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Summary. Detailed histomorphometric analysis of
human conjunctival biopsy specimens has convincingly
demonstrated that tissue remodeling of the extracellular
matrix (ECM) is an essential and dynamic process
associated with conjunctival scarring in ocular cicatricial
pemphigoid (OCP). The conjunctival scarring often
eventually results in impaired vision and/or blindness.
The molecular mechanisms of conjunctival scarring are
not completely understood. Accumulating evidence
indicates that the early phase of conjunctival fibrosis is
linked with an immuno-inflammatory process mediated
by cytokines released by activated conjunctival cells
and/or by infiltrating cells. Fibrogenic cytokines secreted
by inflammatory cells and fibroblasts might actively be
involved in remodeling of the matrix within the
conjunctival stroma, possibly by regulating the altered
metabolism of matrix proteins.
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Introduction

The conjunctiva is a delicate mucous membrane that
covers the undersurface of both eyelids and anterior
sclera, and merges with corneal epithelium at the
corneoscleral limbus. It consists of an epithelium and
underlying substantial propria or stroma. Approximately
five layers of nonkeratinizing squamous epithelium line
the outer surface of the conjunctiva, while the
underlying stroma is composed of connective tissue and
vessels with lymphocytes, plasma cells, mast cells and
Langerhan’s cells (Allansmith et al., 1976, 1978;
Rodrigues et al., 1981; Foster, 1986; Friedlaender,
1993). The conjunctival epithelium and underlying
stroma are connected by a delicate but physiologically
and metabolically active epithelial basement membrane
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zone (BMZ). Auto-antibodies directed against target
molecules in the BMZ play a role in the separation of
basal epithelium from the underlying basement
membrane in the conjunctiva of patients with ocular
cicatricial pemphigoid (OCP).

Self-tolerance is usually acquired due to clonal
deletion or the inactivation of developing lymphocytes
that are potentially harmful to the body (Miller et al.,
1990; Hiruma et al., 1992; Asano et al., 1996), thus
preventing the immune system from reacting
destructively against self-components (i.e autoimmune
disease). OCP is an autoimmune disease, in which a yet
unknown initial trigger, in a genetically susceptible
individual, provokes loss of tolerance to one or more
components of the BMZ, with generation of specific B
cell clones, which produce auto-antibodies to those BMZ
glycoproteins. These auto-antibodies then bind to their
specific antigen(s) in the BMZ to initiate complement
activation, resulting in an increased infiltration and/or
migration of inflammatory cells, including lymphocytes,
neutrophils, monocytes/macrophages and mast cells
(Foster, 1986). The subepithelial basement membrane
separation in OCP appears to be direct cytotoxic effect,
while the infiltrating inflammatory cells probably release
fibrogenic mediators, including TGF-31, PDGF, b-FGF,
interleukins, etc, to promote healing but with subsequent
scarring.

The conjunctival scarring is an important cause of
visual disturbances in cicatricial disorders like
pemphigoid and trachoma (Wright, 1986; Conway et al.,
1997). Conjunctival scarring is also a major cause of
failure of glaucoma filtration surgery (Grierson, 1983;
Hitchings and Addicks et al., 1983). In addition,
infectious conjunctivitis due to adenovirous,
Corynebacterium diphtheria, and streptococcus may
cause conjunctival cicatrization. Sarcoidosis, progressive
systemic sclerosis and Sjogren’s syndrome may also
develop cicatricial changes. Chronic use of tropical
ocular drugs, certain skin and multiple mucous
membrane disorders like Stevens-Johnson syndrome,
toxic epidermal necrosis, epidermolysis bullosa and
pemphigus vulgaris may also clinico-pathologically
involve conjunctiva, indistinguishable from ocular
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pemphigoid (Foster, 1986). Although the exact
molecular mechanisms of conjunctival fibrosis are not
known, it would appear to be similar to the fibrosis in
other human diseases (Konomi et al., 1981; Bensadoun
et al., 1996; Razzaque et al., 1998b, 1999a). An
increased deposition of extracellular matrix (ECM),
predominantly collagens, in the substantia propria results
in conjunctival subepithelial fibrosis (Dutt et al., 1996;
Abu el-Asrar et al., 1998a). Patients with severe
conjunctival fibrosis go blind in about 25% of cases.
Hence the development of effective anti-fibrotic agents
is a major therapeutic challenge with enormous
therapeutic potential.

We summarize herein the existing information about
conjunctival fibrosis. Based on our current knowledge
we also discuss studies, which might provide new
insight into the pathophysiology and potential
therapeutic interventions for this problem.

Ocular cicatricial pemphigoid

Mucous membrane pemphigoid is a family of
relatively uncommon vesiculobullous diseases in which
oral mucosa is the most consistently affected area of the
body; although other mucous membranes (including
conjunctiva) may also be involved, the mouth is the most
consistently affected. Conjunctival involvement in
mucous membrane pemphigoid is typically termed OCP.
OCP may occur simultaneously with oral lesions but can
present exclusively in the conjunctiva, without the
involvement of other mucous membranes. In OCP, BMZ
separation leads to subepithelial vacuoles and bulla
formation without any acantholytic changes in the
overlying epithelium. Metaplastic changes of the lining
epithelium and an increased infiltration of chronic
inflammatory cells in the substantial propria with
stromal fibrosis are common histological changes found
in OCP. A genetic predisposition has been suggested in
the immuno-pathogenesis of OCP, with an association
with HLA-DQB1*0301 phenotypes over represented in
OCP patients (Ahmed et al., 1991).

OCP is a systemic autoimmune disorder usually
characterized by recurrent episodes of inflammation and
progressive subepithelial conjunctival fibrosis, with
eventual visual loss secondary to keratopathy (Foster et
al., 1982; Bernauer et al., 1993a). Ocular involvement in
mucous membrane pemphigoid occurs in about 77% of
cases (Mondino and Brown, 1981). It is widely accepted
that circulating antibodies against conjunctival basement
membrane binds with their antigens and activate the
compliment cascade to initiate the ocular inflammatory
process in OCP (Mondino et al., 1977; Proia et al., 1985;
Chan et al., 1993). This statement is based in part on
pathological studies of human conjunctival biopsy
sections that demonstrate the presence of
immunoglobulins and complement proteins along the
conjunctival basement membrane. Although
circumstantial evidence is provocative, it fails to
establish the specific role of these components in the

pathogenesis of the disease; circulating antibody against
conjunctival basement membrane has not been detected
in all OCP patients, while, immunoglobulins (IgG, IgA)
and compliment have been found to be present along the
conjunctival basement membrane in about 67% OCP
patients (Franklin and Fitzmorris, 1983; Leonard et al.,
1988; Bernauer et al., 1993b). But there are difficulties
in evaluating these percentages in view of the wide
range of assays used in different studies and the level of
their sensitivities in detecting various immunoglobulins
and complement.

Multiple interrelated factors play collectively to
determine the ability of an auto-antibody to react within
and to trigger conjunctival injury. To date, immune
complex formation as a result of circulating antibody
against an intrinsic conjunctival antigen, present in the
BMZ, has been considered the main mechanism in
conjunctival injury in OCP, although no concrete
information supports the idea that auto-antibody alone
derived from the circulation is capable of conjunctival
injury; but recently it has been shown that normal human
conjunctiva, incubated with OCP patient’s sera develops
subepithelial separation in an in vitro organ culture
system (Chan et al., 1999). These in vitro results
emphasize a pathogenic role of circulating antibody in
OCP.

However, formation of antibody against an antigen
not native to the conjunctiva but present there by virtue
of a biochemical and/or electrostatic affinity for BMZ
components has not been identified. But, immune
complex deposits have been shown in the kidney,
induced by exogenous antigens planted by electrostatic
interactions between glomerular anionic sites and
cationic immune reactants. Such antigens include bovine
serum albumin (pI>9.0) and cationized ferritin (Vogt et
al., 1980; Bass et al., 1990). Moreover, theoretically,
cationic proteins derived from inflammatory cells and
platelets, as well as antibody (cationized IgG), could
serve to bind anionic proteins in the lamina densa zone
to induce subsequent immuno-inflammatory cascades
(Vogt et al., 1982; Kaseda et al., 1985); a similar
phenomenon has been speculated in some forms of
immune-mediated renal diseases.

The antibodies directed against BMZ are not well
characterized, but antibodies against basement
membrane antigens of 230 kDa (desmoplakin) and 160-
180 kDa (hemidesmosome) have been detected in OCP
patient’s sera (Sarret et al., 1989; Niimi et al., 1992;
Mohimen et al., 1993; Ghohestani et al., 1996).
Recently, studying the sera from patients with active
OCP, B4 integrin has been identified as one of the target
autoantigens (Kumari et al., 2001). In addition,
circulating autoantibodies directed against epiligrin have
also reported in selected patients with OCP (Hsu et al.,
2000).

The pathogenesis of OCP is not yet clear, but T-cell
mediated immunity is also thought to play a major role
in the disease process (Mondino et al., 1981; Soukiasian
et al., 1992; Elder and Lightman, 1994). It has been
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shown that in active OCP, there is a significantly
increased infiltration of CD4+ T-helper cells and CD1+
Langerhan's cells. Moreover, the ratio of T-
helper/suppressor cells was higher in the conjunctival
sections of OCP patients than in those of control subjects
(Sacks et al., 1986; Bernauer et al., 1993b; Elder and
Lightman, 1994). An increased infiltration of T-cells,
local proliferation of macrophages and dendritic cells in
conjunctival stroma has also been reported in active
OCP patients (Elder and Lightman, 1994; Bodaghi et al.,
1997; Razzaque et al., 2001b). All these inflammatory
infiltrates might play a role in subsequent conjunctival
fibrosis by triggering increased production of certain
fibrogenic cytokines responsible for inducing the fibrotic
cascade. For example, it has been shown that T cell
clones generated from skin affected by scleroderma were
CD4+ and produced high levels of 1L-4 but not INF-y
upon in vitro activation; 1L-4 has been reported to
increase proliferation and chemotaxis of fibroblasts, to
increase type I collagen, tenascin and decorin synthesis
(Wegrowski et al., 1995; Lee et al., 1996; Makhluf et al.,
1996; Chizzolini et al., 1998).

Compared to the other well-studied immune-
mediated diseases, where rigorous analysis of
experimental animal models provides the foundation of
our understanding (Yamamoto and Wilson, 1987;
Roberts et al., 1989; Bolton et al., 1993; Koyama et al.,
1995), the exploration of immunological mechanisms of
conjunctival injury in OCP is greatly hampered due to
lack of experimental models. Moreover, the scarcity of
human conjunctival tissue has restricted research
opportunities. Conjunctival tissue is not excised from the
eye during routine surgical procedures like cataract
surgery; only biopsies for examination of systemic
diseases and autopsies have provided a limited source of
conjunctiva for scientific investigation.

Conjunctival fibrosis and extracellular matrix

Conjunctival fibrosis is a complex process, which
comprises a complex sequence of events, including
stromal inflammatory cell infiltration, proliferation of
matrix-producing fibroblasts and an increased
accumulation of ECM. The phenotype of proliferating
fibroblasts in conjunctival scarring and whether there is
any trans-differentiation of resident conjunctival cells
during the fibrotic process are not yet known. Recently it
has been shown that normal conjunctival fibroblasts do
not express the proto-oncogene c-myc, while the
conjunctival fibroblasts obtained from OCP patients do
express c-myc (Hunt et al., 1991), suggesting possible
phenotypic changes in OCP fibroblasts. It is likely that
c-myc expressing conjunctival fibroblasts might
synthesize increased levels of matrix proteins similar to
scleroderma fibroblasts (Trojanowska et al., 1988§;
Feghali et al., 1993). In scleroderma fibroblasts, an
elevated expression of c-myc was associated with
increased proliferation of scleroderma cells, which are
responsible for an increased production of type I

collagen (Kahari et al., 1984; Strehlow and Korn, 1998;
Ohtsuka et al., 1999). Moreover, an increased level of
type I collagen mRNA with increased activity of a2 (I)
collagen promoter has also been shown in scleroderma
fibroblasts, suggesting the enhancement of type I
collagen expression at the transcriptional level (Hitraya
et al., 1998).

Excessive accumulation of ECM, especially fibrillar
collagens type I and type III, is a hallmark of fibrosis in
human and experimental lung, liver, kidney and skin
fibrosis, possibly due to transcriptional activation of the
corresponding genes (Badid et al., 2000; McCrudden
and Iredale, 2000). An increased deposition of collagens,
mainly type I and type Il collagens, has also been
detected in conjunctival fibrosis (Dutt et al., 1996; Abu
el-Asrar et al., 1998a), but the role of other non-
collagenous ECM are mostly unknown. We have also
found an increased deposition of type I collagen (Fig.
1A,B) and type III collagen (Fig. 1C,D) in fibrotic
stroma in conjunctival biopsy sections obtained from
OCP patients. In a separate study, increased deposition
of type [, Il and IV collagens with de novo expression
of type V collagen has been found in trachomatous
conjunctivitis (Abu el-Asrar et al., 1998b). However, the
cells producing increased levels of ECM during
conjunctival fibrosis have not yet been defined.
Recently, we have found that fibroblasts isolated from
conjunctiva of OCP patients could produce increase
level of type I collagen, type III collagen and tenascin
(Colon et al., 2001; Razzaque et al., 2001a).

Factors regulating conjunctival fibrosis

Like most of the other human fibrotic diseases,
conjunctival scarring is a slowly progressive process,
and usually leads to irreversible conjunctival damage,
which is a major determinant of morbidity and visual
prognosis.

Fibrosis, in general, is an end result of excessive
deposition of various ECM proteins due to altered
synthesis and/or degradation of ECM components; the
abnormal balance of these processes results in the
alteration of the structure and function of the involved
tissue and/or organs. Generation of ECM is
predominantly achieved through the production of
collagens, whereas resorption of the ECM is mediated
predominantly by the matrix metalloproteinases (MMPs)
(Arthur, 1998; Diamond et al., 1998). In addition, tissue
inhibitor of metalloproteinase (TIMP) has an active role
in the fibrotic process (Iredale, 1997; Trojanowska et al.,
1998). As mentioned earlier, increased deposition of
collagens contribute significantly to the conjunctival
fibrosis in OCP patients, but possible roles of MMPs and
TIMPs in conjunctival fibrosis have not been examined
to date. Considering a generalized role of both MMPs
and TIMPs in other human fibrotic diseases, it is likely
that these molecules might have a role(s) in conjunctival
fibrosis in OCP patients, although this remains to be
proven. In a recently published study, overexpression of
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MMP-1 and MMP-3 has been demonstrated in
conjunctivochalasis fibroblasts (Li et al., 2000). ECM
degradation is an integral part of wound healing, and a
delicate balance between matrix-degrading enzymes
(MMPs), and their inhibitors (TIMPs) has evolved to
ensure adequate removal of damaged matrix components
(Kahari and Saarialho-Kere, 1997) during the healing
process; a disparity in the process could lead to an
excessive accumulation of matrix proteins. Qur
preliminary observation shows an increased expression
of certain MMPs (mainly MMP-1 and -14) and TIMPs
(mainly TIMP-1, -2 and -3) in fibroblasts isolated from
conjunctiva of OCP patients, compared to the control
conjunctival fibroblasts (unpublished observations).
Various fibrogenic cytokines, including interleukins
(IL-1, 4, 6) and TGF-B1, have the potential to mediate
both human and experimental fibrosis. Of these, TGF-31
is a highly studied molecule, expressed at high levels
during tissue remodeling, and it greatly affects the
formation of connective tissue, possibly by stimulating
the transcription of ECM genes (McGowan, 1992;
McWhirter et al., 1994; Karsenty and Park, 1995;
Vindevoghel et al., 1998; Jimenez and Saitta, 1991;
Chen et al., 2000). Both in vitro and in vivo studies have
convincingly shown that modulation of TGF-31 could

suppress collagen production and subsequently modulate
the fibrotic process (Franklin, 1997; Hori et al., 1998;
McCormick et al., 1999). Recently, in acutely inflamed
human conjunctiva, a significant increase of TGF-1 and
3 has been shown in the substantial propria in OCP
patients (Elder et al., 1997); using in situ hybridization,
it was shown that conjunctival epithelial cells and
fibroblasts could produce increased level of TGF-8 in
conjunctival sections obtained from OCP patients.
Moreover, a fibrogenic role for all three isoforms of
TGF-B is reported during the development of mouse
conjunctival fibrosis (Cordeiro et al., 1999a). It has also
been shown that the exogenous application of TGF-32
could reverse the anti scarring effects of Mitomycin-C in
mouse conjunctival fibrosis (Cordeiro et al., 1999b). Our
preliminary results demonstrated an increased
expression of TGF-B1, TGF-B2 and TGF-B3 and their
receptors in fibroblasts isolated from conjunctiva of
OCP patients, when compared to normal conjunctival
fibroblasts (Razzaque et al., 2001a). Also, a parallel
correlation between increased expression of TGF-31 and
elevated production of interstitial collagens was seen in
fibroblasts isolated from conjunctiva of OCP patients
(Razzaque et al., 2001a). Besides, when fibroblasts from
normal conjunctiva were treated with TGF-61, it could

Fig. 1. Immunohistochemistry for type |
collagen (A, B) and type Il collagen (C, D) in
conjunctival sections obtained from control
individuals (A, C) and OCP patients (B, D).
Note that compared to control conjunctival
sections (A, C), an increased submucosal
deposition of type | collagen (B) and type IlI
collagen (D) in conjunctival sections of OCP
patients. x 20
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induce the expression of interstitial collagens. The
addition of a TGF-B receptor type II blocking antibody
could inhibit the effect of TGF-61-induced collagen
expression by fibroblasts isolated from normal
conjunctiva in culture (unpublished observations).
Although TGF-8 is certainly a key cytokine, the tissue
remodeling cannot be explained by a single factor. It
involves a complex network of interacting cytokines and
other fibrogenic factors.

PDGF is another cytokine that is involved in
mediating and modulating the complex biological
processes that occur during tissue injury (Ross, 1989;
Johnson et al., 1993; Abboud, 1995). PDGF is a family
of closely related proteins that are synthesized as
approximately 30 kDa disulfide-bonded dimers of A and
B chains, PDGF AA, PDGF AB, and PDGF BB (Ross et
al., 1986; Heldin, 1992). Moreover, two distinct types of
PDGF receptors have been cloned and characterized
(Heidaran et al., 1993). PDGF-a receptor recognizes
both chains of PDGF and binds all the three isoforms,
whereas PDGF-8 receptor recognizes predominantly the
B chain and binds with high affinity to the BB
homodimer. Binding of PDGF dimers to the extracellular
part of the receptor induces activation of signal
transducing proteins to exert the pathobiologic functions.
Extensive human and experimental studies in the renal
fibrotic diseases have revealed upregulation of PDGF
and its receptors (Gesualdo et al., 1991; Iida et al., 1991;
Tang et al., 1996). And an association between the
expressions of PDGF components with subsequent
fibrosis has been found in the kidney. Moreover,
neutralizing the in vivo effects of PDGF by exogenous
agents has been shown to modulate subsequent renal
fibrosis (Johnson et al., 1992; Ludewig et al., 2000).
Hence, PDGF is assumed to be an important molecule
involved in the fibrotic process, and the potential exists
for its role in conjunctival fibrosis as well. In fact, up-
regulation of the expression of PDGF has been reported
in the conjunctival sections obtained from OCP patients
(Bernauer et al., 1993b). The cells responsible for
increased expression of PDGF in OCP are as yet
unidentified, but earlier studies in other fibrotic organs
have shown that infiltrating macrophages and
proliferating fibroblasts/myofibroblasts are the main
sources of PDGF (Gesualdo et al., 1994; Homma et al.,
1995).

C)ytokines and growth factors, including TGF-81,
IL-1, TNF-a and PDGF have been demonstrated in
elevated levels in clinical and experimental fibrotic
disorders (Gesualdo et al., 1991; lida et al., 1991;
McGowan, 1992, McWhirter et al., 1994, Tang et al.,
1996; Cordeiro et al., 1999a). PDGF is a powerful
mitogen and chemoattractant for fibroblasts. In addition,
the TGFB and IL-1 responses occur largely through the
interaction of the AA homodimer of PDGF via PDGFa
receptor (Pinzani et al., 1995, Wang et al., 2000). PDGF-
AA/PDGFR-a. pathway has been shown to mediate the
mitogenic response of lung fibroblasts in pulmonary
fibrosis and keloid scarring (Haisa et al., 1994, Osornio-

Vargas et al., 1996); and the potential exists for a role of
PDGF system in conjunctival fibrosis as well. A detailed
study is needed to understand the mechanism of action
of PDGF in the conjunctival fibrotic process; studying
different isoforms of PDGHF, its receptors, and localizing
their sources and identifying the signal transducing
molecules involved in the cascade should provide a
better knowledge about the specific role of PDGF in
conjunctival injury.

Heat shock protein 47 (HSP47), is a collagen-
specific molecular chaperon involved in the biosynthesis
and secretion of procollagens (Nagata, 1998).
Substantial in vivo studies indicate that HSP47 is an
important fibrogenic factor in various organs, including
skin, lung, liver and kidney (Kawada et al., 1996;
Razzaque and Taguchi, 1997, 1999a-c; Cheng et al.,
1998; Razzaque et al., 1998a-d, 2000). These reports are
of interest, because abnormal metabolism of collagens is
partly responsible for structural damage of the
conjunctiva. In view of the apparent pathophysilogical
role of HSP47 in other fibrotic diseases, where it is
assumed to play a fibrogenic role by increased synthesis
and/or assembly of procollagens (Razzaque et al.,
1999b), it is likely that HSP47 has a pathological role in
conjunctival fibrosis. In fact, a role of HSP47 has been
suggested during embryonic corneal development and
morphogenesis (Tanaka et al., 1996). We are currently
studying the possible role of HSP47 in conjunctival
scarring and our preliminary results showed an increase
in the conjunctival expression of HSP47 in sections
obtained from OCP patients, with its elevated expression
in the stromal fibroblasts (Fig. 2). In addition, fibroblasts
isolated from conjunctiva of OCP patients showed
significantly increased expression of HSP47 at both
mRNA and protein level, when compared with normal
conjunctival fibroblasts (Fig. 3). A positive correlation
between increased expression of HSP47 and excessive
accumulation of collagens was seen in conjunctival
sections obtained from OCP patients (Razzaque et al.,
2001a). Furthermore, when normal conjunctival
fibroblasts were treated with recombinant TGF-31, we
found an upregulation, in the expression of HSP47. This
biological activity of TGF-61 could be blocked by TGF-
B type II receptor neutralizing antibody; which suggest
that TGF-B1 is one of the important molecules that
might, at least partly, regulate the bio-activity of HSP47
in the conjunctival fibroblast (unpublished observations).
An increased expression of HSP47 by conjunctival
fibroblasts might play an important role in increased
assembly/synthesis of collagens, and thereby could play
a role in submucosal fibrosis in OCP patients.

Local changes of microenvironment might explain
why lesions in OCP are not always generalized, rather
confined to a specific site. Conjunctival fibroblast-
secreted products, including various cytokines and
growth factors, might modulate local microenvironment,
and thus could eventually facilitate and/or intensify the
local immuno-inflammatory responses and subsequently
conjunctival injuries. Our preliminary study
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demonstrated that conjunctival expression of
macrophage colony-stimulating factor (m-CSF) was up-
regulated in sections of conjunctiva obtained from OCP
patients, and was associated with an increased
accumulation and local proliferation of macrophages
(Razzaque et al., 2001b). Increased expression of m-CSF
might facilitate an increased proliferation of
macrophages, and thereby could exaggerate
inflammatory process in the conjunctiva of OCP
patients. In addition, macrophage derived various
fibrogenic factors including TGF-31 and PDGF could
subsequently play roles in scarring process of
conjunctiva in the later stages of disease in OCP

patients.
Conclusion

In OCP, early immuno-inflammatory events are
followed by chronic cicatricial changes with
subepithelial fibrosis, as a result of excessive deposition
of matrix proteins. The destructive process of OCP is
caused by fibrosis beneath the conjunctival epithelium.
Progression of subepithelial fibrosis results in fornix
foreshortening due to shrinkage of conjunctiva, and
ultimately leads to formation of symblepharon,
meibomian duct obstruction, and eventual lacrimal duct

Fig. 2. Immunohistochemistry for HSP47 in
conjunctival sections obtained from a control
individual (A) and an OCP patient (B). An increased
number of submucosal HSP47-expressing cells
(arrow) are seen in the section of conjunctiva
obtained from an OCP patient (B). x 20

Fig. 3. Immuno-expression of HSP47 in fibroblasts
isolated from conjunctiva of a control individual (A)
and an OCP patient (B), revealing an increased
cytoplasmic expression of HSP47 in fibroblasts
obtained from conjunctiva of an OCP patient (B).
x 20
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compression with reduced tear flow (Foster, 1986). The
fibrosis also causes deformity of the lid and global
architecture. Corneal involvement is usually a result of
trichiasis, abnormal blinking and decreased tear film
production. If untreated, the cornea can be completely
scarred and keratinized, and with blindness the result.

Fibrosis is characterized by the progressive
accumulation of ECM proteins, mainly due to
transcriptional activation of these proteins. It is assumed
that activated conjunctival fibroblasts are the main
source of the matrix proteins that constitute the scar
tissue. Although many details of conjunctival
fibrogenesis in OCP remain to be elucidated,
inflammatory events initiated locally by the activation of
complement cascades might facilitate the activation and
proliferation of fibrogenic cells in the lamina propria.
Fibrogenic factors including TGF-B released by these
activated cells, by autocrine and/or paracrine functions
might turn on the fibrotic cascade, resulting extensive
remodeling of the conjunctival tissues. Understanding
the precise cellular and molecular events that lead to
fibrosis in OCP patients might establish an effective
therapeutic strategy to treat otherwise untreatable
conjunctival scarring.

Future directions

Over the past several years, remarkable progress has
been made in understanding the molecular mechanisms
of fibrotic diseases in various tissues and organs.
However, very little is known about the molecular
mechanisms of conjunctival fibrosis. Generating an
animal model for active OCP will be useful and broaden
our knowledge about the immunopathogenic
mechanisms of this disease. Moreover, the origin and
source of all the components of ECM in normal and
fibrotic conjunctiva are not yet known. The
identification of ECM-producing cells will be important
for a better understanding of the mechanism of
conjunctival scarring found in various diseases.
Advances in molecular biology techniques have allowed
us to identify most of the factors and even their roles (to
some extent) in the routine biopsy sections. Applying all
these molecular biological techniques, identifying
regulating factors that initiate the fibrotic cascade in
conjunctival fibrosis, and establishing an effective
therapeutic strategy by targeting those factors to treat
conjunctival fibrosis will be our challenge.

Acknowledgements. Special thanks are due to Prof. Takashi Taguchi of
Nagasaki University School of Medicine for kindly providing staining kits
and various human antibodies, including HSP47 and collagens.
Technical supports of Drs. Suman Kumari and David S. Chu are also
gratefully acknowledged.

References

Abboud H.E. (1995). Role of platelet-derived growth factor in renal

injury. Annu. Rev. Physiol. 57, 297-309.

Abu el-Asrar A.M., Geboes K., al-Kharashi S.A., al-Mosallam A.A.,
Tabbara K.F., al-Rajhi A.A. and Missotten L. (1998a). An
immunohistochemical study of collagens in trachoma and vernal
keratoconjunctivitis. Eye 12, 1001-1006.

Abu el-Asrar A.M., Geboes K., al-Kharashi S.A., Tabbara K.F. and
Missotten L. (1998b). Collagen content and types in trachomatous
conjunctivitis. Eye 12, 735-739,

Addicks E.M., Quigley H.A., Green W.R. and Robin AL. (1983).
Histologic characteristics of filtering blebs in glaucomatous eyes.
Arch. Ophthalmol. 101, 795-798.

Ahmed A.R., Foster S., Zaltas M., Notani G., Awdeh Z., Alper C.A. and
Yunis E.J. (1991). Association of DQw7 (DQB1*0301) with ocular
cicatricial pemphigoid. Proc. Natl. Acad. Sci. USA 88, 11579-11582.

Allansmith M.R., Kajiyama G., Abelson M.B. and Simon M.A. (1976).
Plasma cell content of main and accessory lacrimal glands and
conjunctiva. Am. J. Ophthalmol. 82, 819-826.

Allansmith M.R., Greiner J.V. and Baird R.S. (1978). Number of
inflammatory cells in the normal conjunctiva. Am. J. Ophthalmol. 86,
250-259.

Arthur M.J. (1998). Fibrosis and altered matrix degradation. Digestion
59, 376-380.

Asano M., Toda M., Sakaguchi N. and Sakaguchi S. (1996).
Autoimmune disease as a consequence of developmental
abnormality of a T cell subpopulation. J. Exp. Med. 184, 387-396.

Badid C., Mounier N., Costa A.M. and Desmouliere A. (2000). Role of
myofibroblasts during normal tissue repair and excessive scarring:
interest of their assessment in nephropathies. Histol. Histopathol.
15, 269-280.

Bass P.S., Drake A.F., Wang Y., Thomas J.H. and Davies D.R. (1990).
Cationization of bovine serum albumin alters its conformation as well
as its charge. Lab. Invest. 62, 185-188.

Bensadoun E.S., Burke A.K., Hogg J.C. and Roberts C.R. (1996).
Proteoglycan deposition in pulmonary fibrosis. Am. J. Respir. Crit.
Care Med. 154, 1819-1828.

Bernauer W., Broadway D.C. and Wright P. (1993a). Chronic
progressive conjunctival cicatrisation. Eye 7, 371-378.

Bernauer W., Wright P., Dart J.K., Leonard J.N. and Lightman S.
(1993b). The conjunctiva in acute and chronic mucous membrane
pemphigoid. An immunohistochemical analysis. Ophthalmology 100,
339-346.

Bodaghi B., Bertin V., Paques M., Toublanc M., Dezutter-Dambuyant C.
and Hoang-Xuan T. (1997). Limbal conjunctival Langerhans cell
density in ocular cicatricial pemphigoid: an indirect
immunofluorescence study on Dispase-split conjunctiva. Curr. Eye
Res. 16, 820-824.

Bolton W.K., May W.J. and Sturgill B.C. (1993). Proliferative
autoimmune glomerulonephritis in rats: a model for autoimmune
glomerulonephritis in humans. Kidney Int. 44, 294-306.

Chan L.S., Yancey K.B., Hammerberg C., Soong H.K., Regezi J.A.,
Johnson K. and Cooper K.D. (1993). Immune-mediated subepithelial
blistering diseases of mucous membranes. Pure ocular cicatricial
pemphigoid is a unique clinical and immunopathological entity
distinct from bullous pemphigoid and other subsets identified by
antigenic specificity of autoantibodies. Arch. Dermatol. 129, 448-
455.

Chan R.Y., Bhol K., Tesavibul N., Letko E., Simmons R.K., Foster C.S.
and Ahmed A.R. (1999). The role of antibody to human beta4
integrin in conjunctival basement membrane separation: possible in



1210

Conjunctival scarring in cicatricial pemphigoid

vitro model for ocular cicatricial pemphigoid. Invest. Ophthalmol. Vis.
Sci. 40, 2283-2290.

Chen S.J., Yuan W., Lo S., Trojanowska M. and Varga J. (2000).
Interaction of smad3 with a proximal smad-binding element of the
human alpha2(l) procollagen gene promoter required for
transcriptional activation by TGF-beta. J. Cell. Physiol. 183, 381-
392.

Cheng M., Razzaque M.S., Nazneen A. and Taguchi T. (1998).
Expression of the heat shock protein 47 in gentamicin-treated rat
kidneys. Int. J. Exp. Pathol. 79, 125-132.

Chizzolini C., Rezzonico R., Ribbens C., Burger D., Wollheim F.A, and
Dayer J.M. (1998). Inhibition of type | collagen production by dermal
fibroblasts upon contact with activated T cells: different sensitivity to
inhibition between systemic sclerosis and control fibroblasts. Arthritis
Rheum. 41, 2039-2047.

Colon J.E., David C.S., Razzaque M.S., Kumari S., Foster C.S. and
Ahmed A.R. (2001). Increased expression of type IV collagen and
tenascin in cicatricial pemphigoid: possible role(s) in conjunctival
scarring. Clin. Immunol. 99, 113.

Conway D.J., Holland M.J., Bailey R.L., Campbell A.E., Mahdi O.S.,
Jennings R., Mbena E. and Mabey D.C. (1997). Scarring trachoma
is associated with polymorphism in the tumor necrosis factor alpha
(TNF-alpha) gene promoter and with elevated TNF-alpha levels in
tear fluid. Infect. Immun. 65, 1003-1006.

Cordeiro M.F., Gay J.A. and Khaw P.T. (1999a). Human anti-
transforming growth factor-beta2 antibody: a new glaucoma anti-
scarring agent. Invest. Ophthalmol. Vis. Sci. 40, 2225-2234.

Cordeiro M.F., Reichel M.B., Gay J.A., D'Esposita F., Alexander R.A.
and Khaw P.T. (1999b). Transforming growth factor-betal, -beta2,
and -beta3 in vivo: effects on normal and mitomycin C-modulated
conjunctival scarring. Invest. Ophthalmol. Vis. Sci. 40, 1975-1982.

Diamond J.R., Ricardo S.D. and Klahr S. (1998) Mechanisms of
interstitial fibrosis in obstructive nephropathy. Semin. Nephrol. 18,
594-602.

Dutt J.E., Ledoux D., Baer H. and Foster C.S. (1996). Collagen
abnormalities in conjunctiva of patients with cicatricial pemphigoid.
Cornea 15, 606-611.

Elder M.J. and Lightman S. (1994). The immunoclogical features and
pathophysiology of ocular cicatricial pemphigoid. Eye 8, 196-199.
Elder M.J., Dart J.K. and Lightman S. (1997). Conjunctival fibrosis in
ocular cicatricial pemphigoid-the role of cytokines. Exp. Eye Res. 65,

165-176.

Feghali C.A., Boulware D.W., Ferriss J.A. and Levy L.S. (1993).
Expression of c-myc, c-myb, and c-sis in fibroblasts from affected
and unaffected skin of patients with systemic sclerosis.
Autoimmunity 16, 167-171.

Foster C.S. (1986). Cicatricial pemphigoid. Trans. Am. Ophthalmol. Soc.
84, 527-663.

Foster C.S., Wilson L.A. and Ekins M.B. (1982). Immunosuppressive
therapy for progressive ocular cicatricial pemphigoid. Ophthalmology
89, 340-353.

Franklin R.M and Fitzmorris C.T. (1983). Antibodies against conjunctival
basement membrane zone. Occurrence in cicatricial pemphigoid.
Arch. Ophthalmol. 101, 1611-1613.

Franklin T.J. (1997). Therapeutic approaches to organ fibrosis. Int. J.
Biochem. Cell Biol. 29, 79-89.

Friedlaender M.H. (1993). Conjunctivitis of allergic origin: clinical
presentation and differential diagnosis. Surv. Ophthalmol. 38
(Suppl.), 105-114.

Gesualdo L., Pinzani M., Floriano J.J., Hassan M.O., Nagy N.U.,
Schena F.P., Emancipator S.N. and Abboud H.E. (1991). Platelet-
derived growth factor expression in mesangial proliferative
glomerulonephritis. Lab. Invest. 65, 160-167.

Gesualdo L., Di Paolo S., Milani S., Pinzani M., Grappone C., Ranieri
E., Pannarale G. and Schena F.P. (1994). Expression of platelet-
derived growth factor receptors in normal and diseased human
kidney. An immunohistochemistry and in situ hybridization study. J.
Clin. Invest. 94, 50-58.

Ghohestani R.F., Nicolas J.F., Rousselle P. and Claudy A.L. (1996).
Identification of a 168-kDa mucosal antigen in a subset of patients
with cicatricial pemphigoid. J. Invest. Dermatol. 107, 136-139.

Haisa M., Okochi H. and Grotendorst G.R. (1994). Elevated levels of
PDGF alpha receptors in keloid fibroblasts contribute to an
enhanced response to PDGF. J. Invest. Dermatol. 103, 560-563.

Heidaran M.A., Beeler J.F., Yu J.C., Ishibashi T., LaRochelle W.J.,
Pierce J.H. and Aaronson S.A. (1993). Differences in substrate
specificities of alpha and beta platelet-derived growth factor (PDGF)
receptors. Correlation with their ability to mediate PDGF
transforming functions. J. Biol. Chem. 268, 9287-9295.

Heldin C.H. (1992). Structural and functional studies on platelet-derived
growth factor. EMBO J. 11, 4251-4259.

Hiruma K., Nakamura H., Henkart P.A. and Gress R.E. (1992). Clonal
deletion of postthymic T cells: veto cells kill precursor cytotoxic T
lymphocytes. J. Exp. Med. 175, 863-868.

Hitchings R.A. and Grierson |. (1983). Clinico pathological correlation in
eyes with failed fistulizing surgery. Trans. Ophthalmol. Soc. UK 103,
84-88.

Hitraya E.G., Varga J., Artlett C.M. and Jimenez S.A. (1998).
Identification of elements in the promoter region of the alphai(l)
procollagen gene involved in its up-regulated expression in systemic
sclerosis. Arthritis Rheum. 41, 2048-2058.

Homma 8., Nagaoka |., Abe H., Takahashi K., Seyama K., Nukiwa T.
and Kira S. (1995). Localization of platelet-derived growth factor and
insulin-like growth factor | in the fibrotic lung. Am. J. Respir, Crit.
Care Med. 152, 2084-2089.

Hori Y., Katoh T., Hirakata M., Joki N., Kaname S., Fukagawa M.,
Okuda T., Ohashi H., Fujita T., Miyazono K. and Kurokawa K.
(1998). Anti-latent TGF-beta binding protein-1 antibody or synthetic
oligopeptides inhibit extracellular matrix expression induced by
stretch in cultured rat mesangial cells. Kidney Int. 53, 1616-1625.

Hsu R.C., Lazarova Z., Lee H.G., Tung Y.C. and Yu H.S. (2000).
Antiepiligrin cicatricial pemphigoid. J. Am. Acad. Dermatol. 42, 841-
844.

Hunt L.E., Vergnes J.P. and Roat M.l. (1991). Altered proto-oncogene
expression by conjunctival fibroblasts in cicatricial pemphigoid.
Invest. Ophthalmol. Vis. Sci. 32, 938 (Abstract).

lida H., Seifert R., Alpers C.E., Gronwald R.G., Phillips P.E., Pritzl P.,
Gordon K., Gown A.M., Ross R. and Bowen-Pope D.F. (1991).
Platelet-derived growth factor (PDGF) and PDGF receptor are
induced in mesangial proliferative nephritis in the rat. Proc. Natl.
Acad. Sci. USA 88, 6560-6564.

Iredale J.P. (1997). Tissue inhibitors of metalloproteinases in liver
fibrosis. Int. J. Biochem. Cell Biol. 29, 43-54.

Jimenez S.A. and Saitta B. (1999). Alterations in the regulation of
expression of the alpha 1(l) collagen gene (COL1A1) in systemic
sclerosis (scleroderma). Springer Semin. Immunopathol. 21, 397-
414,

Johnson R.J., Raines E.W., Floege J., Yoshimura A., Pritzl P., Alpers C.



1211

Conjunctival scarring in cicatricial pemphigoid

and Ross R. (1992). Inhibition of mesangial cell profiferation and
matrix expansion in glomerulonephritis in the rat by antibody to
platelet-derived growth factor. J. Exp. Med. 175, 1413-1416.

Johnson R.J., Floege J., Couser W.G. and Alpers C.E. (1993). Role of
platelet-derived growth factor in glomerular disease. J. Am. Soc.
Nephrol. 4, 119-128.

Kahari V.M. and Saarialho-Kere U. (1997). Matrix metalloproteinases in
skin. Exp. Dermatol. 6, 199-213.

Kahari V.M., Vuorio T., Nanto-Salonen K. and Vuorio E. (1984).
Increased type | collagen mRNA levels in cultured scleroderma
fibroblasts. Biochim. Biophys. Acta. 781, 183-186.

Karsenty G. and Park R.W. (1995). Regulation of type | collagen genes
expression. Int. Rev. Immunol. 12, 177-185.

Kaseda N., Uehara Y., Yamamoto Y. and Tanaka K. (1985). Induction of
in situ immune complexes in rat glomeruli using avidin, a native
cation macromolecule. Br. J. Exp. Pathol. 66, 729-735.

Kawada N., Kuroki T., Kobayashi K., Inoue M., Nakatani K., Kaneda K.
and Nagata K. (1996). Expression of heat-shock protein 47 in
mouse liver. Cell Tissue Res. 284, 341-346.,

Konomi H., Sano J. and Nagai Y. (1981). Immunohistochemical
localization of type 1, Il and IV (basement membrane) collagens in
the liver. Acta. Pathol. Jpn. 31, 973-978.

Koyama S., Kodama M., lzumi T. and Shibata A. (1995). Experimental
rat model representing both acute and chronic heart failure related
to autoimmune myocarditis. Cardiovasc. Drugs Ther. 9, 701-707.

Kumari S., Bhol K.C., Simmons R.K., Razzaque M.S., Letko E., Foster
C.S. and Ahmed A.R. (2001). Identification of ocular cicatricial
pemphigoid antibody binding epitope in human 84 integrin. Invest.
Opthalmol. Vis. Sci. 42, 379-385.

Lee K.S., Ro Y.J., Ryoo Y.W., Kwon H.J. and Song J.Y. (1996).
Regulation of interleukin-4 on collagen gene expression by systemic
sclerosis fibroblasts in culture. J. Dermatol. Sci. 12, 110-117.

Leonard J.N., Hobday C.M., Haffenden G.P., Griffiths C.E., Powles AV,
Wright P. and Fry L. (1988). Immunofluorescent studies in ocular
cicatricial pemphigoid. Br. J. Dermatol. 118, 209-217.

Li D.Q., Meller D., Liu Y. and Tseng S.C. (2000). Overexpression of
MMP-1 and MMP-3 by cultured conjunctivochalasis fibroblasts.
Invest. Ophthalmol. Vis. Sci. 41, 404-410.

Ludewig D., Kosmehl H., Sommer M., Bohmer F.D. and Stein G. (2000).
PDGF receptor kinase blocker AG1295 attenuates interstitial fibrosis
in rat kidney after unilateral obstruction. Cell Tissue Res. 299, 97-
103.

Makhluf H.A., Stepniakowska J., Hoffman S., Smith E., LeRoy E.C. and
Trojanowska M. (1996). IL-4 upregulates tenascin synthesis in
scleroderma and healthy skin fibroblasts. J. Invest. Dermatol. 107,
856-859.

Marshall R.P., McAnulty R.J. and Laurent G.J. (1997). The
pathogenesis of pulmonary fibrosis: is there a fibrosis gene? Int. J.
Biochem. Cell Biol. 29, 107-120.

McCormick L.L., Zhang Y., Tootell E. and Gilliam A.C. (1999). Anti-TGF-
beta treatment prevents skin and lung fibrosis in murine
sclerodermatous graft-versus-host disease: a model for human
scleroderma. J. Immunol. 163, 5693-5699.

McCrudden R. and Iredale J.P. (2000). Liver fibrosis, the hepatic stellate
cell and tissue inhibitors of metalloproteinases. Histol. Histopathol.
15, 1159-1168.

McGowan S.E. (1992). Extracellular matrix and the regulation of lung
development and repair. FASEB J. 6, 2895-2904.

McWhirter A., Colosetti P., Rubin K., Miyazono K. and Black C. (1994).

Collagen type | is not under autocrine control by transforming growth
factor-beta 1 in normal and sclerocderma fibroblasts. Lab. Invest. 71,
885-894.

Miller J.F., Morahan G., Slattery R. and Allison J. (1990). Transgenic
models of T-cell self tolerance and autoimmunity. Immunol. Rev.
118, 21-35.

Mohimen A., Neumann R., Foster C.S. and Ahmed A.R. (1993).
Detection and partial characterization of ocular cicatricial
pemphigoid antigens on COLO and SCaBER tumor cell lines. Curr.
Eye Res. 12, 741-752.

Mondino B.J. and Brown S.1. (1981). Ocular cicatricial pemphigoid.
Opthalmology 88, 95-100.

Mondino B.J., Rac H. and Brown S.I. (1981). T and B lymphocytes in
ocular cicatricial pemphigoid. Am. J. Ophthalmol. 92, 536-542.

Mondino B.J., Ross A.N., Rabin B.S. and Brown S.I. (1977).
Autoimmune phenomena in ocular cicatricial pemphigoid. Am. J.
Ophthalmol. 83, 443-450.

Nagata K. (1998). Expression and function of heat shack protein 47: a
collagen-specific molecular chaperone in the endoplasmic reticulum.
Matrix Biol. 16, 379-386.

Niimi Y., Zhu X.J. and Bystryn J.C. (1992). Identification of cicatricial
pemphigoid antigens. Arch. Dermatol. 128, 54-57.

Ohtsuka T., Koibuchi N., Sakai H., Yamakage A. and Yamazaki S.
(1999). Quantitative analysis of alpha 1(l) and alpha 1(lll)
procollagen mRNA expression in systemic sclerosis skin tissue - an
in situ hybridization study. Arch. Dermatol. Res. 291, 575-582.

Osornio-Vargas A.R., Lindroos P.M., Coin P.G., Badgett A., Hernandez-
Radriguez N.A. and Bonner J.C. (1996). Maximal PDGF-induced
lung fibroblast chemotaxis requires PDGF receptor-alpha. Am. J.
Physiol. 271, L93-99.

Pinzani M., Gentilini A., Caligiuri A., De Franco R., Pellegrini G., Milani
S., Marra F. and Gentilini P. (1995). Transforming growth factor-beta
1 regulates platelet-derived growth factor receptor beta subunit in
human liver fat-storing cells. Hepatology 21, 232-239.

Proia A.D., Foulks G.N. and Sanfilippo F.P. (1985). Ocular cicatricial
pemphigoid with granular IgA and complement deposition. Arch.
Ophthalmol. 103, 1669-1672.

Razzaque M.S. and Taguchi T. (1997). Collagen-binding heat shock
protein (HSP) 47 expression in anti-thymocyte serum (ATS)-induced
glomerulonephritis. J. Pathol. 183, 24-29.

Razzaque M.S. and Taguchi T. (1999a). Localization of HSP47 in
cisplatn-treated rat kidney: possible role in tubulointerstitial damage.
Clin. Exp. Nephrol. 3, 222-228,.

Razzaque M.S. and Taguchi T. (1999b). The possible role of
colligin/HSP47, a collagen-binding protein, in the pathogenesis of
human and experimental fibrotic diseases. Histol. Histopathol. 14,
1199-1212,

Razzaque M.S. and Taguchi T. {1999c). Role of glomerular cell derived
heat shock protein 47 in experimental lipid nephropathy. Kidney Int.
56, S256-5259.

Razzaque M.S., Hossain M.A., Kohno S. and Taguchi T. (1998a).
Bleomycin-induced pulmonary fibrosis in rat is associated with
increased expression of collagen-binding heat shock protein (HSP)
47. Virchows Arch. 432, 455-460.

Razzaque M.S., Kumatori A., Harada T. and Taguchi T. (1998b).
Coexpression of collagens and collagen-binding heat shock protein
47 in human diabetic nephropathy and IgA nephropathy. Nephron
80, 434-443.

Razzaque M.S., Nazneen A.

and Taguchi T. (1998c).



1212

Conjunctival scarring in cicatricial pemphigoid

Immunolocalization of collagen and collagen-binding heat shock
protein 47 in fibrotic lung diseases. Modern Pathol. 11, 1183-1188.

Razzaque M.S., Shimokawa I., Nazneen A., Higami Y. and Taguchi T.
(1998d). Age-related nephropathy in the Fischer 344 rat is
associated with overexpression of collagens and collagen-binding
heat shock protein 47. Cell Tissue Res. 293, 471-478.

Razzaque M.S., Koji T., Harada T. and Taguchi T. (1999a). Localization
in situ of type VI collagen protein and its mRNA in mesangial
proliferative glomerulonephritis using renal biopsy sections.
Histochem. Cell Biol. 111, 1-6.

Razzaque M.S., Shimokawa |., Nazneen A., Liu D., Naito T., Higami Y.
and Taguchi T. (1999b). Life-long dietary restriction modulates the
expression of collagens and collagen-binding heat shock protein 47
in aged Fischer 344 rat kidney. Histochem. J. 31, 123-132.

Razzaque M.S., Ahsan N. and Taguchi T. (2000). Heat shock protein 47
in renal scarring. Nephron 86, 339-341.

Razzaque M.S., David C.S., Kumari S., Foster C.S., Taguchi T. and
Ahmed A.R. (2001a). Conjunctival expression of collagens and
collagen-binding heat shock protein 47 in ocular cicatritial
pemphigoid. Invest. Ophthalmol. Vis, Sci. 42, S521.

Razzaque M.S., David C.S., Kumari S., Taguchi T., Foster C.S. and
Ahmed A.R. {2001b). Conjunctival expression of macrophage
colony-stimulating factor in ocular cicatricial pemphigoid: possible
role in local proliferation of macrophages. Clin. Immunol. 99, 132-
133.

Roberts R.D., Kier A.B. and Walker S.E. (1989). The RHJ/Le rhino
mutant: description of a unique murine mode! of autoimmunity. J.
Comp. Pathol. 100, 391-404.

Rodrigues M.M., Rowden G., Hackett J. and Bakos |. (1981).
Langerhans célis in the normal conjunctiva and peripheral cornea of
selected species. Invest. Ophthalmol. Vis. Sci. 21, 759-765.

Ross R., Raines E.W. and Bowen-Pope D.F. (1986). The biology of
platelet-derived growth factor. Cell 46, 155-169.

Ross R. (1989) Platelet-derived growth factor. Lancet 1, 1179-1182.

Sacks E.H., Wieczorek R., Jakobiec F.A. and Knowies D.M. 2d. (1986).
Lymphocytic subpopulations in the normal human conjunctiva. A
monoclonal antibody study. Ophthalmology 93, 1276-1283.

Sarret Y., Reano A., Nicolas J.F., Su H and Thivolet J. (1989). Bullous
pemphigoid and cicatricial pemphigoid: immunoblotting detection of
involved autoantigens. Autoimmunity 2, 145-153.

Soukiasian S.H., Rice B., Foster C.S. and Lee S. {(1992). The T cell
receptor in normal and inflamed human conjunctiva. Invest.

Ophthalmol. Vis. Sci. 33, 453-459.

Strehlow D. and Korn J.H. (1998). Biology of the scleroderma fibroblast.
Curr. Opin. Rheumatol. 10, 572-578.

Tanaka Y., Kobayashi K., Kita M., Masuda H., Kinoshita S., Nagata K.
and Imanishi J. (1996). Expression of 47 kDa heat shock protein
(HSP47) during development of mouse cornea. Exp. Eye Res. 63,
383-393.

Tang W.W., Ulich T.R., Lacey D.L., Hill D.C., Qi M., Kaufman S.A., Van
G.Y., Tarpley J.E. and Yee J.S. (1996). Platelet-derived growth
factor-BB induces renal tubulointerstitial myofibroblast formation and
tubulointerstitial fibrosis. Am. J. Pathol. 148, 1169-1180.

Trojanowska M., Wu L.T. and LeRoy E.C. (1988). Elevated expression
of ¢c-myc proto-oncogene in scleroderma fibroblasts. Oncogene 3,
477-481.

Trojanowska M., LeRoy E.C., Eckes B. and Krieg T. (1998).
Pathogenesis of fibrosis: type 1 collagen and the skin. J. Mol. Med.
76, 266-274.

Vindevoghel L., Kon A., Lechleider R.J., Uitto J., Roberts A.B. and
Mauviel A. (1998). Smad-dependent transcriptional activation of
human type VIl collagen gene (COL7A1) promoter by transforming
growth factor-beta. J. Biol. Chem. 273, 13053-13057.

Vogt A., Schmidt H.U., Takamiya H. and Batsford S. (1980). 'In situ'
immune complex nephritis and basic proteins. Proc. Eur. Dial.
Transplant. Assoc. 17, 613-620.

Vogt A., Rohrbach R., Shimizu F., Takamiya H. and Batsford S. (1982).
Interaction of cationized antigen with rat glomerular basement
membrane: in situ immune complex formation. Kidney Int. 22, 27-35.

Wang Y.Z., Zhang P., Rice A.B. and Bonner J.C. (2000). Regulation of
interleukin-1beta -induced platelet-derived growth factor receptor-
alpha expression in rat pulmonary myofibroblasts by p38 mitogen-
activated protein kinase. J. Biol. Chem. 275, 22550-22557.

Wegrowski Y., Paltot V., Gillery P., Kalis B., Randoux A. and Maquart
F.X. (1995). Stimulation of sulphated glycosaminoglycan and
decorin production in adult dermal fibroblasts by recombinant human
interleukin-4. Biochem. J. 307, 673-678.

Wright P. (1986). Cicatrizing conjunctivitis. Trans. Ophthalmol. Soc. UK
105, 1 17.

Yamamoto T. and Wilson C.B. (1987). Complement dependence of
antibody-induced mesangial cell injury in the rat. J. Immunol. 138,
3758-3765.

Accepted June 1, 2001



