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Idiopathic epiretinal membranes (iERMs) are fibrocellular sheets of tissue that develop at the vitreoretinal interface. The

iERMs consist of cells and an extracellular matrix (ECM) formed by a complex array of structural proteins and a large

number of proteins that regulate cell–matrix interaction, matrix deposition and remodelling. Many components of the ECM

tend to produce a layered pattern that can influence the tractional properties of the membranes. 
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1. Introduction

The vitreoretinal interface is the border region where the vitreous meets the internal limiting membrane (ILM) of the retina

. In general, the vitreous does not adhere strongly to the ILM with the notable exception of a few important areas

including the vitreous base, a perifoveal rim and the optic papilla . The vitreoretinal interface is the site where a series

of pathologies such as posterior vitreous detachment, macular holes (MH)s, vitreomacular traction and epiretinal

membranes (ERM)s can develop . ERMs, in particular, are formed by a fibrocellular layer of tissue that can seriously

affect vision when developing and retracting in front of the macula . ERMs are generated secondarily to systemic or

local diseases (e.g., diabetes, retinal tears), or they can develop without any apparent reason. In the latter case, they are

referred to as idiopathic ERMs (iERM)s. Although the cellular component of ERMs has been the object of several

investigations and many molecular markers have been employed for cell identification, the source of ERM cells is a matter

that still appears far from being solved . Probably due to a process of transdifferentiation, ERM cells

take on a myofibroblastic phenotype with the expression of α-smooth muscle actin (α-SMA)  and the

ability to deposit new extracellular matrix (ECM) .

2. ECM Components of iERMs

The ECM of iERMs encompasses many collagens, basement membrane proteins, proteoglycans, glycosaminoglycan

(GAG), as well as some adhesive and matricellular proteins. In addition, collagens IX, XII, XIV, XVIII and XXII have been

found by proteomic profiling .

2.1. Collagens

The major component of the iERM ECM is certainly represented by collagen. So far, only collagens I to VII have been

detected in iERMs by immunohistochemistry. In addition, collagens IX, XII, XIV, XVIII and XXII have been found by

proteomic profiling .

2.1.1. Collagen I

Collagen I has been repetitively reported in iERMs , and it is certainly shared with other types of ERMs 

. As collagen I is a hallmark of all fibrotic responses, one might expect to find it in all ERMs, and this was the case in

many studies . However, some investigators also observed a certain number of iERMs apparently lacking

collagen I . Proteomic profiling confirmed the presence of α1(I) and α2(I) collagen chains , and gene expression

analysis showed that COL1A1  gene is expressed by iERM cells . Though with some restraints, an attempt to

characterize cells responsible for collagen I deposition has recently taken place by confocal microscopy with the

identification of glial fibrillary acid protein (GFAP) /vimentin /αSMA /heat shock protein 90  myofibroblast-like cells with

collagen I-immunoreactive intracytoplasmic bodies . One shortcoming of this approach, however, is that the collagen I

intracellular immunoreactivity can be due to matrix deposition as well as to collagen reabsorption. Previous studies carried
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out in ERMs from eyes affected by proliferative vitreoretinopathy (PVR) have shown that only a few collagen I-

immunoreactive cells are GFAP   elements, for the most part being cytokeratin   epithelial- and fibroblast-like cells or

cytokeratin /αSMA  fibroblast-like cells .

2.1.2. Collagen II

Collagen II is a well-known constituent of the vitreous , and it has been reported in iERMs on several occasions 

. Nonetheless, its presence does not appear a constant feature, and when detected, collagen II-immunoreactivity

occupies a residual part of histologic sections . According to Okada et al. , however, when iERMs are removed

still associated with the ILM, a thin layer of collagen II-immunoreactive ERM can be seen adherent to the ILM. Thus, the

presence or absence of collagen II in histologic sections could be related to the removal of the ILM along with the iERM or

to the more or less complete detachment of the iERM from the ILM. On the other hand, the more sensitive proteomic

approach demonstrated the presence of an α1(II) collagen chain in all tested samples .

ERMs from PVR eyes also show an inconstant expression of collagen II which is frequently restricted to small portions of

the specimens . Therefore, its presence could be the result of residual fragments of the vitreous cortex trapped within

the developing ERMs more than the outcome of novel deposition . This interpretation is corroborated by real-time

polymerase chain reaction (RT-PCR) experiments that did not find any relevant COL2A1 gene expression in PVR ERMs

.

2.1.3. Collagen III

Collagen III is usually found within collagen I fibrils which are mostly heterotypic fibrils. When the ratio of the two collagens

is in favour of collagen III, collagen fibrils assume the aspect of reticular fibres , but when the ratio is in favour of

collagen I, fibrils are plainly referred to as collagen I fibrils. Although collagen III in iERMs has received little attention,

when searched, it was found with the same frequency as collagen I . Similar results have been observed in ERMs

from PVR eyes , where the areas occupied by collagen III and collagen I on histologic sections matched . As

collagens I and III co-polymerize within the same fibril, the GFAP /vimentin /αSMA /heat shock protein 90  myofibroblast-

like cells that are candidate for collagen I production  are also reasonably responsible for collagen III deposition. Yet, it

is puzzling how proteomic profiling of iERMs did not detect collagen III . On the other hand, in keeping with collagen I/III

co-localization within the same fibrils,  COL3A1  was found expressed in ERMs from PVR along

with COL1A1 and COL1A2  .

2.1.4. Collagen IV

Collagen IV is usually considered a basement membrane component . In some instances, collagen IV is also found in

interstitial deposits, either in physiologic conditions , or, more frequently, in fibrotic diseases . Collagen IV is a

constant constituent of iERMs , as well as of ERMs from PVR eyes . A diffuse and considerable

intense staining, which does not fit with a mere basement membrane-related immunoreactivity, has been reported by

many investigators . A study of collagen IV distribution in iERMs has been recently carried out by confocal

microscopy showing that this collagen is deposited interstitially, intermingled with collagen I, with a staining intensity that

progressively increases towards the vitreous side of the membrane. On the other hand, collagen IV also forms continuous

or discontinuous basement membrane-like structures in close association with cells which differ from classic basement

membranes by the presence of collagen I . Transmission electron microscopy confirms interstitial condensations of

collagen IV-immunoreactive material that are frequently infiltrated by collagen I fibrils (Figure 1). In this respect, collagen

IV-immunoreactive areas mostly also co-localize with collagen III and collagen VI . Anti-collagen IV antibody-

labelled material can even be observed within intracytoplasmic vesicles or lysosome-like bodies, suggesting active

remodelling of the ECM by ERM cells.
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Figure 1. Collagen IV immunoreactivity is not restricted to basement membranes. Extracellular matrix of an iERM

double-labelled with anti-collagen IV and anti-collagen I antibodies which were unveiled with the appropriate gold-

conjugated secondary antibodies. Collagen IV labelling (10 nm gold particles) is restricted to condensations of fuzzy

material which is infiltrated by collagen I immunoreactive fibrils (15 nm gold particles). Magnification bar = 180 nm.

At higher magnification, interstitial collagen IV-immunolabeled condensations often resolve as intricate networks of

beaded microfibrils with an interbead distance of 30–40 nm . Collagen IV α-chains occur in six different variants (α1–

α6) which assemble to give rise to three collagen IV isoforms: [α1(IV)] α2(IV), α3(IV)α4(IV)α5(IV) and [α5(IV)] α6(IV). So

far, the only isoform detected in iERMs by immunohistochemistry is the [α1(IV)] α2(IV) . Proteomic analysis not only

corroborates the presence of the α1(IV) and α2(IV) collagen chains but also allowed the detection of α3(IV), α4(IV) and

α5(IV) collagen chains .

2.1.5. Collagen V

Collagen V is one of the least studied collagens among those detected in ERMs. Actually, its presence has been

assessed by immunohistochemistry only once in ERMs from PVR eyes where it was constantly found . However,

collagen V is known to form heterotypic fibrils with collagen I. The ratio between collagen V and collagen I is considered

inversely correlated with collagen I fibril diameter . In other words, collagen V is a key regulator of collagen I fibril size:

the higher the amount of collagen V, the smaller collagen I fibrils are. On the other hand, the presence of collagen V is not

supported by proteomic analysis which did not consistently find COL5A1 and COL5A2 in iERMs .

2.1.6. Collagen VI

Collagen VI has been detected in iERMs by several investigators . Its expression has been found particularly

relevant only in a subtype of iERMs, the so-called cellophane macular reflex membranes, whereas it is absent or almost

negligible in the preretinal macular fibrosis subtype . In contrast to iERMs, collagen VI is not present in ERMs

associated with MHs . Collagen VI co-localizes with collagen IV in large areas of iERMs . However, the distribution

of the two collagens does not match perfectly as immunoreactive areas for just one of the two collagens are also present

. Whereas proteomic profiling of iERMs has not confirmed the presence of collagen VI , gene expression analysis

did find COL6A1 mRNA .
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2.1.7. Collagen VII

A recent addition to the list of collagens associated with iERMs is collagen VII that has been detected in two specimens

. However, proteomic analysis did not reveal collagen VII expression in iERMs , and RT-PCR did not

detect COL7A1 mRNA in ERM in PVR eyes .

2.1.8. Other Collagens

Some additional collagens (IX, XII, XIV, XVIII, XXII) have been identified in iERMs exclusively by proteomics .

Collagens IX, XII, XIV and XXII belong to the Fibril-Associated Collagen with Interrupted Triple helices (FACIT) family.

Collagen IX is found on the surface of collagen II fibrils, whereas collagens XII and XIV associate with the surface of

collagen I fibrils . Thus, even though they have not been specifically investigated, collagen IX should co-localize with

collagen II, whereas collagens XII and XIV should match exactly collagen I fibrils distribution. Collagen XXII, in spite of the

FACIT molecular structure, is found associated with microfibrils, possibly fibrillin or fibronectin (FN) . It has a very

specific pattern of expression, being found at sites of tissue transitions such as hair follicles, myotendinous junctions

(skeletal muscles, ciliary body, heart) and muscle insertion to the ribs . It is worth noting that its expression is mostly

located where tractional forces are exerted.

Collagen XVIII is a basement membrane-associated collagen . As iERMs contain several basement membrane

proteins, it is conceivable that collagen XVIII may co-localize with them. Interestingly, collagens IX, XII and XVIII are also

proteoglycans as they have GAG side chains. Collagens IX and XII are associated with chondroitin sulfate, whereas

almost half the molecular weight of collagen XVIII is due to heparan sulfate side chains .

2.2. Basement Membrane Proteins and Their Assembly in LNCP Matrix

In addition to collagens IV and XVIII, basement membrane proteins include laminins, nidogens/entactins and heparan

sulfate proteoglycans.

2.2.1. Laminins

Laminins are trimeric molecules comprising α, β and γ chains. They assemble generating at least 16 different isoforms.

Current nomenclature identifies each laminin isoform with a three-digit number which refers to the α, β and γ chains. Thus,

for instance, laminin 521 is the isoform composed by laminin chains α5, β2 and γ1. The presence of laminin in iERMs has

been frequently reported , and its chain composition has been studied. By immunofluorescence, only laminin α1,

β1 and γ1 have been easily detected. Laminin α5 has also been found, though apparently far less represented . Based

on these results, iERMs apparently contain laminin 111 and, possibly, minor amounts of laminin 511 . However,

proteomic analysis has found a more complex pattern of laminin expression, including α1, α2, α4, α5, β1, β2 and γ1

chains . A wider range of laminin isoforms, therefore, is probably expressed in iERMs.

Even though it can be found alone , laminin mostly co-localizes with collagen IV and nidogen/entactin . Co-

localization of three major components of basement membranes suggests that the condensations of collagen IV observed

in iERMs could be an example of the so-called laminin/nidogen/collagen IV/perlecan (LNCP) matrix.

2.2.2. Nidogens/Entactins

Nidogen/entactin 1 and nidogen/entactin 2 are proteins typically expressed in basement membranes. They are thought to

link laminin and collagen IV lattices together within planar basement membranes . Nidogens/entactins

immunolocalization in iERMs found nidogen/entactin 1 co-localized with collagen IV and laminin  supporting the

existence of LNCP matrix deposits. Proteomic analysis has confirmed the presence of both nidogens/entactins proteins

.

2.2.3. Heparan Sulfate Proteoglycans

Three heparan sulfate proteoglycans, perlecan, agrin and collagen XVIII, are found in basement membranes . All of

them have been convincingly detected by proteomic profiling in iERMs . Heparan sulphate proteoglycans distribution

could match LNCP matrix deposits though their immunolocalization has never been assessed.

2.2.4. LNCP Matrix

The LNCP matrix is an extracellular matrix polymer containing laminin, nidogen, collagen IV and perlecan, which does not

form planar basement membranes . Though more common in drosophila, examples of LNCP matrix can be found in

human tissues as well, including placenta, specifically the foetus–mother interface , chondrocyte pericellular matrix 
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and the corneal stroma . As previously reported, laminin, nidogen and collagen IV colocalize in iERMs . Proteomic

analysis also identified perlecan in these membranes , though its exact distribution has never been assessed. It is

possible, therefore, that laminin-, nidogen- and collagen IV-immunoreactive material in iERMs may indeed represent

deposits of LNCP matrix. In iERMs, however, collagen IV also co-localizes with collagen I, a feature that likely differs from

other examples of LNCP matrix.

2.3. Proteoglycans

In addition to being associated with basement membranes, proteoglycans represent fundamental constituents of the ECM

ground substance. Yet, they are certainly far less studied than proteins. As a result, investigations on proteoglycans are

also extremely limited in ERMs. Perlecan, decorin and tenascin have been detected in PVR-associated ERMs 

. Opticin has been also observed in some samples of PVR showing a variable pattern of distribution . In iERMs,

proteoglycans have been studied only by proteomic profiling. In addition to the previously mentioned heparan-sulfate

proteoglycans associated with basement membranes, a wide variety of proteoglycans including decorin, biglycan,

fibromodulin, prolargin (PRELP), opticin, chondroadherin-like protein and podocan have been found .

2.4. Other Proteins

A few additional proteins have been investigated in the ECM of ERMs. They include microfibrillar, adhesive and

matricellular proteins.

2.4.1. Fibrillin

Fibrillin is a microfibrillar protein of the elastic system. It is found as a component of oxytalan, elaunin and elastic fibers.

The elastic system of the ECM has been studied by light and transmission electron microscopy only in samples of PVR

where oxytalan fibers have been observed either in subretinal or in ERMs . In iERMs, proteomic analysis constantly

found fibrillin 1 .

2.4.2. Fibronectin

FN is an adhesive protein of the ECM that is expressed in all ERMs, including iERMs . In iERMs,

FN is usually found close to the cell layer where it partially co-localizes with collagen IV . FN can exist as a soluble

or a cell-associated form. The latter form differs from the soluble one by the presence of highly conserved alternatively

spliced FN type III repeats termed Extra Domain A (EDA) and Extra Domain B (EDB). Both soluble and cellular forms co-

exist in PVR-associated ERMs,  and the presence of cellular FN has been confirmed by confocal microscope detection

of FN EDA. Interestingly, FN EDA immunofluorescence appears in close relationships with myofibroblasts. Alignment of

myofibroblast stress fibers with FN fibrils suggests anchorage through fibronexus . Cell-associated FN is also actively

produced in iERMs as demonstrated by proteomic analysis and by the presence of EDB FN mRNA .

2.4.3. Vitronectin

Vitronectin is another adhesive protein of the ECM. Its immunolocalization has been studied only in ERMs associated with

PVR , where it is observed pericellularly along with FN, though FN staining appears more diffuse throughout

membranes . In iERMs, vitronectin has been detected by proteomic analysis .

2.4.4. Thrombospondin 1

Thrombospondin 1 is an ECM protein with multiple functions. It is a matricellular protein and, as such, it is highly

expressed upon tissue injury . Thrombospondin 1 has been found expressed only in PVR-associated ERMs .

2.4.5. Osteonectin/SPARC

An important role in the development of PVR-associated ERMs has been proposed for osteonectin . Osteonectin is a

matricellular protein that is also called Secreted Protein Acidic and Rich in Cysteine (SPARC). It has been observed

predominantly within cells in retinas affected by PVR . A convincing demonstration of osteonectin in iERMs is lacking,

even by proteomics .

2.4.6. Periostin

Periostin is another matricellular protein that is highly expressed in PVR-associated ERMs. Its highest expression,

however, is found in ERMs associated with proliferative diabetic vitreoretinopathy (PDR). Similar to osteonectin, periostin

has been shown within ERM cells . Proteomic profiling did not detect thus protein in iERMs .
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2.5. Glycosaminoglycans (GAG)

GAG constituents of ERMs are a completely uncharted territory. Interestingly, intravitreal injection of chondroitin-6-sulfate

triggers the development of experimental ERMs . One might expect that this finding should have prompted researchers

to investigate GAG composition of ERMs, either idiopathic or secondary. Surprisingly, this was not the case.
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