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ABSTRACT The human CD7 molecule is a 40-kDa mem-
ber of the immunoglobulin gene superfamily that is expressed
on T-lymphoid and myeloid precursors in fetal liver and bone
marrow. CD7 is also expressed on T lymphocytes in multiple
stages of T-cell development, including a major subset of
mature peripheral T cells. In this paper we report the isolation
and characterization of the human CD7 gene and 5' flanking
region. Sequence analysis revealed that theCD7 gene comprises
four exons that span 3.5 kilobases. The 5' flanking region (506
base pairs) has a high G+C content and no "TATA" or
"CCAAT" elements. DNase I sensitivity analysis of chromatin
from the CD7+ progenitor cell leukemia line, DU528, and the
CD7-, CD4+, CD8+, TCRafi+ T-cell line, DU980 (where TCR
is the T-cell receptor), revealed two distinct hypersensitive sites
5' of the CD7 gene. Hypersensitive site 1, present in the DU980
T-cell line, was located 4.5 kilobases upstream of the presumed
CD7 transcription initiation site. Only DNase I hypersensitive
site 2, which mapped to the promoter region, was found in the
DU528 line. Comparison of the organization of the CD7 gene
with that of other members of the immunoglobulin gene
superfamily revealed that the human CD7 gene most closely
resembles the murine Thy-i gene. Both CD7 and Thy-i are
encoded by small genes with four exons, contain TATA-less
promoters, and have a similar functional organization. These
structural similarities suggest that human CD7 and murine
Thy-i may be functional homologues.

The CD7 T-cell differentiation antigen is a 40-kDa transmem-
brane glycoprotein found on most human thyrnocytes and on
a major subset of peripheral blood T lymphocytes (1). The
full-length CD7 cDNA, as originally isolated and sequenced
by Aruffo and Seed (2), was 1.2 kilobases (kb) long with an
open reading frame of 215 amino acids. A second cDNA
clone of 1.7 kb, representing an intron-bearing precursor, was
also characterized. With significant homology to the variable
regions ofthe immunoglobulin K chain and the T-cell receptor
(TCR) 'y chain at the N terminus, CD7 is a single-domain
member of the immunoglobulin gene superfamily (2).
CD7 is present on T-cell precursors in fetal liver and thorax

as early as 7 weeks of fetal gestation, prior to hematopoietic
cell population of the thymic rudiment (3). CD7 is also found
on T-cell precursors in thymus and bone marrow. Thus CD7
is an early marker of the human T-cell lineage, appearing
before CD2, CD3, CD4, and CD8 (3). It is the most reliable
marker for T-cell precursor leukemias and has been demon-
strated on both primitive myeloid (4) and lymphoid leukemic
cells (5). CD7 is present on subsets of both leukemic and
normal hematopoietic cells that retain the ability to differen-
tiate along multiple lineages (3, 5).

Although the function of the CD7 molecule is not known,
prior data have shown that CD7 is up-regulated on activated
T cells and down-regulated by phorbol esters on peripheral
blood T lymphocytes (for review, see ref. 6 and 7). CD7
monoclonal antibody partially blocks the allogeneic mixed-
lymphocyte reaction, acts as a comitogen for T-cell prolifer-
ation, and induces a transmembrane calcium flux after anti-
body crosslinking (for review, see ref. 6 and 8).

In this paper, we have described the cloning and charac-
terization of the human CD7 gene.¶ The coding information
for CD7 is partitioned into four exons that span <3.5 kb. The
5' flanking region does not have a "TATA" or a "CCAAT"
box and has characteristics similar to other regulated genes
with TATA-less promoters (9-13). By using DNase I hyper-
sensitivity analysis, we have identified two tissue-specific
hypersensitive sites 5' of the coding region of the CD7 gene.
Comparison of the structure of the CD7 gene with the
structures of other members of the immunoglobulin gene
superfamily revealed striking similarities of the CD7 gene
with the murine and human Thy-l genes.

MATERIALS AND METHODS
Isolation of Genomic Clone. A lung fibroblast human ge-

nomic DNA library constructed in AFIX was screened with
the CD7 cDNA clone, kindly provided by A. Aruffo and B.
Seed (2). Two positively hybridizing A clones were isolated
and characterized by restriction mapping and Southern blot
analysis.
DNA Sequencing. Dideoxynucleotide sequencing was per-

formed using the Sequenase system (United States Biochem-
ical) on both double-stranded and single-stranded sequencing
templates. The sequence was confirmed by sequencing com-
plementary strands.

Cell Culture and Phenotyping. CD7hi+, CD4, CD8,
sCD3- DU528 cells (where hi is high expressor and s is
surface) were cultured in standard medium as described (5,
14). The CD7-, CD4+, CD8+ DU980 cell line was isolated
from a patient with a progenitor cell leukemia syndrome as
described (14) and cultured in standard medium supple-
mented with human recombinant interleukin 2 (8 ,ug/ml) and
T-cell conditioned medium. Cells were characterized by
indirect immunofluorescence and analyzed using a Profile I
flow cytometric analyzer (Coulter).
DNase I Analysis. DNase I analysis was performed using

the method described by Enver et al. (15) with modifications.
Approximately 1.5 x 108 cells were pelleted, washed once
with isotonic phosphate-buffered saline, resuspended in 12
ml of ice-cold lysis buffer [50% (vol/vol) glycerol/50 mM
Tris-HCl, pH 7.9/100 mM KCl/5 mM MgCl2/0.05% Triton

Abbreviation: TCR, T-cell receptor.
§To whom reprint requests should be addressed.
1The sequence reported in this paper has been deposited in the
GenBank data base (accession no. M37271).
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X-100/100 mM dithiothreitol], and incubated on ice for 10
min. After repelleting, the nuclear extract was resuspended
in 1 ml of ice-cold buffer A (100 mM NaCl/50 mM Tris HCl,
pH 8.0/3 mM MgCl2/0.1 mM phenylmethylsulfonyl fluoride)
and centrifuged at 2500 rpm in a HB4 rotor for 5 min at 0°C.
After resuspension in 500 ,ul of buffer A, the nuclei were
divided into several samples and exposed to various concen-
trations of DNase I (Worthington) for 30 min at 37°C. DNA
was extracted, digested with EcoRI or Bgl II/HindIII, and
analyzed on a Southern blot by using the full-length CD7
cDNA labeled with [32P]dCTP as probe. Hybridization was
performed overnight at 42°C, in 50% (vol/vol) formamide/3 x
SSC/0.2% Denhardt's solution/0.05% sodium pyrophos-
phate/1 mM EDTA, pH 8.0/10 mM Hepes, pH 7.5/0.1%
SDS containing boiled salmon sperm DNA (100 ,g/ml) (lx
SSC = 0.15 M NaCI/0.015 M sodium citrate, pH 7.0; lx
Denhardt's solution = 0.02% polyvinylpyrrolidone/0.02%
Ficoll/0.02% bovine serum albumin).

RESULTS
Cloning of the CD7 Gene. Southern blot analysis ofgenomic

DNA with the CD7 cDNA showed that the entire CD7 gene
coding region was located within a single 20-kb HindIlI
fragment. A genomic library, prepared from a Sau3A partial
digest ofhuman DNA inserted into AFIX, was screened using
the randomly labeled CD7 cDNA. One recombinant, desig-
nated ALSCD7-1, contained a 15-kb insert and was selected
for characterization based on restriction mapping studies
(Fig. 1A).

Structure and Sequence of the CD7 Gene. By Southern blot
analysis of ALSCD7-1 with the CD7 cDNA probe, we deter-
mined that all coding regions in the 15-kb recombinant
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FIG. 1. (A) Restriction map showing ALSCD7 clones. B, Bgl II;
E, EcoRI; H, HindIII; S, Sal I; X, Xba I. (B) Restriction map of CD7
gene showing exon structure. Arrows represent sequencing primers.

localized to a 3-kb DNA segment. This region was mapped
and sequenced, revealing a gene comprised offour exons and
three introns (Fig. 1B). The 3280-base-pair (bp) sequence
included the entire coding region of the CD7 gene and 506 bp
of the 5' flanking area (Figs. 2 and 3A). The exon-intron
junctions were deduced by comparison ofgenomic sequences
with the CD7 cDNA sequence. Exons 1 and 2 were inter-
rupted by a 431-bp intron. We compared the sequence of the
genomic intron 1 with the published sequence and identified
an extra cytidine at position 569 of the 1.7-kb clone that bears

-25
MetAl aGlyProProArgLeuLeuLeuLeuProLeuL

gtcctgTA6ACCCAGAGAGGCTCAGCTGCACTCGCCCGGCTGGGAGAGCTGGGTGTGGGGAACATGGCCGGGCCTCC6A6GCTCCTGCTGCT6CCCCT6C
+1

euLeuAl aLeuAl aArgGlyLeuProGlyAl aLeuAl aAl aGl n
TTCTGGCGCTGGCTCGCGGCCTGCCTGGGGCCCTGGCTGCCCAAGgtaagagcttcccaggctctccatggccacagctccggagctctccctgccccat
gagctcagagcccccagtctgagccacagcacagccscccaggaagcgggtggggtgctgagcggcctccagtgtctgaggactcatttaagagaaggaaa
aagggtggacccggtggggagtggccggggctgtccaggcagggccgctgctttgggaggaagaagcccacagtctcggaacacgaggacagcacctccc
ccaacaccacagccggtgcccagatctgctccatgccccgtaaggcaccgtgtctttggcgacatgtcagccctgggctgtctcagggccccaccatcsc

+3
G1 uVal Gi nGl nSerProHi sCysT

caccactgtcccctgcagggaggacattctctgtccttctggccagactgatggtgacagcccaggtcctccccagAGGTGCAGCAGTCTCCCCACTGCA
20 40

hrThrVal ProValGlyAlaSerValAsnIleThrCysSerThrSerGlyGlyLeuArgGlylleTyrLeuArgGlnLeuGlyProGlnProGlnAsplI
CGACTGTCCCCGTGGGAGCCTCCGTCMACATCACCTGCTCCACCAGCGGGGGCCTGCGT6GGATCTACCTGAGGCAGCTCGGGCCACAGCCCCM6GACAT

60
el eTyrTyrGl uvspGlyVal Val ProThrThrAspArgArgPheArgGlyArgIl eAspPheSerGlySerGl nAspAsnLeuThrIleThrMetHi s
CATTTACTACGAGGACGGGGTGGTGCCCACTACGGACAGACGGTTCCGGGGCCGCATCGACTTCTCAGGGTCCCAGGACMACCTGACTATCACCATGCAC

80 100
ArgLeuGlnLeuSerAspThrGlyThrTyrThrCysGlnAlaIleThrGluValAshValTyrGlySerGlyThrLeuValLeuValThr
CGCCTGCAGCTGTCGGACACTGGCACCTACACCTGCCAGGCCATCACGGAGGTCAATGTCTACGGCTCCGGCACCCTGGTCCTGGTGACAGgtagggaat
gtgcccatcccagacccccctcccaaccccagctgctggccaggctctgctcccccagcccttgtcgtgggaccctccctcctacatgtgcctgaactgt
tccagctcccagcccactgcccccagcagcctcctagatagctgcccctcctcccctccacagcctttccctgccccgaatcccaaaccccgggggctct

120
G1 uGl uGl nSerGl nGlyTrpHi sArgCysSerAspAl aProProArgAl aSe

aacaggttctccaccgggagaatcccttccttcttttttccttctcagAGGMACAGTCCCMGtGATGGCACAGATGCTCGGACGCCCCACCMAGGGCCTC
140

rAl aLeuProAl aProProThrGlySerAl aLeuProAspProGl nThrAl aSerAl aLeuProAspProProAl aAl aSerAl aLeuProAl aAl aLeu
TGCCCTCCCTGCCCCACCGACAGGCTCCGCCCTCCCTGACCCGCAGACAGCCTCTGCCCTCCCTGACCCGCCAGCAGCCTCTGCCCTCCCTGC6GCCCTG

160
Al aVal Il eSerPheLeuLeuGlyLeuGlyLeuGlyVal Al aCysVal LeuAl aArgThrGl n
GCGGTGATCTCCTTCCTCCTCGGGCTGGGCCTGGGGGTGGCGTGTGTGCTGGCGAGGACACAGgtcagtgtgagccccagc tgccacctgcaccccaaag
attgttccctctcctgagagcagcgtggggggcgccaaagccccagaggaaaaccctggtacccgccgcctcctctgcaggaIctggaactctcagggtg
gaagtggcctcggcggggagggagggggaccagcaccaaagcgacctgagggggagggagcagcccaggcgctgggcccgcgtgtgcgcgtgtgccggtg
tgcaggtgtgagtgtctgaggggggatctctgaggtctgtgcgtgcaggttggagtgtgcgggcagaggagggagcgcccaggcgtgggcccgcgtgtgc
acgtgtgcaggtgtgagcctgtgtgtggggatctctgaggactgtgcgtgcatgttggagtgtgccggcgtgctgtgtggccgtgggaaggggagggggc
ctcagacagacacagagtctaggcgtggccactcccctcgtccctgctgtttgtctggggctggagtgggggtcccgcttggcttgggcttggtg ;ggg
gtccaagccacttccactctccttcttcagaggcaccccagggtccgacccagccctgcctggggaaggctctgctgggaaccctggggctcaggagacc

180 200
Il eLysLysLeuCysSerTrpArgAspLysAsnSerAl aAl aCysVal Val TyrGl uAspMetSerHi sSerArgCysA

gacggcggttctgtctttcagATMM AAAACTGTGCTCGTGGCGGGATAAGATTCGGCGGCATGTGTGGTGTACGAG6ACATGTCGCACAGCCGCTGCA
215

snThrLeuSerSerProAsnGl nTyrGl n
ACAC6CTGTCCTCCCCCMCCAGTACCAGTGACCCAGTGGGCCCCTGCACGTCCCGCCTGTGGTCCCCCCAGCACCTTCCCT6CCCCACCATGCCCCCCA
CCCTGCCACACCCCTCACCCTGCTGTCCTCCCACGGCTGCAGCAGAGTTTGAAGGGCCCAGCCGTGCCCAGCTCCAAGCAGACACACAGGCAGTGGCCAG
6CCCCACGGTGCTTCTCAGTGGACATGATGCCTCCTCCGGGMGCCTTCCCTGCCCAGCCCACCCGCCACCGGGAGGMAGCCTGACTGTCCTTTGGCT
GCATCTCCCGACCATGGCCMAGGAGGGCTTTTCTGTGGGATGGGCCTGGCACGCGGCCCTCTCCTGTCAGTGCCGGCCCACCCACCAGCAGGCCCCCMAC
CCCCAGGCAGCCCGGCAGAGGAC6GGAGGAGACCAGTCCCCCACCCAGCCGTACCAGMMTMAAGGCTTCTGTGCTTCcttttctgacttctgcatttat
tcctcagccagcaggagccagggagggagatggctgacacttcggaccctccccaagcctccgcctggggctctgcag
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FIG. 2. DNA sequence of the CD7 gene. The amino acid sequence is shown above the DNA sequence. The cDNA is in capital letters. The
transmembrane domain is underlined. Position 1 is the first amino acid of the mature CD7 protein.
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A AP2 Oct
cagctggtcggctgcagcgttgggtgcgggtgcaggcccaqQctccttccccacggccaaaccagggggtgccaa

API
ttctggcctgccctgtgctcctctgcactgtgtgggtgactcatgggtcatgggtggctccagatttctgggcat

AP2 NF-KcB Spi
ctgccacccgtccccagccaQgQagtcccttctctgtcctctggtctgccccgccccaggccttgacctcctccc

NF-KB AP2
tgtggagatgcaggggcagtgggggatacaociacgccctgctctcagggcagctctcagggaggcagtgcI M
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gaggggtaggtgagaccgcccctcccaccgggcccacagcaccaccctggtctgaggcaccgcctccaggaagcc 450

ctctctgagctctgagcgcctgcggtctcctgtgtgctgctctctgtggggtcctgTAGACCCAGAGAGGCT ...

BCD7 430 a 9 c a c c 9 c c t c c a gtaa 9 cc t ct c t a c t c 462
? I I I I 17I? 11111
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FIG. 3. (A) DNA sequence of the 5' flanking region of the CD7 gene. The 5' end of the cDNA is capitalized. Regulatory element motifs are
underlined. Regions of similarity with the murine Thy-l promoter are in boldface type. (B) Demonstration of two regions of similarity within
the CD7 gene promoter and the murine Thy-] gene promoter. The numbering of the Thy-] gene uses the transcription start site upstream of exon
la as the reference point.

an intron (2). The first intron had stop codons in all three
reading frames despite the addition of the extra base. All
predicted intron-exon borders had appropriate consensus
donor or acceptor splice site sequences. The DNA sequence
of the exons was identical to the reported sequence of the
CD7 cDNA.

Characterization and Sequence of the 5' Flanking Region of
the CD7 Gene. By using the first nucleotide of the cDNA as
the presumed transcription start site based on the data that
both ofthe cDNA clones isolated by Aruffo and Seed (2) have
nearly identical 5' sequences (the shorter 1.2-kb clone has an
extra guanine in position one of the cDNA), we sequenced
the region 506 bp upstream that contained no consensus
acceptor splice site. Analysis of the 5' flanking sequence of
the CD7 gene (Fig. 3A) revealed no TATA box or CCAAT
motifs. The entire CD7 gene was 66% G+C-rich with several
localized areas of higher G+C content in the 5' flanking
region, including a 20-bp region that was 90% G+C centered
at nucleotide 406 (position -100 relative to the transcription
start site). This is consistent with other TATA-less promoters
such as those found in the adenosine deaminase gene, the
3-hydroxy-3-methylglutaryl coenzyme A reductase gene, and
the hypoxanthine-guanine phosphoribosyltransferase gene
(16).
By inspection, several regulatory element motifs were

identified in the CD7 gene. Three potential CACCC boxes
105, 95, and 74 bp upstream of the putative cap site were
identified. Consensus transcription factor NF-KB sequence
motifs were found on the coding strand at nucleotide 246
(GGGAGTCCCTT) and nucleotide 331 (GGGACGCCT)
(Fig. 3A). Each of these sequence motifs differed from a
proposed consensus sequence for NF-KB, GGGANNYYCC
(17), by only one pyrimidine in position 10 of the motif. In
addition, there was a Spl motif (17) with the sequence
CCCGCC on the coding strand at nucleotide 275 (Fig. 3A)
and an 8- of l0-nucleotide match with a proposed consensus
sequence for the conserved octamer element ATGCAAAT
(17) at nucleotide 69 (Fig. 3A). One possible transcription
factor AP-M and several potential transcription factor AP-2
binding sequences were identified (17), as shown in Fig. 3A.

Identification and Lalization of Two DNase I Hypersen-
sitive Sites in CD7+ and CD7- Cell Lines. We examined cell
lines with various patterns of CD7 expression for the pres-
ence of DNase I hypersensitive sites surrounding the CD7
gene. The cell lines studied included the CD7hi+, CD4-,
CD8-, CD3 progenitor cell leukemia line DU528 (14), the
CD7-, CD4+, CD8+, TCRaf3+ T-cell line DU980 (5), the
CD7- erythroleukemia cell line K562, and the CD7- HeLa

cell line. The nonlymphoid CD7- lines HeLa and K562 did
not show any evidence of a DNase I hypersensitive site (Fig.
4A). Studies done with the DU980 T-cell line showed that
DNase I hypersensitive site 1 was located -5 kb upstream
from the transcription initiation site (Fig. 4B). Examination of
the progenitor cell leukemia line DU528, revealed the pres-
ence of a second DNase I hypersensitive site, located within
the immediate 5' flanking region (Fig. 4C). Both DNase I
hypersensitive sites have been confirmed by mapping with
additional restriction enzymes, including EcoRI, HindIll,
and Xba I (Fig. 5).
Comparison of the CD7 Gene with Other Members of the

Immunoglobulin Gene Superfamily. Comparison of the orga-
nization of the CD7 gene with that of other genes in the
immunoglobulin gene superfamily [CD2, CD3 (y, 8, and E
chains), CD4, CD8, immunoglobulin, TCR (a, f3, y, and 8
chains), major histocompatibility complex class I and II,
Thy-i, neural cell adhesion molecule, peripheral myelin
protein zero, and carcinoembryonic antigen] (18) revealed
that the organization of the CD7 gene shows several striking
similarities to the human and murine Thy-i genes. Whereas
genes for CD2 (19), CD3 (y, 8, and e chains) (20, 21), CD4
(22), CD8 (23), neural cell adhesion molecule (24), and
carcinoembryonic antigen (25) have TATA-less promoters
like CD7 and Thy-i, only CD7 and Thy-i are small genes that
are organized into four exons (26-29). The mouse Thy-i gene
has an alternative first exon that splices into the second exon
(9). Both exon la and lb encode the 5' untranslated region in
the mouse (9, 29), and exon 2 encodes the signal peptide.
Exon 2 of murine Thy-i corresponds to exon 1 in CD7, which
encodes the leader peptide. Exon 3 in murine Thy-i and exon
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FIG. 4. DNase I hypersensitivity experiments. DNA was ex-
posed to increasing concentrations of DNase I and digested with
EcoRI. The full-length CD7 cDNA was used as probe.
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FIG. 5. Summary of DNase I hypersensitivity experiments. Ge-
nomic restriction map of CD7 shows location of hypersensitive sites
1 and 2. B, Bgl II; E, EcoRI; H, HindflI; X, Xba I. +, Presence of
DNase 1 hypersensitive site; -, absence of DNase 1 hypersensitive
site.

2 in CD7code for the mature protein. The fourth and last exon
in murine Thy-i and the third exon in CD7 encode the
transmembrane domains of Thy-1 and CD7, respectively.
The final exon in CD7 contains the sequence for an intracel-
lular domain that is not present in Thy-i, a phosphotidyl-
inositol-anchored molecule (30).

DISCUSSION
Our studies revealed that the human CD7 gene is contained
within 3.0 kb of DNA and is composed of four exons and
three introns. The promoter is G+C-rich and lacks TATA
and CCAAT sequences, placing this gene in an emerging
group of tissue-specific genes with TATA-less promoters.
We have identified two DNase I hypersensitive sites up-
stream of the CD7 gene, each associated with a different
lymphohematopoietic cell line. Finally, comparison of the
CD7 gene with others in the immunoglobulin gene superfam-
ily demonstrated organizational similarity between the CD7
gene and the Thy-i gene.
Our analysis of the 5' flanking region of the CD7 gene

revealed the absence of a typical TATA element. The pro-
moters ofgenes that are regulated without the usual TATA or
CCAAT sequences have been placed into two classes (31).
The first has generally been associated with constitutively
active housekeeping genes that have G+C-rich promoters
with CpG islands, Spl binding sites, and often multiple start
points (for review, see ref. 16). The second group includes
promoters that also lack a TATA element but are not G+C-
rich. Smale and Baltimore (31) have suggested that the
second class ofpromoters is differentially or developmentally
regulated; they describe a 17-bp motif, the initiator (Inr), that
includes the transcription initiation start site and is sufficient
for basal transcription of the lymphocyte-specific terminal
deoxyribonucleotidyltransferase gene. Another transcription
initiator element (HIP1) has been identified in the G+C-rich
promoter of the dihydrofolate reductase gene (32). The CD7
promoter shows identity at the presumed transcription start
site with the first 5 nucleotides of the Inr element, including
at the -3 and -2 positions, which were shown to be
necessary to maintain promoter activity (31). The HIP1 motif
was not found at the transcription initiation site of the CD7
promoter.
The CD7 gene promoter is G+C-rich with multiple CpG

dinucleotides, AP-1 and AP-2 binding motifs, and one puta-
tive Spl binding site. Nevertheless, it does not readily fall
into the class of constitutive promoters since CD7, like Thy-i,
demonstrates both tissue-specific and developmentally reg-
ulated gene expression (10, 33).

We have attempted to identify DNase I hypersensitive sites
in the CD7 gene because of their association with transcrip-
tional regulatory elements. In this paper, we have described
two strong hypersensitive sites upstream from the CD7 gene
that are associated with the gene's expression. Hypersensi-
tive site 1, the most upstream of these sites, is located -4.5
kb on the 5' side of the presumed transcription initiation site
and was found in the DU980 T-cell line that is CD7-. The
second DNase I hypersensitive site was found near the
presumed cap site and is associated with expression of CD7
on the DU528 progenitor cell line. Like murine Thy-i, CD7
may utilize two promoters and have two transcription start
sites associated with different stages of T-cell development
(9). CD7 mRNA from a variety of phenotypically distinct
T-cell lines has been examined and found to be of uniform
size (1.2 kb) in all cell lines tested (2). These later data do not
exclude the possibility of differential splicing from alternate
first exons. Alternatively, the various hypersensitive sites
may represent the use of at least two upstream regulatory
elements providing different mechanisms for regulation ofthe
CD7 gene. Hypersensitive site 1 may be involved in the
repression of CD7, a regulatory strategy that has been
described in several genes in the immunoglobulin gene su-
perfamily (34-36). Finally, hypersensitive site 1 may be
associated with another transcription unit.
Comparison of the CD7 gene with other genes in the

immunoglobulin gene superfamily revealed that CD7 most
closely resembles the human and murine Thy-i gene structure
and functional organization. The 5' flanking region of both
CD7 and murine Thy-i (the human Thy-i promoter has not
been described) lacks TATA and CCAAT sequences. Com-
parison with the promoters of other genes in the immuno-
globulin superfamily revealed two groups. The TCR genes
(for review, see ref. 37), major histocompatibility complex
class I (for review, see ref. 38) and II (39) genes, and the
immunoglobulin genes (for review, see ref. 38) all have
promoters with TATA sequences for binding of the RNA
polymerase II complex. Both CD7 and the murine Thy-i gene
fit into a less well-studied group of genes that includes genes
for CD4, CD8, CD2, CD3 (8, e, and y chains), neural cell
adhesion molecule, carcinoembryonic antigen, and periph-
eral myelin protein zero (40). All of these tissue-specific
genes have TATA-less promoters.

Further similarities are noted in the 5' flanking regions of
CD7 and murine Thy-l. The murine Thy-i gene contains two
promoters, each upstream of one of the two alternative first
exons. Both of the promoters for the murine Thy-i gene, like
that for CD7, do not contain a TATA or CCAAT box and are
G+C-rich. There is a 33-bp region =50 bp upstream of the
presumed start site in CD7 that shows significant similarity
with a region -125 bp on the 5' side of the upstream start site
in Thy-i (9). At about position -100, there are duplicated
CACCC motifs (17) in both genes. There is also a conserved
17-base region at position -140 in the CD7 gene that shows
90% similarity to a region 60 bases upstream from the second
start site in Thy-1 (Fig. 3B).
The two promoters of murine Thy-1 show little similarity

in DNA sequence but share a conserved nonamer, CTCCCT-
GCT, at position -47 or -49, which is similar to sequences
in the near 5' flanking regions of other promoters without
TATA motifs (9). Similar sequences are found in the 5'
flanking region of the CD7 gene; GCCCTCTCTG at position
-55 from the presumed start site and CTCCTGT at position
-29. Experiments looking at the regulation of Thy-i have
shown tissue-specific expression and suggested downstream
transcriptional control elements for Iymphoid expression (33)
similar to those found in the immunoglobulin and TCR genes
(41-45). Many of the housekeeping genes are also regulated
by elements found downstream of the promoter in the first
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intron. Possible AP-1 and AP-2 motifs were identified in the
first intron of CD7.
No mouse homologue to CD7 has been identified. In

murine lymphoid tissue, murine Thy-i has a similar tissue
distribution to that of human CD7 in human lymphoid tissue,
appearing on prothymocytes, thymocytes, and peripheral T
cells (for review, see ref. 46). In contrast, human Thy-i is
expressed primarily on nonlymphoid cell types (47). CD7 in
humans and Thy-i in mice have both been used to define
T-cell precursors in extrathymic tissues (3). Structurally, the
Thy-i and CD7 proteins have several similarities, including
the location and number of cysteine residues (2). Functional
data in vitro have demonstrated similarities in murine Thy-i
and human CD7. For instance, crosslinking either human
CD7 or murine Thy-1 triggers a rise in T-lymphocyte intra-
cellular calcium (8, 48). Thy-i in mice (46) and CD7 in man
(3) are expressed on T-cell precursors, function as T-cell
activation costimulants, and are single-domain members of
the immunoglobulin gene superfamily with similar gene or-
ganization and promoter structure. Thus these data suggest
that human CD7 and murine Thy-i may be functional homo-
logues.
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