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ABSTRACT Vascular cell adhesion molecule 1 (VCAM-1)
is a cell surface glycoprotein adhesive for certain blood leuko-
cytes and tumor cells, which is expressed by activated endothe-
lium in a variety of pathologic conditions including atheroscle-
rosis. Genomic clones encoding the VCAMI gene were isolated
and the organization of the gene was determined. The gene,
which is present in a single copy in the human genome, contains
9 exons spanning ~25 kilobases of DNA. Exons 2-8 contain C2
or H-type immunoglobulin domains. At least two different
VCAM:-1 precursors can be generated from the human gene as
a result of alternative mRNA splicing events, which include or
exclude exon 5. A consensus TATAA element is located up-
stream of the transcriptional start site. The VCAMI promoter
contains consensus binding sites for NF-xB, the GATA family of
transcription factors, as well as an AP1 site. The VCAMI gene
was assigned to the 1p31-32 region of chromosome 1 based on
the analysis of human-mouse hybrid cell lines and in situ
hybridization. Structural analysis of the human VCAM]I gene
provides the basis for alternative mRNA splicing and an initial
approach to elucidating the regulation of VCAM-1 expression.

A prominent feature of endothelial activation by cytokines or
endotoxin is the alteration of their surface adhesive properties
by induction of leukocyte adhesion molecule expression (re-
viewed in ref. 1). These molecules contribute to the hyperad-
hesive surface changes observed in activated cultured endo-
thelium and have been identified in vivo in various pathologic
conditions (reviewed in ref. 1). Vascular cell adhesion mole-
cule 1 (VCAM-1) was identified in activated human umbilical
vein endothelial cells by monoclonal antibody E1/6 (2) and by
expression cloning (3). This inducible endothelial cell surface
molecule has been shown in vitro to mediate intercellular
adhesion via interaction with a counterreceptor, the integrin
VLAA4, which is expressed on monocytes, lymphocytes, ba-
sophils, eosinophils, and certain tumor cells, but not neutro-
phils (4-7). Expression of VCAM-1 is inducible on vascular
endothelium in pathologic conditions; however, it is constitu-
tively expressed on some nonvascular cells including dendritic
cells in lymphoid tissues and skin, some monocyte-derived
cells, and epithelial cells (7, 8). In inflammatory processes and
cardiac allografts undergoing rejection, VCAM-1 is upregu-
lated on endothelium of postcapillary venules (9). Arterial
expression of VCAM-1 is found in experimental models of
atherosclerosis in the rabbit. The rabbit homologue of
VCAM-1 is induced locally on arterial endothelium overlying
early foam cell lesions in dietary and heritable hypercholes-
terolemia (10).

VCAM-1 is a transmembrane protein and member of the
immunoglobulin gene superfamily. Initially, VCAM-1 cloned
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from activated cultured human umbilical vein endothelial
cells was reported to contain six extracellular C2 or H-type
immunoglobulin-like domains (3). However, cDNAs were
isolated from cytokine-activated endothelium that contains
an additional immunoglobulin domain, designated AS-1 or
domain 4 (the remaining domains were designated 5-7) (11,
12). This additional immunoglobulin domain is most homol-
ogous to domain 1, the existing N-terminal domain. Both
transcript forms of VCAM-1 were detected in interleukin 18
(IL-1B)-stimulated human umbilical vein endothelial cells,
although the seven-domain form appeared predominant (11,
12). To further define the nature of VCAM-1 mRNA proc-
essing, and as an initial approach to examining the mecha-
nisms regulating VCAMI gene expression, we have cloned
and characterized the human gene encoding VCAM-1.8

MATERIALS AND METHODS

Cell Culture, Cytokine Treatment, and RNA Isolation.
Growth of passaged human umbilical vein and rabbit venous
endothelial cells have been described (11, 13). Human endo-
thelial cells were activated by treatment with recombinant
human IL-18 (10 units/ml) (Biogen) for 6 hr. Poly(A)* mRNA
was prepared as described (14).

Isolation of Genomic Clones. A library of human peripheral
blood DNA partially digested with Sau3A was constructed in
the vector EMBL3 (15). The library was screened with a
partial rabbit VCAM-1 cDNA (M.1.C., unpublished data), as
well as with 5’ and 3’ end partial human VCAM-1 cDNA
probes generated by PCR (9); probes were labeled by random
priming (16).

Primer Extension. Oligonucleotides AAAGTATATT-
TGAGGCTC and CACGACCATCTTCCCAGG comple-
mentary to the 5’ end of VCAM-1 mRNA were labeled with
[y-3?P]JATP and polynucleotide kinase. Primers were hybrid-
ized to 5 ug of poly(A)* RNA from human umbilical vein
endothelial cells treated with IL-18 for 6 hr. Primer extension
was performed as described (14, 15).

In Situ Hybridization. A partial cDNA clone containing the
extracellular domains of VCAM-1 (11) was biotinylated and
used as a probe to localize the VCAM]I gene by fluorescence
in situ hybridization directly on banded metaphase chromo-
some preparations, as described (17).

RESULTS AND DISCUSSION
Structure of the VCAMI Gene. The restriction map of a
25-kilobase (kb) region containing the VCAMI gene was
constructed by analysis of overlapping bacteriophage clones
isolated from a human genomic library (Fig. 1). Restriction
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maps were refined by Southern blotting with cDN A probes or
specific oligonucleotides. The sizes of subcloned fragments
correspond to the sizes of the hybridizing bands observed on
Southern blots of digested human DNA probed with a
VCAM-1 cDNA clone (data not shown); this pattern is
consistent with a single copy of the gene being present in the
human (haploid) genome. All of the exons, intron-exon
boundaries, and portions of the introns were sequenced on
both DNA strands (Fig. 2). In areas where the sequences
overlap, there were no nucleotide differences between the
previously published human cDNA sequences (3, 11, 12) and
the genomic sequence. This suggests that polymorphism of
the VCAMI gene is not extensive.

The VCAMI gene structure implies a correlation between
exon/intron architecture and protein structure. Exon 1 con-
tains the signal peptide. Each of the extracellular immuno-
globulin-like domains is contained in a separate exon. In this
respect, the VCAMI gene is similar to certain other members
of the immunoglobulin gene superfamily (18). Unlike many of
these genes, the transmembrane region, cytoplasmic domain,
and 3’ untranslated region are contained in a single exon. The
structure of the VCAMI gene is consistent with the proposal
that exon duplication played a role in the formation of the
gene. In VCAM-1, the immunoglobulin-like domains share
extensive internal homology. Domains 1, 2, and 3 are highly
homologous to domains 4, 5, and 6. In addition, the sizes of
the introns in this region are similar. This internal homology
suggests that the region of the VCAMI gene represented by
domains 1, 2, and 3 may have been duplicated during evo-
lution to generate domains 4, 5, and 6.

All the splice acceptor and donor sequences agree with the
“GT-AG"’ rule (19) and conform to the consensus proposed
by Mount (20). In the human open reading frame defined by
existing cDNA clones, no splice junctions occur between
amino acid codons (type 0), 100% occur after the first
nucleotide (type 1), and none occur after the second nucle-
otide of a codon (type 2) (21). This can be compared to the
values of 41% type 0, 36% type 1, and 23% type 2 previously
reported for vertebrate genes (22). The striking conservation
of phase 1 introns in the VCAMI gene suggests that exons
could be spliced in or out of the mRNA without disturbing the
reading frame.

Analysis of VCAM-1 cDNA clones has revealed several
c¢cDNA forms that differed from the originally described
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FiG.1. Architecture of the human VCAMI gene. Positions of the
exons are indicated by solid boxes. The scale at the top is in kb. The
restriction map was derived from three overlapping bacteriophage
clones (bottom), and EcoRlI sites (R) are indicated. Roman numerals
designate exons. PM, promoter; 5’ UT, 5’ untranslated region; SP,
signal peptide; TM, transmembrane region; 3' UT, 3’ untranslated
region. Arabic numerals designate immunoglobulin-like domains. ¢
and ¢, designate regions in the human gene that are homologous to
regions in rabbit VCAM-1 cDNAs.
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VCAM-1 structure. First, human umbilical vein endothelial
cells (11, 12), as well as rabbit endothelial cells (M.I.C.,
unpublished data), express a transcript containing a C2 or
H-type immunoglobulin domain located between domains 3
and 5. This 276-base-pair (bp) domain is present in the human
VCAMI gene (Figs. 1 and 2) and demonstrates that these
forms of VCAM-1 are derived by alternative mRNA splicing.

Additional VCAM-1 transcripts have been identified, re-
vealing new elements of the VCAMI gene. In a single rabbit
cDNA clone, another domain is located between the fifth and
sixth immunoglobulin domains. In addition, in =50% of the
identified rabbit VCAM-1 transcripts obtained from cultured
endotoxin-activated (3 hr) aortic endothelial cells, an addi-
tional domain is located between the seventh immunoglob-
ulin domain and the transmembrane region (M.1.C., unpub-
lished data). Regions were identified in the human VCAMI
gene that are homologous to these domains expressed in the
rabbit. Thus far we have been unable to detect expression of
VCAM-1 transcripts containing these regions of the VCAM1I
gene in IL-1B-treated (6 hr) human umbilical vein RNA using
the PCR (data not shown), and as such these domains have
been designated ¢1 and ¢2 (Figs. 1 and 2). It is possible that
other pathophysiologic stimuli, or expression of the VCAM1
gene in other cell types, may be associated with splicing
patterns that include ¢1 and ¢2. It is also possible that the 1
and ¢2 domains have diverged in the human and rabbit
VCAM] genes and thus are not expressed in humans. How-
ever, the percentage identity between the established human
and rabbit immunoglobulin-like domains is relatively high
(80-90%) and is not consistent with a rapid gene divergence,

Table 1. Segregation of VCAMI with human chromosomes in
BamHI-digested human-mouse cell hybrid DNA

Concordant Discordant
hybrids, no. hybrids, no.
Chromosome (+/+) (-/-) (+/-) (=/+) % discordancy
1 12 30 0 0 0
2 8 20 5 10 35
3 12 19 2 10 28
4 9 18 4 12 37
5 10 17 4 13 39
6 10 25 4 S 20
7 10 17 3 12 36
8 12 17 2 13 34
9 3 24 10 4 34
10 12 15 2 14 37
11 6 16 5 14 46
12 14 17 0 13 30
13 9 19 5 11 36
14 11 14 3 16 43
15 9 21 4 9 30
16 9 24 5 6 25
17 10 8 3 22 58
18 10 16 4 14 41
19 8 24 6 6 27
20 9 14 5 16 48
21 9 6 5 24 66
22 7 21 7 8 35
X 7 13 3 15 47

Data are compiled from Southern blots probed with VCAM-1
cDNA. DNA obtained from 44 human-mouse somatic hybrid cell
lines involving 20 unrelated human cell lines and 4 mouse cell lines
(29) was digested with BamHI. The hybrids were characterized by
karyotypic analysis and by mapped enzyme markers (30). Scoring
was determined by the presence (+) or absence (—) of human bands
in the hybrids on the blots and was compared to the presence or
absence of human chromosomes in each hybrid. A 0% discordancy
indicates a matched segregation of the DNA probe with a chromo-
some. The human VCAMI gene mapped to human chromosome 1.
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GAAGTTATGGTGTCCCTTTTTTAAAAAAIQA&I&ATCAAAAGAAATAACTTTTTCCTTTCTCTTGTAAGAGAAAAAAAYTAATCTCTTIIAGAAYIGLAAA(AIAIIlL(?ILﬂYGGAGﬂ

121 AAATCAATTCACATGGCATAGTCGTTATTTATCCAGTTCAAAAACCAGAGTAGAATTTACTACTCTGTCTCCATTTTTTCTCTCCCCALLCELTIAACCLACAIICGATILAGAAAstll

241 CATTCTGCAATCAGCATTGTCCTTTATCTTTCCAGTAAAGATAGCCTTTTGGAGTCGAAGATGAGGAAAAGCCTGTATTTTATAGTCITGGAAGTGTCTTCTTTTGCCAGGACAGAGAGA PROMOTER
361 GGAGCTTCAGCAGTGAGAGCAACTGAAGGGGTTAATAGTGGAACTTGGCTGGGTGTCTGTTAAACTTTTTTCCCTGGCTCTGCCCTGGGTTTCCCCTTGAAGQgAl}[EgCTCCG(CYCT

481 GCAACAAGACCCTTTATARAGCACAGACTTTCTATTT CTCCGCGGTATCTGCATCGGGCCTCACTGGCTTCAGGAGCTGAATACCCTCCCAGGCACACACAGGTGGGACACAAATAAG] EXON I

601 JEGTTTTGGAACCACTATTTTCTCATCACGACAGCAACT TAAAATGCCTGGGAAGATGGTCGTGATCCTTGGAGCCTCARATATACTTTGGATAATGTTTGCAGCTTRTAAGTTATTTCCL (5'UT, SP)
MetProGlylysMetValVallleteuGlyAlaSerAsnlleleuTrplieMetPheAlaAlay

TTCATCTGTTTCAAATGTTAG--GGTAAATTTGCTTCTGTCTTTTTTTGCTTTTGCAG TCAAGCTTTTAAAATCGAGACCACCCCAGAATCTAGATATCTTGCTCAGAT TGGTGACTCC
erGInAlaPhelysIleGluThrThrProGluSerArgTyrieuAlaGinlleGlyAspSer

G ATTGACTTGCAG GG( G i GAGA AGATAGATAGTCCACTGAATGGGAAGGTGACGAATGAGGGGACCACATCTACGCTGACAATG|
ValSerLeuThrCysSethrThrGlyCysGluSerProPhePheSerTrpArgThrGlnl1eAspSerProLeuAsnGlytysValThrAsnGluGl ThrThrSerlhrleuThrMet
AATCCTGTTAGTTTTGGGAACGAACACTCTTACCTGTGCACAGCAACTTGTGAATCTAGGAAATTGGAAARAGGAATCCAGGTGGAGATCTACTRTGAGTGL TTTAGPAAATCITIGHTT
i T CysThrAlaThrCysGluSerArglysleuGlulysGlylleGinValGlulleTyr
1081 TTCTCTCAA--AAAAGCCCATCCATGTATTTGTTTGGCCTTTTCAG AAGGA G/ AGTG GGGAA ATCACAGTCAAGTGTTCA]
brPheProlysAspProGlulleHisLeuSerGlyProLeuGluAlaGlylysProlteThrVallysCysSer
GTTGCTGATGTATACCCATTTGACAGGCTGGAGATAGACTTACTGAAAGGAGATCATCTCATGAAGAGTCAGGAATTTCTGGAGGATGCAGACAGGAAGTCCCTGGAAACCAAGAGTTTG EXON 111
ValAlaAspVa]TerroPheAspArgLeuGlulIeAspLeuLeuLysGlyAspHisLeuMetLysSerGlnG]uPheLeuGluAspAlaASpArgLysSerLeuGluThrLysSerLeu (Domain 2)
GAAGTAACCTTTACTCCTGTCATTGAGGATATTGGAAAAGTTCTTGTTTGCCGAGCTAAATTACACATTGATGAAATGGATTCTGTGCCCACAGTAAGGCAGGCTGTAAAAGAATTGCAA

72

—

EXON 11
(Domain 1)

841

961

1201

1321

GluVal ThrPheThrProVallleGluAsplleG] ValleuValCysArgAlalysleuHisIleAspGluMetAspSeryalProThrValArgGinAlaVallysGluleuGln
1441 |6TCTACAGTAAGTACTTGTGCGATGTGTTCCAGTCTTTGTGG--TTAGCAATTGCTAATATTATTTTTTGCCCTTTCAQTATCACCCAAGARTACAGTTA GAATCCA

ValTyrl eSerProlLysAsnThrVallleSerValAsnProSerThr| gxon IV
1561 |AAGCTGCAAGAAGGTGGCTCTGTG CAGCGAGGGTCTACCAGCTCCAGAGATTT1CTGGAGTAAGAAATTAGATAATGGGAATCTACAGCACCTTTCTGGARATGCA] (Domain 3)

LysLeﬁGlnGluGlyGlySerValThrMeiThrC}sSerSerGluGlyLeuProA]aProGlu11ePheTrpSerLysLysLeuAspAsnGlyAsnLeuGlnHisLeuSerG] AsnAla
1681 |ACTCTCACCTTAATTGCTATGAGEATGGAAGATTCTGGAATTTATGTGTGTGAAGGAGT TAATTTGATTGGGAAAAACAGAAAAGAGETGGAATTAATTGTTCAAGG 1 GAGTAGAATGTG
ThrieuThrleulleAlaMetArgMetGluAspSerGly]leTyrValCysGluGlyValAsnleulleG] AsnArgLysGluValGluleulleValGlng

1801 AAAAAGGAATGATAAAGGTGC--TGTTCTTTTCATCTTGTTTTCCACCTGTGTCCCAGRGAAA T GTTGA! GGACCCCGGATTGCTGCTCAGA AGACTCA
uLysProPheThrValGlulleSerProGlyProArglleAlaAlaGInlTeGlyAspSer] ¢xon v

1921]6T ATGTTGACATGTAGTGTCATGGGCTGTGAATCCCCATCTTTCTCCTGGAGAACCCAGATAGACAGCCCTCTGAGCGGGAAGGTGAGGAGTGAGGGGACCAATTCCACGCTGACCCTG (Dorain 4)
ValMetLeuThrCysSerValHetG]yCysGluSerProSerPheSerTrpArgThrGlnl]eAspSerProLeuSerGlyLysValArgSerGluGl ThrAsnSerThrleuThrleu

2041} AGCCCTGTGAGTTTTGAGAACGAACACTCTTATCTETGCACAGTGACTTGTGGACATAAGAAACTGGAAAAGGGAATCCAGGTGGAGCTCTACTETAAGTGGTTTTCAGAATIGTTTACT
SerProValSerPheGluAsnGluHisSerTyrieuCysThrValThrCysGlyHisLysLysleuGlulysGlylleGlnValGluleuTyrS

2161 GTTTTTTTT--CAAGAATAAARATCGTTTTTGCTTGCGATTTGCAGEAT] GAGA RAATCGAGATGAGTGGTGGCCTCGTGAATGRGAGCTC1GTCACTGTAAGCTGCAAG!
prPheProArgAspProGlulleGluMetSerGlyGlyLeuValAsnGlySerSerVal ThrvalSerCyslys

GTTCCTAGCGTGTACCCCCTTGACCGGCTGGAGATTGAATTACTTAAGGGGGAGACTATTcTGGAGAATATAGAGTTTTTGGAGGATACGGATATGAAATCTCTAGAGAACAAAAGTTTG
Va]ProSerValTerroLeuAspArgLeuGluIleGluLeuLeuLysGlyGluThrIleLeuGluAsnIleGluPheLeuGluAspThrAspMetLysSerLeuGluAsnLysSerLeu
GATGACATGGAATTCGAACCCAAACAAAGGCAGAGTACGCAAACACTTTAT
A G

GluMetThrPhelleProThr 1uAspThrGl Al 1nAl HislleAspAspMetGluPheGluProlysGinArgGinSerThrGinThrieuTyr
GTCAATEETAAGTACATATGTGAGGTATCTACAGT TTAATAC--TATGGTATTAGCTGAGCTCACTCGTGCATTTTCAG AAGGTTAGCAGGGCTGGCTGGTCTCAGATGACTTCACCCA

EXon VI
{Domain 5)

2281

2401

2521

2641 [CATGTCTGGAGCCATATCTTGGATGACTTGG T ATGTGGTGTCA GAGGAACAGIAGCCTAGATT TACTCTCCAGAGCTCAGTGTTTCAAGAAGGTGTAAATGAA
2761 |GCA G G AA ACAGIGT] [TCTTCCACATTCAATTG TTAAAGTGAGTCATGAGGCCAGCCTAGAGATTCA--ATAGGTCAAGCTAACAAGL
2881 GTCTCTGCCTTTTCAG GAG/ A/ i G C CCTGGAGGAAGGCAGTTCTGIGAATATGACATGCT 1GAGCCAGGGCTTTCCTGCTCCGARA]

b 1ATaProArgAspThrThrValleuValSerProSerSerlleLeuGluGluGlySerSerValAsnMet ThrCysLeuSerGinGlyPheProAiaProlys| gxoN vl

3001 ATCCTGTGGAGtAGGCAGCTCCCTAACGGGGAGCTACAGCCTCTTTCTGAGAATGCAACTCTCACCTTAATTTCTACAAAAATGGAAGATTCTGGGGTTTATYTATGTGAAGGAATTAAC (Corain 6)
IleLeuTrpSerArgGinLeuProAsnGlyGluleuGinProleuSerGluA nAlaThrLeuThrLeulleSerThriysMetGluAspSerGlyValTyrleuCysGluGlylleAsn)

3121 CAGGCTGGAAGAAGCAGAAAGG?AGTGGAATTAA{TA{CC?Ar TGAGCAGAGTGTGAGTAATGAGTTATCCTTGCTA--CTCAATCAGGGATGTCTTTTAAATTCTCTTTACAG :

a e elleGln Thr

3241 G AAAACT] GCTTTTCCTTCTGAGAGTGT CAARGAAGGAGACACTGTCATCATCTCTTGTACATGTGGAAATGTTCCAGARACATGGATAATCCTGAAGAAARRAGCG)
proLysAspllelysLeuThrAlaPheProSerGluSerVallysGluGlyAspThrValllelleSerCysThrCysGlyAsnValProGluThrivpllel leleulyslyslysAla fégﬁa"’r‘]'g)

3361 | GAGACAGGAGACACAGTACTAAAATCTATAGATGGCGCCTATACCATCCGAAAGGCCCAGTTGAAGGATGCGGGAGTATATGAATGTGAATCTAAAAACAAAGT TGGCTCACAATTAAGA

GluThrGlyAspThrVaileulysSerileAspGlyAlaTyrThr]leArglysAlaGinteul sAspAlaGlyValTyrGluCysGluSertysAsnlysVaiGlySerGinleuArg

3481 |AGTTTAACACTTGATGTTCAAGGTGAGTTTGTTTTGAGTTTTTGTTTTCTTGGTAAT--AAGCCT TACCGTATGTATGTTTTCCATCTTCACAGTACCTCCTCARRACATGAGRATAGCT
erleuThrleuAspValGlng

3601 [GTATAGCTATACATCCATCTAGAAATGTTARAGAAGGGGAAAACATCACGAT TATATATGAAACT TCTAGTCATCCACCTGCAGTGATTATCCTGAAAAGAATTGATCTAGCCARTGAAG v

TTACTATGTGTTCAAAGAAGGGAACATTTACTTTGTATCATGTCACTCAAAATGATTCAGGGGTATATGTAATCAGTGCTTCCAATGAGGTTGGGGATGATTCTGGACAGATTGCAATCT]

3721
3841 QAGTTAlEAETAGGTTGAATTTACTCATCCCTATTTTCTTTAAT-—TAGACATTAATIGCATCCATTTTGTTATTTTCCA ARGAGAAAACAACAAAGACTATTTTTCTCCTGAGCTTC
1yArgGluAAsnAsntysAsplyrPheSerProGiul eul

3961 [TCGTGCTCTATTTTGCATCCTCCTTAATAATACCTGCCATTGGAATGATAATTTACTTTGCAAGAARAGCCAACATGAAGGGGTCATATAGTCTTGTAGAAGCACAGAAATCAAAAGTGT] ryoy [X
euValLeuTerheAlaSerSerLeu[lelleProAlal1eGlyMetllelleTerheAlaArgLysAlaAsnMetLysG]ySerTyrSerLeuVaiGluAlahlnLysSerLysVal (1M, cYTo,
4081 |AGCTAATGCTTGATATGTTCAACTGGAGACACTATTTATCTGTGCAAATCCTTGATACTGCTCATCATTCCTTGAGAAARACAATGAGCTGAGAGGCAGACTTCCCTGAATGTATTGAAC) 37U T)
4201 | TTGGAAAGAAATGCCCATCTATGTCCCTTGCTGTGAGCAAGAAGTCAAAGTAARACTTGCTGCCTGAAGAACAGTAACTGCCATCAAGAT GAGAGAACTGGAGGAGTTCCTTGATCTGTA
4321 | TATACAATAACATAATTTGTACATATGTAAAATAAAATTATGCCATAGCAAGATTGCTTAAAATAGCAACACTCTATATTTAGATTGTTAAAATAACTAGTGT TGCTTGGACTATTATAA
444 | TTTAATGCATGTTAGGAAAATTTCACATTAATATTTGCTGACAGCTGACCTTTGTCATCTTTCTTCTATTTTATTCCCTTTCACAAAATTTTATTCCTATATAGTTTATTGACARTAATT
4561 | TCAGGTTTTGTAAAGATGCCGGGTTTTATATTTTTATAGACAAATAATAAGCAAAGGGAGCACTGGGTTGACTTTCAGGTACTARATACCTCAACCTATGGTATAATGGTTGACTGGGTT
4681 |TCTCTGTATAGTACTGGCATGGTACGGAGATGT TTCACGAAGTTTGTTCATCAGACTCCTGTGCAACTTTCCCAATGTGGCCTAAAAATGCAACTTCTTTTTATTTTCTTTTGTAAATGT
4801 TTAGGTTTTTTTgTATAGTAAAGTGATAATTTCTGGAATT!hAATGGTTGTATGTTTATTIATTATAAACTGCLTCCTTTAGTCACGTTGrﬂGLTLT!TLTGAAGIGC]AALTiﬁfﬂﬂcﬂ
4921 GTAAAATATTCAAACTATGGAAATAATACGGATACTCAAAATGTGACCCTCAGACTACTATTATTAAAATTACTGTAGGAACTTGATAARAATGIAGATTTLTIGETGLCAGACTARCAT
5041 ATTGAATAGAAGTGTCTAGTTTTTGGTCCTTGGAATCTGCAATTTTITTAATTTAGAAAAATATACATAAAAAGAT TTAATGCAGATGAACATGEACATGTTARTLAGLAALAAATEANLA
5161 CCTGTGTACAGAACATTAAGAGCAAGAGATAGTAAAACTATTCTTCAGAGCCTTTTATATACCACATAGTGATGGLAGCALTCTICCL TEACTE G144

5281 CATACATTGATCATTTCCATGCTTCCTTTGGAGTTTTITITITITTIITITITITTTIGAGACGGAGTE FCGLILTGICRLCLAGGLIGENALTN

FiG. 2.. Nucleotide sequence of the VCAMI gene. The sequences of VCAM-1 exons are enclosed in large boxes. The TATAA sequence is
enclosed in a small box; the sequences corresponding to putative NF-«B, AP1, and GATA binding sites are underlined. Abbreviations are defined

in Fig. 1.

as is seen in some other members of the immunoglobulin functional element of the VCAM/ promoter. Located at —57
supergene family (18). is the sequence GGGATTTCCC, which is in complete agree-

The 5’ and 3’ Flanking Regions. The transcription initiation ment with the consensus sequence [GGGR(C/A/T)TYYCC]
site(s) of the VCAMI gene was defined by primer-extension for an NF-«B site (reviewed in ref. 23). I.ocated at —73 is the
analysis. The analysis was performed by using two oligonu- sequence TGGGTTTCCCC, which may be a second NF-«<B
cleotide primers and IL-1-treated human umbilical vein en- site. Since cytokines activate the transcription factor NF-«B,
dothelial cell poly(A)* mRNA. Marker lanes display dideoxy- these putative promoter elements may confer IL-1 respon-
npcleotide DNA sequencing reactions primed from the same siveness on the VCAM] gene. A consensus AP1 binding site,
sntg on a plasmid subclone of this genomic region (Fig. 3). TGACTCA (24), is located at —490. Sequences recognized by
anen:-extension analysis reveals a major transcriptional the GATA box family of zinc finger transcription factors (25),
start site corresponding to an A residue 20 bp downstream of AGATAG and TATC, are located at —-239 and —253. Inter-
a consensus TATAA sequence. The nucleotide pair at this estingly, a member of this family is expressed by endothelial
site in the VCAM1 gene (A preceded by C) is the sequence cells and is required for the restricted pattern of endothelin 1
most commonly found at eukaryotic transcriptional start sites gene expression (26). These putative promoter elements may

(17). This result is consistent with the TATAA motif being a increase the efficiency of VCAM-1 expression in cytokine-
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FiG. 3. Mapping of the VCAMI transcriptional start site. The
transcriptional start site was determined by primer-extension anal-
ysis. Two oligonucleotides corresponding to the 5’ end of the
VCAM-1 cDNA were labeled and hybridized to IL-18-treated (6 hr)
human umbilical vein endothelial cells (HUVE) poly(A)* RNA, or
tRNA. The products of annealing served as templates for reverse
transcriptase. The extension products from the first oligonucleotide
(Left) or a second primer (Right) were run on a denaturing poly-
acrylamide gel alongside a Sanger sequence primed on a plasmid
DNA template using the same primer as that used in the reverse
transcription reaction.

activated endothelial cells. A consensus sterol regulatory
element [CACC(C/G)(C/T)AT] (27) was not seen in the
VCAMI promoter.

The 3’ end of the VCAMI gene does not contain a con-
sensus polyadenylylation signal. A recently described
VCAM-1 cDNA clone contains a poly(A) sequence that is 18
bp downstream of the hexamer AGTAAA. This sequence
was shown to be a functional processing signal in other genes
(28). Two findings support the proposal that this site is the

Number of Grains
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authentic polyadenylylation signal. First, examination of the
3’ end of the VCAMI gene from the area of the 3’ ends of the
described cDNA clones (3, 12), downstream 760 bp, failed to
yield a consensus AATAAA polyadenylylation signal (Fig. 2;
data not shown). Second, the position of the polyadenylyla-
tion site is consistent with the observed size of the VCAM-1
transcript. The predicted size of the VCAM-1 transcript
derived from the length of the 5’ untranslated region (124 bp),
the exon 4-containing open reading frame (2217 bp), as well
as the size of the 3’ untranslated region obtained from the
existing cDNAs (734 bp), and poly(A) tail (=100 bp), is 3175
bp. This is consistent with the reported size of the transcript
(3.2 kb) derived from the VCAMI gene (3).

Chromosomal Localization of the VCAM1 Gene. DNA iso-
lated from 44 human-mouse somatic hybrid cell lines and
parental controls was examined for the presence or absence
of the human VCAMI gene by Southern blotting techniques.
On BamHI-digested DNA, the VCAM-1 cDNA produced
readily distinguishable patterns of restriction fragments of
23.1 and 4.8 kb for human and a 12.2-kb band for mouse (data
not shown). The presence or absence of the human VCAM!
gene sequences was tabulated against the presence or ab-
sence of human chromosomes in each hybrid (VCAMI/
chromosome) for concordancy (+/+, —/-), and discor-
dancy (—/+, +/-). A 0% discordancy indicates a matched
segregation of the VCAMI gene with a chromosome and is
the basis for chromosomal assignment (Table 1). VCAMI
mapped to human chromosome 1 by analysis of the somatic
cell hybrids. Two translocations, 1qter-1p34::17p13-17pter
in hybrid 20L-37, and 2pter-2q37::1p21-1pter in hybrid JWR-
22H, both scored positive and would localize the VCAM1I
gene to the p21-p34 region of chromosome 1.

To map the VCAMI gene more precisely, in situ hybrid-
ization to metaphase chromosomes was performed. The
results of analysis of 60 metaphase spreads are shown in Fig.
4. Of the 103 fluorescent signals recorded, 57 (55.3%) were
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associated with chromosome 1 and 25 (24.3%) were located
on or beside bands 1p31-32. Of the 60 metaphases, 25 (41.7%)
had a signal at 1p31-32. We note that two structurally
homologous members of the immunoglobulin supergene fam-
ily, lymphocyte function-associated antigen (LFA-3) and
CD2 are also found on the short arm of chromosome 1 (31,
32). Interestingly, a locus at 1p32, designated T-cell lym-
phoma 5 (TCLS5), may specify a DNA binding protein with a
helix-loop-helix domain (33, 34). The locus is adjacent to and
rearranged by the breakpoints of several translocations
t(1;14) associated with T-cell lymphoblastic leukemia. In
addition, the LCK gene, a lymphocyte-specific tyrosine ki-
nase, is located at 1p32-35 in a site of frequent structural
abnormalities in human lymphomas (35). Human chromo-
some band 1p32 alterations have also been described in
human cutaneous malignant melanomas (36) and human
neuroblastomas (37).

VCAM-1, a cell adhesion molecule, expressed by endo-
thelium and other cell types may play an important role in the
pathogenesis of inflammatory and immune processes. Fur-
thermore, its localized expression by arterial endothelium
overlying early atherosclerotic lesions in dietary and herita-
ble hypercholesterolemic rabbits (10), suggests a potential
role in monocyte recruitment and the initiation/progression
of atherosclerotic plaques. Since multiple transcripts can be
derived from the VCAMI gene, it is possible that tissue-
specific alternative splicing of VCAM| could generate func-
tionally distinct cell surface molecules (Fig. 5) that may be
associated with specific pathophysiologic conditions. In ad-
dition, further characterization of the structural elements of
the VCAM|1 promoter may provide important insights into the
induced expression of this adhesion molecule and by infer-
ence into the early events in atherogenesis.
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