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The corneal epithelial basement membrane (BM) is positioned between basal epithelial cells
and the stroma. This highly specialized extracellular matrix functions not only to anchor
epithelial cells to the stroma and provide scaffolding during embryonic development but also
during migration, differentiation, and maintenance of the differentiated epithelial phenotype.
Basement membranes are composed of a diverse assemblage of extracellular molecules, some
of which are likely specific to the tissue where they function; but in general they are
composed of four primary components—collagens, laminins, heparan sulfate proteoglycans,
and nidogens—in addition to other components such as thrombospondin-1, matrilin-2, and
matrilin-4 and even fibronectin in some BM. Many studies have focused on characterizing BM
due to their potential roles in normal tissue function and disease, and these structures have
been well characterized in many tissues. Comparatively few studies, however, have focused
on the function of the epithelial BM in corneal physiology. Since the normal corneal stroma is
avascular and has relatively low keratocyte density, it is expected that the corneal BM would
be different from the BM in other tissues. One function that appears critical in homeostasis
and wound healing is the barrier function to penetration of cytokines from the epithelium to
stroma (such as transforming growth factor b-1), and possibly from stroma to epithelium
(such as keratinocyte growth factor). The corneal epithelial BM is also involved in many
inherited and acquired corneal diseases. This review examines this structure in detail and
discusses the importance of corneal epithelial BM in homeostasis, wound healing, and
disease.
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Basement membranes (BM) are highly specialized extracel-
lular matrices that form thin acellular layers underlying cells

and separate them from, as well as connect them to, their
interstitial matrix.1,2 Basement membranes function not only in
anchoring adjacent cells and providing scaffolding during
embryonic development, but also in migration, differentiation,
and maintenance of the differentiated phenotype of associated
epithelial or endothelial cells.3,4 In addition, BM control cellular
functions by binding and modulating the local concentrations
of growth factors and cytokines,5,6 and are able to regulate cell
polarity,7,8 cell adhesion, spreading, and migration via their
effects on the cytoskeleton.9–11

Basement membranes are highly divergent depending on
their tissues of localization.3,4 Many studies have focused on
characterizing BM due to their potential role in normal tissue
function and disease, and this structure has been well
characterized in many organs.1,4,12,13 Relatively fewer studies,
however, have characterized the role of the epithelial BM in the
cornea. This review focuses on the structure and importance of
corneal epithelial BM in homeostasis, wound healing, and
disease.

Development and Structure of Corneal Epithelial
Basement Membrane

The corneal epithelial BM is positioned between basal epithelial
cells and the stroma. It is first detected at 8 to 9 weeks of

gestation in the human,14 and after the fourth month the
corneal epithelium is separated from the stroma by a
continuous BM.15 Limited evidence has been provided for a
stromal cell origin for some epithelial BM components in the
cornea.16–18 In adult humans, rabbits, mice, and many other
species, the BM ultrastructure (Fig. 1) at the transmission
electron microscopic level using standard fixation methods
reveals adjacent layers termed the lamina lucida (layer between
basal epithelial cell membrane and lamina densa) and the
lamina densa.19–21

Since the corneal stroma is avascular and has a relatively low
keratocyte density, it is likely that the corneal BM is different in
composition from the BM in other tissues. Corneal epithelial
BM undergoes considerable change during development and
appears to have regional heterogeneity from central cornea to
limbus to conjunctiva.22 In general terms, corneal epithelium
BM is assembled from four primary components: collagens,
laminins, heparan sulfate proteoglycans (HSPGs), and nido-
gens,1,4 although many other components such as fibronectin
are also present—some of which may be tissue specific. The
presence of collagen type IV was at one time controversial,4

with some reports failing in detect type IV collagen in the
corneal BM.23–26 However, several immunohistochemical stud-
ies localized type IV collagen beneath the human corneal
epithelium.27–30 One study31 found type IV collagen to be
abundantly present in the conjunctival and limbal BM but noted
that immunoreactivity disappeared within a short distance of
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FIGURE 1. Transmission electron microscopy of the central corneal epithelial basement membrane of rabbits after photorefractive keratectomy and
in controls. (A) A control corneal section showing a sharp epithelial basement membrane that includes the lamina densa (arrows) and lamina lucida
(the less dense band between lamina densa and basal epithelial cells) present between the epithelium (e) and the stroma (s). (B) A�4.5-diopter (D)
PRK cornea that healed without haze at 1 month after surgery showing a regenerated epithelial basement membrane (arrows) similar to the control
cornea in (A). The extracellular matrix in the stroma (s) also demonstrates a similar structural pattern compared to the control cornea. (C) A�9.0-D
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the start of Bowman’s layer. It appears that the reason for
disparity between different studies is the spatial variability
(‘‘horizontal’’ heterogeneity) in the BM composition between
the central cornea, limbus, and conjunctiva.32 It is also now
recognized that type IV collagen has six a chains that can
assemble into different heterotrimers, such as [a1(IV)2a2(IV)],
[a3a4a5(IV)], [a3(IV)2a4(IV)], or [a5(IV)2a6(IV)].33,34 This
variability could also have contributed to early confusion about
the presence of collagen IV in the corneal epithelial BM.
Ljubimov and coworkers32 showed in adult human corneas
that central BM had type IV collagen a3 through a6 chains,
whereas only limbal and conjunctival BM contained a1 and a2
chains. In addition, limbal BM had collagen IV a5 and a6
chains. Limbal and conjunctival epithelial BM also had laminin
a2 and b2 chains whereas central cornea BM did not. Laminin-
332, perlecan, fibronectin, entactin/nidogen, and type VII
collagen were detected in the entire ocular surface BM—
central cornea, limbus, and conjunctiva. These authors
suggested that these shifts in collagen IV chains and the
appearance of additional laminins in the limbus may be related
to the differentiation state of corneal cells contributing to BM
formation. The different distribution of BM components in
adult corneal epithelial BM is summarized in the Table. Some
studies have found other collagens in the corneal epithelial BM,
including type VII collagen as a primary structural element in
anchoring fibrils,35 type XV and type XVIII collagens as active
molecules in corneal wound healing36–38 and perhaps involved
in the coneal avascularity,39,40 type XVII collagen as an
adhesion molecule present in hemidesmosomes,41,42 and the
long form of type XII collagen.43–45

Laminins are the most abundant noncollagenous proteins in
BM.46 Laminins are heterotrimeric glycoproteins that are
composed of three chains, including one a, one b, and one c
chain. At present, five a, three b, and three c peptides coded
by different genes are known for mice and humans.46 The
trimers were previously designated laminin-1 to -15 in order of
their discovery, with no relationship to chain composition.
According to the previous nomenclature,47 a trimer could be
identified by either an Arabic numeral (e.g., 10) or its chains

(e.g., a5b1c1). Aumailley et al.48 proposed an abbreviated
form, for example, 511 for a5b1c1, which better identifies the
peptide composition of individual laminins. Laminins have
been shown to influence tissue development, and laminin gene
defects have potential roles in diseases in many organs,
including keratoconus, Fuchs’ dystrophy, and bullous keratop-
athy in the eye.49–52 The expression of laminin chains is
regulated both spatially and temporally,46 suggesting that
different laminin isoforms might have distinct roles. Laminins
are vital for the assembly of BM and interact with collagen
networks via nidogens and other extracellular matrix mole-
cules.49 In vivo and in vitro studies have suggested that
laminins are principally responsible for initial organizing of BM
assembly since they uniquely self-assemble into sheet-like
structures on cell surfaces without the contribution of other
components required for the assembly of a fully functional BM,
such as type IV collagens bound to nidogen-1 and nodogen-2,
the HSPGs agrin and perlecan, and many other compo-
nents.13,53 It has been demonstrated in Drosophilia mela-

nogaster that the complete absence of laminin results in
disorganized extracellular matrix and abnormal accumulations
of major BM components.54 Most laminin subunit knockouts in
the mouse model are lethal, for example, laminin c1,55 due to
the lack of BM formation. If laminin knockout mice do survive,
they develop severe disease, depending on the subunits
deleted and their tissue distributions.1

Another BM component, perlecan, is the most prevalent
HSPG in this structure. It is a complex, multidomain protein
with a number of discrete binding partners.56 The protein’s
core consists of five domains that share homology with other
molecules involved in nutrient metabolism, cell proliferation,
and adhesion, including laminin, the low-density lipoprotein
(LDL) receptor, epithelial growth factor (EGF), and the neural
cell adhesion molecule (N-CAM).1,12 Perlecan, a typical
proteoglycan, mediates the migration, proliferation, and
differentiation of a variety of cells by mediating cell signaling
events.57 Perlecan mediates these functions mainly by control-
ling the availability of fibroblast growth factors (FGF), bone
morphogenic proteins (BMP), platelet-derived growth factor
(PDGF), vascular endothelial growth factors (VEGF), trans-
forming growth factor b-1 (TGF-b1), and insulin-like growth
factors (IGF)58–62 to bind receptors on the cells they modulate.
In vertebrates, perlecan functions in a diverse range of
developmental and biological processes—from the develop-
ment of cartilage to the regulation of wound healing.63–66 Sher
et al.67 found that perlecan regulates both the survival and
terminal differentiation steps of keratinocytes and that it is
critical for the formation of normal epidermis. Another study68

reported that perlecan expression is upregulated after corneal
stromal injury, as well as after an artificial increase in
intraocular pressure. Inomata et al.69 investigated the role of
perlecan in the structure of corneal epithelium by use of
perlecan-deficient (Hspg2�/�-TG) mice. In that study, perlecan
was identified in corneal epithelial BM, and the epithelium was
shown to be thin and poorly differentiated in perlecan-
deficient mice (Hspg2�/�-TG) and accompanied by downreg-
ulation of Ki67, cytokeratin12, connexin43, Notch 1, and Pax6.
These findings revealed that BM perlecan is likely critical for
normal epithelial formation and terminal differentiation in the
cornea.

Nidogen-1 and nidogen-2, other major BM components, are
sulfated glycoproteins. Both nidogens consist of three globular
domains separated by link-like and rod-like regions,70,71 and

PRK cornea that healed with dense subepithelial haze at 1 month after PRK. A large number of myofibroblasts (arrowheads) with large amounts of
rough endoplasmic reticulum are surrounded by disorganized extracellular matrix in the stroma (s) beneath the epithelium (e). There is no evidence
of a lamina densa-like or lamina lucida-like structure between the epithelium and the stroma. Magnification for all: 330,000.

TABLE. Distribution of Basement Membrane Components in Adult
Corneal Epithelial Basement Membrane

Central BM Limbus BM

Type IV collagen chains a3–a6 a1, a2, a5, a6

Type VII collagen þ þ
Type XII collagen þ þ
Type XV collagen � þ
Type XVII collagen þ þ
Type XVIII collagen þ þ
Laminin isoforms 311, 332,

411, 511

211, 213, 221, 311, 321,

323, 332, 333, 411, 421,

423, 511, 521, 522, 523

Perlecan þ þ
Nidogens-1 and �2 þ þ
Fibronectin þ þ
Thrombospondin-1 þ �
Tenascin-C � þ
Fibrillin-1 � þ
Matrilin-2 þ þ
Matrilin-4 þ þ

Table modified from Kabosova et al.22
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they have similar distribution within the corneal epithelial BM.
Due to their strong affinity to laminin and collagen IV, nidogens
are considered to be link proteins in BM.72 Genetic deletion of
either NID gene in mouse did not produce detectible
alterations in tissue and BM architecture.73–75 Redistribution
and upregulation of the more restrictively expressed nidogen-2-
in nidogen-1-deficient mice suggested compensatory functions
of the two nidogens.74,76 One study77 reported predominantly
nidogen-2 accumulation around corneal INTACS stromal
implants, along with other known fibrotic extracellular matrix
components. Studies in mice lacking both nidogen isoforms
showed that this is indeed the case, since the double
knockouts had severe abnormalities in lungs, heart, and limbs
that were directly related to BM defects.78,79 Surprisingly,
however, ultrastructurally normal BM were seen in many other
tissues—demonstrating that the other BM components may
still assemble and form BM structures without nidogens in
some tissues. This may indicate tissue-specific requirements for
nidogens. Nan et al.80 reported the nidogen-1 gene as a locus
for nevogenesis and melanoma development, with decreased
expression levels of nidogen-1 in benign nevi and in primary
melanomas compared with the normal skin in individuals of
European ancestry. Moreover, abnormal expression and
distribution of nidogen were described in Hirschsprung’s
disease (congenital colonic aganglionosis).81

A better appreciation of the structure and function of the
BM is provided by understanding of the interactions between
its layers and structures in the overlying basal epithelial cells
and the underlying anterior stroma (Fig. 2). Corneal basal
epithelial cells contain small stud-like structures called
hemidesmosomes (HD) at their basal cell membrane,82 with
which they firmly attach themselves to the underlying
extracellular matrix—in the case of the cornea, the BM and
underlying stroma, including Bowman’s layer in humans and
some other species.83 The combined HD, anchoring fibril, and
anchoring filament complex is referred to as the hemidesmo-

some-stable adhesion complex or the anchoring complex. The
anchoring complex forms an uninterrupted structural link
between the intracellular keratin intermediate filament cyto-
skeleton of the basal epithelial cell and the underlying BM and
stroma that firmly adheres the cell to its underlying substratum.
The anchoring complex is composed of more than 10
component molecules that themselves often vary in isoform
between different epithelia.83,84

Another frequently encountered term in the literature is the
basement membrane zone (BMZ), ultrastructurally composed
of the HD, the upper lamina lucida, the lower lamina lucida,
the lamina densa, and the sublamina densa, which is the
uppermost region of the stroma.85

The molecular organization of the HD is based on three
classes of proteins: the cytoplasmic plaque proteins acting as
linkers for elements of the cytokeleton at the cytoplasmic
surface of the plasma membrane, the transmembrane proteins
serving as cell receptors connecting the cell interior to the
extracellular matrix, and the BM-associated proteins on the
extracellular matrix.86 The cytoplasmic constituents include
the bullous pemphigoid antigen 230 (BP230),87,88 plectin,89,90

and other less characterized proteins. BP230 and plectin are
proteins with related sequences belonging to the plakin family
of proteins implicated in the organization of the cytoskeleton
architecture.91,92 BP230 was first recognized as a target antigen
in bullous pemphigoid, an autoimmune blistering disorder of
the skin.93 The transmembrane constituents of the HD include
the a6b4 integrin and type XVII collagen. In contrast to most of
the integrins associated with the actin cytoskeleton, the a6b4
integrin is unique in that it is found in HD at sites where keratin
intermediate filaments attach.94 The extracellular domain of
a6b4 integrin is crucial for cell adhesion. Several different
antibodies directed against the a6b4 integrin prevent the
assembly of HD and induce dermo–epidermal separation in
vivo.95 In addition, natural mutations of the a6 and b4 genes in
humans or their corresponding mutations in mice result in

FIGURE 2. Schematic diagram of the basement membrane, overlying basal cell, and underlying stroma in the cornea interconnected by the
hemidesmosome-anchoring filament complex. It is important to note that other component molecules are present in corneal epithelial basement
membrane that are not included in this simplified diagram. HD, hemidesmosome; BP230, bullous pemphigoid antigen 230.
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extensive blistering of the skin and mucous membranes of the
digestive and respiratory tracts.96,97

Preliminary in vitro binding studies suggest that type XVII
collagen interacts with b3 chain of laminin-332 (formerly
termed laminin-5). Laminin-332 also supports cell binding and
spreading and is a major adhesive ligand for the a6b4 integrin.
Laminin-332 is concentrated below the HD plaque linking the
a6b4 integrin (and probably type XVII collagen) to type VII
collagen.98 In order for type VII collagen to function as an
anchoring molecule, its NC1 domain must bind to other
structural molecules of extracellular matrix.99,100 It has been
demonstrated that this NC1 domain binds to laminin-332 and
collagen IV in a site-specific interaction.101,102 Villone et al.103

also have reported direct and strong covalent cross-links
between collagens VII and I. The critical role of collagen VII
in stabilizing the structure of the BMZ is demonstrated by the
discovery that mutations in collagen VII found in patients with
dystrophic epidermolysis bullosa lead to pathological changes
in structure of the dermal–epidermal junction104–106 and often
affect the eye. The ocular abnormalities may include corneal
erosions and blisters, corneal scarring, symblepharon forma-
tion, ectropion, impaired vision, and corneal perforation.107,108

Epidermolysis bullosa-like disorders also occur in patients with
mutations in genes encoding for keratins 4 and 14, type VII and
XVII collagens, plectin, a6 and b4 integrin subunits, and each
of the three chains of laminin-332.107

Anchoring fibrils (Fig. 3)—commonly detected via immuno-
identification of their major component collagen VII—traverse
the lamina lucida and insert into the electron-dense lamina
densa, where the anchoring filaments are located, and may
extend further into underlying stroma into extracellular matrix
structures called anchoring plaques.83 One study showed that
the average depth of penetration of anchoring fibrils into the
corneal stroma was 0.60 and 0.54 lm in human and rabbit
corneas, respectively.83 Interestingly, no obvious differences in
anchoring fibril structure or distribution were noted between
human corneas, which have a Bowman’s layer, and rabbit
corneas, which do not have a Bowman’s layer.83

It is clear from studies of mutant model organisms12 that the
BM plays diverse roles in regulating early embryonic develop-
ment, organogenesis, tissue differentiation, and adult homeo-
stasis. This is reflected in a broad range of inherited diseases,
such as Alport and Fraser syndromes, caused by perturbation
of genes that contribute to the structure or regulatory
properties of the BM.82

Human corneal epithelial BM undergoes significant compo-
sitional changes between the infant and adult phases.22 In adult
corneas, basal epithelial precursor cells are thought to be
localized primarily in the limbus, although in embryonic and
newborn corneas they have been detected in the central
cornea.109–111 Epithelial BM heterogeneity between the limbal
and central cornea becomes more pronounced during
embryonic and early postnatal life, and this could reflect a
requirement for limbal stem cells to maintain a specific BM
composition to preserve the undifferentiated state of these
cells.22,101

Epithelial Basement Membrane in Corneal Wound
Healing

Several studies have demonstrated the importance of epithelial
BM in corneal wound healing.19,20,112,113 For example, Pal-
Ghosh and coworkers113 demonstrated that removal of the
epithelial BM enhances many wound healing processes in the
cornea, including keratocyte apoptosis and nerve death.
Corneal surgery, injury, or infection frequently triggers the
appearance of stromal myofibroblasts (Fig. 3) associated with
persistent corneal opacity (haze).21 The opacity develops as a
result of diminished transparency of the cells themselves and
the production of disordered extracellular matrix components
by stromal cells.114–116 Singh et al.117 reported that the
normally functioning epithelial BM critically modulates myofi-
broblast development through its barrier function preventing
penetration of epithelial TGF-b1 and PDGF into the stroma at
sufficient levels to drive myofibroblast development and
maintain viability once mature myofibroblasts are generated.
This hypothesis holds that stromal surface irregularity after
photorefractive keratectomy (PRK) or other cornea injury
leads to structural and functional defects in the regenerated
epithelial BM, which increases and prolongs penetration of
epithelial TGF-b1 and PDGF into the anterior corneal stroma to
promote myofibroblast development from either keratocyte-
derived or bone marrow–derived precursor cells118 (Singh V,
Wilson SE, unpublished data, 2013).

Recent studies of epithelial BM ultrastructure using
transmission electron microscopy21 have demonstrated defects
in the normal regeneration of epithelial BM in rabbit corneas
with haze at 1 month after high-correction PRK (�9.0-diopter
PRK). Moreover, highly disorganized extracellular matrix and
prominent myofibroblasts were observed in these rabbit
corneas with haze and not in corneas with moderate

FIGURE 3. Corneal haze and myofibroblasts. (A) Slit-lamp photo of rabbit cornea at 1 month after�9.0-D PRK corneal ablation surgery. Note the
dense subepithelial haze (arrows). Magnification: 320. (B) Immunocytochemistry for alpha-smooth actin (aSMA)þmyofibroblast cells (red) shows a
high density of aSMAþmyofibroblasts (arrows) in the subepithelial stroma at 1 month after �9.0-D PRK. Magnification: 3400.
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correction (�4.5 diopter PRK) without haze or unwounded
control corneas (Fig. 1)—although in one �4.5-diopter PRK
cornea with localized haze there were also numerous
myofibroblasts, disorganized extracellular matrix deposition,
and defective epithelial BM regeneration in the area of the
cornea with haze. The working hypothesis under investigation
is that prominent mature myofibroblast generation and
resulting disorganized extracellular matrix excretion in the
anterior stroma of corneas with significant injury interfere with
keratocyte contribution of critical components to the BM
(collagen type VII, for example) that results in defective
epithelial BM regeneration. Only when the epithelial BM is
finally regenerated, which may take years in some corneas with
haze, and epithelium-derived TGF-b1 levels fall, do myofibro-
blasts undergo apoptosis and keratocytes reabsorb disorga-
n i zed extrace l lu la r matr ix and thereby res tore
transparency.117,119,120 Thus, the epithelial BM likely functions
as a corneal regulatory structure that limits the fibrotic
response in the stroma by modulating the availability of
epithelium-derived TGF-b1, PDGF, and perhaps other growth
factors and extracellular matrix components, to stromal cells,
including myofibroblast precursors. It may also regulate levels
of stromal cell–produced epithelial modulators of motility,
proliferation, and differentiation like keratinocyte growth
factor (KGF) that transition through the BM in the opposite
direction.121,122 Thus, corneal epithelial BM may modulate
epithelial-to-stroma and stroma-to-epithelial interactions by
regulating cytokines and growth factor movement from one
cell layer to the other.

Latvala et al.123 observed that a6 and b4 integrins have
changes in distribution adjacent to the BM during epithelial
wound healing after epithelial abrasion in the rabbit cornea.
Stepp et al.124 have demonstrated that the re-epithelialization
of small wounds is accompanied by increased a6b4 integrin.
Epithelial cell migration is also affected by the distribution of
laminin and collagen IV during corneal wound healing and BM
regeneration.19 Thus, a3(IV) and a4(IV) collagen chains may be
important for the healthy corneal epithelium. Upon injury, the
BM is remodeled to include a1(IV) and a2(IV) collagen,
recapitulating corneal epithelial expression during develop-
ment.

Pathologic Alterations Associated With the Corneal
Epithelial Basement Membrane

Many ocular abnormalities and diseases have been described
that relate to the corneal epithelial BM. Basement membrane
abnormalities are associated with recurrent corneal ero-
sions,125 lattice corneal dystrophy,126 Alport syndrome,82,127

and thin BM disease.128 Electron microscopic ultrastructural
analysis confirmed that irregularities of BM formation and BM
composition are likely central factors in epithelial BM
dystrophy and recurrent corneal erosion syndrome.129 In this
condition, redundant layers of BM prevent deeper epithelial
cells from moving anterior through the epithelial tissue to be
discharged from the apical epithelial surface, as they are in the
normal epithelial maturation process. These desquamating
cells became entrapped beneath the sheets of aberrant BM and
formed cysts, which contained cellular and nuclear debris.125

Thus, the epithelium is not firmly anchored to the underlying
stroma as it is in normal corneas. Immunohistochemical and
electron microscopic evidence of structural alterations in the
BM were also noted in lattice corneal dystrophy compared to
normal corneas.126 Abnormalities in epithelial cell–matrix
adhesion molecules and BM components were noted in many
types of diseased corneas, especially in those with subepithe-
lial amyloid deposits.126 In Alport syndrome and thin BM
disease, the a3 (IV), a4 (IV), and/or a5 (IV) collagens chains
are defective, which leads to many associated ocular abnor-
malities, such as corneal arcus, corneal dystrophies (including
posterior polymorphous corneal dystrophy), and corneal
epithelial opacities.127,128

Kenney et al.130 reported abnormalities in the human
corneal epithelial BM and in the extracellular matrix in
keratoconus corneas stained for epithelial BM components
such as nidogen, fibronectin, a3-a5 chains of type IV collagen,
chains of laminin-332, perlecan, and type VII collagen. Tuori et
al.131 also suggested that the defects in the BM and changes in
the BM composition have a role in the pathogenesis of
keratoconus. These authors speculated that the characteristic
breaks in Bowman’s layer in many corneas with keratoconus
are formed due to scarring or activation of proteolytic
enzymes. They hypothesized that the breaks in the BM

FIGURE 4. Histopathologic analysis of corneal sections of two patients (a, b) with keratoconus stained with periodic acid Schiff (PAS). Note the
breaks or attenuations (arrows) in Bowman’s layer (B). Ultrastructural transmission electron microscopy studies have demonstrated that the
epithelial basement membrane is abnormally thin or missing in areas of the central cornea in most keratoconus corneas removed at the time of
corneal transplantation.150 Epithelial (e) thickness tends to be highly variable in keratoconus, often within one cornea of a single patient. In the area
shown in (b), there is hyperplasia and hypertrophy of epithelial cells (e), while in (a), the epithelium (e) is relatively normal in thickness. In other
areas (not shown), the epithelium can be very thin. S, stroma. Magnification: 3630.
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initiated a wound healing process in cornea in which the basal
epithelial cells attempt to maintain BM integrity by upregulat-
ing the secretion of BM structural proteins and increasing
expression of collagen a1/2 (IV) chains, type VII collagen,
laminin-111, and laminin-332. They further hypothesized that
the degradation process outstrips the restoration process,
leading to overall degradation of BM proteins. They reported
that this is manifest in discontinuities in the expression of
laminin-111, laminin-332, collagen a5/6 (IV) chains, type VII
collagen, and integrin b4. They surmised that this process ends
up producing the subepithelial scarring that is noted in some
corneas with keratoconus.

Keratoconus corneas also frequently have epithelial hyper-
plasia and/or epithelial thickening.132 Sykakis and cowork-
ers132 found a positive correlation between breaks in
Bowman’s layer, and presumably the BM, and epithelial
thickness in corneas with keratoconus. Disorders of BM barrier
function controlling stromal cell–derived growth factors such
as KGF could be an important factor in the pathophysiology
leading to corneal epithelial hyperplasia and epithelial thick-
ening in this disease (Fig. 4).

Acquired abnormalities of the BM also can be associated
with other diseases. Patients with diabetes mellitus are at
increased risk for developing corneal epithelial defects,
recurrent epithelial erosions, corneal ulcers, and corneal
edema.133,134 Ljubimov et al.135 reported reductions in the
expression of nidogens, laminin-111, and laminin-511 and their
binding to a3b1 integrin in diabetic corneas. Azar et al.136

reported a decreased formation of HD by corneal epithelial
cells on denuded BM when either the stroma or the epithelium
was derived from diabetic animals. These alterations may be
attributable to decreased BM and integrin synthesis, and may
be associated with abnormal growth factor expression in
diabetic eyes. Alternatively, some of these growth factors may
become elevated in diabetic corneas by diffusion from the
diseased vitreous and thereby affect corneal epithelial BM
integrin production.135 Another possibility is that BM compo-
nents and/or integrins may be altered because of their
increased degradation by the proteinases elevated in these
corneas.135

Bullous keratopathy is a corneal disorder that commonly
occurs as a result of intraocular surgical damage to the corneal
endothelial cells or the effects of intraocular lenses or
glaucoma shunts on these cells. Clinical features include loss
of endothelial cells, subendothelial fibrosis, chronic corneal
edema, formation of epithelial bullae (blisters), subepithelial
fibrosis, and opacification of the stroma.137 While the initiating
factor in bullous keratopathy is known to be endothelial
dysfunction and loss of endothelial cells leading to stromal
edema, a lack of adhesive extracellular matrix proteins such as
fibronectin, laminin, and type IV collagen in the epithelial BM
has been implicated in enhancing bullae formation.138,139

Tenancin-C (TN-C) is a large glycoprotein that is important in
wound healing and tissue remodeling, repair, and develop-
ment. In the normal adult cornea it is usually restricted to the
limbus. Previous studies have associated the antiadhesive effect
of TN-C with the development of bullae.137,138,140 Other
characteristics of bullous keratopathy include the presence of
matrix metalloproteinase-2 at the site of fibrosis141 and the
accumulation of inflammatory cells, but not myofibroblasts,
within the stroma.142

Basement membrane may also act as a physical barrier
against the penetration of viruses and bacteria into the corneal
stroma. Alarcon et al.143 suggested that BM provided a barrier
to the penetration of Pseudomonas aeruginosa bacteria.
These authors suggested that the bacteria penetrated into the
corneal stroma from the overlying corneal epithelium only in
regions where the BM was discontinuous. That study was

consistent with previous studies reporting that epithelial BM of
other tissues, such as columnar genital epithelium and
epidermal layers of the skin or the lining of the gut, can act
as barriers to herpes simples virus and Rift Valley fever
virus.144–146 While the mechanism for protection was found to
involve direct physical trapping within the BM—likely due to a
filtering effect of its small pores—there may also be associated
effects on epithelial permeability and epithelial antimicrobial
activities.143

Final Considerations

Many studies indicate that the corneal epithelial BM is more
than a thin acellular layer separating epithelial cells from the
adjacent anterior stroma. This critical structure participates in
early developmental stages and undergoes significant compo-
sitional changes between infancy and the adult stage, and may
continue to undergo alterations during the lifetime of the
individual, especially in people with genetic abnormalities
affecting the BM. In normal corneas, the epithelial BM plays an
important role in corneal homeostasis and downregulation of
the wound healing cascades. In mutant animals, such as
perlecan knockouts or laminin-deficient mice, it has been
noted that specific BM components have important roles in
modulating corneal epithelial cell growth, proliferation, and
differentiation.

The corneal wound healing response is an excellent
example of how the epithelial BM regulates corneal homeo-
stasis. Studies have shown that corneal injuries lead to
structural and/or functional defects in the epithelial BM that
allow cytokines such as epithelium-derived TGF-b1 and PDGF
to gain access to the stroma at sufficient concentration to
trigger the differentiation of myofibroblast precursor cells.
After repair of the epithelial BM there is a resulting fall in TGF-
b1 and PDGF levels in the corneal stroma that leads to
apoptosis of stromal myofibroblasts dependent on TGF-b1 for
survival.118,147–149 Thus, BM functions both by regulating
stromal and epithelial levels of key cytokines and growth
factors and through direct interaction of BM components with
epithelial, and perhaps stromal, cell surface receptors.
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