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o-Galactosylceramides are potent stimulators of human T cells. Stimulation occurs through binding of the glycolipids by CD1d, presentation
to T cells, and formation of a CD1d-glycolipid—T cell receptor complex. To facilitate the elucidation of the structural features of glycolipids
necessary for T cell stimulation, o-galactosylceramides have been prepared with small molecules appended at the C6 position of the sugar.
The appended molecules do not significantly influence the abilities of the glycolipids to stimulate T cells.

Peptide antigen presentation via major histocompatability found in the membranes of mycobacteria (eMycobacte-
complexes has long been recognized as a central element imium tuberculosi} to T cells and stimulate proliferatioh.
adaptive immune responses. Recently, a parallel pathway thaCD1d is another member of the gene family and has been
can elicit potent immune responses has begun to becharacterized by its ability to bind and presengalacto-
elucidated. This pathway involves the presentation of gly- sylceramides, including KRN708(L, in Figure 1), to natural
colipids by CD1 proteins and is believed to be responsible killer T cells (NKT cells)* Glycosylceramides undergo
for a portion of the innate immunity of mammals to bactéria.
There are five members of the CD1 gene family, CBéa
and these membrane-bound proteins have been characterized
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those from bacterial membranes, to T cells. For example, HO o HN>—025H51 HO Q HN\>—C§3|H51
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endocytosis by antigen-presenting cells, processing in which  Modeling of the CD1d-1 complex suggested that the
oligosaccharides are truncatethading into CD1d in the hydroxyl groups at C4 and C6" on galactose are not
endoplasmic reticulum, translocation to the cell surface, andinvolved in complex formatioA? Consequently, these posi-
presentation to NKT cells. Complexes between glycolipid- tions may be the best locations for attachment of fluorescent
loaded CD1d proteins and T cell receptors form that can tags or other small molecules. In addition, a derivativé of
lead to stimulation of the T cell. with a second sugar linked at the ‘Cposition was shown
Due in part to the complexity of the glycolipid presentation to not require processing for NKT cell stimulatidrsug-
pathway, little is known about the specific structural require- gesting that the CD1d—glycolipid—NKT cell receptor in-
ments for glycolipid binding by CD1d and T cell receptors. teraction tolerates small molecules appended at C6".
The limited structure—activity studies that have been con- By preparing 6-amino-6-deoxygalactosylceramdgig-
ducted have used assays that do not distinguish betweerure 1), we have been able to attach a number of small
CD1d binding and NKT cell receptor bindifg?&’That is, molecules to the glycolipiéE The small molecules that have
in a typical procedure, glycolipids are added to antigen- been attached include dansyl, a prodan derivative, and biotin.
presenting cells and T cells (of which NKT cells make up Examples of the labeled compounds have proven to have
only a small percentage), and T cell stimulation is gauged. NKT cell stimulating properties similar to the parent gly-
Nevertheless, it is well recognized that only ta@nomers colipid (1), suggesting that in a manner similar 1o the
(and not theB) of galactosylceramides cause stimulation, that compounds go through endocytosis, CD1d loading, presenta-
o-glucosylceramides are less active, and that the length oftion on the cell surface, and binding to T cell receptors
the lipid chains can influence how T cells respond to the causing T cell stimulation.
compounds. The amine functionality was incorporated early onto the
Challenges in understanding the roles of glycolipid carbohydrate as the azidd* Scheme 1). The acetonides
structure in CD1d and NKT cell receptor binding have
included the inability to effectively observe trafficking of

glycolipids and difficulties in quantifying their association
with CD1d and NKT cell receptors. An attractive means of
overcoming these challenges is to label glycolipids with

fluorophores or other small molecules (e.g., biotin) that allow
observation of the compounds at low concentrations and/or

provide a means of quantifying the association with CD1d

Scheme 1. Preparation of
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aReagents: (a) AcCl, MeOH (86% yield); (b) BnBr, 18-crown-
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(quantitative yield); (h) NH/Na, —78 °C (53% vyield).
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giving 4. The methoxy group was then replaced by an
acetoxy group? followed by conversion to the anomeric

fluoride (5)1" Glycosyl bond formatiotf with 6'° gave7. o o NMe;

The silyl protecting groups were removédollowed by

reduction of the azidé and removal of the benzyl groups EEN_O o

giving 2.2 o} b o

Reaction of 2 with a variety of acid chlorides and

S . NMe, HNJ(NH
N-hydroxysuccinimidyl esters gave reasonable yields of the w/
corresponding amides. Glycosylceramides are notoriously N H

insoluble, and the influence of this insolubility in purification o yc ’ o yc )
may have decreased reaction yields. Nevertheless, usingio HN v HO HN S
dansyl chloride and a dansyl amide tethered toNwn HO g - HO =
hydroxysuccinimidyl estéf (9), we were able to prepag 12 \/Y\CMHZQ 13 \/Y\CMH%

and 10 (Scheme 2).

Figure 2. Structures ofN-hydroxysuccinimidyl ester derivative
of prodan 1) and prodan- and biotin-labeledgalactosylceramides
12 and 13, respectively.

Scheme 2. Preparation of Dansyl-Appended Glycolipilsand
10

Two other small molecules were appended ¢htBrodan
O NMe; is a fluorophore with a high quantum yield that responds to
‘l the polarity of its environment via large changes in its
9 0 %CZSHM emission wavelengtt. It is probable that the environment
EtsN HO HN of a fluorophore appended to a galactosylceramide will
\/\ACMHzg change upon (?qmplex fprmation Wi"[h a protein.' Cpnse-
OH qguently, we anticipate being able to visualize the binding of
8 (60% yield) the appended glycolipid via fluorescence modulation. In
H O i, anticipation of attaching prodan to a glycolipid, compound
5 8 o O 11 was prepared from 4-(6-methoxy-[2]naphthyl)-4-oxo-
NMe, HO ~ butyric acid® by nucleophilic displacement of the methoxy
O O HNyC%H“ group with lithium dimethylamid® followed by reaction
5 with DCC and N-hydroxysuccinimide. Reaction oRN-
pyridine \/\C;\C”H?Q hydroxysuccinimidyl estet1 with 2 gavel2in 46% yield.
10 (53% yield) Similarly, reaction oR with theN-hydroxysuccinimidyl ester
of biotin gavel3in 52% yield.
2Reagents: (a) AcCl, MeOH (86% yield); (b) BnBr, 18-crown-  The abilities of compound8, 10, 12, and13 to stimulate
6, NaH, THF (95% yield); (c) ACOH, k5O, (84% yield); (d) HF- KT cells were gauged by measuring IL-2 production using
pyridine, pyridine (78% vyield); (e) MS 4 A, AgCIQSnC}, THF
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(quantitative yield); (h) NH/Na, —78 °C (53% vyield).
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The constraints placed upon the carbohydrate portion of 100 4
glycosylceramides by CD1d and T cell receptors are not fully
understood, and it was not clear if the presence of a
fluorophore or similarly sized appendage would be tolerated.
Therefore, we used a tether between the fluorophore and the
carbohydrate il0to determine how a flexible tether would
influence CD1d and T cell receptor binding.

log IL-2 (U/mL)
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an immobilized CD1d ass&y Briefly, soluble, biotinylated || NN 3NN

CD1d was loaded onto precoated avidin plates, and the plates
were pulsed with incrementally varied concentrations of
glycolipids. After being washed, the plates were treated with
a CD1d-restricted Va24 NKT cell hybridoma and IL-2
release was measured using ELISA.

Compoundss, 10, 12, and13 were highly stimulatory.
Although8 and12 appear to be slightly less efficient in the
results from the experiment shown in Figure 3, no significant
differences among the compounds were found in repeated
experiments (at least three experiments for each compound).
In a separate series of experiments (e.g., Figurd3ijyas
slightly but reproducibly more efficient in stimulating NKT
cells thanl. Similar results were observed using CD1d- 10 . .
transfected rat basophilic leukemia cells for antigen presenta- 10 100 1000
tion to NKT cell hybridomas. log compound concentration (ng/mL)

Interestingly, attachment of a dansyl group directly at C6
(as in8) or through a tether did not cause a significant loss Figure 4. NKT cell stimulatory activity of biotin-appended
of stimulating properties. Similarly, alteration of the ap- 6-amino-6-deoxygalactosylceramid8. 1 (¢); 13 (m).
pended group (i.e., dansyl vs prodan vs biotin) did not greatly

affect the abilities of glycolipids to stimulate NKT cells.

Because the glycolipids are appended in the carbohydrateecessary for NKT cell sti.mulation. Fluorescence and sqrface
portion of the molecules, it was anticipated that the labels plasmon resonance studies are underway to characterize the

would not interfere with association of the glycolipids with a;sociation of appended glycolipids with CD1d, and results
CD1d. Gratifyingly, we found that modification of the Will be reported in due course.

glycolipids at C68 with small molecules allowed retention

of NKT cell stimulating properties. Attachment of fluoro- ~ Acknowledgment. Generous financial support from the
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