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AbstractmThe non-major histocompatibility complex
(MHC)-encoded CD1 family has recently emerged as a
new antigen-presenting system that is distinct from either
MHC class I or class II molecules. In the present study, we
determined the genomic structure of the rat CD1 locus. It
was extremely similar to mouse CD1 genes, especially to
CD1D1. The 59 flanking region of the CD1 gene contained
the binding motifs for two cytokine-inducible transcription
factors, NF-IL2-A and NF-IL6. Some regulatory elements
found in MHC class I genes (enhancer A, enhancer B, and
the IFN response element) were absent. It is of interest that
a tyrosine-based motif for endosomal localization found in
the human CD1b cytoplasmic tail was encoded by a single
short exon which was conserved in all CD1 molecules
except for CD1a. Southern blot and direct sequencing
analyses of inbred rat strains suggested very limited poly-
morphism in the 59 region where a hydrophobic ligand-
binding groove is encoded; a single base substitution
resulted in amino acid alteration of alanine (GCT) to valine
(GTT) at codon 119. Comparison of the overall exon-intron
organization of CD1 genes revealed that the length of the
intron was also characteristic to each of the two classes of
CD1 genes, classic CD1 and CD1D; such categorization
has hitherto been made according to the sequence similarity
of the coding region. This finding provides further support
for the hypothesis that the two classes have different
evolutionary histories. In contrast to the complete absence
of the classic CD1 in rats and mice, the entire region of

nonpolymorphic CD1D has been conserved through mam-
malian evolution. Similar functional properties of rodent
CD1 and human CD1d are implied.
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Introduction

CD1s were the first human leukocyte differentiation anti-
gens defined by monoclonal antibodies with structural
similarity to major histocompatibility complex (MHC)
class I molecules (McMichael et al. 1979). They are
expressed on the cell surface as a heterodimer of an a-
chain of approximately 45000 Mr non-covalently asso-
ciated with b2-microglobulin (b2m) (Boumsell 1989; Calabi
et al. 1991). In contrast to MHC class I, they show limited
polymorphism and do not map to the MHC. In humans,
there are five distinct CD1 loci: CD1A, B, C, D, and E
(Calabi and Milstein 1986; Calabi et al. 1989b; Martin et al.
1986). These encode the serologically defined CD1a, b, c,
and d molecules. Sequence comparison of the leader, a1,
and a2 domains has allowed categorization of the CD1
genes into two distinct classes: the ªclassic CD1 classº
(CD1A, -B, -C) and the ªCD1D classº (CD1D) (Calabi et al.
1989b; Hughes and Nei 1991). The protein products of
these gene classes, also referred to as group I and group II
proteins, respectively, have different tissue distributions
(Porcelli 1995). Three classic CD1 molecules are expressed
not only on immature cortical thymocytes but also on
professional antigen-presenting cells such as epidermal
Langerhans cells, dermal dendritic cells, and cytokine-
activated monocytes (Cattoretti et al. 1989; Kasinrerk et
al. 1993; Porcelli et al. 1992; Teunissian et al. 1990). By
contrast, the CD1d molecules are abundantly expressed by
nonlymphoid organs such as liver and lymphoid organs,
whereas the expression of mouse CD1 by intestinal epithe-
lial cells is controversial (Blumberg et al. 1991; Brossay et
al. 1997; Canchis et al. 1993).

The nucleotide sequence data reported in this paper have been
submitted to the EMBL/GenBank/DDBJ nucleotide databases and have
been assigned the accession number AB002172
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The CD1 family genes have also been found in many
mammalian species such as mice, rats, rabbits, and sheep
(Bradbury et al. 1988; Calabi et al. 1989a; Ferguson et al.
1996; Ichimiya et al. 1994). In most cases, exonic se-
quences were characterized by cDNA cloning. On the
other hand, the complete genomic structures including
intronic sequences are only available for a few CD1
genes, such as CD1D and CD1E (Calabi et al. 1989b).
We have previously shown that rat CD1 belongs to the
second CD1D class and is expressed by a wide variety of
cells (Ichimiya et al. 1994; Kasai et al. 1997; Matsuura et
al. 1997). In the present study, we isolated genomic clones
encompassing the rat CD1 locus and determined the se-
quences to characterize rat CD1 in detail and gain an
insight into the CD1D class. Comparison of the structural
organization of the rat CD1 gene with those of previously
characterized CD1 family genes was conducted. The extent
of rat CD1 polymorphism was also investigated by restric-
tion fragment length polymorphism (RFLP) and direct
sequencing analyses using inbred rat strains. The functional
significance of evolutionarily conserved CD1d protein is
discussed.

Materials and methods

Screening of a rat genomic library

An F344 rat liver genomic library constructed in the lambda DASH
vector was obtained from Strategene (La Jolla, Calif.). Transfection
into XL1-Blue MRA (P2) competent cells resulted in a total of 106

independent plaques. Approximately 4 ´ 105 plaques were plated onto
15-cm dishes and transferred to colony/plaque screen filters (NEN,
Boston, Mass.). Before hybridization, the filters (NEN) were incubated
at 42 °C for over 16 h in a buffer containing 0.25% BSA, 0.25%
polyvinyl-pyrrolidone, 0.25% Ficoll (type 400; Pharmacia Japan
Tokyo, Japan), 62.5 mM Tris-HCl (pH 7.5), 0.125% sodium pyrophos-
phate, 1.25% sodium dodecyl sulfate (SDS), 12.5% dextran sulfate,
50% formamide, and 100 mg/ml denatured salmon sperm. Then the
filters were hybridized with a full-length rat CD1 cDNA probe (27.1,
Ichimiya et al. 1994) radiolabeled by the random hexamer priming
method at 42 °C for 24 h in the same buffer. Washing was started at
65 °C for 20 min in 2 ´ standard sodium citrate (SSC), 0.1% SDS, and
then the salt concentration was decreased stepwise to 0.2 ´ SSC.
Positive plaques were re-cloned.

Restriction mapping, DNA sequencing, and primer extension

Restriction enzymes were obtained from New England Biolab (Boston,
Mass.). Cloned DNA was digested and subcloned into pBluescript II
SK± vector. Double-stranded plasmid DNA was sequenced with the
ABI373A DNA Sequencer using dye terminator cycle sequencing with
AmpliTaq DNA Polymerase, FS, according to the protocols included
with the kit (ABI, Foster City, Calif.). The sequence run was carried
out on 6% polyacrylamide gels.

Primer extension was performed according to the standard proce-
dure (Sambrook et al. 1989), with minor modifications. Briefly, a
primer inversely complementary to exon 2 (e.g., N292:59-AA-
CAGGGGTCTTGACACCCTTACGGGTGTC-39), was 59 end-labeled
with [g-32P] ATP (3000 Ci/mmol) and T4 polynucleotide kinase. Ten
picomoles of 32P-labeled primer was co-precipitated with 50 mg of total
RNA or 5 mg of mRNA isolated from the thymus and the liver of five-
week-old F344/Crj rats (Fischer, RT1 haplotype; lv1). After hybridiza-
tion at 37 °C, the primer was extended with Moloney mouse leukemia
virus reverse transcriptase (Seikagaku, Tokyo, Japan) under the con-

ditions recommended by the manufacturer. After phenol/chloroform
extraction and ethanol precipitation, the pellet was resuspended in a
formamide dye buffer and denatured by boiling for 5 min. The samples
were analyzed on an 8% denaturing sequencing gel.

Southern blot analysis

The restriction enzyme digests of cellular DNA obtained from eleven
different rat strains (Aizawa and Natori 1988); F344/Crj (RT1 haplo-
type, lv1), LEW/Hkm (l), Wistar/Smc (l), NIGIII (q), LEJ/Hkm (j),
ALB/Hok (b), BN/Hok (n), ACI/Hkm (av1), TO/Hkm (u), WKAH/
Hkm (k), and W/N/Hkm (k), were separated on 0.7% agarose gel and
transferred to a Gene Screen Plus blotting membrane (NEN) by the
capillary transfer method. The blots were prehybridized and then
hybridized with a 59 probe generated by polymerase chain reaction
(PCR) amplification of the F13.2S genomic clone using two rat CD1-
specific oligonucleotides, N366 (59-TCGGAGCCCAGGGCTGTG-
TAGA-39) from the 59 untranslated (UN) region and N392 (59-
GCAGGTGTCGTTCAGGAG-39) complementary to near the end of
exon 3. The probe was labeled with a32P-dCTP, added to a minimum
volume of hybridization solution, and incubated with the blot for 18 h
at 42 °C. Washing was decreased to 1 ´ SSC.

Polymerase chain reaction and direct sequencing analysis

Cellular DNAs from SDJ/Hok (u) and the eleven rat strains mentioned
above were subjected to PCR as described previously (Itoh et al. 1993)
using two rat CD1-specific oligonucleotides designated M1 and M2.
M1 (59-CCTGCAGTCTATCTGCTG-39) corresponds to the area near
the 39 end of intron 1, and M2 (59-AGATGGATCCAAGTGGAGAA-
39) is inversely complementary to the 59 end sequence of intron 3. The
PCR conditions were 30 cycles of 30 s at 94 °C, 30 s at 55 °C, 1 min at
72 °C, and a final extension of 7 min at 72 °C. Following this step,
nested PCR was carried out using one microliter of amplified products
wtih a pair of primers; M4 (59-ATCTGCTGATTCGCTATG-39) corre-
sponding to the 39 end sequence of intron 1 and M3 (59-
GTCGAGGTTCTGGATCACTC-39) inversely complementary to the
59 end sequence of intron 2. This yielded a DNA fragment containing
exon 2 coding for the a1 domain. Nested PCR was also done with
another pair of primers; M5 (59-CTATAATCTTCATGCCAACT-39)
corresponding to the 39 end sequence of intron 2 and M2. The latter
reaction yielded a DNA fragment containing exon 3 coding for the a2
domain. The conditions of PCR were the same as mentioned above.
Each PCR product was purified using Microcon-100 microconcentrator
(Amicon, Beverly, Mass.). Both sense and anti-sense strands were
sequenced using nested PCR primers.

Results

Isolation and characterization of rat CD1 gene

To isolate the genomic clones encoding rat CD1, we
screened the F344 rat genomic library using a full-length
rat CD1 cDNA (27.1) as a probe. Of three overlapping
genomic clones isolated from a total of 5 ´ 106 plaques, a
clone designated F13.2S with a longest insert approximate-
ly 17 kilobases (kb) in length was characterized in detail.
Restriction mapping and DNA sequence analysis showed
that the rat CD1 gene spanned an approximately 4 kb region
of DNA (Fig. 1). No other CD1 gene was found within 7 kb
upstream and downstream of the coding region (Fig. 1 and
data not shown), confirming a previous assumption based
on Southern blot analysis that rat CD1 is a single-copy
gene.

23



Precise exon-intron boundaries of the rat CD1 gene were
established by comparing cDNA and genomic sequences
(Fig. 2). The genomic sequences differed from the 27.1
cDNA sequences in four nucleotide positions, two of which
were located in exon 2, while the others were in the 39 UN
region. Since cDNA and genomic clones were isolated from
the same F344 rat strain and no such polymorphism was
found in the corresponding positions of different rat strains
as described in the following section, we re-sequenced the
entire 27.1 cDNA clone by the automated cycle sequencing
method which was newly adapted for this genomic
sequencing analysis. We confirmed that the genomic se-
quences were correct; in exon 2, T at nucleotide position
179 in 27.1 (CTG: Cys) was actually G (CGG: Arg) and C
at 365 (CAT, His) was T (TAT, Tyr); in the 39 UN region, C
at 1167 was T and T at 1376 was A.

The rat CD1 gene contained six exons encoding the
following regions or domains (Figs. 1, 2); exon 1, the 59 UN
region and the leader peptide; exons 2±4, the a1±3 do-
mains, respectively; exon 5, the transmembrane region and
part of the cytoplasmic tail; and exon 6, the remainder of
the short cytoplasmic tail and the 39 UN. Therefore, the
overall exon-intron organization of the rat CD1 gene was
similar to that of the MHC class I gene, in that individual
functional domains were encoded by separate exons. The
nucleotide sequences surrounding the exon-intron bound-
aries all conformed to the GT/AG rule. As is usually the
case with MHC class I and class II genes, RNA splicing
always took place between the first and second bases of the
junctional codons with the exception of those of exon 5 and
exon 6 (Figs. 2, 3).

The cytoplasmic portion of the CD1 molecule was
encoded by the 39 end of the fifth exon and short sixth
exon; a stretch of charged amino acid residues, RRR in rat
CD1, was followed by consensus sequence YQXI/V, YQDI
in rat CD1. These features were well conserved in all CD1
molecules except for CD1a (Fig. 3). The tyrosine-based
motif, YQNI, was recently reported to be a signal for
internalization and targeting of human CD1b antigens to
endosomal compartments (MIICs, MHC class II compart-
ments) where antigen-loading of class II molecules by
endocytosed peptide occurs (Sugita et al. 1996). CD1a
molecules lost this motif by a point mutation at the codon
for Q (CAA) to a stop codon (TAA) in the sixth exon,
indicating that prototypical CD1 might carry this motif and
be used for trafficking to the endocytic system.

Structural features of the 59 flanking region of the rat CD1
gene

For reasons that are not understood, trials for determination
of the transcription initiation site of rat CD1 by primer
extension analysis using several primers complementary to
the exon 2 sequence, N292 (59-AACAGGGGTCTTGA-
CACCCTTACGGGTGTC-39) and other primers (data not
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Fig. 1mOrganization and restriction map of the rat CD1 gene. Six
exons shown as boxes are based on 27.1 cDNA sequences. Amino acid
coding regions are shaded and 59 and 39 UN regions are not shaded.
Restriction sites are indicated as E, Eco RI; S, Sac I; H, Hin dIII; X,
Xba I; P, Pst I; B, Bam HI. 59UN, 59 untranslated region; L, leader;
a1±a3, exons encoding a1±a3 domains; TM, transmembrane region;
C, cytoplasmic region; 39UN, 39 untranslated region



shown) failed, as previously reported for human CD1s
(Calabi et al. 1991). We therefore used the 59 UN region
of 27.1 cDNA as a guide to examine the sequences from
base 1 to base 386 shown in Fig. 2, as 27.1 starts from
nucleotide position 387. A CCAAT box, one of the obvious
promoter sequence elements, was found at position 353
[131 base pairs (bp) upstream of the translational start site].
However, TATA and CCGCCC boxes were not found. A
conserved nonamer (AATCTTGGA) and two heptamers
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Fig. 2mNucleotide sequence of the rat CD1 gene. Exonic and intronic
sequences are written in capital and lowercase letters, respectively.
Nucleotide position 1 was the first sequence determined in this study.
Deduced amino acid sequences are shown below the nucleotide
sequences. The leader peptide, extracellular (a1, a2, and a3) domains,
transmembrane (TM) and cytoplasmic (C) regions are indicated by
arrows. The CCAAT box is at 353±357. A polyadenylation signal is at
3873±3878



(GGGAAAT and GAAGTCA) were previously identified
upstream of the translational start sites in human CD1A, B,
C, and E (Calabi et al. 1989b). Like human CD1D, rat CD1
did not contain such sequence elements. A computer-
assisted search of D. Ghosh's transcription factor database
(Release 7.0) allowed the identification of several consen-
sus cis-acting regulatory elements (Table 1). Of note was
the existence of binding motifs for NF-IL2-A and NF-IL6,
which are known to be induced by IL-2 and IL-6, respec-
tively (Kamps et al. 1990; Majello et al. 1990). The 59
flanking region of the MHC class I gene contains regulatory

sequences known as enhancer A, enhancer B, and the IFN
response element (Ting and Baldwin 1993). None of these
sequences was found in the 59 flanking region of the rat
CD1 examined in the present study.

Comparative analysis of structural organization of CD1
family genes

We compared rat CD1 exonic and intronic sequences with
those of other CD1 genes. The percent similarity and length
of each exon and intron are shown in Table 2. Although a
number of CD1 genes have been identified, sequences
available from public databases are mainly for exons,
since most studies were performed by cDNA cloning.
Therefore, we collected useful information about introns
and untranslated regions from previously published papers
(Aruffo and Seed 1989; Balk et al. 1989; Balk et al. 1991;
Blumberg et al. 1991; Bradbury et al. 1988; Calabi et al.
1989; Martin et al. 1986). While the protein coding regions
of rat CD1 were equally similar to two mouse CD1 genes,
the 39 UN region was more similar to mCD1D1 than to
mCD1D2 (Table 2). Supporting this notion, intron 3 of rat
CD1 was more similar to mCD1D1. Close examination of
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Table 1mPotential transcriptional regulatory motifs in the 59 flanking
region of the rat CD1 gene

Transc-
ription
factor

Consensus
sequencea

Sequence
in the geneb

Nucleotide
positionc

Mis-
matchd

E2A RCAGNTG CACCTGC (rev) 253 0
GATA-1 MYWATCWY ATTATCAT 338 0
NF-IL2-A ATGTAAAACA ATGTAAAACA 266 0
NF-IL6 TKNNGNAAK TGAGGAAAG 119 0
TCF-1 MAMAG CTGTG (rev) 364 0

AACAG 260 0
AACAG 160 0
CTTTG (rev) 54 0
AAAAG 48 0

a The single-letter codes for ambiguous bases are as follows: R = A or
G; Y = C or T; M = A or C; K = G or T; N = any; W = A or T
b ªrevº indicates that the DNA motif is on the opposite strand
c Since the transcription initiation site could not be defined, the number
is based on the sequences in Fig. 2 determined in this study and refers
to the first nucleotide in question
d Number of bases that do not correspond to the consensus sequence

Fig. 3mComparison of nucleotide and amino acid sequences of the
cytoplasmic portion of CD1. mCD1D2 is the same as mCD1D1. A
conserved consensus sequence, YQXI/V, shown by a box, is encoded
by the sixth exon. Absence of this motif in CD1a is due to a non-sense
mutation in the first nucleotide for codon Q. ND; not determined. NA;
not available from the GenBank/EMBL/DDBJ database



intron 3 sequences revealed that a 248 bp DNA strech in
mCD1D1 (bases 1308±1555) flanked at both ends by a
direct 8 bp repeat (CCTGTGGG) was deleted in mCD1D2.
An almost identical DNA strech was seen in rat CD1 but
the 8 bp repeat was not clear. This observation indicated
that the prototypical rodent CD1 gene may be mCD1D1-
like and that the deletion in intron 3 occurring in mCD1D2
was generated after duplication of the prototype gene in the
mouse. Furthermore, in the 39 UN region of rat CD1, there
were two highly homologous DNA stretches of 107 bp
(1400 to 1506 in 27.1) and 108 bp (1507±1614 in 27.1)
which contained a 22 bp dinucleotide (GT) repeat in the 39
end (Fig. 2). Since this segement had no significant simi-
larity to any other genes except for mCD1D1, the duplica-
tion of the sequence occurred recently in rat radiation.
These findings imply a common origin of rodent CD1
from an mCD1D1-like prototype gene and independent
minor alterations in each species.

Comparison of the introns provides an interesting per-
spective as to the evolution of CD1 genes found in different
species. As shown in Fig. 4 and Table 1, overall organiza-
tion, including intronic length, could be divided into two
types, which were correlated with the previous categoriza-
tion of two classes of CD1 genes, classic CD1 and CD1D.
For example, the length of intron 1, about 280 bp in rCD1,
mCD1s, and hCD1D, was shorter than the approximately

350 bp in classic CD1 (including CD1A, CD1B, CD1C, and
CD1E). The length of intron 2 in CD1D, about 280 bp, was
also shorter than the approximately 600 bp in the classic
CD1. The lengths of intron 3 and intron 4 of CD1D class
genes were longer than those of classic CD1 with only a
few exceptions; mCD1D2 had a deletion in intron 3 and
hCD1A had an Alu repeat in intron 3. Similarly, other intron
lengths were also typical of the two classes.

Polymorphism of the rat CD1 locus

In contrast to classical MHC class I genes, there is no
evidence for significant polymorphism in the CD1 gene
family by serology, protein, or RFLP analysis (Porcelli
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Fig. 4mComparison of CD1 gene organization. Exons and introns are
indicated by boxes and straight lines, respectively. Dotted lines indicate
the sequences not available or not determined. Numbers above the
boxes are lengths of corresponding exons. Numbers below the lines are
lengths of corresponding introns. (?); region not defined. Numbers in
parentheses; only length is known and the sequences are not available.
References were cited in Table 2. An Alu-repeat in CD1A is shown by a
hatched box. DNA stretches duplicated in rCD1 are also indicated by
arrows. Organization of H2-Kd is shown as a representative of the
classical MHC class I gene [Lalanne et al. 1983 (for cDNA) and Kvist
et al. 1983 (for gene)]



1995). We have previously reported that the rat CD1 locus
shows three allelic variations in the 39 region (Ichimiya et
al. 1994). In the present study, the extent of rat CD1
polymorphism was examined for the 59 region, since recent
X-ray crystallographic analysis of the mCD1d1 molecule
clarified that a hydrophobic ligand-binding groove is
formed by a1 and a2 extracellular domains (Zeng et al.
1997). Southern blot analysis was conducted on eleven
laboratory rat strains with a 59 region probe containing a
DNA fragment from exon 1 to exon 3 including introns. Of
restriction enzymes so far tested, no RFLP was observed
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Table 2mPercent similarity of nucleotide sequences of the rat CD1 gene with those of other species

rCD1 mCD1D1 mCD1D2 hCD1A hCD1B hCD1C hCD1D hCD1E

59 una lengthb

% Similarityc

(length com-
pared)

97 91
77.6%
(85)

293
77.5%
(102)

534
58.2%
(55)

46
57.5%
(80)

52
54.2%
(83)

164
51.3%
(78)

NDe

exon 1 61 61
90.2%
(61)

61
93.4%
(61)

58
52.1%
(48)

61
72.0%
(25)

61
63.8%
(58)

61
65.6%
(61)

58
61.4%
(57)

intron 1 269 286
72.9%
(288)

282
74.4%
(289

345
NAd

310
NA

645/398
NA

292
49.5%
(273)

359
49.6%
(274)

exon 2 270 273
92.9%
(268)

273
91.0%
(268)

267
53.7%
(259)

267
56.3%
(245)

267
57.6%
(255)

267
78.5%
(251)

267
63.7%
(234)

intron 2 274 282
82.0%
(289)

282
81.7%
(289)

633
NA

563
NA

683
NA

309
61.1%
(311)

624
49.4%
(158)

exon 3 279 279
89.2%
(279)

279
87.5%
(279)

279
59.3%
(280)

279
55.9%
(281)

282
60.1%
(283)

279
75.6%
(279)

270
61.2%
(281)

intron 3 445 455
84.5%
(458)

201
66.3%
(172)

503
NA

204
NA

223
NA

567
53.3%
(433)

257
51.0%
(98)

exon 4 279 279
91.8%
(279)

279
92.5%
(279)

279
83.8%
(278)

279
83.4%
(277)

279
77.0%
(278)

279
84.9%
(278)

279
83.1%
(278)

intron 4 596 NA
475
85.3%
(75)

NA
475
85.3%
(75)

353
NA

259
NA

326
NA

779
47.2%
(600)

392
55.6%
(117)

exon 5 100 97
69.7%
(99)

97
69.7%
(99)

91
50.6%
(81)

94
50.0%
(68)

91
64.4%
(45)

100
56.0%
(100)

94
54.4%
(68)

intron 5 89 NDe ND 189
NA

573
NA

NA 95
65.1%
(83)

ND

exon 6 22 22
81.8%
(22)

22
81.8%
(22)

10
61.9%
(21)

22
66.7%
(21)

22
86.4%
(22)

22
81.0%
(21)

ND

39 una 729 736
80.1%
(734)

424
58.4%
(344)

543
48.6%
(181)

248
45.8%
(216)

154
46.1%
(141)

731
53.8%
(736)

ND

a The 59 and 39 UN regions were not exactly defined and the sequences
were based on cDNA clones reported previously
b Nucleotide length of exon and intron was shown
c Percent similarity to rCD1 was calculated by GENETYX-Homoam
software, version 1.0.2 (GENETYX, SDC, Tokyo) and the length used
for comparison with the program is shown in parentheses
d NA; Intronic sequences of human CD1A, CD1B, and CD1C were not
available on the public database. Only the length was shown in a paper
by Martin and co-workers (1987) Complete intron 4 sequences of
mouse CD1 genes were not available. Only 75 bp sequences adjacent
to the exon 4 were reported

e ND; Intron 5 sequences of mCD1 genes were not determined. Since
the sequence of the CD1E cDNA clone was not reported, parts of
CD1E (59 UN region, intron 5, exon 6 and 39 UN region) could not be
determined unambiguously
The sequence sources were as follows: rat CD1 cDNA (Ichimiya et al.
1994); mouse CD1 cDNAs and genes (Balk et al. 1991; Bradbury et al.
1988); human CD1a, CD1b, and CD1c cDNA clones and genes
(Aruffo and Seed 1989; Martin et al. 1987); human CD1d cDNA
(Blumberg et al. 1991); human CD1D and CD1E genes (Calabi et al.
1989)

Table 3mAllelic variation of rat the CD1 locus

Inbred rat strains Codon number

119

F344/Crj, NIGIII/Hok, LEJ/Hkm,
ALB/Hkm, SDJ/Hok, ACI/Hkm,
BN/Hok

GCT
Ala

LEW/Crj, Wistar/Crj/Smc,
TO/Hkm, WKAH/Hkm, W/N/Hkm

GTT
Val



with the 59 probe (Fig. 5). This result indicated that rat CD1
appeared to be less polymorphic in the 59 region than in the
39 region.

Polymorphism was further analyzed at the nucleotide
level. Exon 2 and exon 3 codings for the a1 and a2
domains, respectively, were amplified from cellular DNA
of twelve different rat strains and the sequences were
determined including exon-intron boundaries. As shown
in Table 3, a single nucleotide substitution (cytosine vs
thymine) was found at base 1382 presented in Fig. 2, and
caused amino acid alteration at codon 119 of alanine (GCT)
to valine (GTT). The alanine was seen in seven strains,
including F344/Crj, NIGIII/Hok, LEJ/Hkm, ALB/Hkm,
SDJ/Hok, ACI/Hkm, and BN/Hok. The valine was seen
in five different strains, LEW/Crj, Wistar/Smc, TO/Hkm,
WKAH/Hkm, and W/N/Hkm. Thus, rat CD1 has at least
two alleles in the extracellular domains.

Discussion

We determined the complete genomic structure of the rat
CD1 gene, which illuminates the path of CD1 evolution.
Two classes of CD1 genes, divided by similarity of protein
coding regions, could also be typified by their introns. As
previously assumed from Southern blot analysis, only a
single gene is present in the rat genome. No classic CD1

class gene was found in the rat. This result confirmed the
absence of thymus-specific CD1 genes (classic CD1) in
rodents. In contrast, entire regions of CD1D have been
conserved in rodents and humans. These findings further
support a previous hypothesis that classic CD1 and CD1D
class genes have different evolutionary histories.

The 59 flanking regions of rat CD1 contained the binding
motifs for transcription factors NF-IL-2A and NF-IL6,
whereas some regulatory elements found in MHC class I
genes (enhancer A, enhancer B, and IFN response ele-
ments) were absent. It is important to determine whether rat
CD1 expression is increased in inflamed tissues through
these cytokines, as human CD1a-c have been shown to be
inducible by IL-4 and GM-CSF on monocytes (Kasinrerk et
al. 1993; Porcelli et al. 1992).

Only two allelic variations (alanine vs valine) were
detected with sequence analysis of exons encoding the
extracellular domains of rat CD1. Both amino acids were
hydrophobic and the position corresponded to the bottom of
the groove (a2 S1 b strand) (Zeng et al. 1997). Whether this
allelic dimorphism affects the overall tertiary structure of
the groove or the ligand-binding capability, and thus has
functional consequences such as in the reactivity of T cells,
needs to be clarified. This oligomorphism does not corre-
spond to the MHC haplotypes, indicating that rat CD1 is not
linked to MHC. A few nucleotide changes of the 39 UN
region were found in several rat strains (unpublished
observations), which probably corresponded to the results
of Southern blot analysis; RFLP was detected with the 39
region probe but not with the 59 region probe.

Compared with mouse classical MHC class I genes
(Kvist et al. 1983), all CD1 genes had a quite short intron
3 and long intron 4 (Fig. 4). It is well known that frequent
recombinations occur in intron 3 in mouse and rat class I
genes (Fisher et al. 1989; Flaherty et al. 1990; Matsuura et
al. 1997). Such unequal crossing-over and gene duplication
play important roles in creating new members of class I
genes (Hughes and Nei 1989). The relatively short intron 3
and absence of highly repetitive elements such as an Alu-
like sequence within introns of all CD1s except for CD1A
may explain in part why the number of CD1 family genes is
less than that of MHC class I genes.

Although the distribution patterns of mouse TL and CD1
(mCD1d) are different, they were found to be expressed by
some of the same cell types such as intestinal epithelium
and thymocytes (Bleicher et al. 1990; Brossay et al. 1997;
Hershberg et al. 1990; Old et al. 1963; Wu et al. 1991) and
share some common properties such as b2m-dependent,
TAP-independent expression (Brutkiewicz et al. 1995;
Holcombe et al. 1995; Rogers et al. 1995). It was, therefore,
speculated that TL and mCD1d perform similar functions.
Two recent reports suggested that NK T cells are numeri-
cally increased in TAP-deficient mice and in TL transgenic
mice (Joyce et al. 1996) but reduced in CD1-deficient mice
(Smiley et al. 1997). TL and CD1 molecules play a role in
NK T-cell development in the mouse.

As reported for human CD1d (Blumberg et al. 1991;
Canchis et al. 1993), rat CD1 transcripts are expressed by a
wide variety of cells and tissues including lymphoid and
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Fig. 5mSouthern blot analysis of rat CD1 locus. Cellular DNAs
digested with HindIII from 11 different rat strains were blotted and
probed with a 5' probe containing a DNA fragment from exon 1 to
exon 3 (see details in Materials and methods). Two bands (thick 2.4 kb
and thin 1 kb) were invariably seen in all rat strains. Slight differences
in the mobility reflect the amount of DNA loaded in each lane. Four
bands (thick 2.3 kb and 3.5 kb bands, and thin 2.4 kb and 0.6 kb bands)
represent two mouse CD1 genes in BALB/c mice, mCD1D1, and
mCD1D2. The strain name is indicated above each lane and the RT1
haplotype is in parentheses



nonlymphoid organs (Ichimiya et al. 1994). Rat CD1
expression by intestinal epithelial cells, hepatocytes, renal
tubules, and epidermal cells was also shown by in situ
hybridization and immunohistochemistry (Burke et al.
1994; Kasai et al. 1997). Thymic expression of rat CD1
appeared to be more prominent than that reported for
human CD1d and mCD1s, as we could readily detect its
mRNA and protein expression (Ichimiya et al. 1994; Kasai
et al. 1997). We also found that rat class Ib genes (RT1.P)
homologous to mouse TL were pseudogenes (Matsuura et
al. 1997). Taken together, these findings indicate that rats
have a high level of thymic expression of CD1d and lack
both classic CD1 and authentic TL antigens. By analogy to
mice, functions of classic CD1 and TL may be substituted
for in part by CD1d and other class Ib molecules expressed
by rat thymus. Rat T cells with an invariant TCR (rat
homologue of mouse Va14-Ja281 and human Va24-JaQ)
reacted with CD1-expressing cells (manuscript in prepara-
tion). Such unconventional T cells selected by evolutiona-
rily conserved CD1d molecules may interact with a ligand
molecule in pathogens and the diet or in cellular compo-
nents common to mammmals.
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