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An a-galactosyl ceramide (a-GalCer) 2 was synthesized and evaluated for its ability to stimulate iNKT-
cell proliferation and elicit T-helper cytokines, IL-4 and IFNc. Compound 2 combines the acyl chain of
the potent, Th2 biasing a-GalCer 1 with a sphingoid base of the same length as that found in OCH, which
also exhibits Th2 skewing, Such complementation may enhance cytokine bias, which is thought to be
important for therapeutic applications of iNKT cell stimulation. Two related a-GalCers, 3 and 4, with sat-
urated acyl chains were prepared for comparison.

� 2009 Elsevier Ltd. All rights reserved.
Figure 1. Structures of KRN7000 and its Th2 biasing analog, OCH.
CD1d has been shown to present lipid antigens for recognition
by the T cell receptors (TCRs) of a specialized subset of lympho-
cytes known as invariant natural killer T (iNKT) cells. Over the past
decade CD1d activated iNKT cells have been demonstrated to elicit
a range of immune responses with potential implications for treat-
ing viral and bacterial infections, cancer and a variety of autoim-
mune conditions.1–8 KRN7000 (Fig. 1), an a-galactosyl ceramide
(a-GalCer) identified by the Kirin brewery company in SAR studies
around glycolipids isolated from the Agelus genus of marine
sponge,9 has emerged as the key lipid for probing CD1d activation
of iNKT cells.

In addition to the induction of a rapid expansion of iNKT cells,
KRN7000 elicits a burst of both T helper 1 (Th1) and Th2 cytokines
(IFNc and IL-4, respectively, are the ones generally monitored). Th1
cytokines support cell-mediated immunity, important for the elim-
ination of viruses and other intracellular pathogens. Th2-type cyto-
kines provide humoral immunity, which induces antibody
production. Autoimmune conditions, such as diabetes and multiple
sclerosis, are characterized by a Th1 bias involving high Th1/Th2
cytokine ratios. Conversely, many types of cancer are characterized
by predominant Th2 cytokines. It is believed that the anti-tumor,
antiviral and antibacterial effects of KRN7000 are mediated by
the high level of Th1 cytokines it elicits, while the ability of
All rights reserved.
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KRN7000 to prevent the onset of autoimmune conditions is
thought to arise from its induction of Th2 cytokines. It is now
apparent that the opposing effects induced by Th1 and Th2 cyto-
kines would preclude the therapeutic use of KRN7000,10 as it in-
duces high levels of both types of cytokines.

One way to overcome the opposing activities seen with
KRN7000 would be to identify compounds selective for Th1 or
Th2 cytokines. That this is possible was demonstrated in 2001,
when Experimental Autoimmune Encephalomyelitis (EAE), a pro-
totypical autoimmune disease, was prevented in B6 mice by a sin-
gle injection of OCH (Fig. 1), a truncated analog of KRN7000.11 This
remarkable result appeared to be mediated by the enhanced rela-
tive production of IL-4 to IFNc by OCH in comparison to
KRN7000. OCH, however, is not potent, and it is thought that a
more active compound with a similar Th2 bias would be needed
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for therapeutic applications. In looking at the effect of variations in
the acyl chain on the ability of a-GalCers to stimulate NKT cells and
elicit various cytokines, we identified 1 as a potent, Th2 biasing a-
GalCer.12,13 In light of the enhanced potency of 1, we decided to
evaluate its truncated sphingoid base analog 2 to see if the potency
was maintained and/or the Th2 skewing was enhanced. We chose
to synthesize a sphinganine-containing a-GalCer, rather than one
with a phytosphingosine (as in OCH) since sphinganines, aminodiol
sphingoid bases, are more easily prepared than phytosphingosines,
which are aminotriols. Moreover, sphinganine-containing a-Gal-
Cers provide similar activities and cytokine profiles to those of
phytosphingosine-containing a-GalCers in standard murine as-
says.14 The saturated analog 3 of 2, as well as its phytosphingosine
counterpart 4, were prepared for comparison purposes (Fig. 2).

Compounds 2–4 were prepared by approaches we have previ-
ously used.15 For the preparation of 2 we employed our recently re-
ported glycosylated sphinganine-containing sphingoid base 5,
prepared in seven steps from serine-derived Weinreb amide 6.16

Acylation of 5 with the p-nitrophenyl ester of eicosa-11,14-dieno-
ate (10% yield) provided 2. The low yield of the coupling was likely
related to the solubility of 5 under the reaction conditions, but this
was not further explored, since a sufficient quantity of 2 was ob-
tained for these preliminary studies.

Compound 3 was prepared as shown in Scheme 1 from Weinreb
amide 6 using methodology we had developed to prepare the
sphinganine analogs of KRN7000 and OCH.14 Because of a prior is-
sue with silyl group migrations we decided to evaluate the utility
of a MOM protecting group in the protocol. As previously de-
scribed, treatment of 6 with two equivalents of a sacrificial base,
followed by reaction with n-hexylmagnesium bromide and MOM
protection of the OH, provided ketone 7. Diastereoselective reduc-
tion and benzylation were highly efficient, and one-pot cleavage of
the MOM and Boc groups gave an aminoalcohol. Acylation with the
p-nitrophenyl ester of eicosanoic acid provided ceramide 8. Cou-
pling with 2,3,4,6-tetra-O-benzyl-b-D-galactopyranosyl fluoride
and hydrogenolysis provided the saturated analog 3 of diene 2.
Figure 2. Structures of potent Th2 biasing analog 1 and related truncated sphingoid
base analogs 2–4.
The synthesis of phytosphingosine analog 4 began with C9-ribo-
phytosphingosine 9, synthesized in our previously reported prepa-
ration of OCH (Scheme 2).14 Trisilylation of 9 resulted in concomi-
tant cleavage of the Boc group. Acylation and selective removal of
the primary silyl group provided ceramide 10. Glycosylation with
2,3,4,6-tetra-O-benzyl-b-D-galactopyranosyl fluoride, cleavage of
the silyl groups and hydrogenolysis provided 4.

Since our goal was to compare how shortening the sphingoid
base moiety of 1 impacted activity and cytokine biasing, analogs
2–4 were evaluated in parallel with 1 and OCH. As can be seen in
Figure 3, although 2–4 stimulated proliferation in mouse spleno-
cytes, as measured by tritiated thymidine incorporation,17 none
was nearly as potent as 1. Moreover, there appeared to be no
advantage conferred by the presence of double bonds in the acyl
chain. The profile of 2 paralleled that of OCH, and analogs 3 and
4 were slightly more stimulatory. The outcome with 2 versus 3/4
was in contrast to the effect seen with 1 in comparison to its fully
saturated analog, where the former was much more potent.12
Figure 3. Splenocyte proliferation measured by tritiated thymidine incorporation.
Means of duplicate wells are shown.



Figure 4. C57BL/6 splenocytes were incubated with varying doses of lipid for 48 h.
Supernatant levels of (a) IL-4 and (b) IFNc were measured by ELISA. Means of
duplicate wells are shown.
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Although the potency of 2 was low, we were also interested in
whether it (or 3 and/or 4) induced an enhanced relative production
of IL-4 to IFNc. The levels of IL-4 and IFNc in the supernatants of
mouse splenocytes cultured in the presence of varying concentra-
tions of the analogs were measured using standard sandwich ELISA
(Fig. 4). Although the unsaturated acyl chain of 2 elicited slightly
elevated levels of both IL-4 and IFNc in comparison to 3–4 and
OCH, it is difficult to draw any definitive conclusion about relative
cytokine biasing. It is noteworthy that prior studies have shown
that the Th2 skewing effect elicited by some a-GalCer analogs
tends to be more pronounced in vivo when serum cytokine levels
are assessed after injection of the compounds.12 Compounds 1–4
and OCH were also examined in human iNKT cell clones (data
not shown). Human iNKT cells respond only weakly to OCH, while
1 induces a potent response. The responses to 2–4 were weaker
than that seen with OCH.
In conclusion, from the results of this study it is apparent that
analog 2, designed around the acyl chain of the potent Th2 biasing
compound 1 and the sphingoid base of OCH, although immuno-
stimulatory, offers no advantage over OCH. With the C9-sphingoid
base there is no enhancement in activity conferred by incorpora-
tion of unsaturation in the acyl chain, in contrast to what was seen
with 1, which contains a C18-sphingoid base.
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