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Abstract

The integrins, a family of related membrane receptors involved
in cell-cell and cell-matrix interactions, are heterodimeric
complexes of a and v subunits. To begin to understand the
evolution of these complexes, we studied the genomic organiza-
tion of several a and , integrin subunits. Using both somatic
cell hybrids and an in situ hybridization technique, we have
determined the chromosomal location of the genes for the a
subunits of the vitronectin receptor (VNRU), the fibronectin
receptor (FNR.), and for the a subunit of the platelet glyco-
protein IHb/IIIa complex, GPIIb. In addition, we have deter-
mined the chromosomal location of the gene for the f subunit
of the GPIIb/IIIa heterodimer, GPIIIa. Our studies indicate
that the a subunits do not localize to a single locus, but that
each is found on a different chromosome. The gene for VNR. is
located on chromosome 2, the gene for FNR. is on chromo-
some 12q11 => 13, and the gene for GPIIb is on chromosome
17q21 => 23. In contrast to the chromosomal dispersion of the
a subunits, the genes for GPIIb and GPIIIa are physically
close, with the gene for GPIIIa also located on chromosome
17q21 => 23. These studies indicate that the genes for the a
subunits of the integrin family have been dispersed during evo-
lution while GPIIb and GPIIIa are in close physical proximity.
This physical proximity of GPIIb and GPIIIa may be involved
in the concurrent expression of these proteins by megakaryo-
cytes, and may result in linkage disequilibrium between these
two genes, which would limit the use of restriction length poly-
morphisms in linkage studies of GPHb/Ma abnormalities in
small kindreds.

Introduction

The integrins are a family of heterodimeric protein complexes
involved in cell-cell and cell-matrix interactions. Integrins
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function in tissue migration during embryogenesis, cellular
adhesion, thrombosis, and lymphocyte helper and killer cell
functions (1). Included in this family are the platelet glycopro-
tein Ilb/IIIa (GPIIb/IIIa)' complex (2), the LFA-1/Mac-1/
p150,95 complexes found on myeloid and lymphoid cells (3,
4), and the fibronectin and vitronectin receptors found on
many different cell types (5-7).

Previous immunologic and biochemical studies indicate
that the integrins are composed of a larger a subunit and a
smaller f subunit (1). Recently, cDNAfor several different a
and #t subunits have been cloned (8-15). Analysis of the
amino acid sequences deduced from these clones indicates a
significant similarity among the various a subunits and among
the various # subunits. Thus, there is 36-45% amino acid
identity between the a subunits of human fibronectin receptor
(FNR), vitronectin receptor (VNR), and GPIIb (14), and
42-47% amino acid identity between the , subunits of chick
integrin, human LFA-1 /Mac-l /p150,95, and GPIIIa (8, 11,
13, 15).

Wehave begun a study of the genomic organization of the
a and , subunits of several integrins to better understand the
evolution and function of these receptors. Wereport here the
chromosomal localization of the genes for the a subunits of
FNRand VNRand for GPIIb. In addition, we have deter-
mined the location of the gene for GPIIIa.

Methods

Preparation of DNA. Probes used in this study include a near full-
length 3.2-kb GPIIb cDNA in the M13mpl8 phage (12), a 2.3-kb
cDNA fragment representing the 5' end of GPIIIa in the Ml3mpl8
phage (15), a 2.3-kb fragment representing the 3' end of the FNR..
cDNA in the M13mpl8 phage (14), and a 2.8-kb VNR,, cDNA in the
plasmid PUC13 (14).

Phage and plasmid DNAswere prepared by alkaline denaturation
and were purified using a cesium chloride gradient (16, 17). GPIIb,
GPIIIa, and FNR, cDNAs were isolated from their M13mp18 phage
using Eco RI digestion, while a 1.6-kb subfragment of the 2.8-kb VNR,.
was obtained by digestion with Hind III. The digested DNAs were
size-fractionated on 0.7% agarose gels, and the cDNA insert bands
were electroeluted (International Biotechnologies, Inc.).

Somatic cell hybrid studies. High molecular weight DNAwas pre-
pared, following published procedures (18), from a Chinese hamster

1. Abbreviations used in this paper: FNR, fibronectin receptor, GP,
glycoprotein; VNR, vitronectin receptor.
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lung cell line (RJK88), a normal human lymphoblastoid line
(VTL217), a mouse fibroblast line (M613), and from somatic cell
hybrids of human/hamster and human/mouse origin. For each hy-
brid used in these studies, cytogenetic analysis by trypsin G-banding
was performed simultaneously with DNApreparation (19). The re-
tained human chromosomes of some of these cell hybrids have been
defined previously (20-24). The human chromosomal composition of
the three new hamster-human somatic cell lines, MR7. 11, MR6.13,
and MR8.21, is as shown in Table I. The human chromosomal com-
position of cell line MGL66-1 differed from that published previously
and is also shown in Table I.

Southern blot analyses were performed as previously described
(25). Briefly, 12 ,g of genomic DNAwas digested with 5 U/ag of an
appropriate restriction endonuclease, electrophoresed in 0.8% agarose

gels in TAEbuffer (40 mMTris acetate, pH 7.4, 1 mMEDTA) for 26 h
at 30 V, and transferred to Zetabind membrane filters. Filters were
prehybridized and hybridized in accordance with published proce-
dures (26). The four cDNAprobes were 32P-labeled by random primer
extension (27) to > 108 cpm/Ag of DNA.

Chromosomal assignment for each of the four cDNAswas madeby
Southern blot analysis of a panel of somatic cell hybrids. The restric-
tion enzymes used to digest the DNAfor these blots were those that
produced readily distinguishable human-specific restriction fragments.
Assignments were based on the known retained human chromosomes
in each somatic cell hybrid and on the human-specific restriction frag-
ment pattern generated by each probe. The term "discordance" used in
these studies refers to the percent of somatic cell hybrid lines whose
results do not agree with the assignment of a gene to that chromosome.

Table L Summary of Somatic Cell Hybrid Analysis Using GPIIb, GPIIIa, FNRGand VNRaProbes

Initial screen

D.0 .

Cell line 0 0 > 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X

MR7.11 N N Y N - - - - - - - - + - + - + - - - - - - + - + +
8.2 N N Y Y - + + + - - + + - + + + - + + + - - - + - - +
MR4.11 Y Y Y N - - + - - + + - - + + - + ...... + - + +
C.A. Y Y Y N - - + + + + - - - - + + - + + + + + - _ + + +
MR5.11 N N N Y + + + - - - + - + + + - + - - + - + - - + + +
MR6.13 N N Y Y - + - + - - + - + + +...... . +

13.1 N N N N - - + - - + - - - - + - - - - + - - - + - + +
2.13 N N N N +........+ - - + - - - + - - + - +
1.15 N N N N . . . + - + - - + ...... + - - - - +
MR8.21 N N N N +--------------------+

GPIIb 50 60 30 20 10 20 40 40 40 30 70 20 50 40 30 40 10 40 20 40 30 30 80
GPIIIa 50 60 30 20 10 20 40 40 40 30 70 20 50 40 30 40 10 40 20 40 30 30 80
FNR. 80 60 40 30 40 50 30 50 50 40 40 30 30 30 20 50 40 70 50 40 60 40 50
VNRU 40 0 40 30 40 70 10 30 30 20 60 30 20 30 20 30 40 40 30 50 40 60 70

GPI~b, GPIIIa & VNRasecondary screen

Cell line

16.1
1.2
MGL66-1
MH7

0 0V 1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 19 20 21 22 X

N N Y + + + + + - + - - _ _ + _ + + - + - +
N N N + - + + + + + + - + - - - - - - - + + + - +
Y Y N. . . . . . . - - + + - - - + - - - - + +
Y Y Y - + + - - - - - - - + + _ _ _ _

GPIIb 57 57 43 43 36 43 43 50 50 36 79 22 43 43 36 50 7 43 43 50 50 29 71
GPIIIa 57 57 43 43 36 43 43 50 50 36 79 22 43 43 36 50 7 43 43 50 50 29 71
VNR0 50 0 36 36 43 64 21 43 43 29 57 43 36 36 29 29 43 40 36 57 43 64 71

FNRca secondary screen

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X

N + + - - - - - - + - - + - + - +
N + + + - - - - - - - - - - - + + +
Y - - - - - - - - - - -+
Y + +. . .+ + - + - + + + + + + - +
N + + - + - - + + _ + + + - -

FNRa 73 53 47 40 33 66 33 53 53 40 40 20 33 33 33 47 47 60 53 33 60 47 53

Cell line

1.4
MGL2
12a
CP3-1
CPl8-l
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Results for each probe are indicated to the left of the line. A "Y" refers to detection of a human band on Southern blot analysis, while a "N"
refers to the absence of a human band. To the right of the line, the known human chromosomes found within each somatic cell hybrid line are
indicated. "+" Refers to the presence of that chromosome in the cell line and "-" refers to its absence. Under each table, discordance is shown
(as a percent) for each probe studied.



In situ hybridization studies. In situ hybridizations were performed
using FNR&, GPIIb, and GPIIIa cDNAs in the purified phages. For
these studies, the cDNAs were 3H-labeled by nick translation to a
specific activity of 1-2 x 107/#g (28). Metaphase chromosomes were
prepared from PBLs of two normal males. In situ hybridization was
performed as previously described (29). Slides were developed after
14-25 d and banded using a modified Wright Giemsa method (30).
Grain distribution over the chromosomes was then determined. Du-
plicate studies were performed for each gene studied.

Results

Somatic cell hybrids. Genomic DNAfrom a Chinese hamster
cell line and from a normal human lymphoblastoid cell line
was digested with each of several restriction endonucleases,
sized on agarose gels, blotted, and probed with cDNAprobes
for GPIIb, GPIIIa, VNRa, and FNRa to determine which re-
striction endonucleases best distinguished human DNAbands
from hamster-related bands (data not shown). For GPIIb,
GPIIIa, and FNRa, Eco RI digestion most readily distin-
guished between the species, while Bgl II gave the clearest
result for VNRa. Southern blots were then performed using a
panel of 10 human/hamster hybrids (20, 24) (Table I). Based
on these results, additional hybrid cell lines containing more
restricted selections of human chromosomes were used to de-
termine the chromosomal location of each gene.

GPIIb/GPIIIa. When hybridized against the initial
screening panel, the cDNA for GPIIb and GPIIIa gave identi-
cal results and had a minimal discordance of 10% for both
chromosomes 5 and 17 (Table I). To resolve this ambiguity,
hybridizations were performed with two human/hamster hy-
brids that contained chromosome 5 but not chromosome 17
(cell lines 16.1 and 1.2) (20) and with two cell lines, a
human/hamster hybrid (MGL66-1) and a human/mouse hy-
brid (MH-7 [22]), that contained chromosome 17 but not
chromosome 5. These studies indicated that both GPIIb and
GPIIIa were located on chromosome 17 with an overall dis-
cordance of 7%.

To localize the genes for GPIIb and GPIIIa further, South-
ern blots were performed using a panel of mouse/human and
hamster/human hybrid cell lines containing partial segments
of chromosome 17 (Fig. 1) (31). These blots revealed that the
genes for both GPIIb and GPIIIa are present on the long arm
of chromosome 17 between q2 1 = 23.

VNRG. The initial and secondary somatic cell hybrid
panels used to study GPIIb and GPIIIa were also used to local-
ize the VNRGgene as shown in Table I. This gene appears to
map to chromosome 2 as this chromosome had 0% discor-
dance in the 14 cell lines studied, and no other chromosome
was discordant for less than 3 of the 14 cell lines.

FNRU. Analysis of the initial hybridization using the so-
matic hybrid cell panel and the FNR&cDNAprobe suggested
several possible chromosome locations for the FNRE,, gene
(Table I). In particular, chromosome 15 gave a discordance of
20%. However, none of the chromosomes had a very high
concordant frequency, indicating that this initial panel was not
adequate for assigning the location of the FNRagene. A sec-
ond panel was assembled using five other human/hamster cell
hybrids from various sources including 1.4 (20), MGL66-2
(21), 12a (23), CP3-4 (23), and CP18-1 (23). The results of
these hybridizations clearly placed FNRaon chromosome 12,
as shown by its overall 20% discordance and by the positive
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Figure 1. Somatic cell hybrid localization of GPIIb and GPIIIa to
17q2 1 - 23. A diagrammatic representation of chromosome 17 is
shown on the left and the subfragments contained within the various
somatic cell lines tested are shown to the right. The results of hybrid-
ization to GPIIb and GPIIIa are shown underneath. "+", A detect-
able human band on Southern blot analysis with that cell line; and
"" the absence of a detectable human band.

results with hybrid 12a, which contains only human chromo-
some 12.

In situ hybridization studies. To confirm the chromosomal
location of the genes for FNRa, GPIIb, and GPIIIa, in situ
hybridizations were performed using metaphase chromosomes
from human lymphocytes and cDNA probes for FNR,,.
GPIIb, and GPIIIa. To localize the FNRC. gene, 142 grains on
75 metaphases were analyzed (Fig. 2). The predominant site
of hybridization was the proximal long arm of chromosome
12, with a total of 19 grains (16%) at bands 12ql 1 13. These
findings support the chromosomal assignment based on the
somatic cell hybrid studies described above, and sublocalizes
the FNRagene to 12ql 1 :- 13.

To localize the GPIIb gene, 132 grains were counted over
75 metaphases and a total of 17 grains (13%) were over the
predominant site of hybridization at bands 17q2 1 22 (Fig.
2). To localize the GPIIIa gene, 227 grains were counted over
75 metaphases (Fig. 2). Of these, 37 (16%) of the total were
present at the predominant site of hybridization 17q21 = 23.
These experiments indicate that the genes for GPIIb and
GPIIIa are on the proximal long arm of chromosome 17.

Discussion

Wehave determined the chromosomal location of the genes
for three different integrin a subunits. Wefound that the genes
for FNRa, VNRC, and GPIIb are located on chromosomes
12q11 13, 2, and 17q21 => 23, respectively. While this work
was in progress, Bray et al., using dual laser chromosome sort-
ing, has also localized GPIIb to chromosome 17 (32). Pre-
viously, Marlin et al., in studies of somatic hybrid cell lines
using antibodies against the a subunit of the human lympho-
cyte LFA-l complex, found that the gene for this a subunit is
located on chromosome 16 (33). Thus, while analysis of the
cDNA sequences for these integrin a subunits indicates that
they are structurally similar and suggests that they may have
evolved from a common ancestral form, the genes do not
occupy a single locus, but are dispersed on different chromo-
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Figure 2. In situ hybridization data showing grain distribution over chromosomes using FNRC, GPIIb, and GPIIIa probes. The abscissa repre-
sents the chromosomes in their relative size proportions and the ordinate shows the number of silver grains.

somes. Likewise the genes for the integrin subunits are dis-
tributed on different chromosomes. Using cDNA for GPIIIa,
we found that the gene for this protein is located on chromo-
some 17q21 => 23, which is consistent with a recent abstract
reporting the localization of GPIIIa to chromosome 17 by dual
laser chromosome sorting (34). Previous analysis of somatic
hybrid cell lines, using complement and antibody studies, in-
dicated that the genes for the # subunits of LFA- 1 and VLA- 1

are located on chromosomes 21 and 10, respectively (35, 36).
Integrin-like complexes have also been demonstrated in Dro-
sophila. These complexes, termed the position-specific anti-
gens, are thought to be involved in cell adhesion during mor-
phogenesis (35). The presence of integrin and integrin-like
receptors in insects, birds (37), and mammals suggests that
these cell adhesion complexes arose early in evolution, and
may account for the wide chromosomal dispersion of the genes
for these homologous proteins.

GPIIb and GPIIIa are concurrently expressed by early
megakaryocytes (38). In platelets, these proteins form a cal-
cium-dependent surface membrane heterodimer that func-
tions as a receptor for fibrinogen, fibronectin, vitronectin, and
von Willebrand factor after platelet activation (39-41). We
found that the genes for the a and subunits of the platelet
GPIIb/IIIa complex localize to the proximal portion of the
long arm of chromosome 17 at q2 1 23 and that somatic cell

hybrids that contain fragments of chromosome 17 indicate
that the genes for GPIIb and GPIIIa cosegregate (Table I and
Fig. 1). In the autosomal recessive disorder, Glanzmann
thrombasthenia, GPIIb/IIIa receptor function is defective,
and in the platelets of many thrombasthenic patients, the
quantity of platelet GPIIb and GPIIIa are decreased to a simi-
lar extent (42). This suggests that in the latter cases, the ex-

pression of GPIIb and GPIIIa may be concurrently regulated.
It is tempting to speculate that the physical proximity of the

genes for GPIIb and GPIIIa may be involved in the parallel
decrease of these proteins. However, in endothelial cells, the
gene for GPIIIa is expressed concurrently with the gene for
VNRi, which is located on chromosome 2 (14, 15, 43). More-
over, normal synthesis of a GPIIIa-containing complex has
been observed in umbilical vein endothelial cells of a thromb-
asthenic newborn (44). Thus, the genetic basis for the concur-
rent expression of GPIIb and GPIIIa in megakaryocytes, and
for the parallel deficiency of both proteins seen in many
thrombasthenic individuals, is likely to be more complicated
than the simple physical proximity of the GPIIb and GPIIIa
genes might suggest.

While the basis for the GPIIb/IIIa abnormalities in
thrombasthenia is unknown, in an analogous disorder, the
leukocyte adhesion deficiency syndrome, deficient expression
of the LFA-l /Mac-l /p150/95 heterodimers appears in sev-
eral cases to be due to an abnormality of the common95,000
mol wt i# subunit (45). Similarly, with the availability of
cDNA probes for GPIIb and GPIIIa, it may be possible to
determine which of the GPIIb/IIIa genes is affected in
thrombasthenics from a particular kindred. The physical prox-
imity demonstrated in this paper for GPIIb and GPIIIa may
result in linkage disequilibrium between these genes, which
may interfere with the use of restriction fragment length poly-
morphisms in such family studies when assigning the defect to
either GPIIb or GPIIIa.
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