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The universe of antigens recognized by T lymphocytes has recently been expanded to include
not only protein antigens but also lipid antigens. Unlike conventional MHC molecules that present
protein-derived peptide antigens, molecules of the human group 1 CDI family (CDla, CDIlb,
CDlc) mediate presentation of lipid antigens to specific T lymphocytes. By taking lipid chemical
and immunological approaches and by developing appropriate animal models, we aim at
determining how CD1 functions crucially in host defense against microbial infection (mycobacteria
and retroviruses). Further, inappropriate immune responses to lipids may result in induction of
allergy (contact dermatitis) and autoimmune diseases (Guillain-Barre syndrome). These critical
aspects of the newly appreciated lipid-specific immunity have now been addressed in our

laboratory.

1)  Adaptive regulation of glycolipid biosynthesis and its recognition by the host immunity:
I. MATSUNAGA, T. NAKA', R.S. TALEKAR?, M.J. McCONNELL? K. KATOH, H.
NAKAO, A. OTSUKA, S.M. BEHAR?, 1. YANO', D.B. MOODY? and M. SUGITA
(‘Japan BCG Laboratory, “Harvard Medical School.)

Trehalose dimycolate (TDM), also known as cord factor, is a major surface glycolipid of the
cell wall of mycobacteria. Because of its potent biological functions in models of infection,
adjuvancy, and immunotherapy, it is important to determine how its biosynthesis is regulated. We
have shown that glucose, a host-derived product that is not readily available in the environment,
causes Mycobacterium avium to down-regulate TDM expression while up-regulating production of
another major glycolipid with immunological roles in CDl1b-restricted T cell activation, glucose
monomycolate (GMM). In vitro, the mechanism of reciprocal regulation of TDM and GMM
involves competitive substrate selection by antigen 85A, a mycolyltransferase encoded by the fbpA
gene. The switch from TDM to GMM biosynthesis occurs near the physiological concentration of
glucose present in mammalian host. We have further demonstrated that GMM is produced in vivo
by mycobacteria growing in mouse lung. These results establish an enzymatic pathway for GMM
production. More generally, these observations provide a specific enzymatic mechanism for
dynamic alterations of cell wall glycolipid remodeling in response to the transition from
non-cellular to cellular growth environments, including factors that are monitored by the host
immune system. (J. Biol. Chem. 283: 28835, 2008)

2) A novel form of delayed-type hypersensitivity to glycolipids induced by mycobacterial
infection: A. OTSUKA, I. MATSUNAGA, T. KOMORI, K. TOMITA, Y. TODA!, T.



MANABE', Y. MIYACHI' and M. SUGITA ('Graduate School of Medicine, Kyoto
University)

Delayed-type hypersensitivity represents high levels of protein antigen-specific adaptive
immunity induced by mycobacterial infection, and can be monitored in the antigen-challenged skin.
Besides proteins antigens, recent evidence has suggested that a substantial immunity directed
against glycolipid antigens is also elicited in response to mycobacterial infection, but skin
hypersensitivity to this class of antigens has not been fully assessed. To address this issue directly,
glycolipid-specific skin reactions were evaluated in guinea pigs infected with Mycobacterium avium
complex (MAC). Significant skin indurations were observed in MAC-infected, but not
mock-infected, guinea pigs, following intradermal administration of a mixture of MAC-derived
glycolipids. Surprisingly, this glycolipid-specific skin response involved up-regulated expression of
IL-5 mRNA in situ and marked local infiltration of eosinophils. Challenge experiments with
individual glycolipid components detected an outstanding capability for trehalose dimycolate
(TDM), but not a structurally related glycolipid, glucose monomycolate, to elicit the skin response.
T lymphocytes derived from the spleen of MAC-infected, but not uninfected, guinea pigs
specifically responded to TDM in vitro by up-regulating IL-5 transcription, and this response was
not blocked by antibodies that reacted to the known guinea pig group 1 CDI1 proteins. Finally, the
eosinophilic skin hypersensitivity to TDM was also elicited in guinea pigs vaccinated with bacillus
Calmette-Guerin (BCG), which contrasted sharply with the classical delayed-type hypersensitivity
response to the purified protein derivative (PPD) detected in the tuberculin skin test. Therefore, the
TDM-elicited eosinophilic response defines a new form of hypersensitivity in mycobacterial
infection, which may account for local infiltration of eosinophils often observed at the site of
infection. (J. Immunol. 181: 8528, 2008)

3) Antibody responses to the biosynthetic precursor of glycopeptidolipids in
Mpycobacterium avium infection: I. MATSUNAGA, T. KOMORI, A. OCHI, N. MORT'
and M. SUGITA ('Graduate School of Agriculture, Kyoto University)

Glycopeptidolipids (GPLs) comprise a major surface glycolipid of Mycobacterium avium
complex (MAC), and their unique oligosaccharide extensions are known to define MAC serotypes.
Besides the mature form of “serotype-specific” GPLs (ssGPLs), biosynthetic GPL precursors that
share the backbone structure but lack the oligosaccharide extensions exist as abundantly in all MAC
serotypes, but the presumption was that antibody responses might not be directed to these
“serotype-nonspecific” GPLs (nsGPLs) due to the lack of the sugar chain epitope. We have now
showed that IgG responses to nsGPLs indeed occur in MAC-infected guinea pigs. The pool of

anti-nsGPL antibodies was distinct from that of anti-ssGPL antibodies in terms of requirements for



the oligosaccharide and acetylation for their target recognition. Because nsGPLs are shared in
virtually all MAC strains, but totally absent in Mycobacterium tuberculosis, this study suggests that
detecting serum anti-nsGPL antibodies can potentially be useful for differential diagnosis of MAC

infection and tuberculosis. (Biochem. Biophys. Res. Commun. 377: 165, 2008)

4)  Allergic contact dermatitis with mite-derived lipids: N. MORI', I. MATSUNAGA, A.
OTSUKA, D. MORITA and M. SUGITA ('Graduate School of Agriculture, Kyoto
University)

It is clear that lipid-specific immune responses are a critical component for efficient host
defense. On the other hand, undesirable immune responses to lipids may result in tissue damage and
autoimmunity. In collaboration with Dr. Naoki Mori, who previously identified a-acaridial
[2(E)-(4-methyl-3-pentenyl)butendial] as a female sex pheromone from the house dust mite
Tyrophagus putrescentiae, we addressed the possibility that this mite-derived lipid might function
as a haptenic allergen that induced allergic contact dermatitis. Mice sensitized with a-acaridial were
challenged by the same antigen on the ear skin. After 2 days, significant ear swelling with a
prominent infiltration of CD4" T lymphocytes was observed. In vitro, a-acaridial exhibited an
outstanding ability to quickly interact with and chemically modify a reference protein. Virtually all
cysteine residues and a sizable fraction of lysine residues were found to be selectively modified,
suggesting that o-acaridial could potentially interact with any proteins. Previously, numerous
mite-derived proteinaceous allergens have been associated with contact dermatitis. This study now
emphasizes that small lipidic compounds released from mites comprise a new class of mite
allergens, and therefore, is of significant medical implications. (Biochem. Biophys. Res. Commun.
375: 336, 2008)

5)  Guillain-Barre syndrome-associated IgG responses to gangliosides: Y. MATSUMOTO',
N. YUKI' and M. SUGITA ('Dokkyo Medical University School of Medicine)

CD1 molecules present a variety of microbial glycolipids and self-glycolipids to T cells, but
their potential role in humoral responses to glycolipid antigens remains to be established. To
address this issue directly, we used GM1/GDla-deficient mice, which, upon immunization with
heat-killed Campylobacter jejuni, develop Guillain-Barre syndrome-associated IgG antibodies
against the GM1/GD1a sugar chain epitopes of bacterial lipo-oligosaccharides (LOS). We showed
that anti-ganglioside antibodies of the IgGl, IgG2b, and IgG3 isotypes were produced in the
absence of human group 2 CD1 (CDI1d) expression. Unlike mouse and human group 2 CDI1
molecules that specifically bound LOS, none of the group 1 CD1 molecules were capable of

interacting with LOS. Thus, these observations indicated CDl-independent pathways for



anti-ganglioside antibody production. (J. Immunol. 180: 39-43, 2008)

6)  Genes, proteins and function of monkey group 1 CD1: D. MORITA, K. KATOH, I.
MATSUNAGA, T. MIURA', T. IGARASHI' and M. SUGITA ('Laboratory of Primate
Model, IVR)

Despite crucial importance of non-human primates as a model of human infectious diseases,
group 1 CD1 genes and proteins have been poorly characterized in these species. We have now
isolated CDIA, CDIB, and CDIC cDNAs from rhesus macaque lymph nodes that encoded
full-length CD1 proteins recognized specifically by monoclonal antibodies to human CD1a, CDIb,
and CDlc molecules, respectively. The monkey group 1 CDI1 isoforms contained amino acid
residues and motifs known to be critical for intramolecular disulfide bond formation, N-linked
glycosylation, and endosomal trafficking as in human group 1 CD1 molecules. Notably, monkey
CD1b molecules were capable of presenting a mycobacterial glycolipid to human CD1b-restricted T
cells, providing direct evidence for their antigen presentation function. This also detects for the first
time a trans-species crossreaction mediated by group 1 CD1 molecules. Taken together, these
results underscore substantial conservation of the group 1 CDI1 system between humans and rhesus

macaque monkeys. (Biochem. Biophys. Res. Commun. 377: 889, 2008)
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