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The human T cell antigen Leu-2 (T8) is encoded on chromosome 2
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Summary. The locus encoding the human T lymphocyte cell
surface antigen Leu-2 has been assigned to chromosome 2
with a DNA mapping panel derived from somatic cell hybrids.
The two genomic components identified by a cDNA clone for
Leu-2 segregated with human chromosome 2 in all 24 inde-
pendent hybrid clones examined. The cosegregation of the
Leu-2 and immunoglobulin kappa (IgK) loci in hybrids with
spontaneous rearrangements of chromosome 2 is consistent
with the possibility that the Leu-2 locus is on proximal human
2p near IgK. In the mouse, a locus for a T lymphocyte cell sur-
face antigen with properties similar to Leu-2 is closely linked
to the IgK locus on mouse chromosome 6. Hence the syntenic
relationship of a gene implicated in T cell killing with the im-
munoglobulin kappa locus would then be conserved in the
mouse and human genomes.

Introduction

Leu-2 (synonym T8, CD 8 [Bernard et al. 1984]) is a human T
lymphocyte cell surface antigen expressed on most T cells
having either cytotoxic or suppressor function, but not ex-
pressed on helper T cells. A possible role for the protein bear-
ing the Leu-2 antigenic site in T cell killing has been proposed,
based on the observation that monoclonal antibodies against
Leu-2 block killing by many cytotoxic T cells which recognize
foreign antigen in association with a Class I major histo-
compatibility complex molecule (Evans et al. 1981; Landgren
et al. 1982; Malisson et al. 1982; Reinherz et al. 1982). The
mouse antigen Lyt-2 is thought to be the homologue of Leu-2
because of similarities in (i) expression and density distribu-
tion on lymphocyte subpopulations, (ii) trypsin sensitivity,
and (iii) biochemical characteristics (Ledbetter et al. 1981). In
addition, in the mouse, antibodies against Lyt-2 also show the
blocking effect on cytotoxic T cells (MacDonald et al. 1982;
Nakayama et al. 1980; Shinohara and Sachs 1979).

To investigate further the homology between Leu-2 and
Lyt-2, we cloned the gene for Leu-2 (Kavathas et al. 1984). In
this report, we assign the gene encoding the Leu-2 human T
cell surface antigen to human chromosome 2, most probably
proximal 2p, by Southern blotting analysis of DNA from
human-mouse and human-hamster somatic cell hybrids using
a Leu-2 cDNA probe.
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Methods

1. Somatic cell hybrids

The somatic cell hybrids used for DNA mapping panels were
derived from fusions of the hypoxanthine phosphoribosyl
transferase deficient mouse cell RAG or Chinese hamster cell
E36 with white blood cells (WBC) or fibroblasts from four
unrelated individuals. Two of the WBC donors were female
carriers of different, reciprocal X/19 translocation chromo-
somes. These included: the X/19W translocation t(X;19)
(923—25::q13) (Latt et al. 1976) and the X/19B translocation
t(X;19)(q1::?p13) (Brook et al. 1984). One of the fibroblast
donors was a karyotypically normal male and the second,
a female carrier of a reciprocal X/13 translocation (X;13)
(q21~23::q21-31) (Latt et al. 1976). The hybrid clones have
been extensively characterized for human chromosome com-
plements by analysis of human isozyme markers characteristic
of each chromosome and by cytogenetic techniques (Bruns et
al. 1978, 1979). Cloned DNA probes have also been used to
monitor 22 of the human autosomes and the X chromosome in
the DNAs used in the present study (Bruns et al. 1984; Kurnit
et al. 1984; Whitehead et al. 1983).

2. Southern blot hybridization

Parental and hybrid DNAs were digested to completion with
the restriction endonuclease EcoRI, separated by electro-
phoresis on 0.8% agarose gels, and transferred to nitro-
cellulose (Southern 1975). Prehybridization and hybridization
were performed in 4X SSC, 5% dextran sulfate at 68°C
(Kunkel et al. 1982; Wabhl et al. 1979). Filters were washed in
0.1XSSC, 0.1% sodium dodecyl sulfate (SDS) at 60°C. Auto-
radiograms were exposed with an intensifying screen at
~80°C for 2-5 days.

3. Hybridization probes

a) Leu-2 cDNA and genomic probes. The Leu-2 cDNA probe,
a 1.7kb ¢cDNA fragment, is about 23 of the full length cDNA
(2.5kb) and corresponds to the 3’ end of the clone. Although
the cDNA clone does not contain an EcoRI site, the portion
of the genomic sequence which it spans contains a single
EcoRI site, presumably in an intron. The genomic probe for
Leu-2 used in this study was a HindIII-SphI 0.9 kb fragment
that maps immediately 5’ to the cDNA clone.

b) Immunoglobulin kappa probe. The human immunoglobulin
kappa constant region probe was a 2.5kb EcoRI fragment from
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Table 1. Segregation of human chromosomes with Leu-2 in human-rodent hybrids*

Fig.1. Hybridization of the Leu-2
¢DNA probe with EcoRI digested
DNAs from human-rodent hybrids.
The DNAs are from: (1) HeLa cells;
(2) Chinese hamster E36 cells;

(3) mouse RAG cells; (4-13) human-
hamster and human-mouse hybrids;
and (14) a HindIII digest of lambda
DNA labeled by means of T4 DNA
polymerase and dCTP. The chromo-
some 2 complement of the hybrids is
indicated above each lane. The addi-
tional ~ 6 kb component present in
HeLa DNA was also shown to segre-
gate with chromosome 2 in these
hybrids with a genomic probe specific
for this sequence (not shown)

Chromosome Enzyme markers Probe/chromosome®
Concordant Discordant Discordancy
+/+ —/= +/— =+ (percent)
1 PGM1, PEPC 3 12 2 5 32
2 MDH]1, IDH1 5 19 0 0 0
3 GLB1, GPX1 4 11 1 7 35
4 PGM2, ALB 3 9 2 9 48
5 HEXB 2 11 3 8 46
6 MEL1, SOD2 4 10 1 7 36
7 GUS, MDH2 4 13 1 6 29
8 GSR 3 14 2 5 29
9 AK1,ACO1 1 12 4 5 41
10 GOT1 5 9 0 10 42
11 LDHA, APOAI/CIII 3 12 2 6 35
12 LDHB, GAPD, PEPB 3 9 2 8 45
13 ESD 1 9 3 8 52
14 NP 4 8 1 1 50
15 HEXA, MPI 3 14 2 5 29
16 APRT 4 12 1 7 33
17 GALK 2 12 1 4 26
18 PEPA 4 11 0 6 29
19,19q+° PHI, MANB 3 3 1 16 74
20 ADA 3 8 2 10 52
21 SOD1 3 8 2 11 54
22 ACO2 2 9 3 10 54
X, Xq-°¢ G6PD, PGK 2 8 3 55
Y 1 18 4 1 21

* The segregation of the 4.5 kb component recognized by the Leu-2 cDNA probe is tabulated
® Clones in which a chromosome was present in less than 15% of metaphases, the characteristic isozyme was weakly
expressed, or a chromosome-specific DNA probe exhibited a weak hybridization signal were excluded from analysis
for that chromosome. Clones with a rearranged chromosome were similarly excluded from the analysis
¢ The chromosome 19 column represents the intact 19 and the two different 19q+ translocation chromosomes. Like-

wise, the X column represents the intact X and the two Xq—-derivative chromosomes
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Table 2. Leu-2 and IGK segregation in hybrids with rearrangements of chromosome 2

Hybrid Chromosome 2 loci®
cell line

IDH1 MDH1 Probe 10  Probe 6 N-myc IGKC Leu-2
G35A5 - + + + + + +
G35D3 - + + - - + +
G24A4 — + + + + - -
R5-3 + — - - - - -

* MDHI1 and IDH1 were analyzed by isozyme electrophoresis whereas probe 10, probe 6, N-myc,
IGKC and Leu-2 were determined by nucleic acid hybridization techniques. None of the four cell
lines had an intact chromosome 2 by cytogenetic analysis (Bruns et al. 1979). G35D3 appears to have
a complex rearrangement of chromosome 2 with both a terminal and interstitial deletion of 2p

the 12.5kb BamHI genomic fragment described by Hieter et
al. (1980) that had been subcloned into pBR322. The 12.5kb
genomic fragment was generously provided by Dr. P. Leder.

c¢) Cloned DNA sequences, all localized to chromosome 2p,
both by hybrid cell analysis and by in situ hybridization
(Kanda et al. 1983; Kohl et al. 1983; Shiloh et al. 1985).
Probes 6 and 10 were isolated from a library enriched for se-
quences from the homogeneously staining region (HSR) of
IMR-32 neuroblastoma cells (Kanda et al. 1983). Both se-
quences, 1.85 and 1.65kb respectively, had been subcloned in
the HindIII site of pBR322. The N-myc probe, a 2.1kb frag-
ment inserted into the EcoRI site of pBR325, was originally
identified and cloned in lambda phage Charon 16A by virtue
of its homology with the v-myc gene (Kohl et al. 1983).

Results

The Leu-2 cDNA clone hybridized with two DNA fragments
in EcoRI digested human DNAs: a major 4.5kb component
and a less intense 6 kb component (Fig. 1). No cross-hybridiza-
tion between the Leu-2 cDNA and mouse or hamster DNA
was observed. Only the 4.5kb human component was easily
identified in DNAs from a series of human-rodent hybrids
when the Leu-2 cDNA clone was nick translated and used as
a probe (Fig.1). This component segregated solely with
chromosome 2 in 24 primary human-hamster and human-
mouse hybrids that had no rearrangement of this chromosome
(Table 1). The pattern of hybridization of the 4.5kb compo-
nent in these hybrid DNAs was discordant with the segrega-
tion of the other autosomes and of the sex chromosomes (dis-
cordancy fractions 0.26-0.74) (Table 1). Chromosome 2
segregation in the hybrids was determined by cytogenetic
techniques and by analysis of malate dehydrogenase-1 (MDH-1)
and isocitrate dehydrogenase-1 (IDH-1) isozymes (Bootsma
and Kidd 1984; Bruns et al. 1979). In addition, the DNAs
from the hybrid cell lines had been used to assign a number of
DNA sequences amplified in the neuroblastoma cell line,
IMR-32, to chromosome 2 (Kanda et al. 1983; Kohl et al.
1983); assignments which were confirmed by in situ hybridiza-
tion (Kanda et al. 1983; Shiloh et al. 1985).

The less intense 6kb component identified by the Leu-2
c¢DNA clone was analyzed in a subset of the hybrids of Table
1 and in four hybrid cell lines with rearrangements of chro-
mosome 2 using a specific genomic probe for this compo-
nent. The probe was a 0.9 kb HindIII-Sphl fragment of the
genomic Leu-2 clone from a region 5’ to the ¢cDNA clone.
Hybridization of the 6kb component was concordant with

that of the 4.5kb major human component in all 14 hybrids
analyzed (seven clones positive for both components; seven
clones negative for both components, data not shown). Segre-
gation of the 6kb component was also independent of that of
the other human autosomes and of the sex chromosomes in
the hybrids analyzed (discordancy fractions 0.21-0.80). These
observations suggest that the Leu-2 locus is on human chromo-
some 2.

To assess the relationship of the Leu-2 locus to other
regionalized chromosome 2 loci, four hybrid clones with
spontaneous rearrangements of chromosome 2 were analyzed
for hybridization with the Leu-2 cDNA clone; with three chro-
mosome 2p probes for sequences amplified in a neuroblastoma
cell line and with a genomic probe for the constant region of
the human immunoglobulin kappa locus (IgGKC) (Table 2).
The IGK locus has been regionalized to the proximal short
arm of chromosome 2 at band pl2 (Rabbitts 1983) whereas
the MDH-1 locus is more distal at band p23 (Bootsma and
Kidd 1984). N-myc has been localized to 2p23—24 (Schwab et
al. 1984); probe 6 to 2p15-16 (Kanda et al. 1983; Shiloh et al.
1985); and probe 10 to 2pcen—p13 (Kanda et al. 1983; Shiloh
et al. 1985). The IDH-1 gene is on the distal long arm of the
chromosome (q23—qter) (Bootsma and Kidd 1984). In all hy-
brids, hybridization of Leu-2 was concordant with that of
IgKC and discordant with each of the other chromosome 2
loci in at least one cell line (Table 2).

Discussion

The data derived from the human-hamster and human-mouse
somatic cell hybrids analyzed in this study indicate that the
locus specifying the T lymphocyte cell surface antigen Leu-2 is
on human chromosome 2. The locus of the mouse T cell surface
antigen, Lyt-2, previously postulated to be the homologue of
human Leu-2 (Ledbetter et al. 1981), is closely linked to the
IgK locus and to the locus for a related T cell surface antigen,
Lyt-3 (Gottlieb 1974), on mouse chromosome 6. The frequency
of recombination between the Lyt-2,3 locus and IgK is esti-
mated at 0.3% (Gibson et al. 1983). The segregation of Leu-2
with the IgK locus in four independent hybrid clones with
spontaneous rearrangements of chromosome 2 in this study
suggests that the Leu-2,1gK linkage group has likely been con-
served in the human genome.

To establish structural homology between two genes,
either amino acid or nucleotide sequence comparisons must
be made. The gene coding for Lyt-2 has recently been cloned
by screening a mouse genomic library with the Leu-2 cDNA
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clone used in the present study. The genomic clone has been
shown to code for Lyt-2 by transfection. Nucleotide sequence
and predicted amino acid comparison confirms that Leu-2 and
Lyt-2 are homologous (Nakauchi et al. 1985).

Note: A similar assignment of Leu-2 was published after this paper
was submitted (Sukhatme et al. 1985).
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