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Abstract: Human CD1 genes have been reported to be invariant or to show
limited polymorphism. Recently, certain functions of CD1 antigens have been
described to include the presentation lipid and glycolipid antigens. These
observations prompted a thorough survey of the genetic polymorphism in
the five human CD1 genes (CD1a–CD1e). Using polymerase chain reaction-
single stranded conformational polymorphism (PCR-SSCP) combined with
sequence analyses, exons 2 and 3 from CD1a–CD1e were characterized from
a total of 110 unrelated healthy donors. Results showed that all five genes
(CD1a–CD1e) are polymorphic in exon 2. Substitutions in CD1b and CD1c
are silent, whereas, substitutions in CD1a, CD1d and CD1e result in amino
acid replacements in the deduced protein products. CD1a and CD1e poly-
morphisms are prevalent in the population. The substitutions in CD1a have
characteristics that may influence interactions with b2-microglobulin
(b2-m) or accessory molecules. The substitution in CD1e is located in the
region predicted to interact with ligands and may differentially impact the
ability of CD1e alleles to bind antigen.

CD1 molecules are cell surface glycoproteins that are structurally

and functionally similar to major histocompatibility complex (MHC)

class I molecules (1, 2). Both CD1 and class I genes have undergone

duplication events to generate a series of linked genes (3). There are

five CD1 genes in humans (CD1a, b, c, d, and e) and two in mice

(CD1d1.1 and CD1d1.2) (4). CD1 and class I genes have similar gen-

omic organizations and encode molecules composed of a heavy

chain molecule with three extracellular domains, a1, a2, and a3 (1).

Crystallographic structures of class I molecules and of murine CD1d

revealed that the a1 and a2 domains form a ligand binding groove

and the a3 domains associate noncovalently with b2-microglobulin

(b2-m) (5).

A primary structural difference between CD1 and class I mol-

ecules is in the characteristics of the ligand binding groove. Class I

molecules bind a variety of peptide antigens and sequence differ-

ences among class I molecules can determine the features of pep-
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tides that can be presented (6). In contrast to class I molecules, the

a1 and a2 domains of CD1 are hydrophobic and the shape of the

ligand binding groove is narrower and deeper (5). Information con-

cerning CD1 ligands has been obtained from the definition of the

specificity of double negative and CD8π T lymphocytes that recog-

nize lipid or glycolipid antigens presented by CD1 (7–10).

In the present study, polymorphism in CD1 genes was examined

in a large panel of healthy individuals. Alleles of CD1a–CD1e were

identified by using single stranded conformational polymorphism

(SSCP) (11) and sequence analysis. The present study shows that

all five CD1 genes are polymorphic in the a1 domain. Both allelic

forms of CD1a and CD1e were prevalent in the population and the

substitutions resulted in amino acid replacements that may influ-

ence the function of CD1a and CD1e alleles.

Material and methods

Genomic DNA

Genomic DNA samples were isolated from B lymphoblastoid cell

lines or from PBL as previously described (12). Cell donors included

110 unrelated individuals representing diverse ethnic backgrounds.

Family members of individuals with informative markers were

studied; segregation analyses were performed in 5 families.

Single stranded conformational polymorphism (SSCP) DNA

samples were polymerase chain reaction (PCR) amplified using com-

binations of exon 2 forward and reverse primers shown by underlin-

ing in Fig. 1. Primers for exon 3 were CD1a.ex3F1 CAC TCT GGA

Fig. 1. Alignment of CD1 exon 2 nucleotide sequences. Underlines for each CD1 subfamily gene are from GenBank: CD1a: M28825; CD1b:
indicate the positions that correspond to PCR primers. Accession numbers M28826; CD1c: M28827; CD1d: J04142, and CD1e: X14975.
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AAG GTC TCA GG; CD1b.ex3F1 GTG CCA TAG TAA GCT TCC

TG; CD1c.ex3F1 CTG GAA AGA GCC CAG AAG GC; CD1d.ex3F1

CTG GGA ACG CCT CAA ATA AC; CD1e.ex3F1 CTG TAG AAT

GAA TGC CCC AC; CD1a.ex3R1 GCT GGA GAT GTG CCT TTC

CT; CD1b.ex3R1 GCA GAT CTG CTT TTC CTG CA; CD1c.ex3R1

GTG TAC ATA CAT CTT CCC TG; CD1d.ex3R1 TCA GTT CCG

ACT TCC CTG AC; CD1e.ex3R1 AGT TCT GAC TCC CCT GCT

TC. The PCR mixture contained 1 X PCR buffer, 0.2 mM each of

four deoxynucleotides, 1.5 mM MgCl2, 1 mM each CD1 forward and

reverse primers, 0.5 U Taq polymerize, 1 mCi 32P-dCTP, and 0.2 mg

genomic DNA in a total volume of 20 ml. The PCR reaction was

performed at 95æC, 55æC, and 72æC for 30 s., 30 s. and 90 s. respec-

tively, and finally incubated for 7 min at 72æC. Prior to electro-

phoresis, DNA samples were diluted 1:10 with 0.1% SDS, 10 mM

EDTA at pH 8 and then diluted again 1:2 with sequencing stop

solution (Amersham, Arlington Heights, IL, USA). The sample was

denatured by incubation at 95æC for 5 min, then immediately placed

on ice before application to the non-denaturing SSCP gel. The SSCP

gel was composed of 0.6 X TBE, 10% glycerol, 3% long ranger gel

solution, 0.05% Ammonium Persulfate and 0.05% TEMED. Electro-

phoresis was performed at 30 W for 4 h. Gels were dried on filter

papers and exposed to X-ray film at ª80æC for 24–48 h with an

intensifying screen.

Sequence analysis

Based upon SSCP patterns, DNA samples were selected for se-

quence analysis. PCR reactions were performed as above but with-

out 32P-dCTP. PCR products were ligated in the pCRII vector and
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transformed into competent Escherichia coli INVaFø (TA Cloning

Kit; Invitrogen, Carlsbad, CA, USA). Recombinant plasmids were

expanded and DNA samples were purified with QIAwell 8 plus

plasmid kit (Qiagen, Santa Clarita, CA, USA). The eluted DNA

was subjected to a cycle sequencing reaction using the DNA se-

quencing kit (Perkin-Elmer, Foster City CA, USA). PCR products

were purified by AGTC Gel Cartridges (Edge Biosystems, Gai-

thersburg, MD, USA) and sequences were determined using an

ABI 377 Sequencer. A total of 126 clones derived from 18 different

individuals were sequenced; at least 15 clones were sequenced for

each CD1 gene.

Molecular modeling

All of the modeling was done by L.I.H. using the program RasMol

(13) for Fig. 3A–B. Three-dimensional coordinates are based on the

crystal structure of murine CD1 (5).

Fig. 2. Nucleotide and deduced amino acid substitutions in exon subfamily gene are from GenBank: CD1a: AF142665; CD1b: AF142666;
2 of all five CD1 genes. Accession numbers for allele 2 of each CD1 CD1c: AF142667; CD1d: AF142668; and CD1e: AF142669.
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Results

Polymorphism in exon 2 and exon 3 encoding the a1 and a2 do-

mains of human CD1 was examined using SSCP (11), a technique

that can reveal sequence variations of even a single nucleotide. Se-

quences for exon 2 of the 5 human CD1 genes, CD1-a, -b, -c, -d,

and -e, were retrieved from GenBank and aligned by using the MAP

multiple sequence alignment program (Fig. 1). Two sets of primers

overlapping exon 2 (5ø-1 with 3ø-1 and 5ø-2 with 3ø-2) sequences and

one set of primers for exon 3 were used to examine DNA samples

from 110 healthy unrelated individuals. All 5 CD1 genes showed

migration polymorphisms for exon 2, which correspond to the a1

domain of CD1. No variations in migration patterns were observed

for exon 3.

Two allelic forms were revealed by SSCP analysis for each of

the CD1 genes and DNA sequence analyses were performed on in-
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Allele frequencies for CD1a–CD1e

% of individuals
Genotype Allele frequency positive for allele

n5110 1/1 1/2 2/2 1 2 1 2

CD1a 3 22 85 0.13 0.87 23 98

CD1b 108 2 0 0.99 0.01 100 1

CD1c 98 12 0 0.95 0.04 100 8

CD1d 108 2 0 0.99 0.01 100 2

CD1e 30 41 39 0.49 0.51 69 72

Table 1

formative samples. A summary of the sequence data is shown in

Fig. 2 and frequencies for CD1a-CD1e alleles are shown in Table 1.

The CD1 sequences present in Genbank were assigned the desig-

nation allele 1.

CD1a contained two linked substitutions at amino acid positions

13 and 51. The codon for amino acid 13 has a nucleotide change

from T to C resulting in the replacement of an isoleucine with a

threonine, I13T. The codon for amino acid 51 has a nucleotide

change from G to C resulting in the replacement of a tryptophan

with a cysteine, W51C. Allele 1 was present at a frequency of 0.13

and allele 2 at a frequency of 0.87.

Silent substitutions were observed in exon 2 of both CD1b and

CD1c (Fig. 1). The newly defined alleles were rare being observed

at frequencies of 0.01 and 0.04 respectively (Table 1). Polymorphism

in CD1d was also rare. A conservative amino acid substitution at

codon 46 was observed in CD1d genes. The nucleotide change of an

A to a T would result in an amino acid replacement of Threonine

to Serine T46S (Fig. 1). The frequency of allele 2 was 0.01 (Table 1).

CD1e showed two SSCP patterns for exon 2. A nucleotide substi-

tution in codon 79 changed A to G, which would cause an amino

acid replacement of glutamine to arginine, Q79R (Fig. 2). The fre-

quency for allele 1 was 0.49 and for allele 2 was 0.51 (Table 1).

CD1e SSCP bands segregated as alleles in five families (data not

shown).

The crystal structure of murine CD1d was solved recently (5).

This structure was used to model the positions of the substitutions

in human CD1a and CD1e. The replacement substitutions in exon 2

of CD1a are marked with red spheres in the a1 domain of the CD1

molecule as shown in figure 3A. Both substitutions are in the b

pleated sheet portion of the a1 domain; I13T is located above b2-m

and W51C is located in an exposed position on a loop of CD1a on

the opposite side of the molecule from the putative CD8 binding

site. In contrast, the substitution in CD1e, Q79R, is located in the a-

helix region of the a1 domain at the top of the putative ligand-

binding groove (Fig. 3B).
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Fig. 3. Ribbon models of CD1 showing the locations of polymor-
phic residues in CD1a (A) and CD1e (B). Polymorphic sites are indi-
cated by red spheres and the amino acid residue number, the a1 domain is
colored dark blue, the a2 and a3 domains are colored light blue, and b2-m
is colored yellow. The crystal structure of murine CD1d (5) was used to
model structures of human CD1.

Discussion

CD1 genes have been regarded as nonpolymorphic (14–19). By PCR-

SSCP analysis, polymorphism in all five human CD1 genes (CD1a, -

b, -c, -d, and -e) was detected in samples from a large panel of

donors representing diverse ethnic groups. The results showed that
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all five CD1 genes are polymorphic. The polymorphisms in CD1a,

CD1d, and CD1e sequences resulted in amino acid replacements

while polymorphisms in CD1b and CD1c genes were silent. Both

alleles of CD1a and CD1e were frequently observed in the popula-

tion studied whereas the newly identified variants of CD1b, CD1c,

and CD1d were infrequent.

The crystal structure of murine CD1d (5) provides a model to

locate the positions of substitutions in human CD1a and CD1e. The

nature of the replacements and their locations were examined to

allow speculation on the functional implications of the substitutions.

The two substitutions in CD1a are located in the b pleated sheet

region of the a1 domain. Allele 1 contains an isoleucine at position

13 and a tryptophan at position 51 whereas allele 2 has a threonine

at 13 and a cysteine at 51.

The replacement of the isoleucine for a threonine at position 13

results in an increase in hydrophobicity and may have an impact

upon the interactions with b2-m. Structural differences have been

detected in CD1 heavy chain expressed in the absence of b2-m. CD1

heavy chains alone are not detected by antibodies but can present

antigens to T lymphocytes (20). Both of the residues at position 51,

tryptophan or cysteine, are hydrophobic but the cysteine residue

has the ability to form disulfide bonds. The potential disulfide link-

age could be with other CD1a molecules creating a more stable

complex for the association of accessory molecules such as CD8

(21). The region predicted to interact with CD8 is located on the

opposite side of the molecule from the cysteine residue (5). There-

fore, complexes of CD1a and CD8 could form more stable structures

with two molecules of CD1a covalently attached. Alternatively, the

cysteine could form a linkage with other cell surface proteins.
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In CD1e, the uncharged glutamine at position 79 of allele 1 is

changed to a positively charged arginine in allele 2 located in the a

helix region flanking the ligand binding groove (Fig. 3B). The

change of charge could be significant because the majority of resi-

dues that form the ligand binding groove of CD1 molecules are non

polar or hydrophobic. This alteration of charge characteristics on

the face of the ligand binding groove could impact the specificity of

ligands bound and/or their recognition by T lymphocytes. Although

CD1e expression has not been demonstrated to date, there are no

obvious defects to preclude expression revealed by sequence

analyses.

The role of CD1 molecules in antigen presentation has been re-

vealed recently and the fine specificity of T lymphocytes that recog-

nize antigen in the context of CD1 antigens are being elucidated (7–

9, 19, 20, 22–29). CD1 molecules have significant similarities to MHC

class I molecules in structure and function, yet they also have quite

unique characteristics. The tissue distribution of each CD1 antigen

is different whereas class I antigens are expressed on all nucleated

cells (30). The nature of the ligand binding grooves of class I and

CD1 molecules differ and thus peptide and glycolipid or lipid anti-

gens are presented respectively. The extent of genetic polymorph-

ism in class I and CD1 genes is significantly different. Class I genes

are highly polymorphic. Although CD1 genes have generally been

considered non polymorphic, the present studies have shown that

polymorphism is present in all five human CD1 genes. However,

only polymorphism in CD1a and CD1e may be functionally signifi-

cant considering the nature and location of the amino acid substi-

tutions and the frequency of both allelic forms in the human popula-

tion.
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