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Structure and Biology of Type VIII Collagen
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Abstract

Type VIII collagen was initially characterized as a bio-
synthetic product of bovine aortic endothelial cells in vitro and
thus named Endothelial Collagen(EC). The protein has now
been identified in avian and mammalian species as a product
secreted by cultured corneal endothelial cells, keratinocytes, fi-
broblasts, astrocytoma and other tumor cells, and endothelial
cells derived from several classes of blood vessels. In vivo, the
distribution of type VIII collagen is restricted to specialized
extracellular matrices such as meninges, periosteum, perichon-
drium, and Descemet's membrane of the comea. Itis also pres-
ent in the subendothelium of large and small blood vessels and
has been localized in capillary-like structures formed by sprout-
ing cultures of endothelial cells. Data from protein and nucleo-
tide sequencing have identified two distinct chains, termed
al(VIID) and o2(VIID); however, the assembly of these chains
in the extracellular space is still poorly understood. Protein ex-
tracts from Descemet's membrane indicate that, in this tissue,
type VIII collagen is a heterotrimer. Our understanding of the
biological role of type VIII collagen is rather limited. Although
type VIII collagen seems to perform a structural role in the
Descemet's membrane, its temporally and spatially restricted
expression during development suggests an involvement in tis-
sue remodeling and differentiation.
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A. Introduction

Collagens are members of a large family of proteins that
share at least three common characteristics: i) an extended se-
quence or sequences containing the repeating tripeptide Gly-X-
Y, which allows collagen o chains to form triple-helical mole-
cules; ii) organization of homotypic or heterotypic supramol-
ecular aggregates, and iii) an extracellular location(1). For
many years, collagens were believed to play primarily, if not
exclusively, a structural role. However, it has been recently
appreciated that collagens can also influence basic cellular
properties that include cell shape, proliferation, and differentia-
tion. Although the molecular mechanisms by which these
macromolecules initiate cellular responses are not understood,
there is evidence that signal transduction through cell surface
receptors such as integrins might be involved (reviewed in ref.
2).

Over the last decade, considerable progress has been
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made in understanding how collagen gene expression is regu-
lated (for a review, see ref. 3). In addition, the molecular clon-
ing and sequencing of the collagen genes has provided new
information on the structure of this large family of proteins.
Consequently, the collagen family has been categorized into
five basic groups: i) fibrillar collagens(types I, II, III, V, and
X1); ii) collagens that do not form typical banded fibrils(types
VI, VII, and XIID); iii) fibril-associated collagens with inter-
rupted triple-helices, or FACIT collagens(types IX, XII, and
X1V); iv) basement membrane collagens(type IV) , and v)
short-chain collagens(type X)(4). Our present knowledge of
the structure of the type VIII collagen gene identifies it as a
short-chain collagen that appears to be closely related to type X.

In this review we provide an overview of the research
that has been conducted on type VIII collagen genes and pro-
teins and discuss some of the basic observations that have been
made regarding its biological function.

B. Structure of Type VIII Collagen

The primary structure of type VIII collagen has recently
been elucidated by the cloning and sequence analysis of two
new collagen genes, designated COL8A1 and COL8A2. The
identity of these genes with collagenous peptides isolated from
Descemet's membrane has led to their description as the a1 and
o2 chains of type VIII collagen, respectively. At present, se-
quence data have been reported for the rabbit a1(VIII) gene(5),
human a1(VIII) gene(6), and the mouse and human o2(VIII)
genes(7). The molecular data corroborate earlier protein stud-
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Fig. 1. Purification of o 1(VIII)(50K-B) and o 2(VIII)(50K-A) from extracts of Descemet's membrane by high perform-
ance liquid chromatography(HPLC). Type VIII collagen, isolated from bovine Descemet's membrane by pepsin digestion and differential
salt fractionation(lane 1), was resolved into two polypeptide chains by reverse-phase HPLC. 200 pg of protein was solubilized in 1%
trifluoroacetic acid and chromatographed on a Vydac C18 column with a linear gradient of 15-40% acetonitrile : water(60 : 40 v/v) in 0.1%

trifluoroacetic acid over 60 min.

Insert: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of S0K-A(lane 2) and 50K-B(lane 3) purified by HPLC.
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Fig. 2. Diagram of the COL8AI1 gene and the o 1(VIII) and a 2(VIII) polypeptide chains of type VIII collagen.

A. Schematic representation of the COL8A1 gene and its translation product, the o 1(VIII) chain. In COL8AL1, exons are rep-
resented in boxes and are numbered from the 5' end of the gene. Exons 1, 2, and three nucleotides of exon 3 contribute to the 5' untranslated region
of o 1(VIII) mRNA. The rest of exon 3 encodes the majority of the amino-terminus(NC2). Exon 4 encodes a small part of the NC2 domain(7
2/3 codons), the entire triple-helical domain(COL1), the carboxy-terminus(NC1), and the 3' untranslated region. The numbers of amino acids in

NC2, COL1, and NC1 are indicated in parentheses.

B. Diagram of the o 2(VIII) chain. The exact number of nucleotides of the NC2 domain is not known. The triple-helical domain(COL1)
contains 457 amino acids and the carboxy- terminus(NC1) contains 173 amino acids.

Cysteines are indicated ().

ies that predicted the existence of two structurally distinct type
VIII collagen polypeptides(SOK-A and 50K-B) in bovine cor-
neal Descemet's membrane(8). Additional type VIII collagen
peptides isolated from rabbit Descemet’'s membrane(9,10)
match the predicted DNA sequences and indicate that the struc-
ture of type VIII collagen is conserved among several mammal-
ian species. Fig.1 identifies SOK-A and 50K-B after extraction
from bovine Descemet’s membrane and further purification by
high performance liquid chromatography.

From an analysis of the nucleotide sequence, type VIII
collagen contains a central triple-helical(COL1) domain of 454
amino acids[rabbit al(VIID)} or 457 amino acids [human
o2(VIID)], that is flanked by short non-collagenous extensions.
The molecular weight of an intact chain is estimated to be
60,000. Fig.2 shows the basic structure of the a1 and o2 chains
of type VIII collagen. The triple-helical domain, composed of
Gly-X-Y repeats, is characterized by the presence of eight im-
perfections located at the same relative position within each a
chain. This pattern of helix interruption distinguishes type VIII
collagen from the other short collagenous sequences found in
types IV, VI, IX, and XII collagens(11). Curiously, type X
collagen also contains a similar pattern of helix imperfec-
tions(9). Furthermore, the sequence identity between the rabbit
a1(VIID) and the chicken a1(X) chains in the collagenous
(COL1) domain is 57% at the nucleotide level; even greater
sequence conservation is seen in the carboxy-terminal portion
of the non-collagenous domain NC1(9). Moreover, the pri-
mary structures of the o1 (VIIL), o2(VIII), and a1(X) chains are
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highly similar. These features have led Yamaguchi and co-
workers(5, 9) to propose a common evolutionary origin for the
three chains.

Diversity of structure is more apparent in the NC2 do-
main of these collagens. This region in the a1(VIII) chain,
which shows little sequence homology with a comparable re-
gion of a1(X), is composed mainly of basic amino acids, with
an estimated pl of 10.6 for both the rabbit and human a1(VIII)
chains(6, 9). Differences in the NC2 domain may thus direct
the tissue-specific organization of type X collagen in hypertro-
phic cartilage, and that of type VIII collagen in Descemet's
membrane. In both collagens, the conserved regions of the
COL1 and NC1 domains might participate in intramolecular
interactions such as triple-helix formation and multimeric as-
sembly, whereas interactions between the NC2 domain and
polyanionic molecules such as proteoglycans or glycosamin-
oglycans might participate in the organization of specific ex-
tracellular matrices.

Another unique feature of the type VIII collagen helix
is the unusually high content of hydroxyproline (Hyp) residues.
For example, a2(VIII) contains 167 residues of Hyp per 1,000
amino acids(10). In comparison, type I collagen typically con-
tains 85 Hyp per 1,000 amino acids(12). This characteristic
could account for the melting temperature(Tm) of type VIII
collagen(41°C), which is higher than those of the fibrillar
collagens(Tm = 35-37°C)(13). It is interesting that type X col-
lagen also has a high content of Hyp and a high thermal stability
(Tm =47°C)(14).

Relatively little is known about the organization of type
VIII collagen within extracellular matrices. Several structural
models have been proposed that were based on the characteri-
zation of type VIII collagen purified as a soluble protein from
cell culture media or isolated from the insoluble components of
Descemet's membrane. These models include a cassette
model(8), the interrupted helix model(15), and a "conven-
tional" model(16) with the chain composition[a1(VIII)],
o2(VIIN)(10). Recent evidence from studies of gene structure
supports the conventional model that was based on a homot-
rimeric or heterotrimeric arrangement of Mr 60,000 chains in a
typical collagen triple helix. Higher molecular weight forms of
type VIII collagen[e.g., EC1, 2, and 3 (reviewed in 17); 300K,
200K, and 100K(18), and Mr 185,000 disulfide-bonded com-
plexes(19)], cannot presently be reconciled with the conven-
tional model. The identity of these high molecular weight
forms and their structural relationship to SOK-A and 50K-B
remain to be clarified.

Another enigma surrounding the type VIII collagen pro-
tein is the question of its trimeric structure. The identification
of two distinct collagen genes is suggestive of several distinct
isoforms that include homotrimers of a1(VIII), homotrimers of
a2(VIIl), and/or heterotrimers of o1(VIII) and a2(VIII).
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These combinations are based on the existence of only two
a(VIII) polypeptide chains. It is conceivable that type VIII
collagen might be similar in one respect to type IV collagen, for
which five chains and several molecular permutations have
been described in different tissues (for a review, see ref. 4). Al-
ternatively, a type VIII collagen heterotrimer might be com-
posed of o chains of different molecular sizes(19), a configura-
tion that characterizes the structure of type VI collagen(4). The
collagen family continues to provide us with a wide variety of
examples in which changes in secondary structure can result in
rather diversified functions.

C. Type VIII Collagen Genes

The isolation of an o1 (VIII) collagen cDNA from rabbit
corneal endothelial cells by Yamaguchi et al.(9) has led to the
cloning and sequencing of the rabbit COL8A1 gene(5), human
COL8A1 gene(6), and human and mouse COL8A2 genes(7).
The rabbit COL8A1 gene contains four exons of irregular size.
The first two exons(69 and 120 bp, respectively) code for the 5'
untranslated region; exon 3(331 bp) and exon 4(2,278 bp) en-
code the translated portion. The inclusion of the entire triple-
helical domain within a single exon (exon 4) contributes to the
unusual structure of this gene(Fig. 2A). With the exception of
type X collagen and collagens of some invertebrate species, all
known collagenous domains are encoded by multiple exons
(11). Partial characterization of human COL8A1 and human

Fig. 3. Detection of a1(VIII) collagen mRNA in rabbit tis-

sues. Total RNA was purified from neonatal rabbit comea(lane 1) and
neonatal rabbit retina, choroid, and sclera(lane 2). 10 pgof total RNA
from these preparations was denatured and resolved on a 1.2% agarose
gel. After electrophoresis, the RNA was transferred onto nitrocellu-
lose and the resulting Northern blot was hybridized with an o1(VIII)
collagen cDNA(2.2kb)(a gift from Dr. Y. Ninomiya, Okayama Uni-
versity, Okayama, Japan). The open arrows indicate two type VIII col-
lagen mRNAs of 2.5kb and 3.8kb. Positions of migration of the 285
and 188 ribosomal subunits are shown.

From scanning densitometry and subsequent normalization (to
28S rRNA) for equal amounts of blotted RNA, mRNA in lane 2 was
increased 2.8-fold over that seen in lane 1. Immunocytochemical stud-
ies have indicated that these differences might reflect the large number
of vessels identified in the choroid that express high levels of type VIII
collagen at birth.
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and mouse COL8A2 indicates that the unique structure of these
genes has been conserved in several mammalian species. In
situ hybridization studies have shown that the human COL8A2
gene is located on chromosome 1(7), whereas the human
COLS8A1 gene is located on chromosome 3(6). At this point no
studies have been published that identify promoter sequences
and/or enhancer/repressor motifs.

Identification of a1(VIII) and c2(VIIT) mRNA in rabbit
corneal endothelial cells(7, 9) and the presence of each poly-
peptide in extracts of bovine Descemet's membrane(8) indicate
that both chains of type VIII collagen are expressed in the cor-
nea. Northern analysis has shown that the rabbit a1(VIID) gene
is expressed as 3 distinct mRNAs that range in size from 2,500
to 3,800 nucleotides, whereas a2(VIII) collagen mRNA ap-
pears to be a single species of 3,800 nucleotides(7, 9). Vari-
ations in size of a1(VII) mRNA are believed to be due to dif-
ferences in polyadenylation(5). Fig.3 illustrates the presence of
type VIII collagen mRNA in the cornea(lane 1) and in the
sclera, choroid, and retina(lane 2) of neonatal rabbits.

D. Distribution and Molecular Organization of Type VIII
Collagen: A Role in Tissue Morphogenesis?

In adult organisms, the highest concentration of type
VIII collagen can be found in Descemet's membrane(20, 21), a
thick basement membrane-like structure situated between the
stroma and the endothelium of the cornea. Type VIII collagen
from Descemet's membrane is largely insoluble in 4M guani-
dinium hydrochloride(13) and remains associated with the
matrix through pepsin-sensitive linkages. Matrix interactions
involving desmosine crosslinks(22) or disulfide bridges(17) do
not appear to be involved. Electron microscopy revealed that
the Descemet's membrane is formed by an hexagonal lattice-
like structure with basic units of 160 nm(23). Rotary shadow-
ing images of type VIII collagen isolated from either cell cul-
ture(S) or pepsin digests of tissue(13) revealed a rod-like mole-
cule of approximately 132 nm with knob-like extensions at
each end, with an overall length of 160 nm(9). This structure
was consistent with the cDNA sequence data(9) and immuno-
electron microscopy studies(24). Together the data provide
strong evidence that type VIII collagen is responsible for the
hexagonal lattice structure observed in Descemet's mem-
brane(24). Although it was less abundant, type VIII collagen
has also been described in other areas of the eye such as Bruch's
membrane, the cribiform plates of the optic nerve, the walls of
Schlemm's canal, and the choroid stroma(25).

Type VIII collagen has also been identified in other
specialized extracellular matrices that include perichondrium,
periosteum, meninges, and sclera(26, 27). In addition, Kit-
telberger and co-workers(28) have described type VIII collagen
in the connective tissue sheath that surrounds hair follicles.
This sheath is rich in oxytalan fibers(microfibrils)(29), and
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several investigators have observed that type VIII collagen is
often coincident with microfibrils in elastic fibers(27, 30). This
association is not characteristic of all tissues, however, as type
VIII collagen has not been detected in nuchal ligament(27), a
structure containing abundant elastic fibers. Type VIII colla-
gen is also a component of the subendothelium(tunica intima)
of blood vessels(19, 28) and of newly-formed capillaries(31,
32). Finally, astrocytoma cells, transformed keratinocytes, and
gingival epithelial cells secrete significant amounts of type VIII
collagen in vitro(33, 34, 35). Fig. 4 illustrates the distribution
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Fig. 4. Immunolocalization of type VIII collagen in tissues. Paraffin sections of mouse tissues were incubated with a polyclonal
affinity-purified anti-type VIII collagen IgG(19). Immunolocalization was performed by indirect immunofluorescence(A) or with an avidin-
biotin-peroxidase technique(B-F) followed by detection with diaminobenzidine. A light counterstaining with toluidine blue was used in B - F to
identify surrounding structures. This counterstain appears in the photomicrographs as a light gray, in contrast to the black color of the im-
munopositive reaction product. A) Transverse section of hair follicles. Immunoreactivity is associated with the connective tissue sheath that
surrounds each hair follicle(arrows); B) Neonatal mouse skin(area of fused eyelids). Type VIII collagen is detected in the terminally differenti-
ated layer of keratinocytes, particularly in regions of immediate contact(arrows); C) Neonatal mouse brain. Open arrow points to the pia mater,
which shows discrete reactivity with anti-type VIII collagen IgG. In the gray matter, small vessels can be easily identified(closed arrow); D)
Choroid plexus. Arrow indicates a capillary consisting of one cell positive for type VIII collagen. Immunoreactivity with anti-type VIII collagen
IgG can also be identified in several other vessels, particularly those under the cuboidal epithelium; E) Cartilage. The perichondrium(PC) dis-
plays strong immunoreactivity; F) Bone. The periosteum(PO) shows a strong fibrillar pattern corresponding to type VIII collagen. Bar: 100 pm.
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of type VIII collagen in skin (A, B), small vessels (C, D), and
specialized matrices such as periosteum and perichondrium (E,
F).

During development, type VIII collagen is expressed in
mid-gestation chicken and mouse embryos. At day 11 of
mouse development, it was first observed in the head
mesenchyme. Small vessels stained positively for type VIII
collagen by day 12, and the subendothelium of larger vessels
was immunolabeled at later stages(19). The expression of type
VIII collagen in the vascular sysiem extends to the developing
heart, in which the distribution is spatially and temporally regu-
lated. Initially, type VIII collagen was detected by immunocy-
tochemistry in cardiac myoblasts at day 12. Positive staining
was present until day 17, after which it gradually lessened and
was undetectable in postpartum animals. Type VIII collagen
was also present in endocardial cushions, the precursors of the
cardiac valves(day 13 through 17 in the mouse embryo)(19);
however, the distribution of this protein changed rapidly. Ini-
tially, it was observed in the transition zone between the myo-
cardium and the cardiac jelly (also known as the myocardial
basement membrane). At day 15, type V1l collagen was pres-
ent in the subendocardium of the developing valves, whereas at
later stages(17 days), it was restricted to the stroma of the car-
diac valves. Type VIII collagen was not detected in adult heart
valves or myocardium, although it was present in the subendo-
thelium of large vessels, as also reported by Kittelberger and
coworkers(28).

The unique pattern of expression of type VIII collagen
in the developing heart indicates that this protein might be rele-
vant to the differentiation of myoblasts. The appearance of
specific extracellular matrix components in the myocardium
has previously been correlated with stages in development(36).
For example, secretion of type I collagen has been implicated in
the epithelial-mesenchymal transformation observed in cardiac
cushions. Fibrillar type I collagen, a marker for this transfor-
mation, provides support for the migration of endocardial
endothelial cells into the cardiac jelly(37). We have proposed
that differentiation of myoblasts requires the presence of sev-
eral extracellular molecules, including type VIII collagen,
which could facilitate migration, proliferation, or cellular re-
cognition and sorting(19).

The precise spatial and temporal regulation of type VIII
collagen in the developing heart has elicited further speculation
that the protein might function in tissue remodeling and cell
differentiation. Transient expression during embryogenesis
has been described for several extracellular proteins that in-
clude collagens. For example, types II and IX collagen are
found in the embryonic but not in the adult chicken comea(38,
39), and type IV collagen might contribute to the provisional
matrix of migrating neural crest cells(40). Such transiently
expressed structural molecules are thought to provide bio-
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chemical information that facilitates cellular induction and dif-
ferentiation. These molecules might regulate cell behavior by
binding directly to cell surface receptors, by sequestering
growth factors, and/or by regulating matrix topography through
an association with other matrix molecules.

Although any role that type VIII collagen might play in
cardiogenesis is speculative at this point, regulation of its ex-
pression appears to be an important factor in directing the de-
velopment of the heart. Future experiments should include
gene targeting and mutagenesis of the type VIII collagen gene.
The ablation or genesis of a defective molecule would provide
valuable information concerning the function of this extracellu-
lar protein during embryonic development.

E. Cell Biology of Type VIII Collagen: A Role in Angio-
genesis?

Type VIII collagen has been found as a secreted compo-
nent of a large variety of endothelial cells in culture(17,41). In
bovine aortic endothelial cells, for example, it accounts for 25%
of total collagen synthesis. Three isoforms of different molecu-
lar size have been reported: EC1, EC2, and EC3, of approxi-
mate Mr 177,000, 125,000, and 100,000, respectively. From
peptide maps, it was suggested that EC2 and EC3 were related
to EC1(42). Digestion of EC1 and EC2 with pepsin generated
stable fragments of Mr 50,000 that were recognized by affinity-
purified anti-type VIII collagen IgG(43).

Immunocytochemical studies of cultured endothelial
cells revealed type VIII collagen in the endothelial matrix, a
finding compatible with the location of this collagen in the
subendothelium of certain vessels in vivo(19, 27). In addition,
type VIII collagen was increased when endothelial cells formed
cord and tube-like structures in vitro(31, 43). Whether this in-
formation is relevant to angiogenesis in vivo is unclear, al-
though there are indications that type VIII collagen might par-
ticipate in the organization of new blood vessels in the
brain(32).

In vivo, there is good evidence that endothelial cells
produce type VIII collagen. Most of these data have been de-
rived from immunolocalization studies performed with affin-
ity-purified polyclonal or monoclonal antibodies. Several in-
vestigators have observed type VIII collagen in the subendothe-
lium of medium and large vessels(13, 27, 28). Type VIII colla-
gen is also present in capillaries of embryonic mice(31) and in
microvessels associated with a number of human brain -
mors(32). During development, positive staining for type VIII
collagen is seen in organs which undergo vascularization pri-
marily by angiogenesis, such as brain (see Fig.4,Cand D). Al-
though these data indicate a potential role in the genesis of new
blood vessels, it is difficult to delineate a specific function for
type VIII collagen in the morphogenetic process of neovascu-
larization. ‘Early studies showed that type VIII collagen was
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preferentially associated with highly proliferative and migra-
tory cells(41, 44). In this regard, it is interesting that type VIII
collagen was found in the culture media of a significant number
of malignant lines that included astrocytoma(glioma) cells,
which are closely associated in normal tissue with the cerebral
vasculature(17). The synthesis of type VIII collagen in vitro
correlates reasonably well with its distribution in vivo. This
coincidence of expression is favorable for the pursuit of more
specific questions concerning the regulation and function of
type VIII collagen in well-defined systems.

F. Concluding Remarks

Although type VIII collagen appears to function as a
component of the hexagonal lattice observed in Descemet's
membrane, its role as a product of endothelial cells(31), in vas-
culature(19, 28), or in specialized connective tissues such as
perichondrium, periosteum, dura mater, ocular tissues, and car-
tilage(24, 26, 27) is less apparent. It is also uncertain whether
the sequence homology between types VIII and X collagen re-
flects a functional homology. The tissue distribution of type X
collagen, which is restricted primarily to the hypertrophic zone
of growth plate cartilage(14), clearly does not coincide with
that of type VIII collagen.

We have recently shown that type VIII collagen appears
in the primary corneal stroma during the early stages of comeal
development(embryonic day 14 and 15) but disappears from
this tissue by embryonic day 17(Fig.5)(L. Chun and H. Sage,
manuscript in preparation). Similar to hypertrophic cartilage,
the primary stroma is a temporary matrix that supports the tis-
sue during remodeling. As a consequence of their unique struc-
tural features, types VIII and X collagens could assemble into
unique "transitional" matrices which play a specialized role in
remodeling tissues. Compared to the fibrillar collagens, both
type X and type VIII collagens are thermally more stable and
may therefore be better adapted to metabolically active envir-
onments. A triple-helical domain containing multiple interrup-
tions is also suitable for a flexible structure that can be rapidly
degraded by tissue proteases. Type VIII collagen is associated
with angiogenesis in vitro(43) and with capillary formation in
vivo(31); it is also expressed at epithelial-mesenchymal inter-
faces during cardiac morphogenesis(19). In each instance, the
unique structure of type VIII collagen might be required for the
transitional matrices that are established during the morpho-
genesis of specific tissues.

The protein structure of type VIII collagen remains an
unresolved question. Although two genes have been character-
ized, there is good evidence for the existence of a protein larger
than that predicted from the cDNAs. The transcriptional prod-
ucts of both type VIII collagen genes, a1(VIII) and o2(VIII),
encode polypeptide chains of approximate Mr 60,000. How-
ever, the existence of a larger molecule has been suggested by
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Fig. 5. Distribution of type VIII collagen in developing
mouse cornea. Paraffin sections of developing mouse cornea at day
14(A), 15(B), and 17(C) were incubated with monoclonal anti-type
VIII collagen IgG. Immunoreactivity was visualized by an avidin-
biotin-peroxidase treatment followed by diaminobenzidine. Reactivity
with anti-type VIII collagen IgG was identified in the stroma of the
cornea(labeled C) at day 14(A). Atday 15(B), fibrillar immunoreac-
tivity was evident in the stroma(arrow). The newly-organized
Descemet's membrane exhibited strong but discontinuous reactivity
(arrowhead). Small vessels are also stained with anti-type VIII colla-
gen IgG(open arrow). On day 17(C), the stroma appears negative and
the reactivity of the organized Descemet's membrane is now apparent
(arrow). L, Lens. Bar: 100 pm.
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studies of protein purified from cultured cells and from tissues.
Metabolically labeled type VIII collagen from several types of
endothelial cells, an astrocytoma cell line, transformed murine
keratinocytes, and human gingival epithelial cells has consis-
tently been purified as two and occasionally three chains of
approximate Mr 180,000, 125,000, and/or 100,000(33-35, 42,
45). Although studies in vitro are subject to artefacts, cultured
cells have been used successfully to study the synthesis and
secretion of molecules. For example, certain forms of procol-
lagen that can be purified readily from culture medium are dif-
ficult to isolate from tissues in which rapid proteolytic process-
ing occurs. The large forms of type VII collagen produced in
vitro could be an example of an immature, intermediate, or ex-
tremely labile tissue form of the protein. After purification
from culture medium, the larger forms are unusually suscep-
tible to cleavage by pepsin, as well as by several neutral serine
proteases, under conditions in which other collagens are rela-
tively resistant(42, 45). This lability is indicative of a partially
unfolded or interrupted triple helix and could explain the diffi-
culties encountered in purifying an intact form of type VIII
collagen from tissues. However, tissue extracts from develop-
ing mouse hearts contained high molecular weight forms that
could be identified by specific affinity-purified anti-type VIII
collagen antibodies(19). The higher molecular weight forms
that have been described for type VIII collagen could be ex-
plained by the existence of a third gene encoding for a large
polypeptide chain, as shown for type VI collagen(46). Alterna-
tively, type VIII collagen might associate with proteoglycans or
glycosaminoglycans in the extracellular space, an interaction
predicted from the basic nature of the NC2 domain of at1(VIII)
(9) and from its apparent sensitivity to hyaluronidase(19).

In summary, we have presented an overview of the re-
search that has been conducted on the type VIII collagen genes
and protein. It was our goal to discuss the available information
in a context that would outline some of the basic questions that
remain unanswered. Future directions include the identifica-
tion of regulatory elements in type VIII collagen genes that
contribute to the unusual patterns of expression observed for
the corresponding protein. The recent cloning of the ol and a2
(VIII) genes, and the use of cultured cells that express type VIII
collagen, will greatly accelerate this process. Secondly, it will
be important to characterize the higher molecular weight forms
of the type VIII collagen protein to understand its role and inter-
actions with other components of the extracellular matrix. The
cloning of murine type VIII collagen genes will facilitate stud-
ies on the role of this protein in development through the abla-
tion of the gene by homologous recombination or by overex-
pression of the gene product in transgenic animals. It is our
belief that the study of type VIII collagen will provide novel
insight into the role of specific extracellular matrix proteins in
cell regulation.
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