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Summary

Type VI collagen is a heterotrimer composed of three polypeptide chains, al(VI), a2(VI), and a3(VI). By
immunological screening of an expression cDNA library, human cDNAs specific for each chain were

isolated and characterized. Major mRNA species encoding these chains have a size of 4.2 kb (al), 3.5 kb
(a2), and 8.5 kb (a3). The cDNA clones were also used to map the genes on human chromosomes by
somatic cell hybrid analysis and in situ hybridization. The al(VI) and a2(VI) collagen genes were both
located on chromosome 21, in band q223. This represents a third example of a possible physical proximity
of two collagen loci. The a3(VI) collagen gene was localized to chromosome 2, in the region 2q37. The
a3(VI) collagen gene is the fifth extracellular matrix gene to be localized to 2q, as four other extracellular
matrix genes-i.e., the al(III) and a2(V) collagen genes, the elastin gene, and the fibronectin gene-have
been previously mapped to the distal region of the long arm of chromosome 2.

Introduction

Collagens are a large family of either heterotrimeric
or homotrimeric triple-helical proteins present in the
extracellular matrices of vertebrates and inverte-
brates. More than 10 genetically distinct types of col-
lagen have been identified so far (Martin et al. 1985).
In recent years, considerable information has been
accumulated on the primary structure and genomic
organization of several members of this gene family.
Those most intensively studied are the fiber-forming
collagens, types I, II, and III, which are highly con-
served in both their protein and gene structure
(Boedtker et al. 1985; de Crombrugghe et al. 1985;
Ramirez et al. 1985; Upholt et al. 1985). Closely
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related is the type V collagen gene, as suggested by
recent studies (Myers et al. 1985; Weil et al. 1987). A
characteristic feature of this collagen group is a long
triple-helical domain with repeating Gly-Xaa-Yaa se-
quences encoded by short exons consisting of 54 bp
or its variations. Other members of this protein fam-
ily, such as basement-membrane collagen type IV
(Kuhn et al. 1985), as well as the cartilage-specific
short-chain collagen types IX and X (Olsen et al.
1985), differ considerably in their attachment and
macromolecular assembly pattern and show frequent
interruptions in the Gly-Xaa-Yaa domain. In addi-
tion, their intron/exon arrangement bears little re-
semblance to that of the fiber-forming collagens
(Kurkinen et al. 1985; Lozano et al. 1985; Ninomiya
et al. 1986; Sakurai et al. 1986; Soininen et al. 1986).
Type VI collagen is another component of this pro-

tein family that is still incompletely characterized at
both the structural and genomic level. It is composed
of three polypeptides, named atl(VI), a2(VI), and
a3 (VI) chains (for review, see Timpl and Engel
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1987). Each chain contains a short triple-helical do-
main of -40 kD, which can be isolated after pepsin
digestion (Jander et al. 1983). The original chains
are, however, much larger, with molecular masses of
140 kD for the al and a2 chains and, more strik-
ingly, 250 kD for the a3 chain (Jander et al. 1984;
Heller-Harrison and Carter 1984; Hessle and Engvall
1984; Knight et al. 1984; Trueb and Bornstein 1984;
Von der Mark et al. 1984; Gibson and Cleary 1985;
Engvall et al. 1986; Trueb and Winterhalter 1986).
Thus, more than two-thirds of each chain consists of
globular domains. The unusual proportion of globu-
lar and triple-helical domains makes collagen VI a
unique member of the collagen family. It is widely
distributed in the body and is a component of
microfibrils in tissues (Von der Mark et al. 1984;
Bruns et al. 1986). The level of collagen VI mRNA is
greatly reduced in viral transformed fibroblasts
(Trueb et al. 1985).
Being a ubiquitous structural protein, collagen VI

is likely to be involved in several important biological
functions. Yet, except for promoting cell attachment
in vitro (Carter 1982), which indicates a role as a cell-
binding protein, little is known about its other func-
tions. Our understanding of the functional repertoire
of collagenous proteins has recently benefited from
the molecular characterization of inherited human
connective-tissue diseases, which demonstrated the
occurrence of several mutations in the collagen I
genes in patients with osteogenesis imperfecta and
Ehlers-Danlos syndromes (Prockop and Kivirikko
1984; Tsipouras and Ramirez 1987). We adopted a
similar approach and have isolated and identified
cDNAs coding for al(VI), a2(VI), and a3(VI) chains
as a first step for studying both regulation of collagen
VI expression and its possible role in human diseases.
These probes were used to accomplish the chromo-
somal location of these three collagen VI genes.

Material and Methods

Isolation and Identification ofcDNA Clones
An expression-Xgtll library from human placenta

(Clontech, Palo Alto, CA) was screened with affinity-
purified antibodies against collagen VI chains (Von
der Mark et al. 1984), and several cDNA clones were
plaque-purified. The cDNA inserts (size range 0.5-
2.5 kb) were subcloned into the EcoRI site of plasmid
puc19 (Norrander et al. 1983) and used for the deter-
mination of nucleotide sequences of the 5' and 3'

ends by the dideoxy chain-terminating method
(Chen and Seeburg 1985).

Peptide sequences were generated from pepsin-
solubilized collagen VI that was isolated from human
placenta (Odermatt et al. 1983). The peptide chains
of reduced and alkylated material were bound to a
Mono Q HR5/5 column (Pharmacia, Uppsala)
equilibrated in 4 M urea, 0.02 M Tris-HCI, pH 8.0,
and were eluted from the column with a linear NaCl
gradient. This allowed the separation of three differ-
ent chains corresponding to fragments of the al (VI),
at2(VI), and a3(VI) chain (Jander et al. 1983) accord-
ing to their electrophoretic mobility, their amino acid
composition, and high-performance-liquid-chroma-
tography profiles of their tryptic peptides. Partial
amino acid sequences were determined for these
chains and selected tryptic peptides (0.2-1 nmol) in a
gas-phase sequencer (model 470A; Applied Biosys-
tems) or spinning-cup liquid-phase sequencer (model
890C; Beckman) following the manufacturer's pro-
tocols.

Northern Blot Hybridization
Total poly(A) + RNA was prepared from cultured

human fibroblasts (GM3349; Institute for Medical
Research, Camden, NJ) by the guanidine-thiocyanate
method (Chirgwin et al. 1979) and oligo(dT) cellu-
lose chromatography (Aviv and Leder 1972). The
RNA was electrophoresed in 1% formaldehyde gels
(Lehrach et al. 1977), transferred to nitrocellulose
membranes (Thomas 1980), and hybridized with 32p_
cDNA probes labeled by nick-translation (Rigby et
al. 1977). Hybridization and washing were per-
formed as described elsewhere (Chu et al. 1982).

Hybrid Cell Lines
A total of 11 human-mouse hybrids and 24 hu-

man-Chinese hamster hybrids were prepared from
fusions between rodent cell lines and several different
human fibroblasts or lymphocytes as described else-
where (Weil et al. 1980; N'Guyen et al. 1986). The
hybrids were characterized by karyotype and isoen-
zyme analysis.

DNA Isolation and Southern Blot Analysis

High-molecular-weight DNA was isolated from
each of the hybrids by using a procedure described
elsewhere (Maniatis et al. 1982). Ten micrograms of
DNA was digested with restriction enzyme TaqI
under the condition recommended by the manufac-
turer (New England Biolabs, Beverly, MA). The di-
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gested DNA samples were separated by electro-
phoresis on 0.7% agarose gels, transferred to nylon
membrane by the method of Southern (1975), and
hybridized with radiolabeled cDNA probes. The
probes were labeled with [a-32P]dCTP by nick-
translation (Rigby et al. 1977) to a specific activity of
-5 x 108 cpm/,Lg. Filters were prehybridized at 42 C
for 4 h in 50% formamide, 5 x SSC, 5 x Denhardt's
solution, and 100 ,ug denatured salmon-sperm DNA/
ml. Hybridization was carried out at 42 C for 20 h in
fresh prehybridization solution containing labeled
probe (2 x 106 cpm/ml). The filters were then rinsed
in 2 x SSC at 25 C and washed in 2 x SSC, 0.1%
SDS for 10 min each.

In Situ Hybridization
In situ hybridization was performed as described

elsewhere (Mattei et al. 1985). Human metaphase
chromosomes were prepared from phytohemag-
glutinin-stimulated lymphocytes of a normal male
individual. The cDNA probes were labeled with
[3H]dCTP and [3H]dTTP by nick-translation to a
specific activity of -5 x 107 cpm/nlg and then hy-
bridized to metaphase spreads at a final concentra-
tion of 500 ng/ml of hybridization solution. The
slides were washed, coated with nuclear track emul-
sion (Kodak NTB2), and exposed for 11-18 days at
4 C. Following development, chromosome spreads

were first stained with buffered Giemsa solution, and
then metaphases were photographed. R-banding was
then performed using the fluorochrome-photolysis-
Giemsa method, and metaphases were rephoto-
graphed before analysis.

Results

Properties of cDNA Clones Specific for al, a2, and a3
Chains of Human Collagen Type VI

Several cDNA clones were isolated from an ex-
pression-human placenta library with the aid of anti-
bodies against collagen VI chains. Some of these
clones showed a typical fragment pattern after cleav-
age with Sau96 (Lehrach et al. 1978), indicating the
presence of multiple Gly-Pro sequences, which are
characteristic for the collagen triple helix. This was
confirmed by determination of partial DNA se-
quences, which identified repeating triplet sequences
of the type Gly-Xaa-Yaa (fig. 1). Each of these clones
was identified by matching peptide sequences, dem-
onstrating that clone P18 (2.1 kb) encodes the al (VI)
chain, clone P8 (1.4 kb) the a2(VI) chain, and clone
P24 (1.5 kb) the a3(VI) chain (fig. 1).

Distinct differences were also detected between
these clones by Northern hybridization to human
fibroblast mRNA (fig. 2). They reacted with a major
mRNA species of either 4.2 kb (al), 3.5 kb (a2), or

clone P18 (al(VI) chain):

1 GGG GAG CGG GGT GGC CCT GGA GAG AGA GGA CCA CGG GGG ACC CCA GGC ACG CGG GGA CCA AGA GGA GAC CCT GGT GAA GCT GGC CCG CAG 90
G E R G G P G E R G P R G T P G T R G P R G D P G E A G P Q

91 GGT GAT CAG GGA AGA GAA GGG CCC GTT GGT GTC CCT GGA GAC CCG GGC GAG GCT GGC CCT ATC GGA CCT MA GGC TAC CGAGGC GATGAG 180
G D Q G R E G P V G V P G D P G E A G P I G P K G Y R G D E

clone P8 (ac2(VI) chain):

I GGT CGC MG GGG GCC CCT GGC CTG GCT GGC MG MC G6G ACC GAT GGA CAG MG GGC MG CTG GGG CGC ATC GGA CCT CCT GGC T6C MG 90
G R K G A P G L A G K N G T D G Q K G K L G R I G P P G C K

91 GGA GAC CCT GGA AAC CGG GGC CCC GAC GGT TAC CCG GGGGAA
G D P G N R G P D G Y P G E

132

clone P24 (a3(VI) chain):

1 GGA GTA MG GGC TCT CGG GGA TTC CCA GGA GAG MG GGC GA GTA GGA GM ATT GGA CTG GAT GGT CT6 GAT G6T GMGAT GGA GAC AA 90
G V K G S R G F P G E K G E V G E I 6 L D G L O G E D G D K

91 GGA TTG CCT GGT TCT TCT G GAGAAA GGG MT CCT GGA AGA AGG GGT GAT AAA GGA CCT CGA G6AGAGAhAA GGA AGA GGA GAT GTT 180
G L P G S S G E K G N P G R R G D K G P R G E K G E R G D V

Figure I Sequence analysis of three cDNA clones encoding the a l(VI), a2(VI), and a3(VI) chains. Nucleotide sequences from the 5'
end of the cDNA clones (first line) and deduced amino acid sequences (second line) in the one-letter code were compared with peptide
sequences (underlined residues) determined by Edman degradation. Numbers on both sides indicate nucleotide positions. A full description
of the clones will be described elsewhere (Chu et al. 1987).
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Figure 2 Northern blot analysis of polyadenylated RNA
isolated from human fibroblasts with cDNA clones coding for the
al(VI) (lane 1), a2(VI) (lane 2), and a3(VI) (lane 3) chains. Each
lane contained 1 ,ug of RNA. The location of the fibronectin
mRNA (7.8 kb) (Bernard et al. 1985) and of the two polymorphic
transcripts of al(I) collagen mRNA (5.8 and 4.8 kb) (Chu et al.
1985) is indicated.

8.5 kb (a3). Some minor bands also hybridized in a

characteristic fashion to each specific probe; this may
be due to a different length in the 3'-noncoding re-

gion or may reflect splicing variants. Since no overlap
in the hybridization patterns was observed, the clones
appeared suitable for the chromosomal mapping of
collagen VI chains.

Chromosomal Mapping Using Somatic Cell Hybrids
Alpha 1 (VI) collagen gene.-Hybridization of

TaqI-digested human genomic DNA to 32P-labeled
al(VI) probe revealed four major bands, -6.0, 4.4,
4.1, and 1.8 kb in size (fig. 3A). Although several
distinct cross-hybridizing bands were seen in the ro-

dent DNA with the same probe, the 6.0-, 4.4-, and
4.1-kb bands were unique to the human DNA. The
6.0- and 4.4-kb bands were present in the human-
mouse hybrids containing human chromosome 21,
whereas either the 6.0- and 4.4-kb bands or the 6.0-
and 4.1-kb bands were detected in the human-
Chinese hamster hybrids containing human chromo-
some 21. All three human-specific bands were absent

in hybrids lacking human chromosome 21. One ex-
ception was hybrid CH 106 IV, where the human-
specific bands were detected but chromosome 21 was
missing. It was determined that, owing to chromo-
somal breakage, only part of chromosome 21 was
present in this hybrid. Karyotyping could not detect
this breakage, but superoxide dismutase (SOD1), an
isozyme already located on chromosome 21, could be
detected.

These results strongly support the localization of
al(VI) on chromosome 21. In addition, the data on
Southern blotting of human DNA suggested a TaqI
RFLP. The control human DNA shown in figure 3 is
heterozygous for the TaqI polymorphism, since both
4.4- and 4.1-kb bands were detected. The hybrid cells
positive for al(VI) can exhibit one or the other band,
depending on the presence of the polymorphic site in
the cell line used as human parent and on which
chromosome 21 (the one bearing the polymorphism
or the other) has been retained.
Alpha 2(VI) collagen gene.-When an a2(VI)

cDNA probe was used, four TaqI fragments, of 4.2,
3.7, 2.7, and 2.4 kb, were detected in human DNA
(fig. 3B). Two Chinese hamster-specific fragments of
3.7 and 1.8 kb and two mouse-specific fragments of
3.4 and 2.8 kb were present in the corresponding
hybrids. Analysis of the chromosome content of all
35 hybrids suggests that the a2(VI) collagen gene also
may be located on chromosome 21 (table 1). Again,
as noted above in the assignment of atl(VI) gene, a
single discordant hybrid (CH 106 VI) was observed.
As for the at (VI) gene, all the other chromosomes
could be excluded.
Alpha 3(VI) collagen gene.-When hybridized to

human DNA digested with TaqI, the a3(VI) cDNA
probe detected six fragments, of 5.6, 3.0, 2.5, 2.3,
2.0, and 1.8 kb (fig. 3C). The rodent DNA cross-
hybridized very strongly with the human probe.
However, these rodent-specific bands were clearly
different from the human pattern. The presence of
the human pattern in the hybrid cell lines is concor-
dant with the presence of human chromosome 2
(table 1). Further regional mapping of the a3(VI)
gene was possible because a panel of hybrids was
available from a human parental cell strain that car-
ries a translocation of chromosome 2. Examination
of the hybrids with derivative chromosome 2 showed
no discordancy with 2q321-2qter, whereas 36% dis-
cordancy was found for hybrids with 2pter-2q321
(table 1). Therefore, the results suggested strongly
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Figure 3 Southern blot analysis of TaqI-digested DNA from parental and human-rodent hybrid cells, with the al(VI) (A), the a2(VI)
(B), or the a3(VI) (C) cDNA as a probe. Panels A and B: lanes 2-3, human-mouse hybrids positive for chromosome 21; lane 4, human-
mouse hybrids negative for chromosome 21; lanes 5, 6, and 8, human-Chinese hamster hybrid positive for chromosome 21; lane 7,
human-Chinese hamster hybrid negative for chromosome 21. Panel C: lane 2, human-Chinese hamster hybrid positive for chromosome
2; lane 3, human-Chinese hamster hybrid negative for chromosome 2; lane 6, human-mouse hybrid positive for chromosome 2; lane 7,
human-mouse hybrid negative for chromosome 2. The location of the molecular-weight markers (in kb; HindIII-digested Xphage DNA) is
indicated. Patterns produced from mouse (M), Chinese hamster (CH), and human (H) DNA are shown for comparison in panels A-C.

that the a3 (VI) collagen gene is located on the long
arm of chromosome 2, in the region q321-qter.

Regional Mapping by In Situ Hybridization
To confirm the chromosomal assignment using

somatic cell hybrids described above, and to map the
genes more precisely on the chromosomes, we per-
formed in situ hybridization.
Alpha 1 (VI) collagen gene.-Eighty-one meta-

phase cells with a total of 192 silver grains associated
with chromosomes were examined (fig. 4). Of the
total grains analyzed, 39 (20%) were located on

chromosome 21. The distribution of grains on this
chromosome was not random. As shown in figure 5,

87% of the total grains on chromosome 21 were in
the q222-q223 region, with a maximum in the q223

band. This result confirms assignment of the al (VI)
collagen gene to human chromosome 21, an assign-
ment obtained by analysis of hybrid cells, and further
localized the gene to the region 21q223.
Alpha 2 (VI) collagen gene.-Analysis of 96 meta-

phase cells with 283 silver grains associated with
chromosomes revealed that 49 (17%) of the total
grains were located on chromosome 21 (figs. 4, 5).
The major concentration of grains (89% of the total
on chromosome 21) was on the q222-q223 region of
this chromosome. Thus, the result was consistent
with the assignment made by analysis of somatic cell
hybrids, described above. In addition, the a2(VI) col-
lagen gene can now be assigned to a more accurately
defined position of 21q223, on which the a(VI) colla-
gen gene is also located.

9.8 +

6.6 -

4.5 -

2.5-.

2.2 -
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Table I

Correlation of aI(VI), a2(VI), and a3(VI) Gene Sequences with Human Chromosomes in Somatic Cell Hybrids

DERIVATIVE
CHROMO-

HUMAN CHROMOSOMES' SOMESb
sLI(VI)/

HYBRIDS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X Y Xp+ 2q a2(VI) a3(VI)

Human-

+

+

+

+

+

I +

_ I +

_

+ +

_

_

_

I +

+ - +

_ + +

_ _

_

_

_ _

+ -+

+ - +

+ -

1_

69 71 60 55 48 39 55 44 60 54 42 43 50 56 68 47 60 63 48 52 3 53 39 80 46 78
45 0 40 51 39 39 32 44 48 60 33 46 38 59 42 47 40 35 58 45 55 47 43 60 0 78

mouse:

L53 C
L53 K
L53 N
LA 56 A
LA 56 E
LA 56 G
LA 56 1

LA 56 R
LA 56 S
LA 56 U
LA 56 V

Human-
hamster:

V 106
CH 106 IV
C 56 C
C 56 F
C 56 G
C 56 L
C 56W
C 56 X
C 56 Y
CHBL E
CHBL D
CHBL H
CHBL I
CHBL J

CHBL K
CHBL N
CH 34 E
CH 34 G
CH 34 S
CH 34 V
CH 34 X
CH 34 Z
CH 34 FU
CH 34 GT

% Discor-
dancy:c

al(VI),
a2(VI)

a3(VI)

a + = Presence of the human chromosome in 30% of the hybrids; / = presence of the human chromosome in 30% of the hybrids; - = absence of the
human chromosome in the hybrids; * = derivative chromosomes.

b Translocated chromosome Xp+ = 2qter-2q321::Xp22-Xqter; 2q- = 2pter-2q321::Xp22-Xqter.
' Discordancy indicates the presence of the gene sequence but the absence of specific chromosome, or the reverse. % Discordancy = the percentage of

discordant hybrids of the total hybrids.
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A B C

al(VI) a2(VI) a3(V1)
Figure 4 Examples of in situ hybridization of human metaphase chromosomes with tritium-labeled al(VI) (A), a2(VI) (B), and
a3(VI) (C) cDNA probes. Top panels: Silver grains (arrowheads) on chromosomes 21 and 2 after Giemsa staining. Bottom panels:
Identification of chromosomes with silver grains by R-banding.

Alpha 3(VI) collagen gene.-Hybridization of a
total of 98 metaphase cells with al (VI) probe yielded
264 silver grains associated with chromosomes, of
which 74 grains (28%) were on chromosome 2 (figs.
4, 5). The grains on this chromosome were concen-
trated on the region of q36-q37 (81% of the total
grains on chromosome 2), with a peak of grains in
the q37 band. The data were in good agreement with
the chromosomal and regional assignment made by
analysis of somatic cell hybrids. Thus, the a3(VI)
gene maps to the long arm of chromosome 2, in the
region q37.

Discussion

Extensive screening of a human-expression library
with affinity-purified antibodies against collagen VI
chains allowed us to identify several specific cDNA
clones, from which three were selected for protein
characterization. Each clone showed at the 5' end a

sequence encoding triple-helical Gly-Xaa-Yaa re-
peats, which, by matching peptide sequences, could
be assigned to the al(VI), a2(VI), and a3(VI) chains,
respectively. These clones reacted specifically in
Northern hybridization with a major mRNA species
of either 3.5 kb (a2), 4.2 kb (a l), or 8.5 kb (c3). The
sizes of the mRNAs are in good agreement with a
molecular mass of -140 kD for al(VI) and a2(VI)
and of 250 kD determined for the precursor form of
a3(VI) chain (Trueb and Winterhalter 1986). These
differences, together with those observed by Southern
hybridization (fig. 3), clearly indicate that each colla-
gen VI chain is the product of a separate gene.

In addition, we have employed two independent
procedures-somatic cell hybrid analysis and in situ
hybridization-to map the genes for type VI colla-
gen. Our results indicated that the al (VI) and a2(VI)
genes are syntenic on human chromosome 21q223,
whereas the a3(VI) gene is located on chromosome
2q37.
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Figure 5 Distribution of silver grains on metaphase chromosomes for the al (VI) probe (A) and the a2(VI) probe (B) on chromosome
21 and the a3(VI) probe (C) on chromosome 2. The location of the genes for collagen al(III) chain, collagen a2(V) chain, elastin, and
fibronectin (see text for references) is indicated by the bracket.

The family of collagen a-chain genes is known to

be dispersed in the human genome. The highly con-

served al(I), a2(I), and al(II) genes were mapped to

three separate human chromosomes, namely 17, 7,
and 12, respectively (Huerre et al. 1982; Junien et al.
1982; Solomon et al. 1983, 1985; Huerre-Jeanpierre
et al. 1986b). Recently, other collagen genes have
been mapped to two additional chromosomal loci
(see below). These studies revealed two exceptions
for the dispersion of collagen genes. The genes for
al(III) and a2(V) were assigned to the same segment
of chromosome 2 (Emanuel et al. 1985b; Huerre-
Jeanpierre 1986a, 1986b); and the two genes for
al(IV) and a2(IV) both were mapped to the distal
long arm of chromosome 13 (Griffin et al. 1987).
Our assignment of the al(VI) and a2(VI) genes,

therefore, represents another case of possible close
linkage between two genes encoding two of the con-

stituent chains of one collagen type. At the same

time, our data also provide evidence for the disper-
sion of collagen genes, because the gene encoding the
third chain of collagen VI is located on a separate
chromosome. The fact that the al(VI) and a2(VI)
genes are located close to each other implies that
these two genes may have arisen by duplication of an
ancestral gene. This is consistent with our current

knowledge of the structure of a1(VI) and a2(VI)
chains. As mentioned above, these two polypeptides
are similar in size and their mRNAs are also compa-
rable in size. The lack of apparent structural homol-
ogy of the a3 chain with the al and a2 chains is in
accordance with the presence of the a3 (VI) gene on a
different chromosome. This finding suggests that the
a3(VI) gene may have evolved separately. Alterna-
tively, the duplication and divergence of the a3 gene
from the common ancestor may have occurred early
in evolutionary history. As the genes for structurally
related fiber-forming collagens are dispersed on dif-
ferent chromosomes, it has been proposed by several
investigators that such separation of the genetic locus
may be a consequence of the favorable evolutionary
events, which prevent these homologous genes from
crossing over (Solomon et al. 1985; Griffin et al.
1987). According to this hypothesis, one would pre-
dict that, despite the apparent similarity between the
al(VI) and a2(VI), these two chains may in fact be
quite divergent in their fine structure so that crossing-
over is less likely to occur. The elucidation of the
origin of the type VI collagen chains awaits a more
detailed analysis of the primary structure of these
chains, as well as further characterization of their
genomic organization.

442

.

0

Om
0



Human Type VI Collagen Genes 443

The close linkage of the aol(VI) and a2(VI) gene
loci may be reflected in their expression, which ap-
peared to be coordinately regulated in several normal
and tumor cells we have examined (Chu et al. 1987).
Similarly, the variable expression of the a3(VI) gene
in these same cells is likely the result of its distinct
chromosomal location. Although current data sup-
port the heterotrimeric configuration of al:c2:a3 =
1:1:1, we cannot exclude the possibility that trimers
composed of one or two constituent chains exist in
different tissues.

Several other genes coding for extracellular matrix
proteins have been assigned to the long arm of
chromosome 2 in the region of 2q24 to 2qter.
Specifically, ot (III) and o2(V) collagen genes on
2q24-3-2q31 (Emanuel et al. 1985b), the elastin gene
on 2q31-2qter (Emanuel et al. 1985a), and the
fibronectin gene on 2q34-2q36 (Henry et al. 1985;
Jhanwar et al. 1986; Prowse et al. 1986). Our assign-
ment of the a3(VI) gene to 2q37 represents the fifth
extracellular matrix gene mapped to the same region.
The predominance of genes that are involved in re-
lated functions in the long arm of chromosome 2 is
quite striking. It would be of interest to further inves-
tigate whether these proteins are evolutionarily re-
lated and whether these genes are coordinately regu-
lated.

Using DNA probes of known chromosomal origin
for RFLP analysis has been proved to be extremely
powerful in studying inherited human diseases such
as Huntington disease, cystic fibrosis, and others (for
review, see Gusella 1986). This approach has been
recently applied to the study of heritable connective-
tissue disorders that are quite heterogeneous in na-
ture (Tsipouras et al. 1983, 1986; Grobler-Rabie
1985; Wenstrup et al. 1986). The molecular genetic
information on type VI collagen provided here prob-
ably will be an important tool in our further under-
standing of this group of diseases. The DNA probes
will also be valuable in studying other diseases that
have been mapped to distinct genetic loci on the long
arm of chromosome 21, such as Down syndrome and
Alzheimer disease (Williams et al. 1975; St. George-
Hyslop et al. 1987). Distinct differences in the re-
gional maps precludes, however, the possibility that
these genes are identical or closely linked to those
encoding aI(VI) and a2(VI) chains. Down syndrome
is consistently correlated to a trisomy of chromosome
21. It remains, therefore, an interesting question
whether this anomaly is also correlated with an al-
tered expression of collagen type VI.
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