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Summary. Detail ed hi s tom o rph ometric analys is of 
human conjunctiva l biopsy specimens has convincingly 
demonstrated that ti ssue remodeling of the extracellular 
matri x (EC M) is an esse nti al and dy nami c process 
associated with conjuncti va l sca rring in ocular cica tricial 
pemphi go id (OCP). The co njun cti va l sca rring ofte n 
eventuall y results in impaired vision and/or blindness. 
The molecular mechanisms of conjunctiva l scarring are 
not co mpl ete ly und erstood. Acc umulating evidence 
indicates that the ea rl y phase of conjunctival fibrosis is 
linked with an immuno-inflammatory process medi ated 
by cy tokines released by ac tiva ted conjunctiv al cell s 
and/or by infiltrating ce ll s. Fibrogenic cytokines secreted 
by infl amm atory cells and fibroblasts might acti ve ly be 
in vo lve d in re mode lin g o f th e matri x within th e 
conjunctiva l stroma, possibly by regulating the altered 
metabolism of matrix proteins. 
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Introduction 

The conjuncti va is a delicate mucous membrane that 
cove rs the undersurface of both eye lid s and anteri or 
sc le ra, and merges w ith co rn ea l epith e lium at th e 
corneoscleral limbus. It co nsists of an epithelium and 
underl ying substantial propria or stroma. Approximately 
fi ve layers of nonkeratinizing squamous epithelium line 
th e o ut e r s urface o f th e co njun c ti va , whil e th e 
unde rl ying stroma is composed of connective tissue and 
vesse ls with lymphocytes, plasma cell s, mast ce lls and 
Lange rh an 's ce ll s (A ll ansmith et a I. , 1976, 1978; 
Rodri gues et a I. , 198 1; Fos te r, ] 986; Fri edla end er, 
J 993). The conjun cti va l epithelium and und erl yin g 
stroma are connected by a delicate but phys iologically 
and metabolica ll y active epithelial basement membrane 
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zo ne (BMZ). Auto-antibodi es directed against targe t 
molecules in the BMZ playa role in the separation of 
bas al epith e lium fr o m th e und e rl y in g base ment 
membrane in th e co njunctiva of patients with ocul ar 
cicatricial pemphigoid (OCP). 

Se lf- tole rance is usuall y acquired du e to c lonal 
deletion or the inactivation of developing lymphocytes 
that are potentiall y harm ful to the body (Miller et al. , 
1990; Hiruma et al. , L 992; Asa no et al. , 1996), thu s 
preve ntin g th e immun e sys te m from reac tin g 
des tructive ly aga inst se lf-components (i. e autoimmune 
disease). OCP is an autoimmune disease, in which a yet 
unkn own initi al tri gge r, in a ge netica ll y susce ptible 
individual, provokes loss of tolera nce to one or more 
components of the BM Z, with generation of specific B 
ce ll clones, which produce auto-antibodies to those BMZ 
glycoproteins. These auto-antibodies then bind to their 
specifi c antigen(s) in the BMZ to initi ate compl ement 
activation, resulting in an increased infiltration and/or 
migration of infl ammatory cells. including lymphocytes, 
neutrophil s, monocy tes/macroph ages and mas t ce ll s 
(Fos ter, 1986). The subepitheli al basement membrane 
separation in ocr appears to be direct cytotoxic effect, 
while the infiltrating infl ammatory cells probably release 
fi brogenic medi ators, including TGF-/31 , PDGF, b-FGF, 
interleukins, etc, to promote healing but with subsequent 
scarring. 

The conjuncti va l scarring is an important cause of 
v is ua l di s turb a nces in c ica tri c ial di so rde rs lik e 
pemphigoid and trachoma (Wright , 1986; Conway et al. , 
1997). Conjunctival scarring is also a major cause of 
failure of glaucoma filtration surgery (Grierson, 1983; 
Hitchin gs and Addick s e t aI. , 1983). In additi o n, 
infec ti o us co njunctiviti s du e to adenov irous, 
Corynebacterium diphth eria, and s treptococcus may 
cause conjunctiva l cicatriza tion. Sarcoidosis, progressive 
systemi c sclerosis and Sjogren's sy ndrome may also 
deve lop c ica tri c ial changes. Chronic use o f tropi ca l 
oc ul a r d ru gs, ce rt a in s kin a nd multipl e muc o us 
membrane disorders like Steve ns-Johnso n sy nd rome, 
toxi c epide rm al nec ros is, epidermol ys is bullosa and 
pemphigus vul ga ri s may a lso clinico-patholog ica ll y 
invo lve co njunc ti va, indi stin gui shab le fr om ocul ar 
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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 aI. , 1981; Bensadoun 
et aI. , 1996; Razzaque et aI., 1998b, 1999a). An 
increased deposition of extracellular matrix (ECM), 
predominantly col1agens, in the substantia propria results 
in conjunctival subepithelial fibrosis (Out! et aI., 1996; 
Abu el-Asrar et aI., 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 vesiculobul1ous 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 aI., 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 
aI., 1982; Bernauer et aI., 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 aI., 1977; Proia et aI., 1985; 
Chan et aI., 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 aI., 
1988; Bernauer et aI., 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 mechani s m 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 aI., 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 cat ionized ferritin (Vogt et 
aI., 1980; Bass et aI., 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 aI., 1982; Kaseda et aI., 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 aI., 1989; Niimi et aI. , 1992; 
Mohimen et aI., 1993; Ghohestani et aI., 1996). 
Recently, studying the sera from patients with active 
OCP, B4 integrin has been identified as one of the target 
autoantigens (Kumari et aI., 2001). In addition, 
circulating autoantibodies directed against epiligrin have 
also reported in selected patients with OCP (Hsu et aI., 
2000). 

The pathogenesis of OCP is not yet clear, but T-cell 
mediated immunity is also thought to playa major role 
in the disease process (Mondino et aI., 1981; Soukiasian 
et aI., 1992; Elder and Lightman, 1994). It has been 
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show n tha t in act ive OCP, th ere is a s ig ni f ica ntl y 
increased infil tration of CD4+ T-helper cells and CD1 + 
La nger ha n 's cell s. Mo reover, t he rat io of T
helper/suppressor ce lls was higher in the conjunctival 
sections of OCP patients than in those of control subjects 
(Sacks et aI. , 1986; Bernauer et aI. , 1993b; Elder and 
Lightm an, 1994). A n increased infiltration of T-cells, 
local prolife ration of macrophages and dendri tic cells in 
conjunct iva l s troma has also bee n reported in ac tive 
OCP patients (Elder and Lightman, 1994; Bodaghi et aI. , 
1997; Razzaque et aI. , 2001b). All these inflammatory 
infiltra tes might playa role in subsequent conjunctiva l 
fi bros is by triggering increased production of certa in 
fibrogenic cytokines responsible fo r inducing the f ibrotic 
cascade. Fo r exa mple, it has bee n shown that T ce ll 
clones generated from skin affected by scleroderma were 
CD4+ and produced high levels of IL-4 but not INF-y 
upon in vitro ac ti vat io n; IL-4 has bee n re por ted to 
increase proli fe ration and chemotaxis of fib roblasts, to 
increase type I collagen, tenascin and decorin synthesis 
(Wegrowski et al. , 1995; Lee et al. , 1996; Makhluf et aI. , 
1996; Chizzolini et al. , 1998). 

Co mp are d to th e oth er we ll- s tudi ed immun e 
medi a ted di seases , w he re r igo ro us a na lys i s of 
experimental animal models prov ides the fo undation of 
o ur und e rsta nd in g (Yam a moto a nd Wil so n, 1987; 
Roberts et aI. , 1989; Bolton et aI. , 1993; Koyama et aI. , 
1995), the exploration of immunological mechanisms of 
conjunct ival injury in OCP is greatly hampered due to 
lack of experimental models. Moreover, the scarcity of 
hum a n co njun ctiva l ti ss ue has res tri cted resea rc h 
opportuni ties. Conjunctival ti ssue is not excised fro m the 
eye during routine surg ica l procedures like cataract 
surgery; o nl y b io ps ies fo r exa min a ti o n of sys temi c 
di seases and autopsies have prov ided a limited source of 
conjunctiva fo r scientific investigation. 

Conjunctival fibrosis and extracellular matrix 

Conjunctiva l fibros is is a complex process, which 
compri ses a co mplex seq uence of eve nts, in c lud ing 
stromal inflamm atory ce ll inf iltration, pro life ration of 
ma tri x- pr odu c in g fibrob las ts a nd an in c rease d 
accumulation of ECM. The phenotype of pro li fe rating 
fibroblasts in conjunctival scarring and whether there is 
any trans-di ffe renti at ion of res ident conjunctiva l cells 
during the f ibrotic process are not yet known. Recently it 
has been shown that normal conjunctiva l fibrob lasts do 
not ex press th e pro to-o ncoge ne c -m yc, whil e th e 
conjunctival fibroblasts obtained fro m OCP patients do 
express c-myc (Hunt et aI. , 1991), suggesting possible 
phenotypic changes in OCP fib roblasts. It is likely that 
c- myc ex press in g co nju nc ti va l f ibro bl as ts mi g h t 
synthesize increased levels of matrix proteins similar to 
scl e roderm a f ibrob las ts (Troj anowska e t a l. , 1988; 
Feghali et a I. , 1993) . In scl eroderm a f ibrobl as ts, an 
e leva ted express io n of c -m yc was associa ted w ith 
increased prolife ration of scleroderma cells, which are 
respo ns ibl e fo r a n in c reased p ro du ctio n of type I 

collagen (Kahari et a1. , 1984; Strehlow and Korn, 1998; 
Ohtsuka et aI. , 1999). Moreover, an increased level of 
type I collagen mRNA with increased activity of a2 (I) 
collagen promoter has also been shown in scleroderma 
f ibro bl as ts, s ugges tin g th e e nh a nce ment of ty pe I 
collagen expression at the transcriptional level (Hitraya 
et aI. , 1998). 

Excess ive accumulation of ECM, especially fibrill ar 
collagens type I and type III , is a hallmark of fib rosis in 
human and ex perimenta l lung, liver, kidney and skin 
fib ros is, possibly due to transcriptional activation of the 
corresponding genes (Badid et al. , 2000 ; McCrudden 
and Iredale, 2000). An increased deposition of collagens, 
mainl y type I and type III co ll age ns, has also been 
detected in conjunctival fibros is (Dutt et aI. , 1996; Abu 
e l-As ra r e t a l. , 1998a), but th e ro le of o th e r no n
coll agenous ECM are mostly unknown. We have also 
fo und an increased deposition of type I co ll agen (Fig. 
lA, B) and type III co ll age n (Fig . 1C,D) in f ib ro ti c 
stroma in conj unctiva l biopsy sections obtained f rom 
OCP patients. In a separate study, increased deposition 
of type I , IU and IV collagens with de novo expression 
of type V coll age n has bee n fo und in tracho matous 
conjuncti vitis (Abu el-Asrar et aI. , 1998b). However, the 
ce ll s pro du c in g in creased leve ls of EC M durin g 
co njun c ti va l f ib ros is have no t ye t bee n defin e d. 
Recentl y, we have fo und that fibrobl asts isolated fro m 
co njunc tiva of O CP patients co uld produce increase 
level of type I collagen, type III collagen and tenascin 
(Colon et aI. , 2001; Razzaque et al. , 2001 a) . 

Factors regulating conjunctival fibrosis 

Like mos t of the o th e r hum an fibro ti c d iseases, 
conjunctiva l scarring is a slowly progress ive process, 
and usuall y leads to irreversible conjunctiva l damage, 
w hich is a major determinant of morbidity and visual 
prognosis. 

Fibros is, in general, is an end result of excessive 
depos itio n of va ri ous ECM prote in s du e to a lte red 
synthesis and/or degradation of ECM components; the 
abn o rm a l bal ance of th ese processes res ult s in th e 
alteration of the structure and function of the invo lved 
ti ss ue a nd / o r orga ns . G e ne ra ti o n of EC M is 
predo min ant ly achi eved thro ug h the produ c ti o n of 
coll agens, whereas resorption of the ECM is mediated 
predominantly by the matrix metalloproteinases (MMPs) 
(Arthur, 1998; Diamond et aI. , 1998). In addition, tissue 
inhibitor of metalloproteinase (TIMP) has an active role 
in the fibrotic process (Iredale, 1997; Trojanowska et aI. , 
1998). As mentioned earli er, increased deposition of 
co ll agens contribute signi f icantl y to the conjunc tival 
fibros is 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 
f ibros is in OCP patients, althoug h this remains to be 
proven. In a recently published study, overexpression of 
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MMP-l and MMP-3 has been demonstrated in 
conjunctivochalas is f ibrob lasts (Li et aI. , 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 hea ling 
process; a disparity in the process cou ld lead to an 
excess ive accum ul ation of matrix proteins. Our 
preliminary observat ion shows an increased expression 
of certain MMPs (mainly MMP-l and -14) and TIMPs 
(mainly TIMP-l, -2 and -3) in fibrob lasts isolated from 
conjunctiva of OCP patients, compared to the control 
conjunctival fibroblasts (unpublished observations). 

Various fibrogenic cytokines, including interleukins 
(IL-l, 4, 6) and TGF-/31 , have the potential to mediate 
both human and experimental fibros is. Of these, TGF-/31 
is a highly studied molecu le, expressed at high levels 
during tissue remodeling, and it greatly affects the 
formatio n of connective tissue, possibly by st imulating 
the transcription of ECM ge nes (McGowan, 1992; 
McWhirter et a I. , 1994; Karsenty and Park, 1995 ; 
Vindevoghel et a I. , 1998; Jimenez and Saitta, 1991 ; 
Chen et aI. , 2000). Both in vitro and in vivo studies have 
convincingly shown that modulation of TGF-/31 could 

suppress collagen production and subsequently modulate 
the f ibrotic process (Franklin , 1997; Hori et aI. , 1998; 
McCormick et aI., 1999). Recently, in acutely inflamed 
human conjunctiva, a significant increase of TGF-/31 and 
3 has been show n in the substantia l propria in OCP 
patients (Elder et aI. , 1997); using in situ hybridization, 
it was shown that conjunctival epithelial ce ll s and 
fibrob lasts cou ld produce increased level of TGF-/3 in 
conjunctival sect ions obtained from OCP patients. 
Moreover, a f ib rogenic role for all three isoforms of 
TGF-/3 is reported during the development of mouse 
conjunct iva l fibrosis (Cordeiro et aI., 1999a). It has also 
been shown that the exogenous app lication of TGF-/32 
cou ld reverse the anti scarring effects of Mitomycin-C in 
mouse conjunctival fibrosis (Cordeiro et a I. , 1999b). Our 
preliminary res ults d e monstrated an in creased 
expression of TGF-/31 , TGF-/32 and TGF-/33 and the ir 
receptors in fibroblasts isolated from conjunctiva of 
OCP patients, when compared to normal conjunctival 
fib rob lasts (Razzaque et aI. , 2001a). A lso, a parallel 
corre lation between increased expression of TGF-/31 and 
elevated production of interstitial collagens was seen in 
f ibrob lasts isolated from conjunctiva of OCP patients 
(Razzaque et aI., 2001a). Besides, when fibrob lasts from 
normal conjunctiva were treated with TGF-/31, it could 

Fig. 1. Immunoh istochemistry for type I 
collagen (A, B) and type III collagen (C, 0) in 
conjunctival sections obtained from control 
individuals (A, C) and OCP patients (B, 0). 
Note that compared to control conjunctival 
sections (A, C) , an increased submucosal 
deposition of type I collagen (B) and type III 
collagen (0) in conjunctival sections of OCP 
patients. x 20 
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induce the ex press io n of inte rs titi a l co ll age ns. T he 
addition of a TGF-13 receptor type II blocking antibody 
could inhi bit the effec t of TGF-13 1-induced co llage n 
ex press io n by f ib ro bl as ts iso lated f ro m no rm a l 
co njuncti va in c ulture ( un publi shed obse rva tio ns). 
Al though TGF-13 is certa inly a key cytokine, the tissue 
remodeling cannot be explained by a sing le fac tor. It 
involves a complex network of interacting cytokines and 
other fib rogenic factors. 

PDGF is anot he r cy to kin e th a t is in vo lve d in 
medi a tin g and modul a tin g th e co mpl ex bi o log ica l 
processes that occur during ti ssue injury (Ross, 1989; 
Johnson et aI. , 1993; Abboud, 1995). PDGF is a family 
of c lose ly rel a ted pro te in s th a t a re sy nth es ize d as 
approx imately 30 kDa disul fide-bonded dimers of A and 
B chains, PDGF AA, PDGF AB, and PDGF BB (Ross et 
aI. , 1986; Heldin, 1992). Moreover, two distinct types of 
PDGF receptors have bee n c loned and characteri zed 
(Heidaran et aI. , 1993). PDGF-a receptor recognizes 
both chains of PDGF and binds all the three isoforms, 
whereas PDGF-13 receptor recognizes predominantly the 
B c hain a nd bind s w ith hi g h aff ini ty to th e BB 
homodimer. Binding of PDGF dimers to the extracellular 
pa rt of t he rece pt or indu ces ac ti va ti o n of s ig na l 
transduc ing proteins to exert the pathobiologic functions. 
Extensive human and experimental studies in the renal 
fibro ti c diseases have revealed upregulation of PDGF 
and its receptors (Gesualdo et aI. , 1991; Iida et aI. , 1991; 
Tang e t a!. , 1996) . A nd an assoc ia ti o n be tween th e 
ex press ions of PDG F co mpone nts w ith s ubse qu e nt 
f ibros is has bee n fo und in th e kidn ey. Mo reove r, 
neutralizing the in vivo effects of PDGF by exogenous 
agents has been show n to modul ate subsequ ent rena l 
fibros is (Johnson et a!. , 1992; Ludewig et a!. , 2000). 
Hence, PDGF is assumed to be an important molecule 
involved in the fibrotic process, and the potential ex ists 
for its role in conjunctiva l fibros is as well. In fact, up
regulation of the expression of PDGF has been reported 
in the conjuncti va l sections obtained fro m OCP patients 
(Bern auer e t a!. , 1993b) . Th e ce ll s respo nsibl e fo r 
in c reased ex p ress io n of PDGF in O CP a re as ye t 
unidentif ied, but earlier studies in other fibrotic organs 
have s how n th at in f il t rat in g m ac ro ph ages and 
proli fe rating fibrobl asts/myofib ro bl as ts are the main 
sources of PDGF (Gesualdo et aI. , 1994; Homma et aI. , 
1995). 

Cytokines and growth fac tors, including TGF- 13 1, 
IL- 1, TNF-a and PDGF have been demo nstrated in 
e leva ted leve ls in clinica l and ex perim enta l f ibro ti c 
di so rde rs (Gesua ldo e t a !. , 199 1; Iid a e t a!. , 1991; 
McGowan, 1992, McWhirter et aI. , 1994, Tang et aI. , 
1996; Co rd e iro e t a!. , 1999a) . PDG F is a powe rf ul 
mitogen and chemoattractant fo r fibroblasts. In add ition, 
the TGFI3 and IL-1 responses occur largely th rough the 
in teraction of the AA homodimer of PDGF via PDGFa 
receptor (Pinzani et aI. , 1995, Wang et aI. , 2000). PDGF
AA/PDGFR-a pathway has been shown to mediate the 
mi togeni c response of lung f ibrobl as ts in pulmonary 
fibrosis and keloid scarring (Haisa et aI. , 1994, Osornio-

Vargas et aI. , 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 fibroti c process; studying 
diffe rent isoforms of PDGF, its receptors, and localizing 
the ir so urces and ide ntify ing th e s ig na l transduc ing 
mo lecul es invo lved in th e cascade should prov ide a 
bette r knowledge about the specif ic ro le of PDGF in 
conjunctival injury. 

H ea t s hoc k pro te in 47 (HSP47), is a coll age n
specific molecular chaperon invo lved in the biosynthes is 
a nd sec re ti o n of proco ll age ns (Naga ta, 1998). 
Substantia l in vivo s tudies indica te that HSP47 is an 
important fib rogenic factor in various organs, including 
skin , lung , li ver and kidn ey (Kawad a et aI. , 1996; 
Razzaque and Taguchi , 1997, 1999a-c ; Cheng et aI. , 
1998; Razzaque et aI. , 1998a-d, 2000). These reports are 
of interest, because abnormal metabolism of collagens is 
pa rtl y res po ns ibl e fo r s tru c tura l da mage of th e 
conjunctiva. In view of the apparent pathophys ilogical 
ro le of HSP47 in o the r f ibro tic diseases, where it is 
assumed to playa fibrogenic role by increased synthesis 
and /o r asse mbl y of proco ll age ns ( Razza qu e e t a I. , 
1999b), it is likely that HSP47 has a pathological role in 
conjunctival fib rosis. In fact, a role of HSP47 has been 
suggested during embryonic corneal development and 
morphogenes is (Tanaka et aI. , 1996). We are currently 
studying the poss ible ro le of HSP47 in conjunc tiva l 
scarring and our preliminary results showed an increase 
in the co njuncti va l express io n of HSP47 in sect ions 
obtained fro m OCP patients, with its elevated expression 
in the stromal fibroblasts (Fig. 2). In addition, fibroblasts 
iso lated f ro m co njun c ti va of OC P pa ti ents s howe d 
s ig ni f ica ntl y inc reased express io n of HSP47 at both 
mRNA and protein level, when compared with normal 
conjunctival fibroblasts (Fig. 3) . A positive correlation 
between increased express ion of HSP47 and excess ive 
accumul ati on of co ll age ns was see n in conjunc ti va l 
sections obtained from OCP pat ients (Razzaque et aI. , 
2001 a) . Fur the rm o re, wh e n no rmal co njun c ti va l 
fib robl asts were treated w ith recombinant TGF-13 1, we 
fo und an upregulation, in the expression of HSP47. This 
biological activity of TGF-131 could be blocked by TGF-
13 type II receptor neutraliz ing antibody; which suggest 
tha t T GF- 13 1 is o ne of the impo rtant mo lecul es th at 
might, at least partl y, regulate the bio-activity of HSP47 
in the conjunctival f ibroblast (unpublished observations). 
A n inc reased express io n of HS P47 by co njunc tiva l 
fibroblasts mig ht pl ay an important ro le in increased 
assembly/synthesis of collagens, and thereby could play 
a ro le in submucosal fibrosis in OCP patients. 

Local changes of microenvironment might expl ain 
why lesions in OCP are not always generalized, rather 
co nf in ed to a specif ic s ite . Co njun c ti val f ibrobl as t
secre ted produ c ts, in c luding va ri o us cytokin es and 
growth factors, might modulate local microenvironment, 
and thus could eventually facilitate and/or intensify the 
local immuno-inflammatory responses and subsequently 
co njun c ti va l injuri es . Our pr e limin a ry s tud y 
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de mo ns tr a te d th a t co njun ct iva l express io n of 
macrophage colony-stimulating factor (m-CSF) was up
regulated in sections of conjunctiva obtained fro m OCP 
pa ti e n ts , a nd was assoc ia te d w it h a n in c rease d 
accumulation and local pro life ratio n of mac rophages 
(Razzaque et aI. , 2001b). Increased expression of m-CSF 
mi g ht fac ilit ate a n in c rease d pr o li fera ti o n of 
m ac ro ph ages, a nd th e re b y co uld exaggera te 
infl amm a to ry process in th e co njun c ti va of O C P 
pa ti ents . In additi on , macroph age de ri ve d va ri o us 
fibrogenic fac to rs including TGF-/3 1 and PDGF could 
s ub sequ e ntl y pl ay ro les in sca rrin g p rocess o f 
co njunc t iva in th e later s tages of di sease in O CP 
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Conclusion 

In OC P, ea rl y immuno -infl amm ato ry eve nts are 
fo ll owed b y c hro ni c c icatr ic ia l c ha nges w ith 
subepithelial fibrosis, as a result of excessive deposition 
of matrix proteins. T he destructive process of OCP is 
caused by fibrosis beneath the conjunctival epithelium. 
Progress ion of subepi theli al f ibros is results in fo rni x 
fo res hortening du e to s hrink age of co njunc tiva, and 
ul t im ate ly lea d s to fo rm a ti o n of sy mbl e ph a ro n, 
meibomian duct obstruction, and eventual lacrimal duct 

;~" 
<. 

'.r 
••..• ,"'-1" 

Fig. 2. Immuno his tochemistry for HS P47 in 
con junct ival sections obtained from a con trol 
individual (A) and an OCP patient (8) . An increased 
number of submucosal HSP47-expressing cells 
(arrow) are seen in the section of co njunctiva 
obtained from an OCP patient (8) . x 20 

Fig. 3. Immuno-expression of HSP47 in fibroblasts 
isolated from conjunctiva of a control individual (A) 
and an OCP patient (8) , revealing an increased 
cytoplasm ic expression of HSP47 in fibroblasts 
obtained from conjunctiva of an OCP patient (8). 
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 
acc umulation 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 
ti ss ue. Although many d e tail s of conjunctival 
fibrogenesis in OCP re m ai n 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-/3 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 untrea tab le 
conjunctival scarring. 

Future directions 

Over the past several years, remarkable progress has 
been made in understanding the molecular mechanisms 
of fibrotic diseases in various tiss ues and organs. 
However, very little is known about the molecular 
mechani sms of conjunctival fibrosis . Generating an 
animal model for active OCP will be useful and broaden 
our knowledge about th e 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 mol ec ular 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. 
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