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Summary

In this study we have utilized human elastin cDNAs in molecular hybridizations to establish the chromosomal
location of the human elastin gene. First, in situ hybridizations were performed with metaphase chromosomes
from phytohemagglutinin-stimulated human peripheral blood lymphocytes. In three separate experiments
using two different regions of human elastin cDNAs, the distribution of grains was found to be concentrated
on the long arm of chromosome 7 within the [qll.1-21.1] region, and the peak number of grains coincided
with the locus 7q11.2. Second, hybridizations with a panel of human-rodent cell hybrids showed concor-

dance with human chromosome 7. Third, PCR analyses with elastin-specific primers of DNA from a hybrid
cell line containing chromosome 7 as the only human chromosome yielded a product of the expected size,
while DNA containing human chromosome 2, but not chromosome 7, did not result in a product. The results
indicate that the human elastin gene is located in the proximal region of the long arm of chromosome 7.
The precise localization of the elastin gene in the human genome is useful in establishing genetic linkage
between inheritance of an allele with a mutated elastin gene and a heritable disorder.

Introduction

Elastic fibers form a connective-tissue network that is
responsible for elasticity and resilience of tissues, such
as the lungs, large blood vessels, and the dermis (Ro-
senbloom 1984; Uitto et al., in press). The predominant
component of these fibers is elastin, an extracellular
matrix protein synthesized as a precursor, tropoelas-
tin, by a variety of cells, including human skin fibro-
blasts (Sephel et al. 1987; Fazio et al. 1988a; Olsen et
al. 1988). Recent characterization of human elastin
complementary DNAs (cDNAs) has delineated the en-
tire encoded primary sequence of elastin (Indik et al.
1987; Fazio et al. 1988a, 1988b). The sequence data
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indicate that the primary translation product of tropo-
elastin gene is a polypeptide of v70 kD, encoded by
a 3.5-kb mRNA (Fazio et al. 1988a; Olsen et al.
1988). The primary mRNA transcript of the human
elastin gene undergoes alternative splicing, so that var-
ious exons or portions of exons are removed, leading
to formation of a heterogenous group of elastin mRNAs
that show variability in the primary nucleotide se-
quences (Indik et al. 1987; Fazio et al. 198 8a, 1988b).
Recombinant-DNA techniques have been utilized

to delineate the structure of the entire human elastin
gene (Bashir et al. 1989; Kahari et al. 1990). These
studies have demonstrated that elastin gene is rv45 kb
in size and contains 34 exons separated by relatively
large introns. Consequently, the intron:exon ratio is
unusually high, ".19:1 (Bashir et al. 1989).

Previous studies have suggested that the human
elastin gene is located on chromosome 2 (Emanuel
et al. 1985). These studies utilized a 421-bp cDNA,
corresponding to the 3' untranslated region of human
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elastin mRNA, to hybridize normal metaphase chro-
mosomes, as well as cells carrying a balanced translo-
cation between chromosomes 1 and 2. These authors
concluded that the human elastin gene resides in the
region q31-qter of chromosome 2. To map the elastin
gene more precisely within the human genome, we
have now utilized two separate regions of human elas-
tin cDNAs that encompass both translated and un-
translated sequences. Our data, based on chromo-
somal in situ hybridizations, as well as Southern
analyses and PCR amplification of a panel of human-
rodent cell hybrid DNAs, localize the human elastin
gene to the locus 7q11.2 in the human genome.

Material and Methods

Chromosomal In Situ Hybridizations
Peripheral blood lymphocytes were isolated from

normal donors and were stimulated with phytohemag-
glutinin. The lymphocytes were used to prepare meta-
phase chromosome spreads for in situ hybridizations
with 3H-labeled elastin cDNAs with specific activities
of 2 x 108 dpm/gg (Mattei et al. 1985, 1988). The
lymphocytes were cultured for 72 h, and BrdUrd (60
gg/ml) was added for the final 7 h of culture to ensure
the quality of posthybridization chromosomal band-
ing. To avoid any slippage of silver grains during the
banding procedure, chromosome spreads were first
stained with buffered Giemsa solution, and the meta-
phases were photographed. R-banding was then per-
formed by fluorochrome-photolysis-Giemsa method,
and the metaphases were rephotographed before anal-
ysis, according to a method described elsewhere (Mat-
tei et al. 1985).

Three separate in situ hybridizations were per-
formed utilizing two different regions ofhuman elastin
cDNAs. In one set of experiments, metaphase chro-
mosomes were hybridized with a 2.5-kb cDNA,
cHDE-4, which encompasses exons 12-36 of the cod-
ing region and '\'0.9 kb of 3'-untranslated sequences
(Fazio et al. 198 8b). In the second set of experiments,
under identical conditions, a 1.1-kb BamHI-EcoRI
fragment of cHDE-1, which contains sequences for
exons 1-18 (Fazio et al. 1988a), was used for hybrid-
izations.
The metaphase chromosome spreads were dena-

tured by immersion of slides in 70% (v/v) deionized
formamide, 2 x SSC, pH 7.0, at 701C for 2 min,
followed by quick dehydration in cold (40C) ethanol
(50%, 75%, and 95%), and were then air-dried. The

radiolabeled elastin cDNA, in a concentration of 25
or 100 ng/ml, was placed on denatured chromosome
spreads (25 gl) under a coverslip and incubated at
420C in a 50% formamide, 2 x SSC saturated envi-
ronment. After 16-18 h, the slides were dipped in
50% formamide, 2 x SSC at 390C-40'C to remove
the coverslip and then were rinsed three times (10 min
each) in 50% formamide, 2 x SSC, pH 7.0, at 390C
to remove unbound cDNA. The slides were then
washed three times, for 10 min each, in 2 x SSC, pH
7.0, at 390C and three times, for 10 min each, in 2 x
SSC, pH 7.0, at room temperature. The slides were
further washed for 1 h in 0.1 x SSC, pH 7.0 at room
temperature and for 1 h in 0.1 x SSC, pH 7.0, at 40C,
prior to being dehydrated through an ethanol series
and then air-dried. The autoradiographic exposure
time was 7-11 d.

Southern Analyses of Human-Rodent Cell Hybrids
A panel of parental human and rodent (mostly ham-

ster) cell lines, as well as of human-rodent cell hybrids,
was used for Southern analyses. The cell hybrids were
initially characterized by karyotyping, and the DNA
used in this study was further analyzed for the presence
of TGFA, PGAM2, and EPO, with known chromo-
somal locations of 2pl13, 7p, and 7q21, respectively
(Brissenden et al. 1985; Watkins et al. 1986; Edwards
et al.1989; Tsui et al. 1989). Ten micrograms of the
hybrid cell line DNA and 5 gg of human DNA were
digested with several restriction endonucleases (see
Results) and were electrophoresed on 0.8% agarose
gels in TAE (Tris-acetate, EDTA) buffer. DNA was
then transferred to a nylon membrane (Hybond N+;
Amersham) according to a method described by Ma-
niatis et al. (1989). The filters were hybridized with
human elastin cDNA, cHDE-4 (Fazio et al. 1988b),
labeled by random priming method with [32P]dCTP to
a specific activity of 108 cpm/,ug (Maniatis et al.
1989). Hybridizations were carried out overnight
in 1 x SSPE (sodium chloride, sodium phosphate,
EDTA), 0.5% SDS, 4% polyethyleneglycol 6000 at
650C. Heparin (50 gg/ml) and total yeast RNA (50
gg/ml) were used as blocking agents, and no dextran
sulfate was used in the hybridizations. The filters were
washed twice, for 15 min each, in 1 x SSC at room
temperature, followed by two 30-min washes in 0.1
x SSC, 0.5% SDS at 650C. The [32P]cDNA-genomic
DNA fragments were visualized by autoradiography
through exposure of the filters to Kodak XAR5 film
at - 800C.
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Figure I Chromosomal mapping of human elastin gene to locus 7ql 1.2 by in situ hybridization. A, Two partial human metaphases
showing specific site of hybridization to chromosome 7. The two top panels indicate the presence of grains representing the 3H-labeled
elastin cDNA on Giemsa-stained chromosomes after autoradiography. These chromosomes were subsequently identified as chromosome
7 by R-banding by using the fluorochrome-photolysis-Giemsa method, as shown on the two lower panels. B, Idiogram of human G-banded
chromosome 7, illustrating distribution of sites labeled by human elastin cDNA. C, Histogram depicting grain distribution in 100 metaphases
from normal human male DNA hybridized with human elastin cDNA. The abscissa identifies the chromosomes, and the ordinate indicates
the number of grains on each chromosome.
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Results and Discussion

In the first set of experiments, metaphase cells were
examined by chromosomal in situ hybridization with
a human elastin cDNA (cHDE-4) in a concentration
of 25 ng/ml. Analysis of 100 metaphase cells after an
11-d exposure revealed a total of 189 silver grains
associated with chromosomes, with 71 grains (37.5%)
being located on chromosome 7 (fig. lA-C). The dis-
tribution of grains within chromosome 7 was concen-
trated in the [ql 1.1-21.1] region, accounting for 78%
of the chromosome 7-specific grains (fig. 1B). The
peak concentration of grains coincided with band
7ql1.2 (fig. 1B). A similar experiment with the same
probe at a 100 ng/ml concentration, followed by a
7-d autoradiographic exposure, revealed 35% of the
grains in association with chromosome 7, with a peak
coinciding with the 7ql1 region.
The second set of chromosomal in situ hybridiza-

tion experiments utilized a 1.1-kb 5'-coding fragment
of cHDE-1 in a 100 ng/ml concentration (Fazio et al.
198 8a). The results obtained after a 9-d exposure were
similar to those described above, and 21% of the
grains were on chromosome 7. Thus, there is strong
evidence that the human elastin gene is located in the
proximal region of the long arm of chromosome 7
and, more specifically, at the 7q11.2 locus.
Somatic cell hybridization analyses were utilized to

confirm the chromosomal in situ hybridization find-
ings. Genomic DNA from human and rodent parent
cells, as well as from hybrid cell lines, was digested
with HpaII, Sacl, PstI, BamHI, HindIII, and EcoRI
restriction endonucleases. Southern hybridization of
the digested human genomic DNA with a human elas-
tin cDNA (cHDE-4) revealed characteristic bands and,
in particular, EcoRI bands of 9.5 and 8.5 kb, as pre-
dicted from the published map ofthe human elastin gene
(Bashir et al. 1989). Under the stringency ofhybridiza-
tion and washing conditions noted in Material and
Methods, no cross-hybridization of the human elastin
cDNA to rodent genomic DNA was seen (fig. 2).
The chromosome content of each hybrid cell line

was originally determined by karyotyping, as well as
by protein and DNA markers. Reanalysis of the DNA
used in the present study specifically confirmed the
presence of human chromosome 2 sequences in cell
lines FG10 and Sir77ii by hybridizations with a TGFA
probe (Brissenden et al. 1985), while these two lines
were devoid of chromosome 7, as judged from hybrid-
ization with an EPO probe at locus 7q21 (Watkins et
al. 1986) and by PCR with primers corresponding to
PGAM2 at locus 7p (Edwards et al. 1989). Further-

H 1 2 3 4 5 6 7 8 9 10 111213141516

Figure 2 Southern hybridizations of human (H), rodent
(lanes 1-3), or human x rodent hybrid cell line (lanes 4-16) DNA
digested with EcoRI restriction endonuclease. Note that rodent
DNA, 10 jg/lane (lane 1, mouse; lane 2, rat; lane 3, hamster), does
not hybridize with the human elastin cDNA under the stringency
of hybridization and washing conditions used (see Material and
Methods). Characteristic bands of "9.5 and 8.5 kb are readily
detected with 5 gg of human DNA (lane H), as well as on lanes
4-6 and 16, which contain 10 jg ofDNA isolated from interspecies
cell hybrids containing human chromosome 7 (see table 1).

more, chromosome 7 sequences were clearly present
in cell lines 3W4C15 and Clone 21, while there was
no evidence for the presence of human chromosome
2 when the probes were used. One discrepancy be-
tween the initial karyotyping and our characterization
of the DNA by chromosome 7-specific markers was
noted: although cell line Mog34A4 was initially
found, by karyotyping, to contain chromosome 7, no
signal either with 7p (PGAM2) or 7q (EPO) probes
could be detected. It is likely, therefore, that this cell
line had lost human chromosome 7.
The human elastin gene, as detected by specific

bands in Southern analyses (fig. 2), was scored as con-
cordant or discordant with respect to the presence or
absence of each human chromosome. These results
are presented in table 1. Every chromosome had at
least five discordancies (>38% discordancy), with the
exception of chromosome 7 (0% discordancy). All
hybrids that lacked human chromosome 7 also lacked
the elastin gene (table 1). One hybrid (Clone 21), with
a human genomic karyotype consisting of only chro-
mosome 7 and being clearly devoid of chromosome 2,
was positive in a Southern blot for the elastin gene.
Thus, the results of the somatic cell analyses are in
agreement with the chromosomal in situ hybridiza-
tions, and together these studies provide strong evi-
dence for chromosome 7 localization of the human
elastin gene.
As a further approach to mapping the human elastin
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gene, PCR with human elastin-specific primers was
performed (Fazio et al. 1988a). A PCR product of
the expected size, "'600 bp, was obtained with cell
line Clone 21 DNA used as template, while no signal
could be detected with hybrid lines FG10, Sir77ii, or
Mog34A4 (results not shown).

Previous studies have suggested that the human elas-
tin gene resides on chromosome 2 (Cicila et al. 1984;
Emanuel et al. 1985; Kainulainen et al. 1990). The
reason for discrepancy between our results and those
reported elsewhere are not readily apparent and could
have several explanations. First, human elastin may
be encoded by multiple genes, and the probes used
could have hybridized to different loci. This explana-
tion is somewhat unlikely, however, since analyses
of the elastin gene by Southern hybridizations have
indicated a copy number of one (Olliver et al. 1987).
Also, the primary nucleotide sequences of human
cDNAs, synthesized from human placenta, fetal aorta,
or skin fibroblast mRNAs, are identical, with the ex-
ception of small areas reflecting alternative splicing
(Indik et al. 1987; Fazio et al. 1988a, 1988b). Further-
more, isolation and characterization of human elastin
gene fragments from different genomic DNA libraries
have not yielded evidence in support of multiple copies
of the gene (Bashir et al. 1989; Fazio et al. 1989;
Kahari et al. 1990). Finally, Southern hybridizations of
human genomic DNA digested with BamHI, EcoRI,
HindIII, or PstI restriction endonucleases and using
either a 421-bp cDNA corresponding to the 3'-un-
translated region or a 487-bp cDNA corresponding to
the coding region have revealed single bands (Indik et
al. 1987). The presence of two bands noted in our
hybridizations using the 2.5-kb cDNA (cHDE-4) ap-
parently reflects the size of the probe, and, in fact,
the detection of "'9.5- and "'8.5-kb fragments can be
predicted from the published gene map (Bashir et al.
1989). It should also be noted that the same two bands
were detected in hybridizations with DNA from the
cell line Clone 21 which contains chromosome 7 as
the only human DNA (see fig. 2). Collectively, these
observations suggest that the elastin gene exists as a
single copy in the haploid human genome.
A second potential explanation for different results

could involve the fact that we utilized human elastin
cDNAs different from that used by Emanuel et al.
(1985). In the first set of experiments, we used a hu-
man elastin cDNA (cHDE-4) which is 2.5 kb in size
and encompasses exons 12-36 and 0.9 kb of 3'-un-
translated sequences. This probe contains the region
of untranslated sequences used by Emanuel et al.

(1985) in their studies. In the second set of experi-
ments, we used a 1.1-kb cDNA corresponding to ex-
ons 1-18 and devoid of any untranslated sequences
(Fazio et al. 1988a). In experiments with either one of
the cDNAs, 21%-38% of the total grains were found
on chromosome 7. In the study by Emanuel et al.
(1985), a 421-bp cDNA (pcHEL-1) corresponding ex-
clusively to the 3'-untranslated sequences of the hu-
man elastin mRNA was utilized. Since this fragment
does not contain elastin-coding sequences, it is possi-
ble that this probe could have hybridized to sequences
other than those encoding tropoelastin. In this context
it is of interest to note that in the rat an rv200-bp
segment in the 3'-untranslated region of lysyl oxidase
mRNA exhibits a remarkably high homology to a cor-
responding region in rat as well as human tropoelastin
mRNA (Trackman et al. 1990).
The conclusion by Emanuel et al. (1985) that the

elastin gene resides in chromosome 2 was also sug-
gested by their observations on a fibroblast strain car-
rying a balanced translocation between chromosomes
1 and 2. As indicated by Emanuel et al. (1985), the
observations made in their studies by chromosomal in
situ hybridization of normal metaphase cells and those
containing the translocation were internally conflicting,
and, specifically, the site of translocation in chromo-
some 2 was distal to the elastin gene location proposed
by chromosomal in situ hybridizations (Emanuel et al.
1985).

Finally, a recent study by Kainulainen et al. (1990),
which provided evidence to exclude linkage between
the Marfan syndrome and five connective-tissue genes,
suggested that the elastin gene may reside in chromo-
some 2. However, careful examination of their data
indicates that the elastin locus was placed "'40 cM
away from the nearest marker (COL3A1) on chromo-
some 2, and the lod scores did not prove linkage.
We believe that our results, based on independent

chromosomal in situ hybridizations, as well as on
Southern and PCR analyses of human-rodent cell hy-
brid DNA, clearly localize the human elastin gene to
chromosome 7. Also, our findings exclude chromo-
some 2 localization of the human elastin gene. Specifi-
cally, analyses of somatic cell hybrids revealed a 38%
discordancy between the elastin gene and chromo-
some 2, and in all chromosomal in situ hybridization
experiments performed in the present study, only
background hybridization of the elastin cDNA to
chromosome 2-or to other chromosomes, with the
exception of chromosome 7-was noted (see fig. 1C).

Several other genes coding for extracellular matrix
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components of the connective tissue have been mapped
to chromosome 7. For example, human proa2(I) col-
lagen gene (COL1A2) has been mapped to locus
7q21.3-q22.1 (Junien et al. 1982), and the human
laminin B1 chain gene (LAMB1) resides at chromo-
somal locus 7q22 (Pikkarainen et al. 1987). However,
their precise location within chromosome 7 indicates
that they are not closely linked to the elastin gene.

In summary, the results of the present study indicate
that human elastin gene resides in chromosome 7, at
the 7ql 1.2 locus. The precise chromosomal mapping
of this gene provides additional tools to establish a
linkage between the inheritance of an allele with a
mutated elastin gene and the clinical phenotype of
a heritable disease which affects elastic fibers.
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