Immunology 2002 106 159-172

Characterization of guinea-pig group 1 CDI1 proteins
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SUMMARY

CDI1 molecules are cell-surface glycoproteins with strong structural similarities to major
histocompatibility complex (MHC) class I molecules, and studies in humans and mice have
demonstrated that CDI1 proteins perform the unique role of presenting lipid antigens to
T lymphocytes. Our previous studies have shown that guinea-pigs, unlike the muroid rodents,
have an extended family of group 1 CDI1 genes. In the current study, we raised monoclonal
anibodies (mAbs) against guinea-pig CDI1 proteins and generated transfected cell lines
expressing individual members of the guinea-pig CD1 family. Our results indicated that
multiple members of the guinea-pig CD1 family, including members that are homologous to
the human CD1b and CD]c¢ proteins, are expressed at the protein level in transfected cells and
in specialized antigen-presenting cells such as monocyte-derived dendritic cells. In addition,
CD1 proteins, especially guinea-pig CD1b3, were expressed on a large number of B cells
in the guinea-pig, and CDI expression appeared to be regulated by B-cell maturation or
differentiation. Interestingly, three different patterns of intracellular localization were
observed for the various guinea-pig CD1 isoforms, a finding that is reminiscent of the distinct
patterns of intracellular localization that have been previously demonstrated for human
CDla, CD1lb and CDlc. Taken together, these results provide further evidence for
substantial similarities between the guinea-pig and human CDI1 systems, thus supporting the
possibility that the guinea-pig may offer significant advantages as an animal model for the

study of the in vivo role of CDI1 proteins in infectious and autoimmune diseases.

INTRODUCTION

CDI proteins are antigen-presenting molecules that are
required for the recognition of specific lipid and glycolipid
antigens by T cells.! In humans, the CD1 family consists of
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five non-polymorphic genes that map to chromosome 1.2
These genes encode the transmembrane-anchored heavy
chains of five distinct B2-microglobulin (Bf2m)-associated
glycoproteins (designated CDla, CDIlb, CDlc, CDId
and CDle) that bear striking structural similarities to
major histocompatibility complex (MHC) class I antigen-
presenting molecules.>* A substantial body of data has
revealed that three of the human CDI1 proteins (CDla,
CDI1b and CDIc) function as antigen-presenting molecules
for a subset of T cells that responds to specific lipids and
glycolipids found in the cell walls of mycobacteria and
other bacterial pathogens, and also for T cells that
respond to self-glycolipid antigens such as gangliosides.’~®
The ability of CD1 molecules to perform this role is
probably a result of their abilities to act as lipid-binding
proteins, which trap the hydrophobic alkyl portions within
a deep hydrophobic pocket formed by the two membrane
distal domains of the protein.* This leads to the antigenic
lipid being displayed in such a way that its hydrophilic or
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polar head group is accessible for direct interactions with
the T-cell receptors (TCRs) of specific CDIl-restricted
T cells.!->?

Sequence similarity and functional analyses have
suggested that the various human CDI isoforms should
be classified into two groups.’ Thus, CDla, -b and -c are
designated as group 1 CDI1 proteins, whereas the more
divergent CD1d protein is designated as group 2 CD1. This
separation of human CDI1 proteins was first proposed
based on evolutionary considerations from comparison of
sequences from different species, and has subsequently
been reinforced by studies of CDI1 expression and
function.®!® The group 1 CDI proteins show a relatively
restricted pattern of expression on cells of haematopoietic
lineage. They are highly induced on many myeloid lineage
dendritic cells and are expressed on cortical thymocytes
and a subset of B cells (CDIc only), but are absent from
most other bone marrow-derived cells.> Functional studies
suggest that the major role of group 1 CD1 proteins may be
to present specific foreign lipid and glycolipid antigens
for the stimulation of specific T-cell responses.’ In contrast,
the group 2 CDId protein is widely and constitutively
expressed at low levels on most cells of haematopoietic
origin, and has also been identified on several epithelial
cell types.!'"!* So far, CDId has not been convincingly
shown to present lipid antigens from relevant infectious
agents to T cells, although it is known to control the
development and functions of a specific subset of T cells
known as natural killer (NK) T cells, which appear to
mediate considerable immunoregulatory effects on a variety
of immune responses.'* Thus, it appears probable that
group 1 (CDla, CDIb and CDlc) and group 2 (CD1d)
CD1 proteins have distinct roles in host defence.

In order to understand the role of group 1 CD1 proteins
in host immunity, it is necessary to assess the contribution
of these molecules during immune responses in vivo using
an appropriate animal model. Unfortunately, the muroid
rodents (including all strains of mice and rats studied
to date) express only group 2 CDI1 proteins and appear
to have deleted the genes for all known group 1 CDI iso-
forms from their genomes. Therefore, while the mouse is an
excellent animal model system for studies of the function
of group 2 CD1 in vivo, it is useless for evaluation of the
importance of group 1 CDI1 proteins. In contrast, many
other mammals appear to express group 1 CD1 homo-
logues, suggesting that other animal models could poten-
tially be developed to allow the in vivo assessment of these
proteins.'>!% We have previously reported that guinea-pigs,
unlike the muroid rodents, have an extended family of CD1
genes that includes at least seven genes encoding what are
probably evolutionary homologues of two human group 1
CDI proteins, CD1b and CDIc.!” In the current study, we
developed monoclonal antibodies (mAbs) against guinea-
pig CD1 (gpCD1) proteins and provided evidence that all
seven of the apparently intact group 1 CD1 genes of these
animals that we previously identified by cDNA cloning can
be expressed as cell-surface proteins. Importantly, we found
that multiple gpCD1 proteins are highly expressed on
specialized antigen-presenting cells (APC) such as bone

marrow-derived dendritic cells (BM-DC), where they may
serve a function in antigen presentation similar to that
found for the human group 1 CDI1 proteins. We also
demonstrated strikingly different patterns of subcellular
localization for different gpCD1 proteins. This provided a
further parallel with the human group 1 CD1 family, and
gave further support to the hypothesis that these proteins
are individually specialized to survey different intra-
cellular compartments for their lipid antigen content. Our
results should provide a useful foundation for the further
development of the guinea-pig as a uniquely relevant
small animal model for in vivo studies of the functions of
group 1 CDI1 proteins in infectious and autoimmune
diseases.

MATERIALS AND METHODS

Animals

Female Hartley strain guinea-pigs weighing 200-300 g were
purchased from Charles River Laboratories (Wilmington,
MA). Strain 2 guinea-pigs were obtained from the National
Cancer Institute (Frederick, MD) and established as a
breeding colony at our animal facilities. BALB/c mice were
purchased from Charles River. Animals were housed under
specific pathogen-free conditions and all animal experi-
ments were performed according to our institutional
guidelines on animal welfare and humane treatment of
laboratory animals.

Generation of gpCDI transfectants

Cell lines K.BALB (mouse-transformed fibroblast line),
CHO-K1 (Chinese hamster ovary cell line), 104C1 (guinea-
pig fetal carcass-derived fibroblast-like line) and GPC-16
(guinea-pig colonic adenocarcinoma line) were obtained
from the American Type Culture Collection (ATCC,
Manassas, VA). Complementary DNA inserts encoding
the various gpCD1 proteins were cloned from Hartley and
Strain 2 guinea-pig thymocyte cDNA, as previously
reported.!” Full-length CD1 c¢DNAs were directionally
subcloned into the eukaryotic expression vector,
pcDNA3.1, (Invitrogen, Carlsbad, CA) and transfected
into K.BALB, 104Cl1 and GPC-16 cell lines using
Lipofectamine Plus lipofection reagents (Invitrogen), as
described previously.!” Growing cells obtained after selec-
tion with G418 (Geneticin; Invitrogen) were screened by
flow cytometry analysis using the guinea-pig cross-reactive
anti-human CD1b mAb, BCD1b3 (subclone BCD1b3.2,
which produces a mAb identical to that produced by
previously described subclone BCD1b3.1)."® Transfectant
cells expressing gpCD1 were then isolated by sterile sorting
using a FACSort flow cytometer (Becton-Dickinson
Immunocytometry Systems, San Jose, CA) or magnetic
bead positive selection using anti-gpCD1 mAbs and
goat anti-mouse immunoglobulin G (IgG)-coated
magnetic beads (Dynabeads M450; Dynal, Inc. Lake
Success, NY). Subclones of gpCDIl-expressing trans-
fectants were obtained by limiting dilution of sorted bulk
transfectant lines.
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Production of soluble gp CDI1-mouse IgG fusion proteins
Purified gpCD1-mouse immunoglobulin Fc fusion proteins
were used to immunize mice for anti-CD1 mAb production
and as the solid-phase antigen in a screening enzyme-linked
immunosorbent assay (ELISA) for detection of anti-
gpCD1 mAb-secreting hybridomas. Soluble gpCD1-mouse
IgG1 Fc fusion protein cDNA constructs were produced by
fusing the sequence encoding the extracellular ol + 02 + a3
domains of the gpCDI1b3 or gpCDI1b4 proteins to a
sequence encoding the CH2 and CH3 domains of mouse
IgG1 using standard polymerase chain reaction (PCR) and
molecular cloning techniques. To prevent protein aggrega-
tion via a free cysteine normally directed to the immuno-
globulin light chain, the immunoglobulin hinge region was
designed to contain the HA tag peptide and omit this
cysteine. The gpCD1-Fc fusion constructs were subcloned
into expression vector pcDNA3.1 and co-transfected (using
lipofection) into CHO-K1 cells together with the guinea-pig
B2m ¢cDNA in the expression vector pZeo (Invitrogen).
Transfected CHO-K1 cells were grown in AlphaMEM
medium (JRH Biosciences, Lenexa, KS) containing
G418 and Zeocin (Invitrogen) for selection of stably
co-transfected cells. Secretion of gpCDI1-Fc fusion
proteins was detected by performing a standard capture
ELISA on supernatant samples using reagents specific for
mouse IgG. Positive bulk transfectant lines were sub-
cloned by limiting dilution, and subclones secreting
relatively high levels of gpCDI1-immunoglobulin Fc fusion
proteins were selected and expanded. Culture supernatants
containing high levels of CDI1 fusion proteins were
analysed by sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) to ascertain the molecular
weight of the products. The fusion proteins were purified
by MAPS II protein A affinity resin (Bio-Rad, Hercules,
CA). The purified fusion proteins were concentrated
by centrifugation in a 10 K molecular weight cut-off
Centricon-10 concentrator (Millipore, Bedford, MA) and
then dialysed extensively against phosphate-buffered
saline (PBS).

Generation of anti-gpCD1 mAbs

To generate mAbs against gpCDI1, two different immuniza-
tion strategies were successfully employed. Three anti-
gpCD1 hybridoma lines (CD1F2/SE3, CD1F2/6B5 and
CDI1F2/1B12) were produced from BALB/c mice that
were immunized intraperitoneally with irradiated K.BALB
transfectant cell lines expressing either gpCD1b3 or
gpCD1b4 suspended in PBS without adjuvant. The mice
received three such immunizations with transfected
K.BALB cells at 3-week intervals, and then were rested
for 5 weeks following which an intravenous (i.v.) boost with
100 ug of gpCDI1b3-IgG1 fusion protein in saline was
given. One other anti-gpCD1 hybridoma line (CD1.4-1D12)
was produced from pooled spleen cells of mice that were
immunized three times intraperitoneally (i.p.) and intra-
dermally (i.d.) at biweekly intervals with 2-5 ug total of
purified gpCDIbl-murine (m)IgG1 fusion protein, plus
RIBI adjuvant (Corixa, Seattle, WA) and finally boosted
i.v. with 100 ug of gpCD1bl-mlIgGl in saline. Mice were
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killed 48 hr after i.v. boosting, and their spleen cells
were fused with NSO myeloma cells and plated in 96-well
plates according to standard methods for hybridoma
generation.'® Supernatants of the hybridomas were screened
by fluorescence-activated cell sorter (FACS) analysis of
guinea-pig CDI1b3, -b4 and mock transfectant cells or
guinea-pig thymocytes. CD1.4-1D12 was screened by
ELISA and then by FACS analysis of gpCD1 transfectants
or thymocytes. Limiting-dilution cloning of positive hybrid-
omas was performed at least twice to obtain stable lines
secreting mAbs against gpCD1. Anti-gpCD1 mAbs were
purified from culture supernatants of hybridomas grown in
medium supplemented with ultra-low IgG fetal bovine
serum (Hyclone, Logan, UT) by protein G—affinity column
chromatography (Amersham Pharmacia Biotech, Inc.,
Piscataway, NJ).

Antibodies and FACS analysis

In addition to our newly generated mAbs against gpCD1
proteins (CD1F2/5E3, CDI1F2/6B5, CDI1F2/1B12 and
CD1.4-1D12), the following mAbs were obtained from
Serotec Ltd (Raleigh, NC): CT6 (anti-guinea-pig CDS),
CT7 (anti-guinea-pig CD4), Msgp4 (anti-guinea-pig MHC
class 1), Msgp3 (anti-guinea-pig IgG), Msgp9 (anti-guinea-
pig pan-B-cell marker; demonstrated in this study to be
reactive with gpCD1b3) and Cl.13.1 (anti-guinea-pig MHC
class II). A hybridoma line producing mAb IVA12 (anti-
human MHC class II monomorphic determinant, cross-
reactive with guinea-pig MHC class II) was obtained from
the ATCC. The anti-human CD1b mAb BCD1b3 (subclone
BCDIb3.1 or BCDI1b3.2, cross-reactive with gpCDI1
proteins) has been described previously'” and anti-human
CD1b mAbs BCDI1bl, BCD1b2 and BCD1b4 (all mouse
IgGl/k-isotype), were produced using the same methods
used to generate BCD1b3.'® The anti-human CD1d mAb
CD1d69 (subclone CD1d69.4, mouse IgG2a/k) was pro-
duced in our laboratory from the same fusion that generated
a series of previously published anti-CD1d mAbs.'® Other
previously described anti-CD1 mAbs used in the current
study included 7C4 (kindly provided by Drs O. Madjic and
W. Knapp, University of Vienna, Vienna, Austria;*>°), WM-
25 (gift of Dr E. Favaloro, Westmead Hospital, Westmead,
Australia;zl), 20-27 (obtained from The University of
Melbourne, Center for Animal Biotechnology, Victoria,
Australia;*?), CC-20 (kindly provided by C. J. Howard,
Institute for Animal Health, Compton, Newbury,
Berkshire, UK)**** and Fe5.5C1 (kindly provided by
Dr P. F. Moore, University of California, Davis, CA, USA).
FACS analysis was performed as previously described.!’
Briefly, primary antibodies were added to single-cell
suspensions (1 pg/10° cells) for 30 min on ice, washed twice
with FACS buffer [2% fetal calf serum (FCS), 0-01% sodium
azide in PBS] and then incubated with fluorescein
isothiocyanate (FITC)-conjugated goat F(ab’), anti-mouse
1gG/IgM (BioSource International, Camarillo, CA) for
30 min on ice. After staining, cells were analysed with a
fluorescence-activated cell sorter (FACScan; Becton-
Dickinson). Dead cells were excluded by propidium iodide
(Sigma Chemical Co., St Louis, MO) gating.
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Generation of guinea-pig BM-DC

Hartley or Strain 2 guinea-pig femurs and tibias were
isolated aseptically and flushed by syringe with RPMI-1640
(Gibco-BRL, Grand Island, NY), and the mononuclear
cells in the suspension were isolated by centrifugation at
400 g on a layer of density-gradient medium formulated to
a density appropriate for guinea-pig cells (density 1:107),
made by combining 2-5 volumes of Histopaque 1119
(Sigma) and 1 volume of Ficoll Paque Plus (Amersham
Pharmacia Biotech). The isolated mononuclear cells were
cultured at a density of 1x10%ml in a 150-cm® flask in
30 ml of RPMI-1640 supplemented with human granulo-
cyte-macrophage colony-stimulating factor (GM-CSF)
(300 U/ml; PeproTech, Rocky Hill, NJ) and 15% condi-
tioned medium from the guinea-pig JH4 fibroblast cell line
(obtained from the ATCC). After 24 hr, non-adherent cells
were transferred to a new flask. Cultures were fed every
second day by removing 50% of the medium and replacing it
with fresh medium containing GM-CSF. This procedure
allowed depletion of the non-adherent lymphocytes and
other nucleated cells from the starting marrow preparation.
By day 5, aggregates of round adherent cells became visible,
which continued to increase in number and size but
remained firmly adherent until days 8-10, at which point
they became more loosely adherent and could be easily
detached from the surface of the flask. These non-adherent
and loosely adherent cells, representing a population highly
enriched for BM-DC, were collected between days 10 and 14
of culture and used for in vitro studies or cryopreserved.

Isolation of guinea-pig splenic DC (SP-DC)

Spleens from Hartley guinea-pigs or Strain 2 guinea-pigs
were aseptically removed and perfused in a Petri dish with
20 ml of collagenase D solution (100 Mandl U/ml; Roche,
Indianapolis, IN) using a syringe. The collagenase-perfused
spleens were cut into fragments that were gently ground
between the frosted ends of two microscope slides to
produce a single-cell suspension. The connective tissue
fragments of the ground spleen were then redigested with
400 Mandl U/ml of collagenase D (4:5 ml for one spleen)
for 30 min at 37°, and the cells released after this more
vigorous collagenase treatment and moderate agitation
(pipetting) were combined with the first cell suspension. The
pooled cell suspension was then spun down and the cell
pellet resuspended in 60% Percoll (Amersham Pharmacia
Biotech) in PBS and overlaid on 30% Percoll/PBS, and then
centrifuged at 400 g for 20 min at room temperature. The
low density cells from the interface were collected, washed
and resuspended in complete RPMI-1640 containing 10%
heat-inactivated FCS (Hyclone), 2 mm HEPES, 5 x 107> M
2-mercaptoethanol (2-ME), 100 U/ml penicillin G, 100 pg/
ml streptomycin and 2 x 10~ mL-glutamine, and cultured in
a 75-cm® flask for 2 hr at 37° after which non-adherent
cells were removed and discarded. The adherent fraction
was then cultured in complete RPMI-1640 containing 10%
FCS and 300 U/ml of human GM-CSF. After 48 hr, the
SP-DC in these cultures became non-adherent and were
removed with gentle agitation of the culture flask.

Reverse transcription—polymerase chain reaction
(RT-PCR) of gpCDI genes and restriction digest

analysis of PCR products

RNA was extracted from BM-DC or SP-DC using the
S.N.AP.™ Total RNA isolation kit (Invitrogen), and
first-strand ¢cDNA was synthesized using Oligo(dT) and
SuperScript 11 reverse transcriptase (Invitrogen). To amplify
transcripts from all known guinea-pig group 1 CD1 genes,
primers were selected that were complementary to com-
pletely identical regions among all seven group 1 CDI1
genes [5" primer gpl: 5-AACTTCAGCAATGA-3' (base
pairs 223-236 in the ol domain); 3" primer gp2: 5'-
AGGCTTTGGGTAGAA-3" (bp 686-699 in the o3
domain)]. The samples were first denatured at 95° for
3 min and then subjected to PCR amplification for 35 cycles
of 30 seconds at 95°, 1 min at 54° and 1 min at 72°, and a
final cycle of 7 min at 72°. PCR products were purified with
the QIAquick PCR purification kit (Qiagen, Valencia, CA)
and digested with different restriction enzymes, as detailed
in the text. All restriction enzymes were purchased from
New England BioLabs (Beverly, MA). Patterns obtained
by restriction enzyme digestion of PCR products were
visualized on 1-8-2-4% agarose gels following staining with
ethidium bromide and UV transillumination.

Immunohistochemistry

Tissue samples were mounted in optimal cutting tempera-
ture (OCT) compound (Tissue-Tek, Torrance, CA), frozen
in liquid nitrogen, and stored at — 80°. Frozen tissue
sections (5-um thick) were fixed in acetone for 10 min, air-
dried and stained by an indirect immunoperoxidase method
using avidin-biotin—peroxidase complex (Vector Labora-
tories, Burlingame, CA) and 3-amino-9-cthylcarbazole
(Sigma) as the chromogen.

Immunofluoresence microscopy

104C1 cell transfectants expressing different gpCD1 iso-
forms were grown for 48 hr on glass coverslips to allow
attachment and spreading, and then fixed with 3-7%
paraformaldehyde and permeabilized with 0-2% saponin/
5% donkey serum (Jackson Immunoresearch Laboratories,
West Grove, PA) in PBS (permeabilization buffer). The
coverslips were then incubated with primary mAbs (anti-
gpCD1 or non-specific control mouse IgG antibodies),
followed by FITC-labelled donkey anti-mouse IgG in
permeabilization buffer. Cover slips were mounted for
observation on glass slides in Vectashield mounting medium
(Vector Laboratories) as an anti-fading agent.

RESULTS

Generation of mAbs against gpCD1 proteins and gpCD1
transfectant cells

To raise a panel of mAbs that would enable us to detect all
of the known group 1 CDI1 isoforms expressed in the
guinea-pig, we first generated gpCD1 transfectant cells in
K.BALB and soluble gpCDI1-Fc fusion proteins. We were
able to detect the gpCD1b3- and gpCD1b4-transfected cells
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by flow cytometry using anti-human CD1b mAb BCD1b3,
which we previously showed (by FACS and immunopre-
cipitation) to be cross-reactive with a subset of CDI1
proteins expressed on guinea-pig thymocytes.!” Using the
K.BALB murine cell transfectants and gpCD1b3-Fc¢ and
gpCD1b4-Fc fusion proteins constructed with the mouse
IgG1 constant-region domains, we were able to develop
effective strategies for immunization of BALB/c mice that
facilitated the selective production of antibodies against
gpCD1 proteins. Fusions of spleen cells from these
immunized mice with non-secreting NSO myeloma cells
led to the isolation of four new hybridoma cell lines that
secreted mAbs reactive with gpCD1 proteins (CD1F2/5E3,
CDI1F2/6BS5, CD1F2/1B12, CD1.4-1D12). Using these new
mAbs, we were then able to identify the expression of each
of the known forms of group 1 gpCD1 proteins following
the transfection of expression constructs containing cDNAs
encoding these proteins into guinea-pig cell lines 104C1 and
GPC16, including several gpCD1 proteins that could not be
clearly detected using mAb BCD1b3. As shown in Fig. 1,
mAb CD1F2/6B5 proved to be reactive with transfectants
expressing all of the known group 1 gpCD1 family genes,
whereas mAb BCDI1b3 detected only gpCD1b2, -b3, -c3,
-b4 and, very weakly, gpCDlcl. Thus, based on the
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Figure 1. Fluorescence-activated cell sorter (FACS) analysis of
guinea-pig CD1 (gpCD1) transfectant cells. Guinea-pig cell line
104C1 was transfected with cDNAs encoding each of the indicated
isoforms of gpCDI1 in vector pcDNA3.1, or with an empty vector
alone (mock). Transfectant cells were first stained with CD1F2/6B5
[anti-pan gpCD1 monoclonal antibody (mAb)], BCDI1b3 (anti-
human CDIb), Msgp9 (anti-gp-pan B-cell mAb, specific for
gpCD1b3) or an isotype-matched non-binding control mAb [P3,
murine immunoglobulin G1 (mIgG1)]. Subsequently, the cells were
stained with an anti-mouse IgG/IgM conjugated to fluorescein
isothiocyanate (FITC) as a secondary reagent. Control mAb P3
staining is shown as unfilled histograms, and the filled histograms
represent staining with the indicated specific mAbs.
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reactivity of mAb CD1F2/6BS5 with our panel of transfected
104C1 cells, we concluded that all of the previously cloned
guinea-pig group 1 CD1 sequences, excluding those known
to have obvious pseudogene features,'” can be expressed as
proteins at the cell surface.

Using the collection of transfected cell lines expressing
the various group 1 gpCDI1 proteins, we determined the
pattern of reactivity of each of the newly derived anti-
gpCD1 mAbs and also for a collection of previously
published antibodies with known specificity for CDI1
proteins of humans or other mammals that were found to
cross-react with gpCD1 proteins. As summarized in Table 1,
three general patterns of reactivity were observed. As
mentioned above, mAb CDI1F2/6BS5 was unique in that
it was reactive with all of the gpCDI1 proteins tested
(‘pan-gpCD1°). In contrast, four mAbs were found to
recognize only a single form of gpCDI. These were:
CD1.4-1D12, which recognized gpCD1b1; CD1d69, which
recognized gpCD1b4; and Msgp9 and WM-25, which were
both specific for gpCD1b3 (Table 1 and Fig. 1). The
remainder of the mAbs reacted with two or more, but
not all, of the group 1 gpCDI proteins, in some cases
showing a preference for CDIlb-like (e.g. BCDIb2,
BCDI1b4) or CDlc-like (e.g. Fe5.5C1) isoforms. We also
tested the cross-reactivity of the four newly derived anti-
gpCDI1 mAbs against human CDla, -b, -¢c and -d using
transfected C1R B-lymphoblastoid cells expressing each of
these proteins (data not shown). CDI1F2/5E3 detected
human CDla weakly, bound strongly to human CDI1b
and CDlc, but showed no reactivity with human CDI1d.
CDIF2/1B12 could only detect human CDlb, and sur-
prisingly, CD1F2/6B5 (which detected all forms of gpCD1
tested) did not bind detectably to any human CD1 isoforms.

Tissue distribution of gpCD1 proteins

The availability of a large panel of mAbs with defined
specificities for various gpCD1 proteins allowed us to
examine the patterns of cellular expression and tissue
distribution of these proteins. Flow cytometry of guinea-pig
thymocytes revealed that all of the antibodies reacted with
gpCDI1 proteins expressed on the surface of these cells
(Fig. 2, and additional data not shown). The gpCDlI
proteins expressed by thymocytes probably include
gpCDI1bl and gpCDI1b3, based on staining and FACS
analysis with mAbs CD1.4-1D12 and Msgp9, respectively
(Fig. 2). The mean fluorescence intensity values for
thymocytes stained with mAb CD1.4-1D12 were lower
compared to those observed with CD1F2/6B5 or Msgp9,
suggesting that the cell-surface expression level of gpCD1bl
on these cells may be relatively low compared to other
gpCD1 isoforms. Staining of peripheral blood mononuclear
cells (PBMC) and splenocytes with mAb Msgp9 showed
expression by a subset of cells that was consistent with the
proportion of B lymphocytes present in those cell suspen-
sions (Fig. 2), supporting previous suggestions that the
molecule recognized by Msgp9 is expressed on most or all B
cells. The percentage of Msgp9-positive cells in spleen cell
suspensions was almost identical to the percentage of cells
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Table 1. Specificity of monoclonal antibodies (mAbs) against guinea-pig CD1 proteins

Guinea-pig CDI isoforms

mAbs Derived against bl b2 b3 b4 cl c2 c3
CDI1F2/5E3 Guinea-pig CD1 — + ++ + ++ 4+ +
CDI1F2/6B5 Guinea-pig CD1 + ++ ++ + ++ ++ +
CD1F2/1B12 Guinea-pig CD1 — ++ ++ ++ — — +
CDI1-4-1D12 Guinea-pig CDI1 + - — — — — _
Msgp9 Guinea-pig CD1 — — +4 — - — _
7C4 Human CDI1b — + + — — _ _
WM25 Human CDI1b - — +4+ — — — _
BCDIbl Human CDI1b — — ++ + - — _
BCDI1b2 Human CD1b — ++ ++ ++ — — +
BCDI1b3 Human CD1b - ++ ++ ++ + — +
BCDI1b4 Human CD1b — ++ ++ — — — _
CD1d69 Human CD1d — - — + ~ ¥ — — _
20-27 Sheep CD1 — - ++ ++ + — _
CC-20 Cow CD1 - ++ + ++ — — _
Fe5-5C1 Feline CD1 — - +4+ + ++ 4+ +

New mAbs generated in this study and mAbs against CD1 of human or other species were tested for their reactivity with guinea-pig CD1 (gpCD1)
proteins using transfectants of guinea-pig cell lines 104C1 and GPC-16 expressing individual isoforms of gpCDI. All mAbs were mouse
immunoglobulin G (IgG) and were detected with anti-mouse IgG/IgM-conjugated to fluorescein isothiocyanate (FITC) as a secondary reagent.
Symbols signify the following: ‘—’, no reactivity above the level of isotype-matched non-binding control antibody; ‘ +°, weak but significant shift from
isotype-matched control antibody; ‘+’, positive staining with a mean fluorescence intensity (MFI) of 10-100; 4+, strong staining with a MFI of

>100.

*gpCD1b4 expression detected by CD1d69 was “+ in GPC-16 cells transfected with gpCD1b4 and “+’ in 104C1 transfectant cells.

CD1.4-1D12

- -

Figure 2. Fluorescence-activated cell sorter (FACS) analysis of
CDI1 expression on guinea-pig leucocyte suspensions. Peripheral
blood mononuclear cells (PBMC), thymocytes and spleen cell
suspensions obtained from normal adult Strain 2 guinea-pigs were
stained with Msgp9 [anti-guinea-pig (gp)CD1b3], CD1.4-1D12
(anti-gpCD1bl) or isotype-matched control monoclonal antibody
(mADb) [P3, murine immunoglobulin G1 (mIgG1)], and detected
with an anti-mouse IgG/IgM conjugated to fluorescein iso-
thiocyanate (FITC). Control mAb P3 staining is shown as unfilled
histograms, and the filled histograms represent staining with the
indicated specific mAbs.

positive for the pan-gpCDIl-reactive mAb, CD1F2/6BS5.
Using the CD1.4-1D12 mAb, gpCD1b1 expression was not
detected by FACS of splenocytes, suggesting that this
gpCD1 isoform may be excluded from B cells. CD1d69
stained thymocytes but did not detectably stain either

PBMC or spleen cells, indicating the absence or low
expression of gpCD1b4 in these latter two cell populations
(data not shown).

Expression of gpCD1 proteins by dendritic cells

In humans, group 1 CDI1 proteins are highly expressed by
myeloid DCs in a variety of different tissues, including
dermal DCs, interdigitating cells in lymphoid tissues and
epidermal Langerhans’ cells.® This prominent expression by
specialized APC is consistent with the view that group 1
CDI1 proteins are involved in the stimulation of antigen-
specific T cells for the generation of adaptive immune
responses and immunological memory against lipid antigens
of microbial pathogens. It was therefore of interest to
determine whether the guinea-pig group 1 CDI1 proteins
would also show this pattern of strong upregulation on
specialized APC such as BM-DC and SP-DCs. This was
initially evaluated by isolating DCs and DC precursors from
bone marrow or spleen and culturing these in the presence
of recombinant GM-CSF, a cytokine that has been found to
be central to the growth and differentiation of myeloid DCs
in both humans® and mice.?® As guinea-pig GM-CSF has
not yet been characterized and cannot be obtained in
purified form, we first tested whether human recombinant
GM-CSF could stimulate myeloid cell precursors from
guinea-pig bone marrow. As shown in Fig. 3(a), we
found that human GM-CSF stimulated proliferation of
cultured guinea-pig bone marrow cells, as measured by
tritiated thymidine incorporation. In addition, GM-CSF
significantly upregulated both CD1 and MHC class 11
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expression in these cultures, indicating that human
recombinant GM-CSF can cross-react with GM-CSF
receptors expressed by guinea-pig bone marrow cells and
induce their differentiation into DCs in a manner similar to
that described for humans and mice.

Based on these results and the methods described in the
literature for derivation of DCs from bone marrow of
mice®® and rat,”’ we established a culture system for the
production of myeloid-lineage DCs from guinea-pig bone
marrow. These in vitro-cultured BM-DCs showed a
morphology characteristic of cultured murine or human
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DCs (data not shown) and expressed high levels of MHC
class IT and CD1 molecules on their surfaces (Fig. 3c). Based
on staining with the panel of anti-CD1 mAbs, it appeared
that gpCD1b3 and gpCD1b4 were strongly expressed on
cultured guinea-pig BM-DCs, while gpCD1bl expression
was low or undetectable. Expression of other isoforms of
gpCDI1 could not be determined because of the lack of
monospecific mAbs against these proteins. To confirm and
extend these results obtained with BM-DCs, we also
analysed DCs isolated from the guinea-pig spleen by
collagenase digestion followed by Percoll gradient separa-
tion and short-term culture in medium supplemented with
GM-CSF.?® Similar, high expression of CD1 molecules and
MHC class II were found on SP-DCs. Interestingly, the
patterns of group 1 CD1 expression observed for BM-DCs
and SP-DCs, although very similar, were not identical as
staining with mAb CD1d69 (anti-gpCD1b4) was clearly
observed on BM-DCs but not on SP-DCs. This observation
provides the first evidence to our knowledge of differential
regulation of group 1 CDI isoforms on subsets of DCs of
different tissue origin in the guinea-pig, a feature that has
been previously documented for human group 1 CDI
expression.’

Because of the limitations of FACS analysis using the
currently available panel of anti-gpCD1 mAbs to identify
individual gpCD1 isoforms, we also developed a method
based on RT-PCR amplification of CDI1 transcripts
coupled with restriction endonuclease digestion to analyse
the expression of specific CD1 isoforms. CD1 transcripts
were amplified by RT-PCR using a pair of universal
primers complementary to all known group 1 gpCDI1
transcripts. After purifying the RT-PCR products (477 bp),
we performed restriction digests, using a panel of restriction
enzymes, to generate patterns of DNA fragments that could
be correlated with the expression of individual group 1
gpCD1 isoforms. As summarized in Table 2, digestion of the
477-bp product with a panel of nine restriction endonu-
cleases was predicted to generate distinct patterns of DNA

Figure 3. Expression of guinea-pig CD1 (gpCD1) proteins on bone
marrow-derived dendritic cells (BM-DCs). (a) Bone marrow cell
cultures from normal adult guinea-pigs were harvested on day 4 and
reseeded in 96-well plate wells (at 1x 10° cells/well) in medium
containing different doses of human granulocyte-macrophage
colony-stimulating factor (GM-CSF) and cultured for a further
3 days. The proliferative responses were determined by incorpora-
tion of [*H]thymidine. (b) Bone marrow cells were cultured in the
presence or absence of human GM-CSF for 3 days in 24-well plates
and the effect of GM-CSF on the induction of CDI1 and major
histocompatibility complex (MHC) class II expression was
determined by fluorescence-activated cell sorter (FACS) analysis
using anti-gpCD1 monoclonal antibody (mAb) or anti-class 11
mAbs (CL.13.1). (¢) FACS analysis of BM-DCs and splenic DCs
from normal adult guinea-pigs. BM-DCs harvested on day 14
or splenic DCs harvested 48 hr after isolation were stained with
the indicated mAbs against guinea-pig MHC class 11 or gpCDI1
proteins. Control mAb P3 staining is shown as unfilled histograms,
and the filled histograms represent staining with the indicated
specific mAbs.
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Table 2. Restriction enzyme digestion patterns predicted for reverse transcription—polymerase chain reaction (RT-PCR) products for each
guinea-pig CD1 (gpCD1) isoform

Guinea-pig CDI isoforms

Restriction

endonuclease bl b2 b3 b4 cl c2 c3
None 477 477 477 477 477 477 477
Sall - - - - 430/47 430/47 430/47
Styl 247/230 - 391/86 - - 292/185 -
Stul - 394/83 - - - 259/218 -
Xbal - - - 246/231 - - -
Xhol - - - - 420/57 420/57 -
Dral - - - - - - 295/182
Kpnl - 243/234 - - - - -
EcoRV - 334/143 288/189 - - - -
HindIll - 313/164 313/164 - - 313/164 -

Transcripts corresponding to all isoforms of gpCD1 genes could be amplified by PCR with equal efficiency using the universal gpCD1 primers to
yield PCR products of 477 bp. From the nucleotide sequences of each isoform, digestion patterns for PCR products corresponding to each isoform of
gpCD1were predicted as shown (numbers indicate fragment length in base pairs). For example, Dral digests only the PCR product from gpCD1c3
(295 and 182 bp fragments), and will not digest the PCR product corresponding to other known gpCD1 isoforms. These predicted restriction enzyme
digestion patterns were each confirmed by actual digestion of PCR products generated by using plasmids containing cDNA inserts for each isoform of

all seven known group 1 gpCDI1 genes as templates.

fragments for each of the seven group 1 CDI isoforms. In
most cases, these patterns were sufficiently different to
be distinguished using agarose-gel electrophoresis and
ethidium bromide staining of the digested PCR products.

To validate this approach experimentally, we first
confirmed that the universal primers amplified all the
isoforms of gpCD1 genes equally by using plasmids
containing the cloned gpCD1 ¢cDNAs in vector pcDNA3
as templates. This produced strong PCR products consis-
tent with the predicted size of 477 bp in all cases (data not
shown). These PCR products were then digested with the
nine restriction enzymes listed in Table 2 and subsequently
analysed by agarose-gel electrophoresis. Figure 4(a) shows
a representative example of the restriction digestion patterns
obtained using the enzyme Stul, which cleaved only
gpCD1b2 and gpCD1c2 products, yielding unique patterns
of DNA fragments for these two CDI1 isoforms. Similar
preliminary studies confirmed that each of the restriction
enzymes listed in Table 2 generated DNA fragments of sizes
consistent with the patterns predicted on the basis of the
known sequence information (data not shown).

We applied this method for distinguishing transcripts of
specific gpCD1 genes to the analysis of mRNA extracted
from guinea-pig BM-DCs or SP-DCs. The RT-PCR
reactions using universal gpCD1 primers generated PCR
products of expected size (477 bp) from cDNA templates
prepared from RNA extracted from both types of DCs. As
shown in Fig. 4(b), restriction enzyme digestion of these
products allowed the specific detection of transcripts
corresponding to four different gpCDI1 isoforms. Thus,
Kpnl digestion of PCR products from BM-DCs and SP-
DCs showed two bands — one of 477 bp (undigested) and
one of =230-240 bp (consistent with a doublet of 243/
234 bp) - specifically indicating the presence of transcripts
encoding gpCD1b2. Similarly, digestion patterns obtained

using Xbal, Styl and Dral provided evidence for expression
of gpCD1b4, gpCD1c2 by both types of DCs and expression
of gpCDI1c3 by BM-DCs. In contrast, bands indicating
the presence of gpCDI1bl were not detected in the Styl
digest, consistent with the extremely low or absent
expression of this isoform by DCs that was observed by
FACS (Fig. 3c).

A summary of the detection of specific isoforms of
gpCD1 by the FACS staining and RT-PCR methods is
shown in Table 3. For the three gpCD1 isoforms that could
be individually detected with both of these methods
(gpCD1bl, gpCD1b3 and gpCD1b4), there was only partial
concordance in the expression at the RNA versus protein
levels. Thus, SP-DCs were negative for CD1d69 (anti-
gpCD1b4), but showed an RT-PCR/restriction digest
pattern consistent with gpCD1b4 mRNA expression. In
addition, RT-PCR/restriction digest pattern analysis did
not detect gpCD1b3 mRNA from either DC preparation,
but both were stained with mAb Msgp9, which our initial
studies indicated to be monospecific for gpCD1b3 (Table 1).
These findings suggest that mRNA and protein levels may
not always be tightly correlated for certain gpCD1 proteins,
although further investigations are being undertaken to
determine the precise explanations for these discrepancies.
Nevertheless, the combined analysis provides a strong
indication that multiple specific isoforms of gpCDIb and
gpCDlc proteins are probably expressed by various DC
subsets in the guinea-pig.

In situ tissue expression of gpCD1 proteins on
dendritic cells and B lymphocytes

A subset of anti-gpCD1 mAbs was found to stain
specifically when used for immunohistochemical analysis of
frozen tissue sections by the immunoperoxidase method,
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Figure 4. Detection of guinea-pig CD1 (gpCD1) gene usage in
splenic dendritic cells (SP-DC) and bone marrow dendritic cells
(BM-DC) by reverse transcription—polymerase chain reaction
(RT-PCR) and restriction enzyme digestion pattern analysis. (a) A
representative example of a restriction enzyme digestion that distin-
guishes different isoforms of gpCDI1. Polymerase chain reaction
(PCR) products produced using pcDNA3 plasmid constructs
containing each isoform of the gpCDI1 gene were digested with
Stul and run on a 2-4% agarose gel. As predicted in Table 2, Stul cut
only the gpCD1b2 and gpCD1c2 PCR products to yield fragments of
the predicted sizes. Numbers on the left indicate molecular weight
(MW) standards in base pairs (bp), and numbers on the right indicate
the sizes of the various bands visualized on the gel. The 477-bp band
corresponds to the undigested PCR products. (b) Restriction enzyme
digestion patterns of RT-PCR CDI gene products from BM-DCs
and SP-DCs. RNA was extracted from bone BM-DCs and SP-DCs,
and RT-PCR analyses were performed using the universal gpCD1
primers. The resulting gpCD1 PCR products were purified and
digested with the different restriction enzymes indicated, and the
restriction digests were resolved on 2-4% agarose gels with ethidium
bromide staining. The undigested PCR products have a size of
477 bp, and smaller fragments indicated cleavage by the restriction
endonuclease. Sizes of the restriction fragments and the gpCD1
isoforms that these correspond to are indicated on the right.
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Table 3. Summary of guinea-pig CDI1 (gpCD1) isoforms detected
by reverse transcription—polymerase chain reaction (RT-PCR) and
fluorescence-activated cell sorter (FACS) analysis on bone marrow-
derived dendritic cells (BM-DC) and splenic dendritic cells (SP-DC)

Guinea-pig CDI isoforms

Cell Method of

type detection bl b2 b3 b4 cl 2 3

BM-DC RT-PCR ND + ND + ? + +
FACS + ? + + ? ? ?

SP-DC  RT-PCR ND + ND + ? + ND
FACS ND ? + ND ? ? ?

‘+” indicates specific detection of the indicated isoform (‘+’ for
FACS indicates only weak detection on a minority of cells in the
sample); ‘ND’ indicates ‘not detected’ (i.e. below the level of detection
for the method); and “?” signifies the lack of a method to specifically
detect the indicated isoform.

and this approach was used to study the distribution of
group 1 gpCDI1 protein expression in tissues in situ.
Prominent expression was revealed of gpCDI1 proteins on
dermal DCs, including CDI1F2/6B5 (anti-pan-gpCD1)
staining of trunk skin (Fig. 5a) and CD1d69 (anti-
gpCD1b4) staining of the superficial dermal layers in the
ear (Fig. 5b). These results indicate that dermal DCs in
the guinea-pig express gpCDI1b4 and potentially other
group 1 gpCDI1 isoforms. Together with our analysis of
in vitro-cultured DCs from bone marrow and spleen, these
results indicated that guinea-pig group 1 CDI1 proteins are
highly expressed on specialized APC, suggesting a similar
pattern of expression and potential role in antigen
presentation, as previously established for the human
group 1 CDI family.

We also used immunohistochemistry to assess the
pattern of gpCD1 expression in situ in the spleen and
lymph node. As shown in Fig. 5(c) to Fig. 5(e), serial frozen
section of spleen stained with anti-pan-gpCD1 (CDI1F2/
6B5, Fig. 5d) or anti-guinea-pig IgG (Msgp3, Fig. Se)
indicated prominent expression of gpCDI1 proteins on
splenic B cells. Guinea-pig CDI1 proteins were highly
expressed on B cells in the peripheral corona of the B-cell
areas and the marginal zone, and weakly expressed on
germinal centre B cells. This was further suggested by
discrepancies in the staining patterns of lymph node
obtained with anti-pan-gpCD1 and anti-guinea-pig IgG,
as the latter stained most strongly in the lymph node
germinal centres where anti-gpCD1 staining was relatively
weak (Fig. 5g, 5h). Similarly, the antigen recognized by
mAb Msgp9 (probably gpCD1b3) has been reported to be
expressed highly on B cells in the B-cell corona but weakly
on germinal centre B cells,” suggesting that expression of
gpCDI1b3 and potentially other group 1 gpCDI proteins
may be regulated on B cells by their state of differentiation
or activation. A similar mechanism has been proposed in
humans and mice, based on the selective expression of
human CDIc by mantle zone B cells*® or increased CD1d

expression on murine marginal zone B cells.3!*
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Lymph node
(200X)

Figure 5. Immunohistochemical analysis of guinea-pig CD1 (gpCD1) proteins in tissue. (A) and (B) Frozen sections of trunk
skin (A, x 400 magnification) and ear (B, x 200 magnification) were stained with anti-pan gpCD1 monoclonal antibody (mAb)
(CDI1F2/6B5) or CD1d69 (anti-gpCD1b4), respectively. e, epidermis; d, dermis; c, cartilage; arrowheads show representative
gpCD1-positive dendritic cells (DCs) that are abundant in the dermal layer. (C) to (H) Frozen serial sections of spleen (C), (D)
and (E) or lymph node (F), (G) and (H) were stained with anti-pan gpCD1 mAb (CD1F2/6B5) or anti-gp IgG (Msgp3).
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Intracellular distribution of gpCD1 proteins

The cytoplasmic tails of several CD1 molecules, including
human CDI1b and CDIlc, and both mouse and human
CDI1d, have been shown to contain a tyrosine-based
targeting motif (YXXZ, where Y =tyrosine, X =any amino
acid and Z=an amino acid with a bulky hydrophobic
side-chain) that is important for their endosomal target-
ing.**** Human CD]a lacks this YXXZ-targeting motif and
remains primarily surface localized, whereas CD1b pos-
sesses the YXXZ motif and shows strong steady-state
localization to endosomes.™>¢ Recent investigations on
CDlc revealed that it is localized mainly to early and late
endosomes, whereas CDI1b is also directed to lysosomal
compartments and MHC class II-containing compartments
(MIICs) in APCs.*” The different patterns of subcellular
localization of the various CD1 isoforms have led to the
hypothesis that each member of the CDI1 family may be
specialized for sampling of lipid antigens that accumulate
in different intracellular compartments.>*® This has been
proposed as one of the factors that may explain the
diversification of CD1 proteins into a multigene family of
distinct isoforms.

As previously reported by us, the gpCD1b3 cytoplasmic
domain, like human CDla, lacks the YXXZ targeting
motif, while all other group 1 gpCD1 proteins possess this
endosomal targeting motif.'” This suggested that the
different group 1 gpCD1 isoforms may show different
steady-state localizations in cells, perhaps reflecting the
specialized functions of the various isoforms. To assess this
possibility, we analysed the intracellular localization of each
gpCD1 protein in transfected cell lines that each expressed a
single isoform. A survey of all seven of the known group 1
gpCD1 proteins by immunofluorescence microscopy fol-
lowing staining of permeabilized 104C1 transfectant cells
with anti-gpCD1 mAb (CDI1F2/6B5, CDI1F2/1B12 and
CDI1F2/5E3), revealed three distinct patterns of intracel-
lular localization (Fig. 6). As predicted, gpCD1b3, which
lacks a YXXZ targeting motif, showed a strong cell-surface
staining pattern which closely resembled that previously
demonstrated for human CDla.*®> In marked contrast,

(a) gpCD1 bt

(b) gpCD1 b3

gpCDI1b4, -b2, -c2, and -c3, all of which contain YXXZ
sequences in their cytoplasmic tails, showed weak cell-
surface but striking punctate intracellular staining, consis-
tent with a prominent accumulation in endosomes, as
previously found for CDI1 proteins that possess YXXZ
targeting motifs (Fig. 6, and data not shown). Surprisingly,
gpCD1bl showed a clear reticular staining pattern that is
typical for proteins which are mainly localized to the
endoplasmic reticulum (ER), despite the fact that this
molecule contains a cytoplasmic tail YXXZ motif and does
not appear to have an identifiable ER retention or retrieval
motif. These results suggest that the various members of the
gpCD1 family, as for the human CD1 family, have evolved
to have differences in subcelluar localization and intra-
cellular trafficking that may allow the lipid antigen content
of different compartments to be sampled and subsequently
presented to T cells.

DISCUSSION

In this study we have provided several lines of evidence
to demonstrate that the multiple group 1 CDI1 proteins
encoded in the genome of the guinea-pig are expressed as
proteins in a cell type-specific manner consistent with their
proposed role as antigen-presenting molecules. Our results
showed that various gpCD1b and gpCDlc isoforms are
expressed by specialized APCs. Thus, in addition to the
prominent expression of at least one gpCD1 protein on B
lymphocytes (gpCD1b3), we obtained evidence confirming
that multiple gpCD1 isoforms are expressed by DCs
cultured from spleen or bone marrow in vitro, and probably
also on DCs that are normally present in tissues such as
the skin. These results are consistent with the proposed
immunological functions of these proteins in T-cell
recognition of foreign lipid antigens and provide a
foundation for further studies to develop the guinea-pig
as a small animal model for studies of the in vivo functions
of group 1 CD1 molecules.

Although some isoforms of gpCDI, such as gpCDI1bl
and -b3, could be detected by mAbs that appeared to be
monospecific for these isoforms, we could not unequivocally

(c) gpCD1 b4

Figure 6. Intracellular localization of guinea-pig CD1 (gpCD1) proteins. Transfectants of guinea-pig cell line 104C1 expressing
gpCD1bl, -b3 or -b4 were grown on cover slips, fixed, permeabilized and stained with anti-gpCD1 monoclonal antibody
(mAD) (gpCD1bl, -b3: mAb CD1F2/6B5, gpCD1b4: mAb CD1F2/1B12). Binding of the anti-gpCD1 mAb was detected with
fluorescein isothiocyanate (FITC)-conjugated donkey anti-mouse immunoglobulin G (IgG).
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determine the gpCDI1 gene usage by the various cell
populations that we examined by analysis with combina-
tions of mAbs alone. Thus, we developed a strategy using
RT-PCR combined with restriction enzyme digestion as an
additional approach to study the pattern of gpCD1 gene
usage by particular cell populations of interest, such as
BM-DCs or SP-DCs. This allowed us to gain further insight
into the expression pattern of the complex family of group 1
CDI1 genes in the guinea-pig and provided evidence for
expression, at the transcriptional level, of at least two
CDlb-like (gpCD1b2 and -b4) and two CDlc-like
(gpCD1c2 and -c3) molecules on guinea-pig bone marrow
and spleen-derived DCs.

One hypothesis that has been proposed to explain the
presence of multiple isoforms of CD1 in humans is that
these related, but distinct, molecules are each specialized to
efficiently sample the lipid antigen content of different
compartments within the APC.** This concept has recently
gained support from studies carried out on human group 1
CD1 proteins in vitro. The human CDI1b protein, for
example, has been shown to traffic to late endosomes,
co-localizing with MHC class IT and HLA-DM molecules.>®
This was shown to be dependent upon the presence of an
intact YXXZ endosomal-targeting motif. In contrast,
human CDla lacks the YXXZ motif and shows sub-
stantially lower steady-state accumulation in endosomes,
suggesting that human CDla and CDI1b are directed to
different compartments for antigen loading and mediate
distinct pathways for antigen presentation.®> A similar
argument has been put forth for human CDlc, which
appears to localize in a broad subset of endosomes
that overlaps partially, but not completely, with the
compartments in which CD1b accumulates.®’

In the current study, we found similar indications that
the gpCD1 proteins may have diverged from each other to
some extent with regard to their intracellular trafficking and
localization properties. Six of the seven known group 1
gpCD1 proteins also possess a YXXZ endosomal-targeting
motif in their cytoplasmic tails, and examination of the
intracellular localization of five of these showed that all had
a prominent intracellular steady-state accumulation. For
four proteins (gpCD1b2, -b4, -c2 and -c3), the pattern of
intracellular accumulation was similar to that observed
previously for human CD1b, and was clearly consistent with
prominent endosomal localization. Whether or not these
four endosomally targeted isoforms display subtle differ-
ences in the particular endosomal compartments to which
they traffic, as found to be the case for human CD1b and
CDlc, will require further studies with detailed character-
ization of co-localizing endosomal markers. An unexpected
finding of these studies was the observation that gpCD1bl,
which has a typical YXXZ motif and no other intracellular
targeting signal that we could identify, showed a unique
pattern of intracellular localization that was consistent with
marked retention in the ER. This preferential accumulation
of a CDI1 protein in the ER, if it is confirmed to be a
consistent feature of gpCD1bl when expressed in normal
cells, is to our knowledge unprecedented. Although direct
studies of T-cell recognition of antigens presented by this

molecule will be needed to determine whether this unusual
intracellular localization is relevant to the function of
gpCD1bl, it is interesting to speculate that such a pattern of
localization could reflect a major role for this CD1 molecule
in surveying the lipid content of the ER.

The gpCD1b3 protein was also unique among the group
1 gpCD1 family in that this protein lacks the critical YXXZ
endosomal-targeting motif at the C-terminus. Examination
of the subcellular localization of gpCD1b3 revealed
prominent expression on the cell surface with relatively
little intracellular accumulation. This pattern is essentially
identical to human CDla, which also lacks the YXXZ
motif. We speculate that, as shown for human CDla in
antigen presentation studies in vitro, the gpCD1b3 molecule
may be specialized for presentation of lipid antigens that
are found at the plasma membrane or in the early
recycling endosomal compartments.>>* Overall, our find-
ings on the subcellular localization of the gpCD1 isoforms
suggest that the multiple gpCDI1 isoforms may have
evolved for the purpose of providing antigen-presenting
molecules that are specialized to efficiently sample the lipid
antigen content of different intracellular compartments,
as has been suggested to be the case for the human CDI
family. Therefore, the multiple CD1b and CDlc isoforms
in the guinea-pig may provide an excellent model in which
to further study both in vitro and in vivo this proposed
functional specialization of the individual group 1 CDI1
isoforms.

One of the notable findings in this study was the high
level of CDI1 expression by a large proportion of B cells.
Through our analysis of gpCD/1-transfected cells, we found
that the anti-pan guinea-pig B-cell mAb, Msgp9, actually
recognized the gpCDI1b3 protein. Subsequent detailed
analysis revealed that most B cells in the spleen or blood
were also positive for staining with our anti-pan
gpCD1 mAb, CD1F2/6B5. Immunohistochemistry showed
that gpCD1 proteins were expressed highly in the B-cell
areas of the spleen and lymph nodes, in addition to scattered
staining suggestive of expression by interfollicular DCs. In
humans, CDIc is expressed on some B-cell populations,
such as circulating B cells (especially in newborns and
infants),* mantle zone B cells of the tonsil and lymph nodes,
and the marginal zone B cells of the spleen.’®*" Similarly,
expression of gpCD1 proteins is differentially regulated on
different B-cell subsets, as we found gpCD1 to be highly
expressed on mantle zone and splenic marginal zone B cells,
but only weakly expressed on germinal centre B cells. Our
studies thus far could not identify which specific isoforms
of gpCD1 might be expressed on B cells in addition to
gpCD1b3. The resolution of this issue will require the
development of additional reagents or methodologies that
will allow the more accurate identification of specific
isoforms of gpCD1. However, even with the current level
of information, it is reasonable to speculate that the
prominent expression of one or more members of the
CD1 family on guinea-pig B cells will probably be linked to
interactions between B cells and CD1-restricted T cells.

It is also of interest that we could not find mAbs
which selectively recognized the complete set of gpCDI1b
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isoforms or gpCDlc isoforms according to our current
classification of these proteins. One mAb that came
close to having this property was Fe5.5C1, which
recognized the three gpCDlc isoforms but also bound
strongly to gpCDI1b3. This pattern of reactivity raises
the possibility that these four isoforms could belong to one
group which may be expressed preferentially on B cells,
considering the fact that human CDlc proteins are
expressed on a subset of B cells and gpCD1b3 is strongly
expressed by guinea-pig B cells. Thus, while the current
classification that we have proposed provides a useful
working model, it seems clear that further studies on the
expression patterns and functions of each of the many
gpCD1 isoforms will be needed to fully establish the
most appropriate grouping and classification of these
proteins.

It should be noted that a previous study showed
significant upregulation of staining with mAb Msgp9 in
demyelinating lesions present in the brain and spinal cord
tissues of guinea-pigs with experimental allergic encepha-
lomyelitis (EAE), a model of multiple sclerosis (MS) or
other autoimmune demyelinating diseases.”” Given our
evidence from this study that mAb Msgp9 is highly specific
for gpCD1b3, it thus appears probable that one or possibly
more isoforms of gpCD1 can be upregulated at sites of
autoimmune-mediated tissue damage. In fact, we have
recently applied the methods described in the current study
to the analysis of brain and spinal cord samples from
guinea-pigs with active EAE, and have found prominent
upregulation of gpCD1 proteins on several cell types
in areas of active central nervous system (CNS) disease
(B. Cipriani, K. Hiromatsu, S. Porcelli, C. Brosnan,
manuscript in preparation). Along with previous reports
suggesting a possible link between the human CDIlb
molecule and MS,*** our current results provide further
impetus to more fully evaluate the possible involvement of
the CD1 system in autoimmune demyelinating diseases and
also suggest that guinea-pigs can be used as an animal
model to test this hypothesis.

A significant accomplishment of this study was the
development of systems for the culture of DCs from bone
marrow and spleens of guinea-pigs. We demonstrated
that these DCs expressed high levels of multiple group 1
gpCD1 proteins on their surfaces and transcribed
multiple gpCD1 genes. These findings should be valuable
in future efforts to study the role of gpCDI1 molecules
on specialized APCs. In fact, we have recently found
that guinea-pig BM-DCs, produced according to the
methods described in the current study, can stimulate
lipid antigen-specific T-cell responses after exposure
to foreign lipid antigens derived from mycobacteria
(K. Hiromatsu, S. Porcelli, manuscript in preparation).
Thus, the reagents and methods produced and charac-
terized in the current study should provide an excellent
opportunity for testing the in vivo relevance of the group 1
CDI1 system to host defence against microbial pathogens or
autoimmune diseases using the guinea-pig as an animal
model system.
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