capsulate Infected

Mice

[00265] Sphingomonas capsulata is a common environmental bacterial strain that is
found in many places such as the 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. 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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22.41, 17.60, 13.76. HRVB (ESI-TOF) for C44HSONO9+ [M + H + cal cd
766.5827, found 766.5813. [00306] Conpound C12 (lot. MFJ3-018-1): 1H NMR

(400MHz, VEDQOBHIVBDS 4: 1) 6:7.26 (m 2H),
1H), 4.20 (q, J = 4.4 Hz, 1H), 3.95-3.85 (m 2H), 3.83-3.61 (m
2.63 (t, J = 7.5 Hz, 2H), 2.20 (t, J = 7.5 Hz,

3.8 Hz,

6H), 3.59-3.50 (m 2H),

7.19-7.13 (m BEE/USL009D5(3AS J

2H) ,

1.78-1.54 (m 6H), 1.47-1.17 (m 46H), 0.89 (t, J = 6.9 Hz, 3H). 13C NM\R
(100MHz, CDC13- MeOH 4:1)6: 174.16, 142.27, 127.91, 127.77,

treated with C11, C14, C16, and also C15 are significant in comparison to the
untreated group. Among the three efficacious groups, C1, C11, and C15, the
difference in the values of the CFU per gram liver is not statistically significant.
Figure 63 shows that the CFU numbers (in lungs) of the groups treated with C23 and
C34 at 50 ug/kg, are significant in comparison to the untreated group. Similar results

were found in the CFU numbers in livers after mice were treated with C23 and C34.
[00266] Enhanced Bacterial Clearance - Klebsiella Pneumoniae Infected Mice

[00267] K. pneumoniae is a Gram negative bacterium that causes liver abscess and
is becoming a serious disease in Taiwan among diabetic patients. Figure 62 shows
that both C1 and C14 can significantly reduce the bacterial loads in mouse lung and
liver after injection. BALB/cByl female mice were administered a single dose of live
K. pneumoniae by oral gavage. Mice were injected with control, a-GalCer or the a-
GalCer analog C14 at 100 ug/kg twice at 4-hour and 8-hour after bacterial infection.
Twenty four hours after infection, both the liver and lungs were collected from 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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interactions between antigen-presenting cells, T lymphocytes, B lymphocytes, and
NKs that are driven and regulated by cytokines such as IL-2 and IFN-y. The
potential importance of immune activation via cytokines in the host defense against
opportunistic fungi has been the subject of several studies and has raised some
intriguing questions about novel antifungal strategies for candida and aspergillus
infections.  Different potential roles for cytokines have been described. First,
exposure to fungi and their antigens may induce release of IL-2, IFN-y, tumor
necrosis factor-a (TNF-a. ), granulocyte colony-stimulating factor (G-CSF), and
granulocyte macrophage colony-stimulating factor (GM-CSF). These cytokines may
in turn activate or enhance the antifungal function of phagocytes against Candida

and Aspergillus species.

[00272] Examples of infectious fungi to which stimulation of a protective immune
response is desirable, which may be accomplished by administering an a-GalCer
analog of the present disclosure alone or in combination with an antifungal drug
include, but are not limited to, Cryptococcus neoformans, Histoplasma capsulatum,
Coccidioides immitis, Blastomyces dermatitidis,Chlamydia trachomatis, Candida
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

70



66. 84, 61.40, 50.02, 36.04, 35.52, 31.93, 31.51, 31.21,

WO 2010/006315 PCT/US2009/050328

reported as CD1-d ligands that activated NKT cells. Mice treated with o-GalCer
launched the protection of a variety of infections. Many a-GalCer analogs were
synthesized. Their immune modulating activities were shown to be related to the
binding to CD1-d. Recent studies using CD1-d array binding established that the
secretions of IFN-y and IL-4 by NKT cells are determined by the binding constants of
the a-GalCer analogs to the CD1-d binding pocket, and the ratios of the Th1 and Th2
cytokines secreted are one of the dominate factors for the immune modulating

properties of these molecules.

[00275] The efficacies of some of the synthetic glycolipids for the protection of both
bacterial and viral infections were determined using several murine infectious
disease models. Among all of the tested synthetic a-GalCer analogs, the 4-(4-
fluorophenoxy)phenyl octanoyl modified a-GalCer (C34) is most active in the
protection against the bacterial and viral infections in murine models. The protective
effects of C34 are most effective 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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infections are significantly lower than the control group. In contrast, the CFU
differences of the groups treated with C3, C9 and C17 are not significant in
comparison to the CFU found among mice in the control group. Additional
antibacterial efficacy studies of these glycolipids were conducted to treat infected
mice with 50 pg/kg glycolipids in the same disease model. Significantly reduced CFU
values were also observed in the livers of mice treated with C1, C11, C14, and C16
in comparison to the untreated group (data not shown). a-GalCer appeared to be
more potent in suppressing S. capsulate in vivo than C11, C14 and C16; even
though the differences are not significant.

[00278] The production of Th1 cytokines is thought to correlate with the anti-tumor,
anti-bacterial and anti-viral effects of glycolipids while the ability to induce the Th2
cytokines is thought to correlate with the amelioration of certain autoimmune
diseases, such as type 1 diabetes. Many a-GalCer analogs were synthesized
recently, and their cytokine induction profiles were characterized in vitro or in vivo.
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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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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[ 00311] Conpound C34: 1H NMR (600MHz, pyridine-d5) 6: 8.53 (d, J = 8.6 Hz,
1H), 7.27 (d, J = 8.4 Hz, 2H), 7.14 (t, J = 8.4 Hz, 2H), 7.05-7.09 (m 4H),
5.59 (d, Wo=208/@®6Hs, 1H), 5.27 (m 1H), 4.70-4.65 (m 2BCT/US288/06@28J] = 2.6
Hz, 1H), 4.52 (t, J = 6.0 Hz, 1H), 4.45-4.39 (m 4H), 4.35-4.30 (m 1H),
2.59 (t, J =7.6 Hz, 2H), 2.45 (t, 2H), 2.30 (m 1H, 1.91 (m 2H), 1.81
(m 2H), 1.68 (m 2H), 1.59 (m 2H), 1.47-1.15 (m 42H), 0.87 ( t, J = 6.9
Hz, 3H). 13C NWMR (150MHz, pyridine-d5) 6: 173.79, 160.19, 158.60, 156. 32,
154. 53, 138.89, 130.73, 123.65, 121.06, 121.01, 119.46, 117.25, 117.09,
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[00316] 1oy m'QrP@rgﬂO'ﬁﬁﬁ NRTF'SOE!'PIGWI'BHV‘F?& giser EaGeHINAIHY 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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[00317] Va24i human NKT cells (1x105) were cocultured wth 5x104 irradiated
I mature CD14. DCs in the presence of the a-Gl Cer anal ogs of the present
di scl osurwoan10leg/ m in a 96-well flat-bottom plate. @gTalkeiessGRENMOKI nes
in the supernatant collected at 18h were quantified with the Beadl yte(r)
Human 22-plex Miulti-Cytokine Detection System and determ ned by Lum nexO
100TM system [00318] In vitro Expansion of i NKTs. [00319] Human CD56.
cells (NK/NKT mi xtures) used for i NKT cell expansion experinments (see
Figures 13 and 14) were isolated from human Ieukopaks by using anti-CD56
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[ 00320] Human NKT TCR Actiyvation
vivo studies using bacterial and viral infection models also showed that C34 is most
effective in suppressing infections when administered before or shortly after
infection. Infections result in varied immune stimulations with different kinetics that
are intimately related to the disease progression. It is conceivable that for the
protection against infections both the doses and administrations times of glycolipids

need to be fine tuned to be beneficial.

[00287] IMMUNOTHERAPY FOR AUTOIMMUNE DISEASES

[00288] Autoimmunity results from a breakdown 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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[00321] In an exenplary inplenentation, HeLa, HelLa-CDld or autol ogous i DCs
were incubated on 24 well-plate with d, Cl1, C13 or Cl17 at 10 ng/nl or
wi t h DVSOVOen10alee31and t hen 3 x 105 naive CD161./CD3. NKPSTHUSe@adse’l (see
Figure 19). In another exenplary inplementation, HeLa or HelLa-CDld cells
were | oaded wwth d, Cl16, C23, C8-5, C8-6 or C26 at 100 ng/m or w th DVSO
for 2 hours, and then 3 x 105 nave CD161+/ CD3+ NKTs were added (see Figure
20). After 5-10 min stinmulation, cells in suspension were transferred to

t ubes, washed with PBS and |ysed with Beadlyte(r) Cell Signaling Universal

Ly Db a0 ™ oL BSRBRS E pd BRB °*' ne)

( Phospho-ddyiaistered, mtrbmusbu}av[;ﬁ (THr 180/ Tyr 182), phospho-1KBa (Ser32),
phospho-Lck, phospho-Lat, phospho-STAT3 (Ser727), phospho-STATS A/B (Tyr

694/ 699) [eozb2pRIsHEbAsIRAPhA®béE oD tHaY irdsuRRhtiomof Ratwth I@1g paressed by
Beadl yt e(br) Phosphoprotein Detectjon System according to the assa

protocol, YagtecHeperHeidrapipssulpl iEréR0 60w s telypedrnidl alitges v&fs an lized

Wi th the ABsties %dtﬁn?érréd‘ﬁ’y(‘)%pér%ﬁé%ﬂt@n tBqg@%?bhél%n&&dﬂ\ll@@(ﬁT46‘Jinru§”9r
assay [00323] 1 sol ubl e dival ent_nmouse CDld-1gGl fusion protein

(nmouse C¥ih gesh fﬂl@'ﬂ rdaﬁ%p§HAéDiqu9ﬁeﬁ1hYg%WjMWQ§ adﬁ'mﬁa:tf@B'CQKM%ﬁﬂ%P@H@ n@kth 10
ml e of eaRb&EFR e I%@Bbﬁ%safh tﬁngTEQr%f@rFoﬂ;‘ﬁ‘éghﬁ)anPEffé’c%Bf @y&gupto% fbhe

manuf acturer’'s protocol colipid CD1d- | ramers were
i ncubat e@GMAﬂwvmreedENKe@ddzy wntrﬁmuscm ioute, instelad ohvedr/ I werecigstedi dhceni t h

FI TC ' |

surfaggu&ez‘lgn g&bd Elggﬁjc upl e&ﬁtﬁﬁ'ﬁﬂ]%klkzé%dgli%%pidgu 1e§§3§'ﬁz-6C8§4hAb_ (BD
Phar mi gg@m)ihﬂ{\ﬁe&'atﬂdtrd?nwgraﬂylm:d tm‘ostndusm sQH@:ﬁﬁlym@md %B%Iat@ASBfa: m ce
tr t W t el ed a- r e prese ure or
Vo ero e cblied S wés ralitast i G VinB ifdie At fend

har vest edacdinatin. eh ,pGHAR N @&, %{yrﬁffm@nsehﬁ‘—m $duciiegiyGr ntibddids dener  and

|l ysis of erythrocytes, the nucleated cells were re ended in Hank's
Bal anced ”Sr‘f{ ﬁ? ANEnWa R delssigd nuguee dhataseered & @P mh CaMPEEson fan

; 3glp ggbfgﬁ%ﬂ;&% RO 1180 4 89536 eBaESh MhibeshONe@EIidySgher! HaBsH €
titers in the group received C1 (24250 + 3206) or C34 (23622 + 5516) as adjuvant
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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[00327] BALB/c mce treated with the indicated a-Gal Cer anal ogs of the
present disclosure (2 ug/ nouse) or vehicle (1% DVSO in PBS) and were
sacri fi cayoanioi@eirsand t he spl een was harvested. |n bri @T/GsRaensEressi ng
the spleen through 70 pm strainer and |lysis of erythrocytes, the nucleated
cells were resuspended in Hank's Bal anced Salt Solution and centrifuged at
300 g for 5 mn at 4C, then subjected to FAGS anal ysis. The

anti - CD3e- al | ophycocyani n, anti - CD4- PE,

anti - CD8aal | ophycocyani n- cyani de-dye7, anti-CDllc-al |l ophycocyanin,

ti-CD23; PE ti4 | | 9- O FLTC,
ot OOt b R A NG LR o i SR PR T
Bi osci enemydBhi @sfwﬁm/ani (632817 4Byt BTN isedretifig bblssiA pRHAnaed 29 BKT and NK
Subpopul atlons [00%2 BALB/c mce treated with indicated. a-Gal Cer anal ogs

of the ples@fi2ai K& dneadtcreasry sigpificanfiydp </e#5¢ indlyecipidspadieyantedBs) and
ver e sacigdiged @i of Bolsaand o HecppiRen. wae 1Bty 66d o7l 1.8 iDTDAfs 5P

pressi ng t he sp een through 70 um strainer and 1ysis of erythrocyt es, the
nucl eat e®8cd + 8.7k mealuss Wppendredienge wihKetbalBidsenafel | B 114 Sadust nome ahd

trif d at f i 4C, i t 1 PACS . Th
oo cba e flsnals do dos YonTale el At 2D B A R e TR T o
BD Bi oscisgnie Bhavids w‘lgfadju{/%}ﬂ§3&]s 4566275 EUnGﬂyémkVDm&? Shyesapk iBO%S?L[rGOéI&an] Mouse
serum Sa es r co n a er
S S P S D%, S GG Tt B e BRI, A (AT by
di scl oS Urgcolliig sBRiEA? ?@uggnst statidtonmy gg%VQéthP& 059 KFige TITIONRAS Wer o

nmeasured by Beadl yte(r) Muse 21-pl ex t oki ne Detection System and read by

a Luni neﬂW"&@@'ﬂW@y@%ﬁ‘ﬁCG[ UG?&’?F'f'ELﬁﬂj eanddarsvERist the, numker of 1T

production cells, and improve the survival after lethal challenge of H5N1 virus.
[00294] Adjuvant activities of a-GalCer analogs for pCHAS5-Il vaccine

[00295] Since the pCHAS5 DNA consensus sequences were derived from 467 H5N1
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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[ 00333] C57BL/6 mce (6-8 weeks, female) were injected IV with 2 X 105
syngenei ¢ lung cancer (TCl) cells suspended in 0.1 m of PBS. At 1 hr,
groups ofwQR¥BLW631xi ce (n=5) were treated with the indi eaTAS269CH3Cr

anal ogs of the present disclosure IV (2 lug per nouse) or vehicle tw ce per
week for four weeks. The body wei ght was recorded for one nonth and
survival was nonitored for 50 days. [00334] Breast Cancer Mddel in Mce

[ 00335] BALB/C mice (6-8 weeks, fermale) were inoculated with 2 X 105
syngenei ¢ breast cancer (4T1) SubQ on the right |ower back. G oups of

LS Sl S e B A D08k g

anal ogs 8§ osure or our weeks
3 days afdlyeolipidedjuvantscul ati on. The a- Gal Cer anal ogs were injected at a
site distal to the tunor inoculation site. The tunor vol unme was recorded
every 3 de§296] druribeemonentin symee@guemagtativnsh optical | gusaged amglet heerfaong axi s
(a), the sh

.t axis (b)., and th he| ( Tupor vqu
Cal cul at GANRUORaeTs ha B, D NRIoleq ey v iRRqe & RGN &F5€0 qays.
[00336]b Ia@a\veéé'drhsg I s pae st va)l(fcmﬁunnnn @metdi\rcumstgrmgs [sﬂaﬁtﬂﬁféldwﬁps& i mages
were obtal ned a en.s erl es an IvyLn
| mge@ SHRPRRTS AR 1750 350 1B P 5o (D5 2. P gt ceq i1 o
weeks, Qfé‘i’érﬁﬂnlﬁ‘gﬁff&rﬂumtl@ﬁé?& dGlIIA@YIW%dberé tshwaéﬂsogfte?maaﬂgﬂ.&n §gFANOME
(B16) cells suspended in 0.1 of PBS. After 3 day ps of C57BL/6

mce (n= ayerwoée@te@aa@danmﬁfaaemmwm H"eir?ld%tﬁ@et&’ Eig—%l inppEsAgrber the
i ndi cat ecﬂretakbg)‘;‘gfrsé%kit EnIR WSRCAM - HK%UBHHE? W&é%d@@@ aﬁgcr%r ?@\ﬁo@&v@éé’e three

days for 24 003 g] Infiltration of Lynphocytes tonetric
Anal ysi s effects were observed. The anti-HA responses were enhanced around 8~9 folds by
adding 2 ug of C34 as adjuvant. At 100 ug of pCHAS-II, 0.5 and 2 ug of C34 elicited
higher antibody titers than 1 and 4 ug (Figure 76A) (p < 0.01). Moreover, in
functional IFN-y secreting ELISPOT test, 100 ug of pCHAS5-Il induced greater
numbers of IFN-y producing cells (136.5 + 11.26) than either 50 (31.33 + 11.95) or
75 ug (40 + 3.67) 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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[00339] Tunors fromcontrol and glyclolipids treated mce were aseptically
renoved on days 21 after tunor inplantation and nmanually cut into 2-3-nmm

pi eces i rwa@2eowawedld Petri dish. The small tissue fragneRCI/US0Q/05(3eH

di gested with 0.01% DNase, 0.01% hyal urani dase, and 0.1% col | agenase (all
fromSigma Chemcal Co.) in RPM 1640 for 2-3 h at 37C with conti nuous
stirring. The resulting single cell suspensions were then washed twice with
0.1% FCS in PBS and stained by standard flow cytonetry methods. To detect
subpopul ati ons of |ynphocytes infiltrati ng these ti ssues, the follow ng

conj ugat e odi e f : ti-gD%,.P- nt i = NK
APCy T antr B0 bR SRR Bhul nguh of SRl S66% EhePogidy

| mmunohi %tppefﬁtertb@tdwde‘?é eafelfﬁlgmﬁlé)lﬂﬁﬂl] The 1 ung nodul es were taken from B6
mce i.v injected with 2X105 TCl tunor cells for 3 weeks then sacrificed to

do par af flooreMyedegoredine crss-nedtrpinatibh cClpaisiity iop aatiseea én icsaiedurdited6C oven

ht .f ol ed ant t |
Gn oHCo v BCARE ARimERRLESA Do StnoBhmel ASSR pf FaAth St and e o
anti - CD45sBﬁqeaaé¢dmﬂySn(§dh@a@|eR/é§s &BRlieBONRH afskengfes IBSavAddagion, ace Di ego,

CA) as an indicative of common rl’r_“Phoc te antigens at a titration of 1:100
at 4C ovSPHTMES taRn %’Eﬂjﬁéﬁ%??%ﬁy raRt§usiobpedy e neLtrdFalgn ertaYadartt i on of

secondar y{sMt inhQ&lzCRRIsUNE s ddtd D rrBRY a%@dl ($N1ng4p>szl ﬂaﬁ)ﬁsft@z PAkbs),

substrate. Al sections were counterstai ned with haenmat ox prior to
nount i ng.@nNH0B342AREP?)s tTineavarigHs {iérrseudotyped viruses were mcubated with

antisera from control, pCHAS only, and pCHAS5 with C34 adjuvanted mice. The
neutralizing titers were measured by the luciferase activity and data were reported as
serum dilutions giving 50% of HA-pseudotyped virus neutralization (IDsg). As shown
by the IDsp (Figure 77), the antisera of pCHAS5 only group showed greater
neutralizing antibodies against VN1194 (IDso = 0.005862) and TKO5 (IDsy =
0.005953) HA-pseudotyped virus than pVAX group (IDsp = 0.0277 and 0.02668,
respectively). Moreover, the neutralization efficacy of C34 adjuvanted group against
VN1194 (IDso = 0.00408) and TK (IDso = 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-13, 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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[00343] Unpaired two-tailed Student's t test was used for data anal ysis
SM software. G aphs show nean val ues of triplicate experinents,

w th PRI

and

error barwonewymedat the SD. Differences in tunor prote®Crams2@b/oseseh group
wer e anal yzed by using the log-rank test. P<0.05 was consi dered
cally significant. [00344] Antibacterial Efficacy Studies [00345]

statisti

A ycol i pid Anal ogs of a-Gal Cer

anal ogs

[ 00346] The structures of the a-Gl Cer
used in the antibacterial studies are shown in Figure 2, C3, C9,

Cl1l and Cl4-Cl7. a-Gal Cer anal ogs stock solutions were prepared as 1 ng/m
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DVSO sol
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Fenmal e Csomt eaertpBAL BhpleBydntations, atljusast wfedt of C34decerrelated withr highadi es.
d wat e and

M ce wer
al | oned

exper i menhemokKines braotvedii@telsprotferatiSpiangammenataxtapsul at e (ATCC 14666) was
obtai ned from BCRC, Taiwan. The bacterial strain Klebsiella pneunoniae
( NTUH KPZ00209] Wire aragisfrieutraluatidbn . cabability \ddnantishied iimnalce Tamanizédhi wigr si ty

Hospi t al
Capsul at

ed i.n tic .ca e acgess to

BeOSIRRT Pl RaRRokbER. I REPEE 3504 Sid 10 CuPRRpd

ST OB38S1 o Ant fbact erlal E({] cacy, Study Using: Sphingomonas

used and only single vaccination was applied. Three weeks after vaccination, mice
serum was taken and assessed by HA-pseudotyped virus neutralization assay. Four
H5N1 influenza viruses were used and the antisera from control, pCHA5-II only, and
pCHAS-II with C34 adjuvanted mice were determined. The data presented in Figure
79, the antisera of pCHAS5-Il only group showed greater neutralizing antibodies
against TKO5 (IDsp = 0.05376) HA-pseudotyped virus than pVAX group (IDso =
0.144). Unlike the pCHAS-II only group, the neutralization efficacy (IDsg) of C34
adjuvanted group against VN1194 (0.003), TK05 (0.004), Anhui05 (0.0027), and
IDO5 (0.002) were significantly enhanced. Taken together, these results indicate that
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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[00350] Six to eight week old female C57BL/6 mce were injected IP with
5x108 Sphi ngononas capsul ate cells. Mce were grouped into treatnent and
control gwoupw/oaith 4-6 m ce per group. Four hours aftePCriS2009/08328 on,
mce in the treatnment group were injected P with testing a-Gl Cer anal ogs
at 50 or 100 jig/kg, and the control group mce were injected with sane

vol unmes of PBS. Twenty-four hours after bacterial infection, mce fromall
groups were sacrificed. Livers were renoved fromnm ce and honogeni zed in
0.9% NaCl, 0.02% Tween 80 using tissue honogeni zers. Colony formation units

CF f Iy db
(9P o R ASBEZTD 603 Bt Gl oD BPRRERAL SBllEra SR B Bad, oY
i ncubat i (gala‘ctnseélrﬁodetw(GS e@9)37@oup00365}083,\rﬁ:8 Ha €8s, 1@10-Ef 1] CasLC18tardy Usi ng

o oupy vt ki Spatel i e gaalis tabih fishasy] BIRN L0k N Ela BAT a0 by
or zca;; I gcg:g\r/agel aC|1\7I aérmtam trtuheatbd %ymmmgassbmmzAmﬂrg tr;e;]ugeédvegrlmja:logeh CI1@$E|61‘ ngerI N
o oct ) oo TeeR e ab, 2 el fiodfled Wi S Riopil dHAP il (3T 0ERE! Tl A7 g

8- hour. Tweint yPhi);0018,hoe %r@fﬁ(ﬁrﬁeldrwmmebﬁbxyaérbum@@wl@ﬁra@ tisaphéyl ¢ieg; Bot h
livers and | ungs were collected from each nous 8en| zed. Bacteri al

counts wér'é o MVhEd FRMPAHeY WS THosdR g5 SR, the (RheBY| ring: a2t cal

anal ysi s ¢R03bfs- @%F@ﬁfo@tﬂekﬂ%ﬂhftflfl@(ﬁ&n@ﬂwég%rohﬁf(LCPQ) A8 phEhyl ARGl 023, were
il lustrated 21}'/2@ ari son of the organ val ues of treatment rousvmth

t hose i n &oniGa6 argrpesibied with RW@Y'S&'”@HP firiearatdhPhend & iy W\%ﬁﬁ’ di cated
in p-val ues of <0.05 or <0.01, respectively. [00355] dycolipid testing

agents [00356] The structures of glycolipids and their code nanes used are
shown in Figure 64 (A-B). dycolipid stogk solutions were prepared as 1

nmg/ mL DVBO sol utions. Conpounds wer ted wth phosphate buffered saline
(PBS) to 10-30 lig/nL and used for aninmal studies.

1’-oxy-4'-fluorophenyl (O-Ph-F) " at the phenyl ring .However,
substitution of the para-oxy-fluorophenyl (1’-oxy-4'-fluorophenyl ) at the phenyl ring
with an oxy-fluorophenyl with the F group at a non-para position or 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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[ 00357] M ce, viruses, and bacteria used [00358] C57U6 and BALB/c mice at
6-8 week old were used for studies. Mce were housed in plastic cages with
free acce®® 2w/foold and water and all owed to acclinmate RCTIUS26M9/050328 week
prior to the start of the experinments. The viruses used in this study are
i nfluenza strain WSN ( ANVSN 1933/ HLIN1), and Japanese Encephalitis Virus
(JEV, RP-9 strain) as previously described. The bacterial strain

Sphi ngononas capsul ata (ATCC 14666) was obtai ned from BCRC, Taiwan. The

| um nescence Staphyl ococcus aureus Xen29 was purchased from Xenogen
Corporation (CA, USA). Al aninmal studies were approved by the Academ a
Sinica Animal Study Conm ttee and were conducted according to the

gui delines. I muno-deficient mce used i n this study are as descri bed
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treatment group followed by Turkey post test. Japanese Encephalitis
Virus (JERSademtiaciinien haivagal. resnpstively. All the mlce were malntalned 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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[ 00364] Seven week old C57/B56 m ce were grouped and injected with

gl ycolipids at various tines in the JEV infected mce. The infection was
done by [WOi20j0a96316n wi t h 5X105 PFU of the RP-9 strain PEV/USR003080328 L PBS
and simultaneously injected intracerebrally with 50 nL PBS (the IF plus IC
routes) as described previously. The survival of the m ce was nonitored
daily. The survival curves of glycolipids treated groups were conpared to
the control group using Prismsoftware (G aphPad Software, San Diego, CA).
[ 00365] Anti-influenza ani mal nodel study [00366] For the eval uation of the

. . : . : i th C34
I e et e e A b e
Mouse sumdsvalilgedted db la gomdifin weing teft@oromethaaslilfjoricoaniybriday@f,O) and

t-infection. Tk i\val f glycolipids treat :
A L O R T o S R A
Di ;ago, _ C@%up{ Qﬂ?&Meylima;Tme@iam_twaf :renmafg&'{yrusingasﬂaadinger][ #aaeg%tw@limﬁlme o d
i nfection i.nt ranyscu injection o dosages o +1-. col i pi
vacer ne. OB GRPTRRGE e Be ARES MR A0 B Tt 6 eRe S A3t AGEaRY o ds (1
lug) thr adply BDE AL HB RN EN VR oS degrotdidd RGNS compyuriaossneeks |ater. Two
weeks after booster injection, sera were collected and tested for

HA- speci flog3@ptarzpaitetizdtion abyfobtHiSEorhbbehd i€ Jbscrived bElee Wwer e chal | enged
with 200 LD50 of NIBRG 14 viruses and nonitored for survival (Fig. 73B).

[ 00369] $00®11§ Gorhpouns ©34aiH WAIR i(GEINIIen pytidipSHADBi 8.53 add/ sBiBhaxIt1H),
7.27 (d, J = 8.4 Hz, 2H), 7.14 (t, J = 8.4 Hz, 2H), 7.05-7.09 (m, 4H), 5.59 (d, J = 3.8
Hz, 1H), 5.27 (m, 1H), 4.70-4.65 (m, 2H), 4.55 (d, J = 2.6 Hz, 1H), 4.52 (t, J = 6.0 Hz,
1H), 4.45-4.39 (m, 4H), 4.35-4.30 (m, 1H), 2.59 (t, J = 7.6 Hz, 2H), 2.45 (t, 2H), 2.30
(m, 1H), 1.91 (m, 2H), 1.81 (m, 2H), 1.68 (m, 2H), 1.59 (m, 2H), 1.47-1.15 (m, 42H),
0.87 (t, J = 6.9 Hz, 3H). *C NMR (150MHz, pyridine-d®) &: 173.79, 160.19, 158.60,
156.32, 154.53, 138.89, 130.73, 123.65, 121.06, 121.01, 119.46, 117.25, 117.09,
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 C47H7sFNO1oNa* [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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gl ycolipids. [00370] |Immune responses and mce survival after single IM
dose of pCHA5 were enhanced by using glycolipids as adjuvants. Mce were
vacci nat eslowntonopsIsAS (50 +/- glycolipids (2 rig) or Pararseaansesgh | M
route. Three weeks after vaccination, sera were collected and tested

HA-specific antibody titers by ELISA (Fig. 74A). At the sane tine, mce
were sacrified and spl enocytes were harvested for ELI SPOT assay (Fig. 74B).
Anot her group of mce were challenged with 200 LD50 of N BRG 14 virus and
nonitored for survival (Fig. 74C). [00371] Conparison of the adjuvant

vace nat od S ARl baRE Vo P dREEsRs oL s R0 e w74 halhCh: oo

| M EP r o@aCet owe(é1<1 -pulaed itrbdieted TTwmatuee kdendfitie rcebodet gendarateeatGal@er ser a
pulsed or phenyl-glycolipid pulsed iNKT cells, respectively. All iINKT cell lines (naive,
a-GalCer pulsed or phenyl-glycolipid pulsed) were shown flow cytometrically to
express Va24i T cell antigen receptor (95% purity). NK and NKT cells were isolated

from human leukopaks using anti-CD56 microbeads (Miltenyi Biotec, USA).

[00314] The generation of a-GalCer analog-pulsed human NKT cell lines was done
according to the methods of Fujio et al., and these cells were used to assess
cytokine response to the studied a-GalCer analogs (see Figures 5 and 6). Immature
DCs were derived from CD14" cells in leukopaks after a two-day incubation with 300
U/ml GM-CSF and 100 U/ml IL-4. After irradiation (3,000 rad), the iDCs were
cultured together with autologous CD161" cells in the presence of 100 ng/ml a-
GalCer and 10 U/ml IL-2 for 10 days. After repeating this stimulation, NK cell lines
were generated and shown to express CD161"/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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were collected and tested anti-HA anti body titers by ELISA (Fig. 75A), and,
m ce which were vaccinated with pCHAS (Fig. 75B) and pCHAS-11 (Fig. 75C)
wer e chalwengwdowiish E319 virus and survivals were noni POTAB2000008728] Dose
effects of pCHAS-11 and C34 on HA-specific antibody production and i mmune
protection in mce. [00374] Mce were vaccinated with single dose of
pCHAS-11 (100, 75, 50 pg) with or without C34 (0.5, 1, 2, 4 pg) as adjuvant
through I Mroute. Three weeks after vaccination, sera were collected and
HA-specific antibody titers were assayed by ELISA (Fig. 76A). At the sane

time, m [ I £ e S assay
(g, 765 TeBrEARIAcbdh o FBIEASHIED R Ind BkERAEE hihar e i PBrG 14
Vi rus andutii-CytakimevDetatorneystememidt deterchindd lgy Lu6iBes®OIO TS Usystanal s of m ce
treated with different doses of pCHA5-I1 and 2 pg C34 adjuvant. Fig. 76D
shows sulf0038] dnoftroExpansieatafdNiKilsh 100 pg pCHAS-11 and C34 at vari ous
dosages. [00375] Adjuvant effect of C34 on neutralization anti body

product i §003Pdithsnan LDSGIs celts INKINIGT ypixtlres)r uses .fof GMYRT6¢ellFerpdrsiBALB/ ¢

i i i d with,Q, iia. di | d i ,
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. sWere repor %
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assay. Nonlinear regression a sis was used to examne thée data fit.

Val ue of 190vegémt e dayrdtariiSohows (s¢a Eigure A5k @nodayaddthersuseansion sekg i sti cal
signific vihenR - a4] - ghQu | y o
[00377] Yero cy{eg ay gxﬁés@d%?%ﬁ? oa Ere‘r%]'b@(gb E’gj@i%v?}r?\‘lé' I}:')'%-IA%%W th or
Wi t hout @3dlesishedjvitlr diresh medium every 3 days. The population of CD161*/Va24TCR"

cells in the NK/NKT mixtures were gated by flow cytometry on day 9, and the total

number of Va24i NKT were counted.
[00320] Human NKT TCR Activation

[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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[00378] Femal e BALB/c mce were vaccinated with 0.2 pg pCHAS with or

w thout C34 through IMEP route at week 0 and 3. Sera were collected before
(Ch) and wohkowfawesissecond vacci nati on. Serum concent r at PORAISEI090FI3K I ne
wer e assayed by Lum nex 200 system * p < 0.05 by two-tailed unpaired t
test when conpare C34 adjuvanted group with pCHAS only group. # p < 0.05 by
two-tailed unpaired t test when conpare the Ch with 20h. Results are shown
with respect to IL-2 (Fig. 78A), IL-5 (Fig. 78B), 1L-13 (Fig. 78C), RANTES
(Fig. 78D), MP-1 a (Fig. 78), MP-113 (Fig. 78F), KC (Fig. 78, IL-113

(Fig. 78%03% W%@m@%mér%sﬁg‘m (Fig. 78J), GCSF (Fig. 78K), and

| FN-y (Flg e neutralization abilities of antisera with

i nduct i o Oémn | [ 0]

Femal e B c gémf wer e {Ad\%ﬁzeglltna ebﬁﬁr@%?%%? pWéE&S rﬁhs& @@i ved in
PBS cont dg@tl mgra?n@g, BD meﬂrmuﬁgareavamembdted ewernaghlt anthe‘r(ﬁnmtd beeaaddoaand

exam ned HA- pseud p virus peutralization assa seudot yped virus
of Tk vigAsa shies St eent vt eu B Bt Ring B BE T A RS S e e

| D50.  Northiengaolipiedb &g @D1@Jﬂ§¢y@tﬁamm§ \Mé%ﬁmcbl@at@d@mhﬁﬁods}w\lld% at4dg . Val ue
of p was the corrparl son of fits 5 and present ed statjstical

si gni fi c&Pft QR felowee Ry 'Cgﬁb%@[‘d’\’/ﬁh'fgg %ﬁ%’tﬁ‘ﬁj At Moz MAHAPSY oup.

Resul ts amhe &meWierdl 4o %@ﬁﬁ&cétatn‘éd'%lm @5PI§ %oﬂpleﬁgﬁtb—NR% APCYeoup?dd . | DOS
(Fig. 790, and VN1194 (Fig. 79D). . A compound represented by the

str uct ur @BCHHMAR BDPharmingen).

[00324] Preparation of mouse splenocytes

[00325] BALB/c mice treated with the indicated a-GalCer analogs of the present
disclosure or vehicle were sacrificed at 72 h after injection. The spleens were
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 FACS analysis.

[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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OH (1) or a phannaceutically acceptable salt thereof; for use in activating
a cytokine response in a subject, wherein the subject has an adaptive
I Mmune sy&WOemowddai1si ncl udes a popul ation of cells, the popaisavoscl udi ng

at | east one |ynphocyte and at | east one antigen-presenting cell, and
wherein a conplex is forned between the conpound and the antigen-presenting
cell, resulting in the activation of a receptor on the |ynphocyte; and

activation of the |ynphocyte to produce the cytokine response. 2. The
compound of claim1l wherein the cytolcine response is a T,, 1- type cyt oki ne

response i gl 0duss JHIoEKE Bl IRRocichn THE TRANS Bhoctan Bether ei 1

the T111 are’s group consi's I L-113,
| L-2, | Lwgrebhta®ed ftori BD Bbsdjsn@VPﬁéiﬁ;mgakl\lTES,

[00330] Serum Cytokines/Chemokines

[00331] Mouse serum samples were collected at 0, 2, 18, 36, 48, and 72 h after
administration of vehicle or synthetic a-GalCer analogs of the present disclosure.
The serum concentrations of various cytokines/chemokines were measured by
Beadlyte® Mouse 21-plex Cytokine Detection System and read by a Luminex®
100TM system.

[00332] Lung Cancer Model in Mice

[00333] C57BL/6 mice (6-8 weeks, female) were injected IV with 2 X 10° syngeneic
lung cancer (TC1) cells suspended in 0.1 ml of PBS. At 1 hr, groups of C57BL/6
mice (n=5) were treated with the indicated o-GalCer analogs of the present
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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MP-la and MCP-1. 4. The conpound of claim1l wherein the cytokine response
Is a TH2-type cytol ci ne response which produces TH2 cytokines. 5. The
conmpound WP 20104100314 wherei n the TH2 cyt oki nes are sel ecP€d/USe@905(4328 gr oup
consisting of IL-4, IL-6, IL-8, IL-10, IL-13, RANTES, MP-la and MCP-1. 6.
The conpound of claim1 wherein the conmpound is to be adm ni stered by
subcut aneous adm ni stration, intravenous adm ni stration, intranasal

adm ni stration or intranuscular adm nistration. 7. The conpound of claim
1 wherein the at | east one |ynphocyte is a T |ynphocyte. 8. The conpound of

claim7 wherein the T |l ynphocyte is a Natural Killer T cell.
[00336] Real Time Assessement of Tumor Growth in Mice

[00337] Mouse images were obtained and analyzed by Xenogen’s IVIS® 200 Series
and Living Image® Software (Xenogen, U.S.). In melanoma model, C57BL/6 mice
(6-8 weeks, female) were injected intravenously with 2X10° syngeneic melanoma
(B16) cells suspended in 0.1 ml of PBS. After 3 days, groups of C57BL/6 mice (n=5)
were treated intravenously with indicated glycolipids under the indicated therapeutic

protocol. The tumor volume was recorded every three days for 24 days.
[00338] Infiltration of Lymphocytes by Flow Cytometric Analysis

[00339] Tumors from control and glyclolipids treated mice were aseptically removed
on days 21 after tumor implantation and manually cut into 2—-3-mm pieces in a
culture Petri dish. The small tissue fragments were then digested with 0.01% DNase,
0.01% hyaluranidase, and 0.1% collagenase (all from Sigma Chemical Co.) in RPMI
1640 for 2-3 h at 37°C with continuous stirring. 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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9. The conpound of claim8 wherein the Natural Killer T cell is an

I nvariant Natural Killer T cell. 10. The conpound of claim| wherein the
at | east wWOIBMOHIYEN- presenting cell is a dendritic cel PCT/UB2009DK82& onpound
of claim 10 wherein the dendritic cell is an inmature or a nmature dendritic
cell. 12. The conpound of claim 1l wherein the conpound fornms a conpl ex
with a CD1 nol ecule on the antigen-presenting cell. 13. The conpound of
claim12 where the CD1 nolecule is a CD1d nol ecule. 14. The conpound of
claim7 wherein the receptor on the T Iynphocyte is a T cell receptor. 15.

The CO”"?ﬁM@ e a%H“t\?vo“[‘Q%rdeétﬂdé’rﬂ% AL0EKad YORNRS Yot hRaipdid With Br8M ©

produce t I'neé res
software. Graphs show mean values of ftriplicate experiments, and error bars

represent the SD. Differences in tumor protection of each group were analyzed by

using the log-rank test. P<0.05 was considered statistically significant.
[00344] Antibacterial Efficacy Studies

[00345] Glycolipid Analogs of a-GalCer

[00346] The structures of the a-GalCer analogs used in the antibacterial studies are
shown in Figure 2, C3, C9, C11 and C14-C17. o-GalCer analogs stock solutions
were prepared as 1 mg/ml DMSO solutions. a-GalCer analogs were diluted with

phosphate buffered saline (PBS) to 10 ug/ml before use.
[00347] Animals and Bacteria

[00348] Female C57L/6 and BALB/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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16. The conmpound of claim 15 wherein the at | east one other

| ynphocyte is a

T hel per cell. 17. The conpound of claim| wherein the conpound to be
adm ni st eaveora®ed1ss i n an expansi on of the popul ati on ®CTASR08/050328 he
adaptive i mmune system of the subject. 18. The conpound of claim 2 wherein

the subject suffers froma cancer or an infectious di sease.

19. The

conpound of claim4 wherein the subject suffers from an autoi mune di sease.
20. A vaccine conprising: an effective anount of a conpound represented by

the structure of fornula 1:

[00351] Antibacterial Efficacy Study Using K. Pneumoniae Infected Mice

[00352] BALB/c-Byl female mice (ten mice per group) were administered a single
dose (10° CFU) of live K. pneumoniae by oral gavage. Mice in the treatment groups
were injected with testing a-GalCer analogs at 100 ug/kg twice at 4-hour and 8-hour
after bacterial infection. Mice in the control group were injected with PBS at 4- and
8-hour. Twenty four hours after infection, all mice were sacrificed. Both livers and
lungs were collected from each mouse, and homogenized. Bacterial counts were

determined similarly as described above.
[00353] Statistical analysis

[00354] Comparative efficacies of testing a-GalCer analogs were illustrated by
comparison of the organ CFU values of treatment groups with those in control
groups, and the significance of the efficacy was indicated in p-values of <0.05 or

<0.01, respectively.
[00355] Glycolipid testing agents

[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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O OH (1) or a pharmaceutically acceptable salt thereof; and a vaccine
agent. 21. The vaccine of claim20 wherein the vaccine agent is selected
from t he g/ wei1si sting of a killed mcroorgani sm a PCrasaavsnsas ed
virus mcroorganism a toxoid and a fragnment of an inactivated or
attenuated m croorganism 22. The vaccine of claim 21 wherein the

m croorganismis a bacteria or a fungi.

[00359] Antibacterial efficacy study using Sphingomonas capsulata infected

mice

[00360] Six to eight week old female C57BL/6 mice were injected intraperitoneally
with 5x10® Sphingomonas capsulata cells. Mice were grouped into treatment and
control groups with 5-10 mice per group. Three to four hours after the infection, mice
in the treatment group were injected intraperitoneally with testing glycolipids 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
capsulata in liver homogenates were determined by plating diluted samples on
nutrient plates. Colonies were counted after incubation for 48 hours at 37°C. The
antibacterial 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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23. The vaccine of claim21 wherein the toxoid is a tetanus or a

di phtheria. 24. The vaccine of claim 20 wherein the vaccine agent is
capabl e ovoebiogiob3tag an i nmrune response in a subject thRCTIGS2@d050328t er ed
the vaccine. 25. The vaccine of claim?24 wherein the conpound acts as an

I mmunol ogi ¢ adj uvant and is capable of nodifying or augnenting the inmune
response elicited by the vaccine agent by stinulating the i mune system
which results in the subject responding to the vaccine nore vigorously than
wi t hout the conpound. 26. The vaccine of claim24 wherein the subject is

admi ni st a@ﬂ) ! ORr AR e WoSH%CHBRtP&OQr%quU% H%Sﬁrrs%'&ﬂ e\'ré‘t{'}aﬁ1 phiat .

adm ni st I htta adm™ni'stratron’ or trarmscu
27. A coMmb,r@mr@lego,t@ﬂ).by the structure of fornula 1:

[00365] Anti-influenza animal model study

[00366] For the evaluation of the in vivo efficacy of the a-GalCer analogs, Balb/c
mice were treated with C34 at different times relative to the nasal infection using 10
LDso WSN virus. Mouse survivals in all groups were examined daily for 14 days post-
infection. The survival curves of glycolipids treated groups were compared to the

control group using Prism software (GraphPad Software, San Diego, CA).

[00367] Immunoprotection against avian influenza virus infection by

intramuscular injection of two dosages of pCHAS5 +/- glycolipid vaccine.

[00368] Mice were vaccinated with pCHAS (30 ug) +/- glycolipids (1 ug) through IM
route and were boosted with pCHAS 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 pCHAS (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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OH (1) or a pharmaceutically acceptable salt thereof, for use in anti-tunor
| mmunot herapy. 28. The conpound of claim 27 wherein the conpound to be
adm ni st aveaoicobsed on at | east one of cancer, an el ePETAS20000K03LDr
cancer and precancerous precursors. 29. The conpound of claim 28 wherein

t he conpound to be admnistered elicits a response in at |east one of tunor
and cancer cells. 30. The conpound of claim29 wherein the response
elicited is a slowing down in a gromh of the tunor. 31. The conpound of
claim?29 wherein the response elicited is a reduction in a size of the

tunor. which were vaccinated with pCHAS (Fig. 75B) and pCHAS-II (Fig. 75C) were

challenged with E319 virus and survivals were monitored.

[00373] Dose effects of pCHA5-Il and C34 on HA-specific antibody production

and immune protection in mice.

[00374] Mice were vaccinated with single dose of pCHAS-11 (100, 75, 50 ug) with or
without C34 (0.5, 1, 2, 4 pg) as adjuvant through IM route. Three weeks after
vaccination, sera were collected and HA-specific antibody titers were assayed by
ELISA (Fig. 76A). At the same time, mice were sacrified and splenocytes were
harvested for ELISPOT assay (Fig. 76B). Meanwhile, other groups of mice were
challenged with NIBRG-14 virus and mice survivals were monitored. Fig. 76C shows
survivals of mice treated with different doses of pCHAS5-II and 2 ug C34 adjuvant.
Fig. 76D shows survivals of mice treated with 100 ug pCHAS-II and C34 at various

dosages.

[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
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32. The conpound of claim 27 wherein the conpound to be adm nistered is to
ef fect an adaptive i mune systemthat includes a population of cells, the
popul at i oMOi20/a0ailng at | east one | ynphocyte and wher ei RCTRES20088p52% e
elicited is an expansion of the population of cells in the adaptive inmune
system 33. The conpound of claim 32 wherein the expansion of the

popul ation of cells in the adaptive i nmune systemincludes an expansion in
a nunber of T cells, CD8 T cells, NK cells or NKT cells. 34. The conpound
of claim 27 further conprising providing a cancer vaccine to which the

conpound j d T [ r n
sel ected ap@g%ﬂ@ﬁegrayggvdthcéﬁsggt | WJB%PB Qc(gtr%%g) Vm@rtgh&{ bﬁ%ﬂ%@r F%ﬁepat onmg,
| eukem a,wheol dadnmanmbme ahavitha2@h. nBHauIts &6. sMwmquﬁommbeclewléék(Ft@d?W t he
structure af JLormda i3 (Fig. 78C), RANTES (Fig. 78D), MIP-1o. (Fig. 78E), MIP-1p

(Fig. 78F), KC (Fig. 78G), IL-18 (Fig. 78H), IL-17 (Fig. 78I), IL-12p40 (Fig. 78J), G-

CSF (Fig. 78K), and IFN-y (Fig. 78L).

[00379] The neutralization abilities of antisera with induction by C34 through

single dose intramuscular injection.

[00380] Female BALB/c mice were IM vaccinated with 50 ug of pCHAS5-II dissolved
in PBS containing 2 ug of C34. Three weeks later, sera were collected and examined
by HA-pseudotyped virus neutralization assay. HA-pseudotyped virus of TK,
VN1194, ID5, and RG5 were used in this assay. Data were reported as [Dso.
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 pCHAS5-1I only group. Results are shown with respect to
Anhi05 (Fig. 79A), TKO5 (Fig. 79B), ID05 (Fig. 79C), and VN1194 (Fig. 79D).

94



OH (1). 37. A conpound represented by the structure of fornula 1:
(I') or a salt or a mxture thereof, for use in anti-m crobial

| mmunot herapy. 38. The conpound of claim 37 wherein the conpound to
be admi nistered is based on an infectious disease resulting fromthe
presence of pathogenic m crobial agents.

CLAIMS

1. A compound represented by the structure of formula 1:

HO OH
o J\/\/\/\N\@ /@
HO
O
Cq2Hzs

(1)
or a pharmaceutically acceptable salt thereof; for use in activating a cytokine response in
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
a complex is formed between the compound and the antigen-presenting cell, resulting in
the activation of a receptor on the lymphocyte; and activation of the lymphocyte to
produce the cytokine response.

2, The compound of claim 1 wherein the cytokine response is a Tyl1-type cytokine
response which produces Tyl cytokines.

3. The compound of claim 2 wherein the Tx1 cytokines are selected from the group
consisting of IFN-y, 1L-18, IL-2, IL-3, IL-8, IL-12, IL-15, TNF-ot, GM-CSF, RANTES,
MIP-1¢ and MCP-1.

4. The compound of claim 1 wherein the cytokine response is a Ty2-type cytokine
response which produces Tx2 cytokines.

5. The compound of claim 4 wherein the T2 cytokines are selected from the group
consisting of IL-4, IL-6, IL-8, IL-10, IL-13, RANTES, MIP-1cx and MCP-1.

6. The compound of claim 1 wherein the compound is to be administered by

subcutaneous administration, intravenous administration, intranasal administration or

intramuscular administration.
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39. The conpound of claim 38 wherein the pathogenic m crobial agents
are selected fromthe group consisting of viruses, bacteria, fungi,
protozoa, nulticellular parasites and aberrant proteins. 40. The
conmpound of claim 38 wherein the pathogenic mcrobial agent is a
virus. 41. The conmpound of claim40 wherein the virus is selected
fromthe group consisting of Retroviridae, Picomaviridae,

Cal civiridae, Togaviridae, Flaviridae, Coronaviridae, Rhabdoviridae,
Fil oviridae, Paramyxoviridae, Othonyxoviridae, Bungaviridae, Arena
viridae, Raheicomgdaed dBichaniirilchasn tHdeip fedstane lymifincyteds ¥y D\ymplibagte.
Papovavi ri dae, Adenoviridae, Herpesviridae, Poxviridae and

I ridoviridae. 42. The conpound of claim 38 wherein the pathogenic
m cr obi al 8-ddesempaung df glaira 7 veherein the Triymphoeyio isredNasaratKdleml #¢llwher ei n
the bacteria is selected fromthe group consisting of Helicobacter

pyl ori, rellia burgdoneni, .Legign_ ell u ilia, Kiehsiella
pneunoni 2%,%8’6‘8%‘51‘1 g S }}er%ﬂ %&WME&@%&%}H@HE ﬁ‘tll‘%iJ

gonor r hoelfdler Neeldseria nmen ingitidis, Listeria nonocyto genes,

Strept ococcus pyogenes, Streptococcus agal acti ae, Streptococcus,
Streptococcus faecalis, Streptococcus bovis, Streptococcus

pneunoni a¥: Thacesppmd of caimy vdisein G atlsast opp prtjesepeesertinggell isch| ani di a
sp., Haergwahtitiz&ell nfl uenzae, Bacillus antracis, Col ynebacterium

di pht heni ae, Col ynebacterium sp., aysipelothrix rhusiopathi ae,
Clostridiumpeifringers, Costridiumtetani, Enterobacter aero genes,
Kl ebsi el | H. pheceroprivad of Plain U9 sheginthé deviridia celBacndmaiatws ospmature
Fusobact efd,#midwigl eatum Streptobacillus nmoniliforms, Treponena

pal lidium Treponena per en Leptospira, fictinonyces israeli,

Sphi ngononas capsul ata and Fran cisella tularensis. 44. The conpound
of cl ai m ¥l Thhesrepount] bé claimp ehackin the bempsimdbsber @dnpgleswith 8 GD1 an

enhanced ‘Hglg‘t'ﬁié@&hg%ﬁggﬁ}g&%&Wpar ed to a subject not

adm ni stere

13. The compound of claim 12 where the CD1 molecule is a CD1d molecule.

14. The compound of claim 7 wherein the receptor on the T lymphocyte is a T cell
receptor.

15. The compound of claim 1 wherein one other lymphocyte is stimulated to produce the
cytokine response.

16. The compound of claim 15 wherein the at least one other lymphocyte is a T helper
cell.

17. The compound of claim 1 wherein the compound to be administered results in an
expansion of the population of cells in the adaptive immune system of the subject.

18. The compound of claim 2 wherein the subject suffers from a cancer or an infectious

disease.

19. The compound of claim 4 wherein the subject suffers from an autoimmune disease.
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45. The conpound of claim 27 wherein the conpound to be adm ni stered
results in the killing of the mcrobial agent. 46. The conpound of
claim 37 wherein the conpound to be adm nistered results in the

m crobi al agent not being able to grow. 47. A conpound C34
represented by the structure: OH OHO HOHI V z HO i OH

20. A vaccine comprising:

an effective amount of a compound represented by the structure of formula 1:

HO _oH
0 HN
HO
HO
O
Cy2Has

OH

(D

or a pharmaceutically acceptable salt thereof; and a vaccine agent.

21. The vaccine of claim 20 wherein the vaccine agent is selected from the group
consisting of a killed microorganism, a live attenuated virus microorganism, a toxoid and
a fragment of an inactivated or attenuated microorganism.

22. The vaccine of claim 21 wherein the microorganism is a bacteria or a fungi.

23. The vaccine of claim 21 wherein the toxoid is a tetanus or a diphtheria.

24. The vaccine of claim 20 wherein the vaccine agent is capable of eliciting an immune

response in a subject that is administered the vaccine.

25. The vaccine of claim 24 wherein the compound acts as an immunologic adjuvant and
is capable of modifying or augmenting the immune response elicited by the vaccine agent
by stimulating the immune system which results in the subject responding to the vaccine
more vigorously than without the compound.

26. The vaccine of claim 24 wherein the subject is administered the vaccine by
subcutaneous administration, intravenous administration, infranasal administration or

intramuscular administration.

27. A compound represented by the structure of formula 1:
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'-"12,125 OH or, a pharmaceutically acceptable salt thereof.

CiaHzs

HO on
HO o
) OH -

(1)

or a pharmaceutically acceptable salt thereof, for use in anti-tumor immunotherapy.

28. The compound of claim 27 wherein the compound to be administered is based on at

least one of cancer, an elevated risk for cancer and precancerous precursors.

29. The compound of claim 28 wherein the compound to be administered elicits a

response in at least one of tumor and cancer cells.

30. The compound of claim 29 wherein the response elicited is a slowing down in a
growth of the tumor.

31. The compound of claim 29 wherein the response elicited is a reduction in a size of the

tumor.

32. The compound of claim 27 wherein the compound to be administered 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.
33. The compound of claim 32 wherein the expansion of the population of cells in the
adaptive immune system includes an expansion in a number of T cells, CD8 T cells, NK

cells or NKT cells.

34. The compound of claim 27 further comprising providing a cancer vaccine to which
the compound is added.

35. The compound of claim 28 wherein the cancer is selected from the group consisting

of lung cancer, breast cancer, hepatoma, leukemia, solid tumor and carcinoma.
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36. A compound represented by the structure of formula 1:

HO OH
"o M\/\/\/O O,
HO o
CyzHzs
) OH -

).

37. A compound represented by the structure of formula 1:

HO OH
o oy
HO
0O
Cq2H2s
’ OH o

(1)

or a salt or a mixture thereof, for use in anti-microbial immunotherapy.

38. The compound of claim 37 wherein the compound to be administered is based on an
infectious disease resulting from the presence of pathogenic microbial agents.

39. The compound of claim 38 wherein the pathogenic microbial agents are selected from
the group consisting of viruses, bacteria, fungi, protozoa, multicellular parasites and

aberrant proteins.
40. The compound of claim 38 wherein the pathogenic microbial agent is a virus.

41. The compound of claim 40 wherein 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.
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42. The compound of claim 38 wherein the pathogenic microbial agent is a bacteria.

43. The compound of claim 41 wherein the bacteria is selected from the group consisting
of Helicobacter pylori, Borellia burgdorfeni, Legionella pneumophilia, Kiebsiella
preumoniae, Mycobacteria spp., Staphylococcus aureus, Neisseria gonorrhoeae,
Neisseria meningitidis, Listeria monocytogenes, Streptococcus pyogenes, Streptococcus
agalactiae, Streptococcus, Streptococcus faecalis, Streptococcus bovis, Streptococcus
pneumoniae, pathogenic Campylobacter sp., Enterococcus sp., Chlamidia sp.,
Haemophilus influenzae, Bacillus antracis, Corynebacterium diphtheniae,
Corynebacterium sp., Erysipelothrix rhusiopathiae, Clostridium peifringers, Clostridium
tetani, Enterobacter aerogenes, Klebsiella pneumoniae, Pasturella multocida,
Bacteroides sp., Fusobacterium nucleatum, Streptobacillus moniliformis, Treponema
pallidium, Treponema pertenue, Leptospira, Actinomyces israeli, Sphingomonas

capsulata and Francisella tularensis.

44. The compound of claim 41 wherein the compound to be administered results in an
enhanced bacterial clearance as compared to a subject not administered the compound.

45. The compound of claim 27 wherein the compound to be administered results in the
killing of the microbial agent.

46. The compound of claim 37 wherein the compound to be administered results in the
microbial agent not being able to grow.

47. A compound C34 represented by the structure:

OH OH )
Q
HO HY ]
HO S i OH o
\/ﬁ/\/\C1ZH25
OH

or, a pharmaceutically acceptable salt thereof.
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