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MODIFIED-GALACTOSYL CERAMIDES FOR 
STAINING AND STIMULATING NATURAL 

KILLER T CELLS 

2 
than KRN7000, both in vitro and in vivo. In addition, these 
molecules may display increased solubility and enhanced 
loading into CDld tetramers. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

In one aspect, the invention provides a compound repre-
5 sented by structural formula (I): 

This application is Continuation of U.S. Ser. No. 12/296, 
169, filed5 Nov. 2008,nowissuedas U.S. Pat. No. 8,227,581, 
which is a National Stage Application of PCT/US2007/ 10 

066250, filed 9 Apr. 2007, which claims benefit of U.S. Pro­
visional Ser. No. 60/790,096, filed 7 Apr. 2006 and which 
applications are incorporated herein by reference. To the 
extent appropriate, a claim of priority is made to each of the 

15 
above disclosed applications. 

R1 

R h-R2 0)-Rs 

~ HN R6 

H : : R 0Ho0Js 
OH R7 

(I) 

A portion of the work described herein was supported by 
grant number AI 53725 from the National Institutes of Health. 
The United States Govermnent has certain rights in the inven-
tion. 

where R1 , R2 , R3 , R4 , R5 , R6 , R7 and R8 are defined herein 
20 below. 

INTRODUCTION 

Natural killer T cells ("NKT cells") are a population of 
innate-like memory/effector cells that express both natural 25 

killer (NK) receptors and a conserved, semi-invariant T cell 
receptor (TCR), (Va14-Ja18/V~8 in mice and Va24-Ja18/ 
V~ 11 in humans). NKT cells have been implicated in sup­
pression of autoimmunity and graft rejection, promotion of 
resistance to pathogens, and promotion of tumor immunity. 30 

NKT cells recognize foreign and self lipid antigens pre­
sented by the CD 1 d member of the family of ~2 microglobu­
lin-associated molecules. A variety of lipids with different 
structures have been shown to bind CDld molecules in a 
unique manner that accommodates a fatty acid chain in each 35 

of the two hydrophobic binding pockets (A' and F) of the 
CD 1 d molecule. Lipid species capable of binding CD ld mol­
ecules include mycolic acids, diacylglycerols, sphingolipids, 
polyisoprenoids, lipopeptides, phosphomycoketides and 
small hydrophobic compounds. The evolutionary conserva- 40 

tion ofNKT cells is striking, as mouse NKT cells recognize 
human CDld plus glycolipid antigen and vice versa. 

NKT cells respond with vigorous cytokine production 
within hours ofTCR activation by releasing THI -type cytok­
ines, including IFN-y and TNF, as well as T H2-type cytokines, 45 

including IL-4 and IL-13. Thus, NKT cells exhibit a dual 
function: they act as immunosuppressive cells via their pro­
duction ofTH2 -type cytokines; and also act as immune pro­
moters to enhance cell-mediated immunity via the production 

In another aspect, the invention provides a compound, 
termed "PBS-57," represented by structural formula (II) 

(II) 

In another aspect, the invention provides a method of acti­
vating an NKT cell comprising contacting the NKT cell with 
the compound of formula (I) in the presence of a CDld 
monomer or tetramer. 

In yet another aspect, the invention provides a method of 
stimulating an immune response in a subject. The method 
includes a step of administering to the subject an effective 
amount of the compound of formula (I). Alternatively, the 
method of stimulating an immune response in a subject com­
prises a step of administering to the subject a population of 
NKT cells activated by contacting the NKT cells with the 
compound of formula (I) in the presence of a CD 1 molecule. 

of THI-type cytokines. 50 As a third alternative, the method of stimulating an immune 
response in a subject comprises administering to the subject a 
population of CD 1 + antigen presenting cells contacted with 
the compound of formula (I). 

NKT cells have been studied primarily in the context of 
CDld presentation of an a-galactosyl ceramide (aGC), 
termed KRN7000, a glycolipid not considered to be a natural 
antigen for NKT cells. Isolating and quantifying CDld 
responsive NKT cells by flow cytometry has commonly been 55 

accomplished using fluorophone-tagged CDld tetramers 
loaded with KRN7000. KRN7000 is also used in studies of 
the influences of NKT cell stimulation on specific disease 
states. However, supplies ofKRN7000, which is derived from 
a marine sponge, have been limited and this glycolipid has 
relatively poor solubility in either aqueous or organic sol-
vents. 

SUMMARY OF THE INVENTION 

Modified a-galactosyl ceramides provided by the inven­
tion have been found to stimulate NKT cells more effectively 

In yet another aspect, the invention provides a composition 
comprising a compound of formula (I) and a physiologically 
acceptable vehicle. 

In a further aspect, the invention provides a method of 
labeling an NKT cell in a medium comprising steps of com­
plexing a compound of formula (I) with a CD 1 d tetramer to 

60 form a complex, contacting the complex with the NKT cell, 
removing the unbound complex from the medium, and 
detecting the complex. 

65 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. lA, 1B and 1 C depict a suitable synthetic scheme for 
PBS-57. 
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FIG. 2 depicts the structures of a prototypical compound of 
the invention, termed "PBS-57," and KRN7000. 

FIG. 3 depicts staining ofVa14iNKT cells from a mouse 
thymus (A-C) and spleen (D-F) cell populations with anti­
TCR~-FITC and either PBS-57 (C and F), KRN7000 (Band 5 

E) or vehicle alone (A and D). 
FIG. 4 depicts binding of PBS-57 loaded CDld-tetramers 

to NKT hybridoma cell lines in the context of varying V~ 
TCR expressed by the NKT cell. CD 1 d-tetramers loaded with 
a non-stimulating glycolipid ( a-galactosycholesterol) was 10 

used as a negative control. 
FIG. 5 depicts staining of CDld-responsive NKT cells 

using PBS-57 loaded mouse and human CDld-tetramers in 
human and non-human primate blood samples. 

FIG. 6 depicts cytokinerelease from B6 mouse splenocytes 15 

stimulated with PBS-57 (black squares) or KNR7000 (white 
squares). 

FIG. 7 depicts serum concentrations of INF-y from mice 
intravenously injected with indicated quantities of PBS-57 
(black bars) or KRN7000 (white bars) glycolipids. 

FIG. 8 shows structures for several suitable embodiments 
of compounds of the invention. 

DETAILED DESCRIPTION OF SEVERAL 
EMBODIMENTS 

20 

25 

In an effort to find compounds that activate NKT cells, the 
inventors have synthesized and studied a series of modified 
a-galactosyl ceramides ("aGCs"). As a result of this work, it 
was determined that one suitable modification to aGC is an 30 

addition of a cis-double bond in the acyl chain in the ceramide 
portion of the fatty acid. This modification was shown to 
increase solubility over fully saturated compounds and facili­
tate loading of the glycolipid into the CDld binding site. A 
further suitable modification replaces the hydroxyl group at 35 

the C6 position of galactose in aGC with an amide linked to 
a small molecule. These modifications were found to yield 
compounds that retain the ability to stimulate cytokine 
release by NKT cells at levels comparable to KRN7000. 

A prototypical compound of the invention, PBS-57 (shown 40 

in FIG.1), which includes the above-described modifications, 
stains mouse and human NKT cells as well as KRN7000 and 
displays relatively high solubility. In vitro and in vivo studies 
of the NKT cell stimulating properties of PBS-57 indicated 
that it stimulates NKT cells more effectively than KRN7000. 45 

Compounds 
Compounds of the invention are glycolipids represented by 

formula I, shown below: 

4 
(iii) SO2R13 ; 

wherein R13 is halo; hydroxy, OR9 ; OR10 ; amino, 
NHR9 ; N(R9 ) 2; NHR10 ; N(R10) 2; aralkylamino; or 
Cl-C12 alkyl optionally substituted with halo, 
hydroxyl, oxo, nitro, OR9 , OR10, acyloxy, amino, 
NHR9 , N(R9 ) 2, NHR10, N(R10) 2, aralkylamino, mer-
capto, thioalkoxy, S(O)R9 , S(O)R10, SO2R9 , SO2R10, 

NHSO2R9 , NHSO2R10, sulfate, phosphate, cyano, 
carboxyl, C(O)R9 , C(O)R10, C(O)OR9 , C(O)NH2, 
C(O)NHR9 , C(O)N(R9 ) 2, C3 -C10 cycloalkyl contain­
ing 0-3 R11 , C3 -C10 heterocycyl containing 0-3 R11 , 

C2-C6 alkenyl, C2-C6 alkynyl, Cs-C10 cycloalkenyl, 
Cs-C10 heterocycloalkenyl, CcC20 aryl containing 
0-3 R12, or heteroaryl containing 0-3 R12; or C3 -C10 

cycloalkyl, C3 -C10 heterocyclyl, Cs-C10 cycloalk­
enyl, or Cs-C10 heterocycloalkenyl optionally substi-
tuted with one or more halo hydroxyl, oxo, OR9 , 

OR10, acyloxy, nitro, amino, NHR9 , N(R9 ) 2, NHR10, 

N(R10) 2, aralkylamino, mercapto, thioalkoxy, S(O) 
R9 , S(O)R10, SO2R9 , SO2R10, NHSO2R9 , 

NHSO2R10, sulfate, phosphate, cyano, carboxyl, 
C(O)R9 , C(O)R10, C(O)OR9 , C(O)NH2, C(O) 
NHR10, C(O)N(R10) 2, alkyl, haloalkyl, C3 -C10 

cycloalkyl containing 0-3 R11 , C3 -C10 heterocyclyl 
containing 0-3 R11 , C2-C6 alkenyl, C2-C6 alkynyl, 
Cs-C10 cycloalkenyl, Cs-C10 heterocycloalkenyl, 
CcC20 aryl heteroaryl containing 0-3 Ru, or CcC20 

heteroaryl containing 0-3 R12; or C2-C6 alkenyl, 
C2-C6 alkynyl, aryl, or heteroaryl optionally substi­
tuted with one or more halo, hydroxyl, OR9 , OR10, 

acyloxy, nitro, amino, NHR9 , N(R9 ) 2, NHR10, 

N(R10) 2, aralkylamino, mercapto, thioalkoxy, S(O) 
R9 , S(O)R10, SO2R9 , SO2R10, NHSO2R10, sulfate, 
phosphate, cyano, carboxyl, C(O)R9 , C(O)R10, C(O) 
OR9 , C(O)NH2, C(O)NHR9 , C(O)N(R9 ) 2, alkyl, 
haloalkyl, C3 -C10 cycloalkyl containing 0-3 R11 , 

C3 -C10 heterocycyl containing 0-3 R11 , C2-C6 alk­
enyl, C2-C6 alkynyl, Cs-C10 cycloalkenyl, Cs-C10 het­
erocycloalkenyl, CcC20 aryl containing 0-3 R12, or 
C6-C20 heteroaryl containing 0-3 R12; 

R2 is-Hor cl -C6 alkyl; 
R3 is -H ifR4 is -OH, or R3 is -OH ifR4 is -H; 
R4 is -H ifR3 is -OH, or R4 is -OH ifR3 is -H; 
Rs is selected from: 

(i) -(CH2)xCH=CH(CH2)yCH3 ; or 
(ii) -(CH2)xCH=CH(CH2)yCH=CH(CH2)zCH3 , 

wherein X, Y and Z are integers independently selected 
from 1 to about 14; 

R6 is -OH or forms a double bond with R7 ; 

50 R7 is-Hor forms a double bond with R6; 

wherein: 
R1 is selected from: 

(i) C(O)R13 ; 

(I) 

55 

60 

(ii) C(R13)R14, wherein R14 is -H, or R13 or R14 and R2 65 

taken together form a double bond between the carbon 
and nitrogen atoms to which they are attached; or 

R8 is a saturated or unsaturated hydrocarbon having from 
about 5 to about 15 carbon atoms; 

each R9 is independently a C1 -C20 alkyl optionally substituted 
with halo, hydroxyl, alkoxy, amino, alkylamino, dialky­
lamino, sulfate, or phosphate; 

each R10 is independently an aryl optionally substituted with 
halo, haloalkyl, hydroxy, alkoxy, nitro, amino, alkylamino, 
dialkylamino, sulfate, or phosphate; 

each R11 is independently halo, haloalkyl, hydroxy, alkoxy, 
oxo, amino, alkylamino, dialkylamino, sulfate, or phos­
phate; and 

each R12 is independently halo, haloalkyl, hydroxy, alkoxy, 
nitro, amino, alkylamino, dialkylamino, sulfate, or phos­
phate. 
In particular embodiments of compounds of formula I, Rs 

is (i), Xis 13 and Y is 7. In other suitable embodiments, R1 is 
----CH3 . In still other embodiments, R1 is (i) and R13 is ----CH3 ; 
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R5 is (i), and Xis 13 andY is 7; R6 is-OH; R7 is-H; andR8 

is C13H27 . In further embodiments, ifR1 is (i) then R13 is not 
-CH3 ; ifR5 is (i), then x and y are not 13 and 7, respectively; 
R6 is not -OH; R7 is not -H; and R8 is not C13H27 . Struc­
tures for several suitable examples of compounds of the 5 

invention are shown in FIG. 8. 
Terms used in the above description of glycolipids of the 

invention are defined as follows: 

6 
saidheteroatoms selected from 0, N, or S ( e.g., carbon atoms 
and 1-3, 1-6, or 1-9 heteroatoms ofN, 0, or S if monocyclic, 
bicyclic, or tricyclic, respectively), wherein any ring atom 
capable of substitution can be substituted by a substituent. 

The term "oxo" refers to an oxygen atom, which forms a 
carbonyl when attached to carbon, an N-oxide when attached 
to nitrogen, and a sulfoxide or sulfone when attached to 
sulfur. 

The term "glycolipid" refers to any compound containing 
one or more monosaccharide residues ("glyco" portion) 
bound by a glycosidic linkage to a hydrophobic moiety such 
as an acylglycerol, a sphingoid, a ceramide (N-acylsphin­
goid) or a prenyl phosphate ("lipid" portion). In particular 
embodiments, one or more saccharides are bound to a cera­
mide moiety. 

The term "acyl" refers to an alkylcarbonyl, cycloalkylcar-
10 bony!, arylcarbonyl, heterocyclylcarbonyl, or heteroarylcar­

bonyl substituent, any of which may be further substituted by 
substituents. 

The term "substituents" refers to a group "substituted" on 
an alkyl, cycloalkyl, alkenyl, alkynyl, heterocyclyl, heterocy-

The term "halo" or "halogen" refers to any radical of fluo­
rine, chlorine, bromine or iodine. 

The term "alkyl" refers to a hydrocarbon chain that may be 

15 cloalkenyl, cycloalkenyl, aryl, or heteroaryl group at any 
atom of that group. Suitable substituents include, without 
limitation, alkyl, alkenyl, alkynyl, alkoxy, halo, hydroxy, 
cyano, nitro, amino, SO3 H, sulfate, phosphate, perfluoro-

a straight chain or branched chain, containing the indicated 
number of carbon atoms. For example, C1 -C12 alkyl indicates 20 

that the group may have from 1 to 12 (inclusive) carbon atoms 
in it. The terms "arylarkyl" or "aralkyl" refer to an alkyl 
moiety in which an alkyl hydrogen atom is replaced by an aryl 
group, for example benzyl or 9-fluorenyl groups. The term 
"alkylamino" and "dialkylamino" refer to -NH(alkyl) and 25 

-NH(alkyl)2 radicals respectively. The term "alkoxy" refers 
to an ---0-alkyl radical. The term "mercapto" refers to an SH 
radical. The term "thioalkoxy" refers to an -S-alkyl radical. 

The term "aryl" refers to an aromatic moncyclic, bicyclic, 
or tricyclic hydrocarbon ring system, wherein any ring atom 30 

capable of substitution can be substituted by a substituent, 
such as, but not limited to, phenyl, naphthyl, and anthracenyl. 

The term "cycloalkyl" as employed herein includes satu­
rated cyclic, bicyclic, tricyclic, or polycyclic hydrocarbon 
groups having 3 to 12 carbons, wherein any ring atom capable 35 

of substitution can be substituted by a substituent. Examples 
of cycloalkyl moieties include, but are not limited to, cyclo­
hexyl and adamantyl. 

The term "heterocyclyl" refers to a nonaromatic 3-10 
membered monocyclic, 8-12 membered bicyclic, or 11-14 40 

membered tricyclic ring system having 1-3 heteroatoms if 
monocyclic, 1-6 heteroatoms ifbicyclic, or 1-9 heteroatoms if 
tricyclic, said heteroatoms selected from 0, N, or S ( e.g., 
carbon atoms and 1-3, 1-6, or 1-9 heteroatoms ofN, 0, or S if 
monocyclic, bicyclic, or tricyclic, respectively), wherein any 45 

ring atom capable of substitution can be substituted by a 
substituent. 

The term "cycloalkenyl" as employed herein includes par­
tially unsaturated, nonaromatic, cyclic, bicyclic, tricyclic, or 
polycyclic hydrocarbon groups having 5 to 12 carbons, pref- 50 

erably 5 to 8 carbons, wherein any ring atom capable of 
substitution can be substituted by a substituent. Examples of 
cycloalkyl moieties include, but are not limited to cyclohex­
enyl, cyclohexadienyl, or norbomenyl. 

The term "heterocycloalkenyl" refers to a partially satu- 55 

rated, nonaromatic 5-10 membered monocyclic, 8-12 mem­
bered bicyclic, or 11-14 membered tricyclic ring system hav­
ing 1-3 heteroatoms if monocyclic, 1-6 heteroatoms if 
bicyclic, or 1-9 heteroatoms if tricyclic, said heteroatoms 
selected from 0, N, or S (e.g., carbon atoms and 1-3, 1-6, or 60 

1-9 heteroatoms of N, 0, or S if monocyclic, bicyclic, or 
tricyclic, respectively), wherein any ring atom capable of 
substitution can be substituted by a substituent. 

The term "heteroaryl" refers to an aromatic 5-8 membered 
monocyclic, 8-12 membered bicyclic, or 11-14 membered 65 

tricyclic ring system having 1-3 heteroatoms if monocyclic, 
1-6 heteroatoms if bicyclic, or 1-9 heteroatoms if tricyclic, 

alkyl, perfluoroalkoxy, methylenedioxy, ethylenedioxy, car­
boxyl, oxo, thioxo, imino (alkyl, aryl, aralkyl), S(O)nalkyl 
(where n is 0-2), S(O)naryl (where n is 0-2), S(O)n heteroaryl 
(where n is 0-2), S(O)nheterocyclyl(where n is 0-2), amine 
(mono-, di-, alkyl, cycloalkyl, aralkyl, heteroaralkyl, and 
combinations thereof), ester (alkyl, aralkyl, heteroaralkyl), 
amide (mono-, di-, alkyl, aralkyl, heteroaralkyl, and combi­
nations thereof), sulfonamide (mono-, di-, alkyl, aralkyl, het-
eroaralkyl, and combinations thereof), unsubstituted aryl, 
unsubstituted heteroaryl, unsubstituted heterocyclyl, and 
unsubstituted cycloalkyl. In one aspect, the substituents on a 
group are independently any one single, or any subset of the 
aforementioned substituents. 

One particularly suitable glycolipid of the invention, des­
ignated "PBS-57," is represented by structural formula II: 

(II) 

As with most glycolipids, solubility issues are central to 
handling the compounds. Compounds are usually solubilized 
in DMSO, and then diluted to working concentrations in 
aqueous solutions. The present compounds have been shown 
to be more soluble in DMSO than KRN7000, thereby giving 
low residual concentrations of DMSO in the working solu­
tions. In suitable embodiments, the compounds of the inven­
tion are at least about 10 mg/mL in DMSO under ambient 
conditions (approximately 20° C.). In more suitable embodi­
ments, the compounds of the invention are at least about 20 
mg/mL in DMSO at ambient temperature. In further suitable 
embodiments, the compounds of the invention are at least 
80%, at least two-fold, or at least 4-fold relative to the solu­
bility ofKRN7000 in DMSO at ambient temperature. 

In particular embodiments, compounds of the invention are 
capable of binding a CDld monomer or tetramer. The CDld 
monomer may be soluble, immobilized on a solid surface, or 
expressed on the surface of an NKT cell. CDld tetramers are 
well known and commercially available. As used herein, 
"capable of binding a CD 1 d monomer ortetramer" means the 
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ability of the compound to bind CD 1 din a lipid binding assay, 
i.e., a competition assay of a charged glycolipid and an 
uncharged control and resolution of glycolipid-loaded CDl 
molecules by IEF (isoelectric focusing) electrophoresis, as 
described in Cantu et al., The Paradox oflmmune Molecular 
Recognition of a-Galactosylceramide: Low Affinity, Low 
Specificity for CDld, High Affinity for a~TCRs, Journal of 
Immunology, 2003, 170: p. 4673-4682, the disclosure of 
which is incorporated herein by reference. As determined by 
IEF, binding of the compound to CDld molecules can be 
quantified relative to binding of an uncharged glycolipid to 
CD 1 d molecules. Compound binding to CD 1 d can be titrated 
to saturation and quantified from the IEF gels to determine 
equilibrium binding constants. A compound will be consid­
ered capable of binding a CDld molecule if it displays a Kn 
less than 1 mM when determined using the assay in Cantu et 
al. cited above. 

Other methods for assessing the ability of a compound to 
bind a CDld monomer or tetramer are known and include, 
e.g., gel filtration chromotagraphy, gel electrophoresis, sur­
face plasmon resonance and ELISA. Binding may also be 
assessed by staining NKT cells with compounds complexed 
to CDld tetramers, as described in Liu, Y. et al., J. Immun. 
Methods 2006, 312: 34-39, incorporated herein by reference. 

Using any suitable assay, the ability of a compound to bind 
to the CDld molecules may be compared to the binding 
capabilities ofKRN7000. Suitably, the compound exhibits at 
least 80% of the CDld binding capability ofKRN7000, more 
preferably at least 90%, more preferably at least two fold, 
more preferably at least four-fold of the CDld binding capa­
bility ofKRN7000. 

8 
Alternatively, CDld molecules may be plated and the NKT 
cells and a compound of the invention can be added to the 
CDld molecules in vitro. 

Examples of cytokines that may be secreted by NKT cells 
5 activated in accordance with the invention may include, but 

are not limited to, IL-10, IL-4, and IL-12, IL-13, GM-CSF, 
IFN-y, IL-2, IL-1, IL-6, IL-8, TNF-a, and TGF-~. It is appre­
ciated that combinations of any of the above-noted cytokines 
may be secreted by NKT cells upon activation. Methods for 

10 detecting and measuring levels of secreted cytokines are well­
known in the art. As will be appreciated, assessing NKT cell 
activation is suitably accomplished by measuring cytokine 
expression by the NKT cell relative to a a suitable control. 

NKT cell proliferation may also be induced by contacting 
15 NKT cells with one or more compounds of the invention. 

Proliferation is suitably measured in vitro by standard meth­
ods, e.g. 3 H-thymidine or BrdU incorporation assays. 

Upregulation of cell surface markers is also suitably 
observed upon activation ofNKT cells. For example, CD69, 

20 CD25, CD40L and IL-12 receptors are upregulated upon 
activation of NKT cells. Immunologic methods, such as 
FACS, may be used to detect upregulation of cell surface 
markers, as well as other methods commonly employed in the 
art. Downstream effects of NKT cell activation, such as 

25 induction of DC maturation, are also observable, e.g., by 
measuring upregulation of CDS0 and/or CD86 on DCs. 

In vivo and ex vivo activation ofNKT cells is specifically 
contemplated in addition to in vitro activation. Presentation 
of compounds of the invention to NKT cells in the context of 

30 CD 1 d molecules results in NKT cell activation and dendritic 

In other embodiments, compounds of the invention are 
capable of activating an NKT cell. Activation of NKT cells 
can be assessed, e.g., as described in the below and in the 35 

examples. 

cell maturation. Consequently, these compounds stimulate 
immune responses against nominal antigens as well as infec­
tious agents and neoplastic malignancies, including solid and 
hematologic tumors. Both cellular and humoral immunity 
may be stimulated by administering NKT cell agonist com­
pounds, as further described below. 

Methods of Activating NKT Cells Methods of stimulating an NKT cell in vivo, i.e., in a 
subject, include administering a NKT cell agonist compound 
to the subject. Administration to a subject in accordance with 
some methods of the invention may include first formulating 
the NKT cell agonist compound with a physiologically 
acceptable vehicle and/or excipient to provide desired dos­
ages, stability, etc. Suitable formulations for vaccine prepa­
rations and therapeutic compounds are known in the art. 

"Stimulating an NKT cell" and "activating an NKT cell" 
are used interchangeably herein to refer to inducing an 
observable effect in an NKT cell that is consistent with a 40 

cellular response to engagement of the TCR of the NKT cell 
with an antigen presented in the context ofCDld molecule. 
Observable effects of activation ofNKT cells include secre­
tion of cytokines, clonal proliferation and upregulation of 
expression of cell surface markers, for example, CD69 mol­
ecules, IL-12 receptors and/or CD40L molecules. To activate 

45 Methods of stimulating an NKT cell ex vivo may include use 
of adoptive transfer methods based on administering cells that 
have been contacted with NKT cell agonist compounds ex 
vivo to stimulate NKT cells in a subject. In some embodi­
ments, the cells may be NKT cells that are stimulated ex vivo 

an NKT cell in accordance with the present methods, the 
NKT cell is contacted with a compound of the invention in the 
presence of a CDld monomer or tetramer. Suitably, a com­
pound of the invention stimulates an NKT cell when the 
compound is complexed with, or bound to, a CD 1 d monomer 

50 and injected into a subject. In other embodiments, the cells 
may be APCs that have been contacted with compounds of the 
invention ex vivo to allow loading of the surface-expressed 
CD 1 d molecules with the compound for presentation to NKT 
cells. The ex vivo stimulated NKT cells or loaded APCs can 

or tetramer. Activation of the NKT cell results from contact­
ing the TCR of the NKT cell with the complex, thereby 
elicting an observable response, such as, e.g., altered cytokine 
expression. "AT cell receptor of an NKT cell", as the term is 55 

used herein, refers to the conserved, semi-invariant TCR of 
NKTcells comprising e.g., Va14-Ja18/V~l 1 in humans and 
Va14-Ja18/V~8 in mice. 

As used herein, "contacting an NKT cell" refers to the in 
vitro addition of a compound of the invention to NKT cells in 60 

culture, optionally in the presence of immobilized, soluble, or 
insoluble CD 1 d monomers or tetramers or antigen presenting 
cells (APCs) expressing CDld molecules, or to the in vivo 
administration of a compound of the invention to a subject. 
The compound may be presented to the TCR of the NKT cell 65 

by CDld molecules on the surface of an antigen presenting 
cell (APC), such as a dendritic cell (DC) or macrophage. 

then be administered, e.g., by injection into the subject. 
Methods of Stimulating an Immune Response 

Some embodiments of the invention provide a method of 
stimulating an immune response in a subject. A "subject" is a 
vertebrate, suitably a manimal, more suitably a human. As 
will be appreciated, for purposes of study, the subject is 
suitably an animal model, e.g., a mouse. "Stimulating an 
immune response" includes, but is not limited to, inducing a 
therapeutic or prophylactic effect that is mediated by the 
immune system of the subject. More specifically, stimulating 
an immune response in the context of the invention refers to 
eliciting an NKT cell response in a subject by administering 
an effective amount of a compound of the invention to the 



US 8,765,692 B2 
9 

subject, thereby inducing downstream effects such as produc­
tion of antibodies, antibody heavy chain class switching, 
maturation of APCs, and stimulation of cytolytic T cells, T 
helper cells and both T and B memory cells. Alternatively, 
stimulation of an immune response in a subject may be 5 

accomplished by administering to the subject a population of 
NKT cells that have been activated as described above or a 
population of CD 1 d+ antigen presenting cells that have been 
contacted with a compound of the invention. Additionally, 
any combination of the above methods of stimulating an 10 

immune response may be suitable. 
In some embodiments, the immune response stimulated 

according to the invention may be an antimicrobial immune 
response. Such an immune response suitably promotes clear­
ance of an infectious agent or permits immune control of the 15 

agent such that disease symptoms are reduced or resolved, 
e.g., a persistent or latent infection. 

In other embodiments, the enhanced immune response 
may be an anticancer or antitumor immune response. Such an 
immune response suitably promotes tumor rejection, reduces 20 

tumor volume, reduces tumor burden, prevents metastasis, 
and/or prevents recurrence of the tumor. The tumor may be 
any solid or hematologic tumor, including but not limited to 
leukemia, lymphoma, AIDS-related cancers, cancers of the 
bone, brain, breast, gastrointestinal system, endocrine sys- 25 

tern, eye, genitourinary tract, germ cells, reproductive organs, 
head and neck, musculoskeletal system, skin, nervous system 
or respiratory system. As is appreciated in the art, a cancer­
specific immune response may be monitored by several meth­
ods, including: 1) measuring cytotoxicity of effector cells, 30 

using, e.g., a chromium release assay; 2) measuring cytokine 
secretion by effector cells; 3) evaluating T cell receptor 
(TCR) specificities, e.g., by using MHC-peptide multimers; 

10 
In some embodiments, the compound is suitably added to 

a vaccine composition or is co-administered with a vaccine 
composition. Addition of a compound of the invention to a 
vaccine composition or co-administration with a vaccine 
composition may be particularly suitable in cases where the 
antigen has a low rate of efficacy as a vaccine and/or must be 
administered in an amount or at a dose greater than what 
might be considered ideal due to side effects, cost and/or 
availability of the antigen, etc. Examples of such vaccines 
may include, but are not limited to human papillomavirus 
vaccines, acute otitis media vaccine (PREVNAR®), influ-
enza vaccines, cholera vaccines and the telomerase cancer 
vaccme. 

Administration to a subject may be carried out by any 
suitable method, including intraperitoneal, intravenous, 
intramuscular, subcutaneous, transcutaneous, oral, nasopha­
ryngeal or transmucosal absorption, among others. Suitably, 
a compound of the invention is administered in an amount 
effective to activate an NKT cell or cells such that a prophy-
lactic or therapeutic effect is achieved in the subject, e.g., an 
antitumor immune response or antimicrobial immune 
response. 

Administration to a subject also includes use of adoptive 
transfer methods based on administering cells that have been 
contacted with a compound of the invention ex vivo to stimu­
late or enhance an immune response in a subject. In some 
embodiments, the cells may be NKT cells that are activated ex 
vivo and injected into a subject to provide or enhance an 
immune response to, e.g., cancerous cells or infectious 
agents. In some embodiments, the cells may be APCs that 
have been contacted with a compound of the invention ex vivo 
to allow complexing with the CDld molecules expressed by 
the APC. Antigen presenting cells can then be administered, 
e.g., by injection into the subject, to provide a suitable 4) measuring the clonal composition of the T cell response; 

and/or 5) measuring T cell degranulation. 35 immune response. This method of administration allows for 
stimulation of the immune response with minimal exposure 
of the subject or the subject's cells to the compounds. 

An enhanced immune response is also suitably assessed by 
the assays such as, e.g. activation of NKT cells, inducing 
cytokine production, inducing maturation of APCs, enhanc­
ing cytolytic and helper T cell functions, enhancing CDS+ 
and CD4+ T cell recruitment, enhancing antibody produc- 40 

tion, inducing antibody class switching and breaking taler-
ance. 

Administration of compounds of the invention to a subject 
in accordance with the invention appears to exhibit beneficial 
effects in a dose-dependent manner. Thus, within broad lim­
its, administration of larger quantities of the compounds is 
expected to activate greater numbers ofNKT cells or activate 
NKT cells to a greater degree than does administration of a 
smaller amount. Moreover, efficacy is also contemplated at 

Stimulating an immune response in a subject in accordance 
with the invention may be accomplished by administering to 
the subject a composition including a compound of the inven­
tion and in some embodiments, an antigen. The compound 
and the antigen may or may not induce a detectably enhanced 
immune response when administered to a subject indepen­
dently. 

45 dosages below the level at which toxicity is seen. 
It will be appreciated that the specific dosage administered 

in any given case will be adjusted in accordance with the 
compound or compounds being administered, the disease to 
be treated or prevented, the condition of the subject, and other 

50 relevant medical factors that may modify the activity of the 
compound or the response of the subject, as is well known by 
those skilled in the art. For example, the specific dose for a 
particular patient depends on age, body weight, general state 
ofhealth, diet, the timing and mode of administration, the rate 

Suitably, the compound and the antigen are co-adminis­
tered to stimulate an immune response in a subject. The term 
"co-administration" is meant to refer to any administration 
protocol in which a compound of the invention and an antigen 
are administered to a subject. The compound and the antigen 
may be in the same dosage formulations or separate formu­
lations. Where the compound and antigen are in separate 
dosage formulations, they can be administered concurrently, 
simultaneously or sequentially (i.e., administration of one 
may directly follow administration of the otherorthey may be 
given episodically, i.e., one can be given at one time followed 
bytheotheratalatertime, e.g., within a week), as long as they 
are given in a manner sufficient to allow both to achieve 
therapeutically or prophylactically effective amounts in the 
subject. The compound and the antigen may also be admin­
istered by different routes, e.g., one may be administered 65 

intravenously while the second is administered intramuscu­
larly, intravenously or orally. 

55 of excretion, medicaments used in combination and the sever­
ity of the particular disorder to which the therapy is applied. 
Dosages for a given patient can be determined using conven­
tional considerations, e.g., by customary comparison of the 
differential activities of the compound of the invention and of 

60 a known agent such as aGalCer, such as by means of an 
appropriate conventional pharmacological or prophylactic 
protocol. 

The maximal dosage for a subject is the highest dosage that 
does not cause undesirable or intolerable side effects. The 
number of variables in regard to an individual prophylactic or 
treatment regimen is large, and a considerable range of doses 
is expected. It is anticipated that dosages of the compound in 
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accordance with the present invention will prevent or reduce 
symptoms at least 50% compared to pre-treatment symp­
toms. It is specifically contemplated that vaccine preparations 
and compositions of the invention may palliate or alleviate 
symptoms of the disease without providing a cure, or, in some 5 

embodiments, may be used to cure or prevent the disease or 
disorder. 

10 

Suitable effective dosage amounts for administering the 
compounds may be determined by those of skill in the art, but 
typically range from about 1 microgram to about 10,000 
micrograms per kilogram of body weight weekly, although 
they are typically about 1,000 micrograms or less per kilo­
gram of body weight weekly. In some embodiments, the 
effective dosage amount ranges from about 10 to about 5,000 
micrograms per kilogram of body weight weekly. In another 15 

embodiment, the effective dosage amount ranges from about 
50 to about 1,000 micrograms per kilogram of body weight 
weekly. In another embodiment, the effective dosage amount 
ranges from about 7 5 to about 500 micrograms per kilogram 
of body weight weekly. The effective dosage amounts 20 

described herein refer to total amounts administered, that is, if 
more than one compound is administered, the effective dos­
age amounts correspond to the total amount administered. 
The compound can be administered as a single weekly dose or 
as divided doses. 

In some embodiments, a tumor antigen and the compound 
are co-administered to a subject to induce an anti-tumor 
immune response in the subject. Suitably, co-administration 

25 

12 
In addition to the compound of the invention and a physi­

ologically acceptable vehicle, some embodiments of the 
invention further include CDld monomers or tetramers. In 
these compositions, at least a portion of the compound 
present in the composition is bound to at least a portion of the 
CDldmonomers ortetramers. Optionally, amounts ofCDld 
molecules and concentration of the compound of the inven­
tion can be optimized such that substantially all of the CDld 
molecules in the composition are bound by compound of the 
invention. 

In further embodiments, the compound of the invention ( or 
the compound bound by a CD 1 d monomer or tetramer) and an 
antigen and are suitably co-formulated in a composition. 
Antigens included in the composition may be polypeptide or 
carbohydrate moieties, or combinations thereof, for example, 
glycoproteins. The antigen may be derived from an infectious 
agent ( e.g., a pathogenic microorganism), a tumor, an endog­
enous molecule ( e.g., a "self' molecule), or, for purposes of 
study, a nominal antigen, such as ovalbumin. The composi­
tion may be also by formulated as a vaccine using a variety of 
preparative methods known to those of skill in the art. See 
Remington's Pharmaceutical Sciences, Mack Publishing 
Co., (2000), which is incorporated herein by reference. 

In some embodiments, antigens for inclusion in composi-
tions of the invention are suitably derived from attenuated or 
killed infectious agents. It will be understood that whole 
microorganisms or portions thereof ( e.g., membrane ghosts; 
crude membrane preparations, lysates and other preparations of the antigen with the compound enhances the anti-tumor 

response and results in inhibition of tumor growth, reduction 
in tumor burden and treatment of cancer, as described above. 
Compositions 

30 of microorganisms) may suitably be included as an antigen. 

The compounds of the invention, as described above, are 
suitably included in a composition with a physiologically 
acceptable vehicle. A "physiologically acceptable" vehicle is 
any vehicle that is suitable for in vivo administration ( e.g., 
oral, transdermal or parenteral administration) or in vitro use, 
i.e., cell culture. Suitable physiologically acceptable vehicles 
for in vivo administration include water, buffered solutions 
and glucose solutions, among others. A suitable vehicle for 
cell culture is commercially available cell media. Additional 
components of the compositions may suitably include excipi­
ents such as stabilizers, preservatives, diluents, emulsifiers or 
lubricants, in addition to the physiologically acceptable 
vehicle and one or more compounds of the invention. In 
particular, suitable excipients include, but are not limited to, 
Tween 20, DMSO, sucrose, L-histadine, polysorbate 20 and 
serum. 

Suitably, compositions comprising compounds of the 
invention may be formulated for in vivo use, i.e., therapeutic 

Suitable infectious agents from which an antigen may be 
derived include, but are not limited to, pathogenic viruses and 
microorganisms. In some contexts, suitable antigens are 
obtained or derived from a viral pathogen that is associated 

35 with human disease including, but not limited to, HIV/ AIDS 
(Retroviridae, e.g., gp120 molecules for HIV-1 and HIV-2 
isolates, HTLV-I, HTLV-11), influenza viruses (Orthomyx­
oviridae, e.g., types A, Band C), herpes ( e.g., herpes simplex 
viruses, HSV-1 and HSV-2 glycoproteins gB, gD and gH), 

40 rotavirus infections (Reoviridae ), respiratory infections 
(parainfluenza and respiratory syncytial viruses), Poliomyeli­
tis (Picornaviridae, e.g., polioviruses, rhinoviruses), measles 
and mumps (Paramyxoviridae), Rubella (Togaviridae, e.g., 
rubella virus), hepatitis ( e.g., hepatitis viruses types A, B, C, 

45 D, E and/or G), cytomegalovirus (e.g., gB and gH), gastro­
enteritis (Caliciviridae), Yellow and West Nile fever (Fla­
viviridae ), Rabies (Rhabdoviridae ), Korean hemorrhagic 
fever (Bunyaviridae ), Venezuelan fever (Arenaviridae ), warts 
(Papillomavirus ), simian immunodeficiency virus, encepha-

50 litis virus, varicella zoster virus, Epstein-Barr virus, and other 
virus families, including Coronaviridae, Birnaviridae and 
Filoviridae. 

or prophylactic administration to a subject. In some embodi­
ments, the compositions are formulated for parenteral admin­
istration. A suitable dosage form for parenteral administra­
tion is an injectable. An injectable dosage form may be an 
isotonic solution or suspension and may be prepared using a 55 

suitable dispersion agent, wetting agent or suspension agent, 

Suitable bacterial and parasitic antigens can also be 
obtained or derived from known bacterial agents responsible 
for diseases including, but not limited to, diphtheria, pertus­
sis, tetanus, tuberculosis, bacterial or fungal pneumonia, oti-

as known in the art. In other embodiments, the compositions 
are formulated for oral administration. Suitable oral dosage 
forms include tablets, capsules, syrups, troches and wafers, 
among others. Oral dosage formulations suitably include lac- 60 

tose, starch, cellulose derivatives, magnesium stearate, 
stearic acid, glycols, and others. It will be appreciated that the 
compositions of the invention are not limited to any particular 
exemplified dosage form, but can be formulated in any man­
ner described in the art, for example, in Remington's Phar- 65 

maceutical Sciences, Mack Publishing Co., (2000), which is 
incorporated herein by reference. 

tis media, gonorrhea, cholera, typhoid, meningitis, mono­
nucleosis, plague, shigellosis or salmonellosis, Legionnaires' 
disease, Lyme disease, leprosy, malaria, hookworm, 
Onchocerciasis, Schistosomiasis, Trypanosomiasis, Leish­
maniasis, giardiases, amoebiasis, filariasis, Borrelia, and tri-
chinosis. Still further antigens can be obtained or derived 
from unconventional pathogens such as the causative agents 
ofkuru, Creutzfeldt-Jakob disease (CJD), scrapie, transmis­
sible mink encephalopathy, and chronic wasting diseases, or 
from proteinaceous infectious particles such as prions that are 
associated with mad cow disease. 
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Specific pathogens from which antigens can be derived 
include M. tuberculosis, Chlamydia, N. gonorrhoeae, Shi­
gella, Salmonella, Vibrio cholerae, Treponema pallidum, 
Pseudomonas, Bordetella pertussis, Brucella, Francisella 
tularensis, Helicobacter pylori, Leptospira interrogans, 
Legionella pneumophila, Yersinia pestis, Streptococcus 
(types A and B), pneumococcus, meningococcus, Haemophi­
lus influenza (type b ), Toxoplasma gondii, Moraxella 
catarrhalis, donovanosis, and actinomycosis; fungal patho­
gens include candidiasis and aspergillosis; parasitic patho­
gens include Taenia, flukes, roundworms, amebiasis, giardia­
sis, Cryptosporidium, Schistosoma, Pneumocystis carinii, 
trichomoniasis and trichinosis. The present invention can also 
be used to provide a suitable immune response against numer­
ous veterinary diseases, such as foot-and-mouth diseases, 
coronavirus, Pasteurella multocida, Helicobacter, Strongylus 
vulgaris, Actinobacillus pleuropneumonia, Bovine Viral 
Diarrhea Virus (BVDV), Klebsiella pneumoniae, E. coli, and 
Bordetella pertussis, parapertussis and brochiseptica. 

In some embodiments, antigens for inclusion in composi­
tions of the invention are suitably tumor-derived antigens or 
autologous or allogeneic whole tumor cells. Suitably, the 
tumor antigen is a tumor specific antigen (TSA) or a tumor 
associated antigen (TAA). Several tumor antigens and their 
expression patterns are known in the art and can be selected 
based on the tumor type to be treated. Non-limiting examples 

14 
ses): (a) PPh3 , DPPA, DIAD (79%). (b)AcCl, MeOH (81%). 
(c) BnBr, NaH, DMF (47%). (d)AcOH, HCl (69% yield). (e) 
DAST, CH2Cl2 (87%). Reagents corresponding to FIG. lB 
are as follows (yields in parentheses): (a) Nervonic acid, 

5 DCC, NHS, THF; Ac 20, Et2N, DMAP, ( 48% ). (b) MeONa, 
MeOH, (71 %). (c) Dimethylthexylsilyl chloride, pyridine; 
Ac2O, DMAP, (80%). (d) THF, HF, (83%). Reagents corre­
sponding to FIG. lC areas follows (yields in parentheses): (a) 
AgC1O4 , SnCl2, CH2Cl2, (56%). b) PPh/H2O, THF. c)Ac2O, 

10 Pyridine, DMAP, (80%overall) (d) Na0
, NH3 , -78° C. (47%). 

The preparation of the intermediates in the synthetic route 
shown in FIG. 1 are described below. 

Preparation of 2: Compound 1 (3.00 g, 11.3 mmol) was 
dissolvedindryTHF (20mL), cooled to 0° C., andPPh3 (5.95 

15 g, 22.6 mmol) was added to the solution, followed by DIAD 
(5 mL, 22.6 mmol), then DPPA (3.7 ml, 22.6 mmol). The 
mixture was allowed warm to room temperature and stir 
overnight. The mixture was concentrated under reduce pres­
sure, then dissolved in EtOAc (200 ml), washed with 5% HCl 

20 (80 ml), continued to washed it with saturated NaHCO3 , the 
extracts were concentrated in vacuo, and the product was 
purified by colunm chromatography (SiO2, 1:5 EtOAc:hex­
anes) giving a clear glass (2.61 g, 79% yield). NMR (1H, 
CDC13 ) d 5.55 (d, J=5.0 Hz, 1 H), 4.63 (dd, J=2.5, 8.0 Hz, 1 

25 H), 4.34 ( dd, J=2.5, 5.0 Hz, 1 H), 4.20 ( dd, J=2.0, 8.0 Hz, 1 H), 
3.93-3.90 (m, 1 H), 3.51 (dd, J=9.0, 12.5 Hz, 1 H), 3.36 (dd, 
J=5.5, 13.0 Hz, 1 H), 1.55 (s, 3 H), 1.46 (s, 3 H), 1.34 (s, 3 H); 
13C NMR (500 Hz, CDC13 ) d 109.8, 108.9, 96.5, 77.2, 77.0, 

of tumor antigens include cdk4 (melanoma), ~-catenin (mela­
noma), caspase-8 (squamous cell carcinoma), MAGE-I and 
MAGE-3 (melanoma, breast, glioma), tyrosinase (mela­
noma), surface lg idiotype (e.g., BCR) (lymphoma), Her-2/ 
neu (breast, ovarian), MUC-1 (breast, pancreatic) and HPV 30 

E6 and E7 (cervical carcinoma). Additional suitable tumor 
antigens include prostate specific antigen (PSA), sialyl Tn 
(STn), heat shock proteins and associated tumor peptides 
(e.g., gp96), ganglioside molecules (e.g., GM2, GD2, and 
GD3), Carcinoembryonic antigen (CEA) and MART-I. 
Labeling NKT Cells 

67.17, 50.8, 26.2, 26.1, 25.1, 24.6. 
Preparation of 4: Compound 2 (3.71 g, 13.0 mmol) was 

dissolved in MeOH (40 mL), cooled to 0° C., andAcCl (8.6 
mL) was added. The mixture was allowed warm to room 
temperature and stirred overnight. The solvent was removed 
under reduced pressure, and the residue was purified by chro-

35 matography (SiO2, 10% MeOH in CH2Cl2) yielding 3 (as 
mixture of anomers) as a white solid (2.31 g, 81 % yield). To 
a solution of3 (1.5 g, 6.9 mmol) in DMF (60 mL) was added 
sodium hydride in oil (1.26 g, 60% in mineral oil). The mix­
ture was stirred for 5 min at O C, then benzy 1 bromide ( 4 .9 mL, 

In another embodiment, the invention provides a method 
for labeling NKT cells in a medium. The method can be used 
to identify NKT cells in a medium from other cell types. In a 
first step, a compound of the invention is complexed to 
soluble CDld tetramer. The tetramer is suitably labeled. A 
"label," as used herein, is any entity that can be assayed. 
Suitable labels include, but are not limited to strepavidin, 
biotin and fluorophores, such as, e.g., PE or FITC. The NKT 
cells are labeled by contact with the labeled compound/CD 1 d 
tetramer complex in a suitable medium. A suitable medium 
may be phosphate buffered saline (PBS) or commercially 
available cell medium, as known in the art. Unbound gly­
colipid/tetramer complexes may be removed from media by 
any means known in the art, e.g. washing and centrifugation 
of the cells and removal of medium. Cells labeled with the 
complex may be detected by any suitable means known in the 
art, such as flow cytometry or fluorescence microscopy. 

The following examples are provided to assist in a further 
understanding of the invention. The particular materials and 
conditions employed are intended to be further illustrative of 
the invention and are not limiting upon the reasonable scope 
thereof. 

EXAMPLES 

Example 1 

PBS-57 Synthesis and Solubility 

PBS-57 was synthesized as shown in FIG. 1. Reagents 
corresponding to FIG. lA are as follows (yields in parenthe-

40 41.4 mmol) was added dropwise. The stirring was continued 
for 12 hat room temperature, and then methanol (10 mL) was 
added. The solvent was removed in vacuo and the resulting 
solid was dissolved/suspended in CH2Cl2. The mixture was 
washed with 2 M HCl and water, dried (Na2SO4 ), and con-

45 centrated. Colunm chromatography (SiO2, EtOAc:hexanes 
1:6) gave 4 as a clear glass (1.6 g, 47% yield). NMR (1H, 
CDC13) d 7.40-7.25 (m, 15 H), 5.02-4.62 (m, 7H), 4.14-3.76 
(m, 4 H), 3.57-3.48 (m, 1 H), 3.39 (s, 3 H), 2.94 (dd, J=2.4, 4.4 
Hz, 1 H); NMR (13C, CDC13) d 138.65, 138.58, 138.34, 

50 128.68, 128.61, 128.32, 128.12, 128.01, 127.87, 127.78, 
99.01, 79.16, 76.48, 75.45, 74.81, 73.89, 69.98, 55.71, 51.64; 
HRFAB-MS (thioglycerol+H+ matrix) m/e ([M+Hr) 
490.2347, calcd 490.2342. 

Preparation of 5: Compound 4 (1.6 g, 3.2 mmol) was 
55 dissolved in acetic acid: 6 M HCl ( 50 mL:7 mL ). The mixture 

was stirred at 85° C. for 1 h, and the solution was concentrated 
under reduced pressure. The product was extracted with chlo­
roform (100 mL) and washed with cold water (2x50 mL ), and 
the combined extracts were dried over Na2SO4 and concen-

60 trated in vacuo. After chromatography (SiO2, EtOAc:hex­
anes 1:4), compound 5 (1.0 g, 69% yield) was obtained as a 
clear oil. NMR (1H, CDC13) d 7.39-7.28 (m, 15 H), 6.38 (d, 
J=3.5 Hz, 1 H), 5.02-4.58 (m, 6 H), 4.17 (dd, J=l 1.0, 4.0 Hz, 
1 H), 3.91-3.88 (m, 3 H), 3.47 (dd, J=12.5, 7.0 Hz, 1 H), 3.15 

65 (dd, J=12.5, 7.0 Hz, 1 H), 2.12 (s, 3 H); NMR (1 3 C, CDC13) 
d 169.55, 138.59, 138.13, 138.00, 128.68, 128.62, 128.57, 
128.56, 128.53, 128.51, 128.18, 128.13, 128.10, 128.03, 
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127.98, 127.85, 127.79, 127.60, 90.65, 78.67, 75.45, 75.31, 
74.95, 74.69, 74.60, 74.42, 73.57, 73.53, 71.89, 50.85, 21.28; 
HRFAB-MS (thioglycerol+Na+ matrix) m/e ([M+Nar) 
540.2112 (100%), calcd 540.2111. 

16 
173.44, 171.52, 171.45, 130.08, 73.54, 72.49, 61.61, 49.74, 
36.93, 32.15, 32.13, 29.94, 29.90, 29.84, 29.78, 29.76, 29.64, 
29.56, 27.87, 27.42, 25.97, 25.93, 22.91, 21.27, 21.09, 14.36. 

Preparation of 6: Compound 5 (3.09 g, 5.7 mmoL) was 5 

dissolved in 200 mL ofCH2 Cl2 , followed by dropwise addi­
tion ofDAST (0.906 mL). The solution was stirred at room 
temperature for 30 min before the reaction was quenched with 
H2 O (30 mL). The mixture was then diluted with CH2Cl2 and 
washed with water and brine, the organic layer was dried and 10 

concentrated in vacuo. The desired product (2. 7 g, 87% yield) 
was obtained as a clear oil after chromatography (SiO2, 
EtOAc:hexanes 1:6). NMR (1H, CDC13) d 7.40-7.25 (m, 15 
H), 5.63 (dd, 1=54.0, 2.5 Hz, 1 H), 5.00 (d, 1=11.5 Hz, 1 H), 
4.88-4.72 (m, 4 H), 4.61 (d, 1=11.0 Hz, 1 H), 4.01-3.88 (m, 4 15 

H), 3.51 (dd, 1=12.5, 7.5 Hz, 1 H), 3.13 (dd, 1=12.0, 6.0 Hz, 

HRFAB-MS (thioglycerol+Na+ matrix) m/e ([M+Nar) 
772.6429, calcd 772.6431. 

Preparation of 11. Compound 6 (112 mg, 0.21 mmol) and 
compound 10 (75 mg, 0.l0mmol) were dissolved in CH2Cl2 

(15 mL), and powdered 4 A molecular sieves (900 mg) were 
added. The mixture was cooled to 0° C., stirred for 10 min, 
and AgClO4 (62 mg, 0.30 mmol) and SnC12 (57 mg, 0.30 
mmol) were introduced. The mixture was allowed to warm to 
room temperature with stirring over 3 h, then filtered through 
celite and washed with CH2Cl2 . The combined filtrate was 
concentrated under reduced pressure. The residue was puri­
fied by chromatography (SiO2 , EtOAc:hexanes 1 :7) to give 
11 (68mg, 56%yield). NMR (1H, CDC13) d 7.42-7.19 (m, 15 

1 H); NMR (13C, CDC13) d 138.38, 138.09, 138.07, 128.74, 
128.71, 128.66, 128.56, 128.23, 128.20, 128.16, 128.04, 
127.80, 107.12, 105.32, 78.45, 75.85, 75.67, 74.99, 74.48, 
73.99, 73.67, 72.14, 72.11, 50.96; HRFAB-MS (thioglyc- 20 

erol+Na+ matrix) m/e ([M+Nar) 500.1956 (100%), calcd 
500.1962. 

H), 6.67 (d, 1=9.5 Hz, 1 H), 5.37-5.33 (m, 2 H), 5.24-5.22 (m, 
1 H), 4.98 (dd, l=l 1.0 Hz, 3.0, 1 H), 4.93 (dt, 1=10.5 Hz, 3.0 
Hz, 1 H), 4.86-4.55 (m, 6 H), 4.37-4.31 (m, 1 H), 4.03 (dd, 
1=10.5 Hz, 3.0 Hz, 1 H), 3.92-3.77 (m, 4 H), 3.60-3.56 (m, 2 
H), 3.05 (dd, 1=4.5 Hz, 12.5 Hz, 1 H), 2.14 (t, 1=8.0 Hz, 2 H), 
2.06-2.00 (m, 10 H), 1.67-1.59 (m, 4 H), 1.38-1.25 (m, 56 H), 
0.91-0.87 (m, 6 H); NMR (13C, CDC13) d 173.20, 171.22, 
170.38, 138.76, 138.40, 138.23, 130.14, 128.78, 128.67, 

25 128.36, 128.23, 128.11, 127.85, 127.67, 100.81, 78.73, 
75.01, 74.90, 73.71, 73, 42, 71.64, 70.59, 60.80, 51.50, 48.40, 
36.96, 32.16, 29.96, 29.68, 29.57, 27.75, 27.46, 25, 96, 25, 88, 
22.94, 21.26, 21.17, 14.38; HRFAB-MS (thioglycerol+Na+ 

Preparation of 8: Nervonic acid (3.0 g, 8.2 mmol) was 
dissolved in anhydrous THF (100 mL) at 5° C. followed by 
NHS (1.88 g, 16.3 mmol) and DCC (3.38 g, 16.3 mmol). The 
mixture was heated to reflux for 2 h. Phytosphingosine dis­
solved in THF and pyridine was added to the reaction mixture 
and refluxed for 12 h. Acetic anhydride (9 mL) was added 
followed by triethylamine (9 mL), DMAP (300 mg), and the 
mixture was stirred for 2 h. The solvent was removed in 30 

vacuo. Triacetate 7 (3.4 g, 48.6% yield) was isolated by 
chromatography (SiO2 , EtOAc:Hexane 1 :8). Sodium metal 
(230mg, l0mmol)was added to MeOH (l00mL). Triacetate 

matrix) m/e ([M+Nar) 1229.8448, calcd 1229.8433. 
Preparationof12. To a solutionofl 1 (68mg, 0.056mmol) 

in THF (3 mL), was added H2 O (0.6 ml) and triphenylphos­
phine (23 mg, 0.085 mmol). The reaction mixture was stirred 
at room temperature overnight. The solution was concen­
trated under reduced pressure. The residue was dissolved 7 (3.4 g, 4.4 mmol) was added, and the mixture was stirred for 

1 h then centrifuged (3000 rpm, 5 m) to give a white solid. The 
supernatant was removed, and the solid rinsed with fresh 
MeO H (80 mL) to remove any remaining base. After removal 
of the supernatant, the crude white solid (2.1 g, 71%) was 
dried under vacuo. NMR (1H, CDC13) d 6.14 (d, 1=9.5, 1 H), 
5.34 (m, 2 H), 5.12 (dd, 1=3, 8.5 Hz, 1 H), 4.93 (m, 1 H), 4.50 
(m, 1 H), 4.29 ( dd, 1=5, 11.5 Hz, 1 H), 4.0 ( dd, 1=3.0, 11.5 Hz, 
1 H), 2.21 (t, 1=7.5 Hz, 2 H), 2.08 (s, 3 H), 2.05-1.99 (m, 10 
H), 1.66-1.60 (m, 4 H), 1.33-1.22 (m, 56 H), 0.89 (t, 1=7 .0 Hz, 
6 H); NMR (13C, CDC13) d 178.25, 173.19, 171.31, 170.99, 
170.20, 129.99, 73.15, 71.92, 63.05, 60.52, 47.50, 36.81, 
34.11, 32.05, 29.91, 29.83, 29.80, 29.74, 29.67, 29.51, 29.45, 
29.39, 29.26, 28.10, 27.33, 25.80, 25.68, 24.92, 22.82, 21.13, 
20.88, 20.84, 14.30, 14.24. HRFAB-MS (thioglycerol+Na+ 
matrix) m/e ([M+Nar) 814.6526, calcd 814.6537. 

Preparation of 10. Triol 8 (2.1 g, 3.09 mmol) was dissolved 
in pyridine (15 mL), and dimethylthexylsilyl chloride (0.606 
ml, 3.09 mmol) was added. After 5 min, acetic anhydride 
(1.16 mL, 12.3 mmol), and DMAP (200 mg) were added, and 
the mixture was stirred for 2 h. Purification by chromatogra­
phy (SiO2, EtOAc:Hex 1:20) yielded 9 (2.0 g, 80% yield) as 
a clear oil. Compound 9 (2.0 g, 2.4 mmol) was dissolved in 
THF ( 5 mL) in a centrifuge tube (plastic), followed by adding 
aqueous HF (5 mL). After completion of the reaction, the 
mixture was pour into saturated NaHCO3 (80 mL), then 
extracted with EtOAc (100 mLx2). The organic layer was 
dried and concentrated, then purified by chromatography 
(Si 02, EtOAc:Hexane 1 :2) to afford 10 as white solid (1.5 g, 
83%). (1H, CDC13) d 6.66 (d, 1=9.0 Hz, 1 H), 5.34 (t, 1=4.0 
Hz, 1 H), 5.10 (dd, 1=2.0, 9.0 Hz, 1 H), 4.95-4.92 (m, 1 H), 
4.20-4.14 (m, 1 H), 3.61-3.55 (m, 2 H), 2.22 (t, 1=8.0 Hz, 2 H), 
2.13 (s, 3 H), 2.04-1.99 (m, 7 H), 1.66-1.60 (m, 4 H), 1.34-
1.22 (m, 56 H), 0.89-0.86 (m, 6 H). NMR (1 3C, CDC13) d 

35 THF (5 mL)andAc2 O (0.1 ml), Et3N (0.1 mL), andDMAP (5 
mg) were added. The mixture was stirred for 2 h. The solution 
was concentrated, and colunm chromatography gave 13 (55 
mg, 80% yield). NMR (1H, CDC13) d 7.41-7.27 (m, 15 H), 
6.73 (d, 1=10.0 Hz, 1 H), 6.12 (t, 1=6.5 Hz, 1 H), 5.36-5.34 (m, 

40 2 H), 5.24 (dd, 1=3.0 Hz, 13.5 Hz, 1 H), 4.96 (d, 1=11.5 Hz, 1 
H), 4.86 (tt, 1=10.5, 3.0 Hz, 1 H), 4.82-4.65 (m, 6 H), 4.38 (tt, 
1=3.0, 9.5 Hz, 1 H), 4.04 (dd, 1=3.0, 10.5 Hz, 1 H), 3.93 (dd, 
1=3.0, 11.5 Hz, 1 H), 3.87-3.78 (m, 3 H), 3.53-3.46 (m, 2 H), 
3.32-3.27 (m, 1 H), 2.13 (t, 1=8.0 Hz, 2 H), 2.06-2.00 (m, 10 

45 H), 1.88 (s, 3 H), 1.72-1.1.57 (m, 4 H), 1.38-1.22 (m, 56 H), 
0.90-0.87 (m, 6 H); NMR (1 3C, CDCl3) d 173.49, 171.74, 
170.51, 170.40, 138.89, 138.64, 138.56, 130.13, 129.21, 
128.65, 128.31, 128.11, 127.77, 100.91, 79.14, 76.64, 74.91, 
73.84, 73.64, 71.32, 71.10, 70.27, 48.68, 40.24, 36.84, 32.14, 

50 29.94, 29.90, 29.86, 29.82, 29.76, 29.68, 29.60, 29.55, 27.89, 
27.45, 25.94, 25.79, 23.37, 22.92, 21.41, 21.19, 14.35; 
HRFAB-MS (thioglycerol+Na+ matrix) m/e ([M+Na]J 
1245.8634, calcd 1245.8633. 

Preparation of PBS57. Na 0 (21 mg, 0.91 mmol) was added 
55 to liquid NH3 (20 ml) under N2 at -78° C., and the mixture 

was stirred for 5 min. Compound 13 (55 mg, 0.045 mmol) was 
dissolved in dry THF (2 mL). The solution was added to the 
blue liquid NH3 and stirred for 2 h. The reaction was 
quenched with MeOH. After the anm10nia was removed, the 

60 solution was concentrated, and colunm chromatography gave 
PBS57 (18 mg, 47%). NMR (1H, 10% MeOD in CDC13), d 
5.35 (t, 1=5.0 Hz, 2 H), 4.87 (d, 1=3.0 Hz, 1 H), 4.16-4.13 (m, 
1 H), 3.85-3.51 (m, 9 H), 3.24-3.21 (m, 1 H), 2.1 (t, 1=7.5 Hz, 
2 H), 2.03-1.98 (m, 7 H), 1.64-1.52 (m, 4 H), 1.38-1.22 (m, 56 

65 H), 0.89-0.86 (m, 6 H); NMR (13C, 10% MeOD in CDC13) d 
174.61, 172.60, 129.96, 99.57, 74.71, 72.16, 69.92, 69.12, 
68.88, 67.14, 50.53, 49.48, 49.30, 49.13, 48.96, 48.79, 48.62, 
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39.70, 36.58, 32.70, 31.97, 29.83, 29.77, 29.65, 29.56, 29.50, 
29.45, 29.42, 29.39, 29.36, 27.25, 25.95, 25.91, 22.72, 22.58, 
14.10; HRFAB-MS (thioglycerol+Na+ matrix) m/e ([M+ 
Nat) 891.7014, calcd 891.7014. 

The solubility ofKRN7000 in DMSO is <5 mg/mL while 5 

the solubility of PBS-57 inDMSO was 20 mg/mL (22.4 mM). 

Example 2 

18 
solution was incubated at 37° C. for 3 hours. To separate 
unbound glycolipid, the mixture was applied to a Microcon 
YM30 filter (Millipore) that has been previously wetted with 
PBS ( 400 µL ). The loaded membrane was centrifuged until 
only -10 µL of solution remained. The volume was then 
increased to 100 µL by addition of PBS. The solution was 

Staining ofVa14i NKT Cells with PBS-57 Loaded 
CDld Tetramers 

agitated to aid in freeing the protein from the filter. The 
Microcon unit was inverted into a fresh Eppendorf tube and 
the contents were centrifuged into the tube. A 10 µL aliquot of 

10 the solution was removed and the streptavidin-APC solution 
(5 µL) was added. The resulting solution was incubated at 37° 

An typical means to isolate and quantify CDl responsive 
NKT cells is through flow cytometry using fluorophore 
tagged CDld tetramers loaded with sphingoglycolipids. To 15 

test for the ability of PBS-57 to facilitate CDld tetramer 
staining, glycolipid-loaded CDld tetramers were formed. 
Biotinylated mouse sCDld molecules (in PBS) were mixed 
with PBS-57 or KRN7000 at a molar ratio of 1 :3 (protein: 
lipid) and incubated overnight at room temperature. The fol- 20 

lowing day, 80 µg of streptavidin-PE (Pharma gen) was added 

C. for 2 hours. 
NKT cell hybridomas were suspended in PBS and strepta­

vidin (1 µg/mL) to block surface biotin of cells for 20 minutes 
at room temperature. Unloaded sCDld-streptavidin-cy­
chrome was used to assess the non-specific binding of 
unloaded empty CDld tetramers by incubation for 20 min­
utes at room temperature. Staining of NKT cells was pre-
formed at 37° C. for 4 hours using the glycolipid-sCDld­
streptavidin-APC complex. The cells were washed by PBS 
and assayed via flow cytometry. to 200 µg of the CD 1-glycolipid mix and incubated at room 

temperature for 4 hours. Tetramers were stored at 4 ° C. until 
use. 

As seen in FIG. 4, variations in the V 13 subunit of the TCR 
on the NKT cell did not affect the binding of PBS-57 loaded 

25 CDld tetramers, and thus PBS-57 may be a "universal" 
ligand for NKT cells. 

Single cell suspensions of thymocytes and splenocytes 
were isolated from C57BL/6J mice (Jackson Laboratories, 
Bar Harbor, Me.) as known in the art. The TCR repertoire of 
the NKT cells was limited with an invariable Va subunit 
(Va14 in mice) and varied V 13 subunits. 106 cells were incu­
bated with 200 µL staining media (2% BSA, 1 % NaN 3, 10 30 

mM EDTA in PBS) with 2.4G2 (1:100; ATCC, Manassas, 
Va.) and Neutravidin (5 µg/200 µl; Molecular Probes, 
Eugene, Oreg.) for 20 minutes on ice. Cells were pelleted and 
resuspended in staining media with anti-TCR~ FITC (1:100; 
H57-597 BD-Pharmingen, San Deigo, Calif.) and CDl/gly­
colipid or vehicle (without glyclipid) loaded tetramers con­
jugated with streptavidin-PE (1 :400) and incubated on ice for 

Example 4 

Ability of PBS-57 to Facilitate CDld Tetramer 
Staining ofNKT Cells in Human and Non-Human 

Primate Blood Samples 

To test whether PBS-57 could facilitate NKT cell binding 
35 in blood samples of both human and non-human primates, 

mouse and human CD 1 d tetramers were loaded with PBS-57 

45 minutes. Cells were washed twice in staining media, fixed 
with 1 % paraformaldehyde in PBS and analyzed by flow 
cytometry.As seen in FIG. 3, PBS-57 stainedNKTcells in the 40 

spleen and thymus similar to KRN7000. 

Example 3 

as described in Example 2. A majority of the human blood 
samples contained sufficient NKT cells (>0.08% of CD3-
positive cells) to observe staining (14 out of 17 samples), 
while some samples may have contained too few NKT cells to 
allow detection of staining (Lee et al., 2002). Among the 
non-human primates, significant NKT cell staining was 
observed with a majority of chimpanzee blood samples ( 6 out 
of 10 samples) and one quarter of samples from rhesus 

PBS-57 is Able to Facilitate Staining ofNKT Cells 
that Express a Wide Variety ofV 13 TCR Subunits 

45 macaques (12 samples). Representative dot plots ofNKT cell 
staining in human, chimpanzee and rhesus macaques are 
shown in FIG. 5. No staining was seen in samples from pigtail 
macaques or sooty mangabeys, it may be due to the limited 
population ofNKT cells circulating in the blood and the small 

The TCR expressed on NKT cells are limited to a invariant 
Va subunit, and a variable V 13 subunit that respond to gly­
colipid presentation by CDld. To determine if PBS-57 loaded 
tetramers were V 13 subunit specific in their ability to bind, 
NKT cell hybridomas expressing different V 13 were tested for 
their ability to bind PBS-57 loaded CDld tetramers. NKT 
hybridomas were established in the Bendelac and Hayakawa 
laboratories as described previously (Zhou et al., Lysosomal 55 

glycoshingolipid recognition by NKT cells, Science, 2004, 
306: p. 1786-1788, and Gui et al., TCR beta chain influences 
but does not solely control autoreactivity ofV alpha 141281 T 
cells, Journal oflmmunology, 2001, 167: p. 6239-6246). 

50 sample size. 

For staining of NKT cell hybridomas, soluble CDld 60 

( sCD 1 d) tetramers were loaded with PBS-57 or KRN7000 by 
the following procedure. Stock reagents of the following were 
prepared: sCDld (1 mg/ml in phosphate buffer saline (PBS)); 
PBS-57 (1 mg/ml in DMSO); Tween 20 (0.5% in PBS); and 
streptavidin-APC (80 µg/mL in PBS). 10 µL sCDld stock, 1 65 

µLPBS-57 stock, and 10 µL Tween20 stock were mixed, and 
79 µL PBS was added to bring the volume up to 100 µL. The 

Example 5 

Cytokine Release in Response to PBS-57/CDld 
Tetramer Complex In Vitro 

To determine if PBS-57 stimulated cytokine release by 
NKT cells in vitro, 5xl05 mouse splenocytes isolated from 
B6 mice were incubated in separate wells with 105

, 104
, 103

, 

100, 10 and 1 pg/mL of PBS-57 or KRN7000 in RPMI 1640 
media supplemented with 10% FBS, 50 µM 2-mercaptoetha­
nol, 2 mM glutamine and antibiotics. After 48 hours, IL-4 and 
IFNy levels were measured by ELISA (BD Pharmingen). As 
seen in FIG. 6, cytokine responses to PBS-57 plateau at 
approximately 100 pg/mL, as compared to 1000 pg/mL for 
KRN7000. PBS-57 was able to induce both Thl and Th2 
cytokine secretion. 
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Example 6 

Cytokine Release in Response to PBS-57/CDld 
Tetramer Complex In Vivo 

To examine if PBS-57 elicited an immune response in vivo, 
the ability of PBS-57 and KRN7000 to elicit an increase in 
cytokine levels in a mouse was assayed. 1 mg/ml stock solu­
tions of PBS-57 and KRN7000 in DMSO were prepared. The 
PBS-57 and KRN7000 solutions were diluted with PBS to 1, 

10 
100, 104

, and 106 pg/mL. 100 µL of each solution was injected 
intravenously into 6 week-old B6 mice. Serum samples were 
isolated from the mice at 24 hours, and the concentration of 
INF-y was assayed by ELISA (BD Pharmingen). FIG. 7 dem­
onstrates the serum INF-y concentrations, and PBS-57 
appears to elicit cytokine level equal to or greater than 15 

KRN7000. 
While the compositions and methods of this invention have 

been described in terms of exemplary embodiments, it will be 
apparent to those skilled in the art that variations may be 
applied to the compositions and methods and in the steps or in 20 

the sequence of steps of the methods described herein without 
departing from the concept, spirit and scope of the invention. 
More specifically, it will be apparent that certain agents which 
are both chemically and physiologically related may be sub­
stituted for the agents described herein while the same or 25 
similar results would be achieved. All such similar substitutes 
and modifications apparent to those skilled in the art are 
deemed to be within the spirit, scope and concept of the 
invention. In addition, all patents and publications listed or 
described herein are incorporated in their entirety by refer-

30 
ence. 

As used in this specification and the appended claims, the 
singular forms "a," "an," and "the" include plural referents 
unless the content clearly dictates otherwise. Thus, for 
example, reference to a composition containing "a polynucle­
otide" includes a mixture of two or more polynucleotides. It 35 

should also be noted that the term "or" is generally employed 
in its sense including "and/or" unless the content clearly 
dictates otherwise. All publications, patents and patent appli­
cations referenced in this specification are indicative of the 
level of ordinary skill in the art to which this invention per- 40 

tains. All publications, patents and patent applications are 
herein expressly incorporated by reference to the same extent 
as if each individual publication or patent application was 
specifically and individually indicated by reference. In case 
of conflict between the present disclosure and the incorpo- 45 
rated patents, publications and references, the present disclo­
sure should control. 

It also is specifically understood that any numerical value 
recited herein includes all values from the lower value to the 
upper value, i.e., all possible combinations of numerical val-

50 
ues between the lowest value and the highest value enumer­
ated are to be considered to be expressly stated in this appli­
cation. 

We claim: 
1. A compound represented by structural formula (I): 55 

(I) 
R1 

R h-R2 0)-Rs 

~ HN R6 

60 

H : : R 0Ho0Js 
OH R1 

65 

wherein: 
R1 is selected from: 

(i) C(O)R13 ; 

20 

(ii) C(R13)(R14)H, wherein R14 is -H, or R14 and R2 
taken together form a double bond between nitrogen 
to which R2 is attached and the carbon to which R14 is 
attached; or 

(iii) SO2R13 ; 

wherein R13 is halo; hydroxy, OR9 ; OR10; amino, 
NHR9 ; N(R9 ) 2; NHR10; N(R10) 2 aralkylamino; or 
C1 -C12 alkyl optionally substituted with halo, 
hydroxyl, oxo, nitro, OR9 , OR10, acyloxy, amino, 
NHR9 , N(R9 ) 2, NHR10, N(R10) 2, aralkylamino, 
mercapto, thioalkoxy, S(O)R9 , S(O)R10, SO2R9 , 

SO2R10, NHSO2R9 , NHSO2R10, sulfate, phos­
phate, cyano, carboxyl, C(O)R9 , C(O)R10, C(O) 
OR9 , C(O)NH2, C(O)NHR9 , C(O)N(R9)2, C3-C10 

cycloalky 1 containing 0-3 R 11 , C3 -C 10 heterocycly 1 
containing 0-3 R11 , C2-C6 alkenyl, C2-C6 alkynyl, 
C5 -C10 cycloalkenyl, C5 -C10 heterocycloalkenyl, 
CcC20 aryl containing 0-3 R12, or heteroaryl con­
taining 0-3 R12 ; or C3-C10 cycloalkyl, 
C3-C10heterocyclyl, C5 -C10 cycloalkenyl, or 
C5 -C10 heterocycloalkenyl optionally substituted 
with one or more halo hydroxyl, oxo,OR9 , OR10, 

acyloxy, nitro, amino, NHR9 , N(R9 ) 2, NHR10, 

N(R10) 2, aralkylamino, mercapto, thioalkoxy, S(O) 
R9 , S(O)R10, SO2R9 , SO2R10, NHSO2R9 , 

NHSO2R10, sulfate, phosphate, cyano, carboxyl, 
C(O)~, C(O)R10, C(O)OR9 , C(O)NH2, C(O) 
NHR10, C(O)N(R10) 2, alkyl, haloalkyl, C3-C10 

cycloalkyl containing 0-3 R1 i, C3-C10heterocyclyl 
containing 0-3 R11 , C2-C6 alkenyl, C2-C6 alkynyl, 
C5 -C10 cycloalkenyl, C5 -C10 heterocycloalkenyl, 
CcC20 aryl heteroaryl containing 0-3 Ru, or 
CcC20 heteroaryl containing 0-3 R12; or C2-C6 

alkenyl, C2-C6 alkynyl, aryl, or heteroaryl option­
ally substituted with one or more halo, hydroxyl, 
OR9 , OR10, acyloxy, nitro, amino, NHR9 , N(R9 ) 2, 
NHR10, N(R10) 2, aralkylamino, mercapto, thio­
alkoxy, S(O)R9 , S(O)R10, SO2R9 , SO2R10, 

NHSO2R10, sulfate, phosphate, cyano, carboxyl, 
C(O)~, C(O)R10, C(O)OR9 , C(O)NH2, C(O) 
NHR9 , C(O)N(R9 ) 2, alkyl, haloalkyl, C3-C10 

cycloalkyl containing 0-3 R11 , C3-C10 heterocycyl 
containing 0-3 Ru, C2-C6 alkenyl, C2-C6 alkynyl, 
C5 -C10 cycloalkenyl, C5 -C10 heterocycloalkenyl, 
C6-C20 aryl containing 0-3 Ru, or C6 -C20 het­
eroaryl containing 0-3 R12 ; 

R2 is-H orC1 -C6 alkyl, or R2 andR14 taken together form 
a double bond between nitrogen to which R2 is attached 
and the carbon to which R14 is attached; 

R3 is-H ifR4 is-OH, or R3 is -OH ifR4 is-H; 
R4 is -H ifR3 is -OH, or R4 is -OH ifR3 is -H; 
R5 is selected from: 

(i) -(CH2)xCH=CH(CH2)yCH3; or 
(ii) -(CH2)xCH=CH(CH2)yCH=CH(CH2)zCH3, 

wherein X, Y and Z are integers independently 
selected from 1 to about 14; 

R6 is -OH or forms a double bond with R7 ; 

R7 is -H or forms a double bond with R6 ; 

R8 is a saturated or unsaturated hydrocarbon having from 
about 5 to about 15 carbon atoms; 

each R9 is independently a C1 -C20 alkyl optionally substi­
tuted with halo, hydroxyl, alkoxy, amino, alkylamino, 
dialkylamino, sulfate, or phosphate; 
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each R10 is independently an aryl optionally substituted 
with halo, haloalkyl, hydroxy, alkoxy, nitro, amino, 
alkylamino, dialkylamino, sulfate, or phosphate; 

each R11 is independently halo, haloalkyl, hydroxy, alkoxy, 
oxo, amino, alkylamino, dialkylamino, sulfate, orphos- 5 

phate; and 
each R12 is independently halo, haloalkyl, hydroxy, alkoxy, 

nitro, amino, alkylamino, dialkylamino, sulfate, or phos­
phate. 

2. The compound of claim 1, wherein R5 is (i), Xis 13 and 10 

Yis 7. 
3. The compound of claim 1, wherein R13 is ----CH3 • 

4. The compound of claim 1, wherein: 
ifR1 is (i) then R13 is not-CH3 ; 

ifR5 is (i), then x and y are not 13 and 7, respectively; 
R6 is not -OH; 
R7 is not -H; and 
R8 is not C13H27 . 

15 

5. The compound of claim 1, wherein the solubility of the 
20 

compound is at least about 20 mg/mL in DMSO. 
6. The compound of claim 1, wherein the compound is 

capable of binding a CDld monomer or tetramer. 
7. The compound of claim 1, wherein the compound is 

capable of activating an NKT cell. 
8. A composition comprising the compound of claim 1 and 

a physiologically acceptable vehicle. 
9. The composition of claim 8, further comprising a CD 1 d 

monomer or tetramer, wherein the compound is bound to the 
CD 1 d monomer or tetramer. 

10. The composition of claim 8, further comprising an 
antigen. 

11. A method of activating an NKT cell comprising con­
tacting the NKT cell with the compound of claim 9 in the 
presence of a CD 1 d monomer or tetramer. 

12. The method of claim 11, wherein the compound is 
bound to the CDld monomer or tetramer. 

13. The method of claim 11, wherein the CDld monomer 
or tetramer is soluble. 

25 

30 

35 

14. The method of claim 11, wherein the CDld monomer 
is expressed on a cell surface. 40 

15. The method of claim 14, wherein the cell is an antigen 
presenting cell. 

16. The method of claim 11, wherein activation of the NKT 
cell is characterized by altered cytokine expression relative to 
a control. 

17. The method of claim 11, wherein the NKT cell is 
activated in vitro. 

18. The method of claim 11, wherein the NKT cell is 
activated in vivo. 

45 

19. A method of stimulating an immune response in a 50 

subject comprising administering to the subject an effective 
amount of: a) the compound of claim 1 wherein the com­
pound is capable of activating an NKT cell; b) a population of 
NKT cells activated by contacting the cells with a compound 
according to a) in the presence of a CDld monomer or tet-

55 
ramer; c) a population of CDld+ antigen presenting cells 
contacted with the compound of claim 1; or d) any combina­
tion of a), b)andc). 

20. An isolated cell for presenting a lipid antigen to NKT 
cells, the cell comprising CDld molecules loaded with a 
compound of claim 1. 60 

21. The isolated cell of claim 20, wherein in the compound: 
R1 is ----C(O)R13 , wherein R13 is Cl-C12 alkyl optionally 

substituted with carboxyl; 
R2 is-H; 
R3 , R4 , and R7 are-Hor -OH, wherein R3 is -H if R4 65 

is -OH and R3 is -OH if R4 is -H; and 
R6 is-OH. 

22 
22. The isolated cell of claim 20, wherein the compound is: 

(II) oy 
OH NH O\_ 

/(CH2)13CH=CH(CH2)1CH3. 

HN OH 
HO ; ; 

OHO~C14H29 

OH H 

23. The isolated cell of claim 20, wherein the cell is an 
antigen presenting cell. 

24. A composition comprising isolated cells for presenting 
a lipid antigen to NKT cells and a physiologically acceptable 
vehicle, wherein the cells comprise CDld molecules loaded 
with the compound of claim 1. 

25. The composition of claim 24, wherein the compound is: 

oy 
OH NH 

~ (CH2) 13CH=CH(CH2)1CH3. 
HO Ht) QH 

OH ' ' O~C14H29 

OH H 

26. The composition of claim 24, wherein the cell is an 
antigen presenting cell. 

27. The composition of claim 24, further comprising an 
antigen. 

28. A method of stimulating an NKT cell, comprising 
contacting the NKT cell with the antigen presenting cell 
according to claim 20. 

29. A method of stimulating an immune response in a 
subject in need thereof, comprising administering to the sub­
ject an effective amount of a composition according to claim 
24. 

30. The method of claim 29, wherein the cells are antigen 
presenting cells. 

31. The method of claim 29, wherein the compound is: 

(II) 

32. The method of claim 29, wherein the composition 
comprises an antigen. 
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33. The composition of claim 9, wherein the CDld mono­
mer is expressed on a cell surface. 

34. The composition of claim 33, wherein the cell is an 
antigen presenting cell. 

* * * * * 

24 


