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Abstract

Purpose The main purpose of this study was to perform an immunohistochemical, functional, and anatomical evaluation of
patients with idiopathic epiretinal membrane (ERM).

Methods Twenty-four specimens of idiopathic ERM from 24 consecutive patients who underwent 23 G pars plana vitrectomy
for ERM and internal limiting membrane (ILM) peeling at the San Juan University Hospital in Alicante (Spain) in 2019 were
analyzed. All patients underwent a complete ophthalmological examination including measurement of best corrected visual
acuity (BCVA) and macular analysis by spectral-domain optical coherence tomography (SD-OCT) at the time of diagno-
sis and 3 months after surgery. Specific glial fibrillar acid protein antibodies (GFAP) and S100 calcium-binding protein 8
(S100p) immunostaining markers were used to identify the macroglial component of the ERM, Miiller cells, and astrocytes.
Ionized calcium-binding adapter molecule 1 protein (Ibal) antibodies were used as specific markers for inflammatory cells,
such as microglia and macrophages.

Results Mean preoperative BCVA measured with Snellen chart was 0.3 and 0.6 preoperatively and at 3 months after surgery,
respectively. SD-OCT identified 15 patients (62.5%) with a disruption of the outer retinal hyperreflective bands. The immu-
nohistochemical study showed the presence of Miiller cells in almost all cases (91.6%), as well of abundant microglia and
macrophages. Microglia and macrophages were more frequently present in earlier stages of ERM. Microglia were present
in ERM independently of the outer retinal hyperreflective bands integrity as measured by SD-OCT. A greater presence of
macrophages was found in those ERMs with no outer retinal hyperreflective band disruption.

Conclusions Miiller cells seem to be the most frequent cell group in ERMs, with also presence of microglia cells and mac-
rophages. Astrocytes were more frequently found in early stages of ERMs. Microglia and macrophages were most frequent
in ERMs with early stage (1, 2, or 3) than in advanced stages (4).

< Julio Cesar Molina Martin
jemm.molina@gmail.com

< David P. Pifiero
david.pinyero@ua.es

Department of Ophthalmology, San Juan University
Hospital, N-332, S/NSant Joan d’Alacant, 03550 Alicante,
Spain

Department of Optics, Pharmacology and Anatomy,
University of Alicante, Crta San Vicente del Raspeig S/NSan
Vicente del Raspeig, 03690 Alicante, Spain

Department of Physiology, Genetic and Microbiology,
University of Alicante, San Vicente del Raspeig, Alicante,
Spain

@ Springer


http://orcid.org/0000-0002-1546-4807
http://crossmark.crossref.org/dialog/?doi=10.1007/s00417-023-06366-w&domain=pdf

1444 Graefe's Archive for Clinical and Experimental Ophthalmology (2024) 262:1443-1453

Key messages

What is known:

® Idiopathic epiretinal membranes (ERMs) are avascular fibrous proliferations over the internal retinal surface of the

macula

® ERMs consist of different cellular clumps, such as astrocytes, macrophages, fibroblasts and retinal epithelial

pigment cells.

® These cellular clumps can only be confirmed consistently by staining structural protein markers through

immunohistochemical techniques.

What is new:

® Macroglia (Miiller cells and astrocytes), microglia and macrophages are all present in ERMs. Miiller cells
are the most frequent cells found in ERM (92%), followed by astrocytes (67%), macrophages (71%) and finally

microglia (63%).

® Miiller cells are the most frequent cell found in ERMs independently of ERM stage, while astrocyte cells are more

frequent in stages 1 and 2.

® Microglia and macrophages are more frequently found in ERMs classified as stage 1, 2 or 3.

® The presence of microglia was frequent in those ERMs with preoperative normal outer retinal hyperreflective bands

Keywords Epiretinal membrane - Pars plana vitrectomy - Miiller cells - Astrocytes - Microglia - Macrophages - Spectral-
domain optical coherence tomography - Immunohistochemical analysis

Introduction

Epiretinal membranes (ERMs) are avascular fibrous prolifera-
tions over the internal retinal surface of the macula, although
in rare cases, a small vascular component may be present as
a possible secondary transformation of the primary fibrocel-
lular membranes. The presence of this tissue in the inner part
of the macula has a very wide range of clinical features, from
being asymptomatic to generating metamorphopsias [1]. In an
attempt to achieve a better forecast for visual recovery, many
classifications of the ERMs have been proposed, almost all
of them based in morphological features observed in optical
coherence tomography (OCT) [2—4], although other approxi-
mations based on gene expression profile have been proposed
[5]. One of the most widely used classifications was made by
Govetto et al. (Fig. 1) [3]. These authors defined four catego-
ries according to the presence of ectopic inner foveal layers
(EIFL) as seen with OCT. This classification, although useful,
seem to be not enough to provide a more adequate forecast.
Recently, a new interpretation of OCT images pay attention
on the most outer retinal hyperreflective bands (ORHB) [6].
The ORHB were defined by Cuenca et al. in 2017 [6]. Layer 1
corresponds to the external limiting membrane (ELM), layer
2 corresponds to the external part of the photoreceptor inner
segment, layer 3 corresponds to the phagosomes present in
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the apical part of the RPE cells, whereas layer 4 corresponds
to mitochondria present at the base of RPE cells [6]. ERMs
can be divided into idiopathic, if they present primarily, or
secondary if they are associated to an existing disease, such as
a vascular disease, trauma, or intraocular inflammation.

In the formation of idiopathic ERM, an important role of
the posterior vitreous detachment has been proposed. The
vitreous detachment can trigger cell migration and ERM for-
mation [7]. Gass et al. [2] suggested that ERMs consist of
different cellular clumps, such as astrocytes, macrophages,
fibroblasts, and retinal epithelial pigment cells (REP). Mor-
phological identification by electronic microscopy of ERM
cells can be challenging due to transdifferentiating of these
cells [8]. Glial cells, fibroblasts, and RPE cells change their
morphology when cultivated in vitreous medium and their
ultrastructure is undistinguishable according to Vinores et al.
[9] Therefore, staining structural protein markers through
immunohistochemical techniques are needed in order to prop-
erly identify these cells.

The main purpose of this study was to perform an immu-
nohistochemical, functional, and anatomical evaluation of
patients with idiopathic ERM, investigating the potential
presence of inflammatory cells in ERM specimens by immu-
nohistochemical study and their possible relationship with the
integrity of outer retinal hyperreflective bands (ORHB).
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| STAGE 1

¢ Presence of the foveal pit.
¢ Well-defined retinal lavers.

STAGE 2

¢ Absence of the foveal pit.
* Well-defined retinal layers.

STAGE 3

¢ Absence of the foveal pit
¢ Well-defined retinal lavers
¢ Presence of ectopic inner foveal layers.

STAGE 4

¢ Absence of the foveal pit
e Disrupted retinal layers.
¢ Presence of ectopic inner foveal lavers.

e

Fig. 1 Retinal cross-section images obtained by means of SD-OCT in four cases from the sample evaluated before (left: Al, B1, C1, and D1)
and 3 months after surgery (right: A2, B2, C2, and D2). The anatomical recovery of the retinal layers can be easily seen after surgery

Methods
Clinical protocol

An observational study including 24 specimens of idiopathic
ERM from 24 consecutive patients who underwent 23 G
pars plana vitrectomy (PPV) for ERM and internal limit-
ing membrane (ILM) peeling with intraoperative staining
(Membrane Blue® Dual, DORC®) was conducted at the
San Juan University Hospital in Alicante, Spain. Patients
with other retinal pathologies were excluded from the study.
The study was approved by the ethics committee of San Juan
University Hospital of Alicante (Spain) and complied with
the Declaration of Helsinki. All patients signed an informed
consent prior to the inclusion in the study.

Clinical examinations were performed before surgery
and repeated at the first and third months after surgery.
The examinations included measurement of best corrected
visual acuity (BCVA) using Snellen charts, as well as com-
prehensive slit-lamp ophthalmologic and fundus examina-
tions. ERMs were preoperatively confirmed by SD-OCT
(TOPCON® 3D OCT-1 MAESTRO) using the 6 X6 mm
radial protocol centered in the fovea and only considering
images with signals higher than 9/10. Two retinal specialists
interpreted the OCT images (JM and JG). Idiopathic ERMs
were classified according to the Govetto et al. classification
(Fig. 1) [3]. All OCT images were analyzed and classified
according the ORHB integrity (Fig. 2). ORHB was consid-
ered as intact when continuous and regular hyperreflective

bands at the fovea could be detected. On the contrary, dis-
ruption of the ORHB was defined as an interruption, rupture,
or disappearance of such bands.

ERM specimen processing

All ERM specimens were obtained during the PPV surger-
ies and fixed in a 4% paraformaldehyde with a phosphate
buffer (PB) (NaHPO, and NaH,PO,, 0.1 M, pH 7.4) for an
hour. Once fixed, specimens were washed out three times
with the PB for 5 min in order to remove excess fixative.
Afterwards, specimens were cryoprotected with increasing
concentration of sucrose solutions: 15% (1 h), 20% (1 h), and
30% (overnight). After this, the samples were deep-frozen
in isopentane and liquid nitrogen and kept at — 80 °C until
used for posterior analysis.

Antibodies used

Different specific cell biomarkers were used in order to
identify and differentiate macroglia (Miiller cells and
astrocytes) and microglia. Table 1 summarizes all primary
antibodies used. Specific glial fibrillar acid protein anti-
bodies (GFAP) were used to identify the macroglial com-
ponent (Miiller and astrocytes) that is present in the ERMs.
Antibodies against S100 acidic calcium binding protein f3
(S100pB) were also used to identify Miiller cells [10, 11].
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Fig. 2 Integrity of the outer retinal hyperreflective bands (ORHB) before (A, C, E) and after (B, D, F) ERM surgery

Table 1 Primary antibodies used for immunohistochemistry characterization of the ERM specimens

Molecular marker (initials) Antibody (reference) Source and catalog number Working dilution
Glial fibrillary acidic protein (GFAP) Mouse monoclonal, clone: G-A-5 Sigma (G 3893) 1:200
Glial fibrillary acidic protein (GFAP) Rabbit polyclonal Dako (N1506) 1:20
Tonized calcium-binding adapter molecule Rabbit polyclonal Wako Chemicals, Richmond, VA,  1:500
1 (Iba-1) USA (019-19741)
Collagen type IV Goat polyclonal Millipore (AB769) 1:200
S100 (b-subunit) Mouse monoclonal, clone: SH-B1 Sigma-Aldrich (S2532) 1:500

Ionized calcium-binding adapter molecule 1 protein (Ibal)
antibodies were used as specific markers for inflamma-
tory cells, such as microglia and macrophages. In addition
to the specific glial markers, the morphological features
were also considered to identify each cell population. Sec-
ondary antibodies used were Alexa Fluor 488-conjugated
anti-rabbit, Alexa Fluor 488-conjugated anti-mouse, Alexa
Fluor 488-conjugated anti-goat, Alexa Fluor 555-conju-
gated anti-mouse, and Alexa Fluor 555-conjugated anti-
rabbit made in donkey. All secondary antibodies used were
purchased from Molecular Probes (Eugene, OR) and the
working dilution was 1:100.

Immunohistochemical staining

ERMs were thawed right before their processing. Specimens
were rinsed three times with a PB for 5 min to wash out
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any saccharose left over. Afterwards, in order to avoid any
cross reaction with secondary antibodies, specimens were
incubated in donkey’s serum with 10% PB supplemented
with 1% Triton X-100 for 1 h in a wet chamber. Then after,
the tissue was washed out three times in PB for 5 min. After
serum blockage, sections were incubated for 24 h under mild
agitation at room temperature with a combination of primary
antibodies at an optimal concentration (Table 1).

After 24-h incubation, the tissue was washed out again
with PB for 5 min in order to eliminate any primary anti-
body excess. After the rinse, ERMs were cultured with the
corresponding secondary antibodies. Secondary antibod-
ies were used at a 1:100 dilution, while the nuclear marker
TO-PRO 3-iodide from Molecular Probes (Eugene, OR)
was used at a 1:1000 dilution. Incubation time was 2 h in
complete darkness and mild agitation. After that, specimens
were washed out three times with PB and mounted with
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Citifluor mountant media (Citifluor Ltd, London, UK) and
coverslipped for further observation.

A total of 24 immunohistochemistry marked ERMs were
included for a qualitative analysis allowing the determina-
tion of the presence or absence of certain cellular clumps
attending to GFAP and Ibal markers and their morphologi-
cal characteristics. The results obtained were statistically
analyzed and correlated with SD-OCT images. Images were
obtained with a confocal fluorescent microscope (Leica TCS
SP2, Leica Microsystems, Wetzlar, Germany). Brightness
and contrast of the images were adjusted with Adobe Pho-
toshop CS2 (Adobe Systems, San Jose, CA).

Statistical analysis

All analyses were conducted using the SPSS 15.0 software
(IBM, Armonk, NY, USA). The normality of data distri-
bution was assessed using the Kolmogorov—Smirnov test.
Average, standard deviation, median, and range were calcu-
lated for the quantitative variables. The significance of the
differences between preoperative and postoperative visual
acuity was evaluated using the Wilcoxon test. P <0.05 was
considered as denoting statistical significance.

Results

The baseline characteristics of the patients are shown in
Table 2. Twenty-five ERMs were obtained and studied from
24 patients included in this study. Of the 24 patients, 16
were men and eight were women, ranging in age from 60
to 78 years (mean age, 69.3 years). An intact ORHB was
observed on the SD-OCT images in nine patients (37.5%),
while in the remaining 15 patients (62.5%), disruptions of
ORHB were noted. Figure 2 shows the OCT profiles from
four patients (A-D) in the preoperative exam (A1-D1) and
at 3 months after surgery (A2-D2). The ERM can be easily
observed in the preoperative OCT examination in all patients.

In all cases, a clear recovery of the anatomical structure of
the macula can be observed in the postoperative OCT images
when compared to the preoperative images. No vascular com-
ponent was observed in any of the membranes evaluated.

Figure 3 shows in a panoramic view, the number and dis-
tribution of the cells that could be found in the analyzed
ERM. The immunostaining with antibodies against GFAP
(red) and Iba-1 (green), both markers of macroglia and
microglia/macrophages cells, respectively, showed clear dif-
ferences between the membranes based on the number and
distribution of these cell populations (GFAP + and Ibal +).
ERM with sparse Ibal cells were found (Fig. 3A), as well
as others ERM with higher density of Ibal cells and low
presence of GFAP cells (Fig. 3B) and ERMs with high den-
sity of both cell types (Fig. 3C). The presence of acellular
component in the ERM was confirmed by immunolabel-
ling with antibodies against collagen IV (Fig. 3C, green),
as previously described by Bu et al. [12] The labelling of
glial cells with two markers, GFAP and S100p (Fig. 3F),
revealed two well-differentiated populations: a population of
GFAP +/S100p + cells and another population of GFAP —/
S100B + cells.

In order to better understand the cell populations that
form the ERM, a detailed study of the morphology of dif-
ferent cells immunolabelled against GFAP and Ibal was per-
formed. Figure 4 shows the morphological details of cells
that were present in the specimens analyzed. First, label-
ling with Ibal revealed cells with morphological charac-
teristics of microglia (Fig. 4A), showing small nuclei and
thin, long, and branched processes. Moreover, Ibal + cells
with amoeboid morphologies that unequivocally resemble
macrophages were also observed (Fig. 4B). Furthermore,
GFAP labelling revealed two basic types of morphology,
some cells with spindle-shaped morphology, reminiscent of
the morphology of Miiller cells (Fig. 4C), and other cells
with a stellate morphology, with numerous extensions of
variable length and large nuclei, cells with a high similarity
to retinal astrocytes (Fig. 4D).

Table 2 Baseline characteristics

of the sample evaluated Number of patients 2
Number of eyes that underwent surgery 24
Male, n (%) 16 (66.7%)
Females, n (%) 8 (33.3%)
Mean age + SD (range) 69.3+8.1 (60-78)
Mean preoperative decimal BCVA +SD 0.30+0.13
Mean postoperative decimal BCVA +SD 0.60+0.15
ERMs stained with immunohistochemistry techniques, n (%) 24 (100%)
Presence of hyperreflective outer retinal bands disruption (preoperative) by SD-OCT, 15 (62.5%)

n (%)

Absence of hyperreflective outer retinal band disruption (preoperative) by SD-OCT,n 9 (37.5%)

(%)

SD, standard deviation
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Fig.3 ERM specimens evalu-
ated by staining with different
immunomarkers: glial cells
stained with GFAP antibodies
(red) (A-D), microglia cells/
macrophages stained with

Iba-1 antibodies (green) (A-D),
collagen IV protein stained
with anti-collagen-1V (green)
(E), and glial cell stained with
anti-GFAP (red) and anti-S100b
(green) proteins (F)

Figure 5 shows the distribution of the type of cells found
in the ERMs evaluated. As shown, Miiller cells identified
with GFAP staining and morphological features were pre-
sent in the 91.7% (22 of the 24) of the ERMs analyzed while
astrocytes were present in the 66.7% (16 of the 24). Immune
cells were identified as Ibal +cells and the classification
into microglia or macrophages was made following mor-
phological features. As shown in Fig. 5, ibal + cells with
microglia-like shape were identified in 62.5% (15 of the
24) ERMs, while macrophages were found in 70.8% of the
ERMs analyzed (17 of the 24).

All membranes were classified according Govetto’s clas-
sification [3], of the 24 membranes included in this study,
four were on stage 1, five on stage 2, eight on stage 3, and
seven on stage 4. The distribution of the cells according to
the membrane stage (Fig. 6) revealed that Miiller cells were
detected in the 100% of membranes in stages 1 and 2 and
above 85% of the membranes in stages 3 and 4, being the
most frequently cells found in membranes, independently of
the membrane stage. Astrocytes cells were more frequent in
membranes on stages 1 and 2 (75 and 100%, respectively)
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than in membranes on stage 3 or 4 (50% and 57.1% respec-
tively). Microglial cells were more present in membranes in
stage 1 of evolution (100%), its presence decreased slightly
in stages 2 and 3 (60% and 71.4% respectively), while these
cells were detected only in 28.6% of the ERMs in stage 4.
Finally, macrophages were present in all the membranes in
stages 1 and 2 (100%). The presence of macrophages in stage
3 was detected in 85.7% of the ERMs analyzed, while they
were only present in the 28.6% of the membranes classified
as stage 4. Therefore, it can be concluded that Miiller cells
were found in almost all membranes while astrocytes were
found more frequently in stages 1 and 2. Microglia and mac-
rophages were more frequent in early stages (stages 1, 2, and
3, Govetto classification [3]).

Concerning the presence of microglia in ERMs as a
function of the hyperreflective outer bands integrity meas-
ured by SD-OCT, it was independent from the absence
or presence of disruption of any of the four hyperreflec-
tive outer bands (Fig. 7). In addition, a greater presence
of macrophages was found in those ERMs without outer
retinal hyperreflective bands disruption (Fig. 8).
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Fig.4 Morphological details of
cells present in the ERMs evalu-
ated: glial cells and microglia/
macrophages stained with
anti-GFAP (red) and anti-Ibal
(green) antibodies (A, B), and
cells with a similar morphology
to Miiller cells (C) and astro-
cytes (D) with GFAP staining

Fig.5 Graphical representation
of the different cell types found
in the epiretinal membranes
(ERMs) evaluated. Glial cells,
mainly Miiller cells, were pre-
sent in almost all ERMs, while
astrocytes were identified in the
64% of the ERMs. Macrophages
were more frequently found
(68%) than microglia (36%) in
ERMs

Discussion

In the sample evaluated in the current study, the mean
BCVA using a Snellen chart at baseline and at 3 months
after the surgery was 0.3 and 0.6, respectively (Table 2).
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The postoperative BCVA values were significantly better
than those found at the baseline (p <0.001). Similar results
have been reported by Dawson and colleagues, [13] who
carried out a prospective study from 2001 to 2011, evalu-
ating 237 ERMs operated patients through PPV. There are
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Cell types detected in ERM according evolution stage
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Fig.6 Cell types detected in the samples according to ERM stages stages 1 and 2. Microglia was detected more frequently in stage 1
(according to Govetto’s classification. [3]). Miiller cells were the most than in the rest while macrophages were most frequent in stages 1, 2,
frequent cell found in ERMs. Astrocytes were more frequent in the and 3

12

11 m Presence de Microglia m Absence of Microglia 11

Number of ERM specimens

Band 1 disruption Band 2 disruption Band 3 disruption Band 4 disruption

Fig. 7 Presence of microglia according to outer retinal hyperreflective band disruption
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Fig.8 Presence of macrophages according to the outer retinal hyperreflective bands disruption. Macrophages were more frequent in those ERMs

with no hyperreflective band disruption

some predictive factors for BCVA improvement after ERM
surgical removal including shorter duration of symptoms
before surgery, lesser central foveal thickness at baseline
identified by the OCT, good integrity of the inter segment/
outer segment photoreceptor junction at baseline, and thin-
ner ganglion cell inner plexiform layer at baseline [14].
When performing the immunohistochemical study of the
ERM samples obtained during surgery, macroglia (Miiller
cells and astrocytes), microglia, and macrophages were all
present in ERM specimens. Macroglia cells were the most
frequent cell type found, with a predominance of Miiller
cells (91.7% of specimens) versus astrocytes (66.7%). An
interesting finding was the presence of complete Miiller
cells, including its nucleus and not only its cellular projec-
tions (Fig. 4C). Macroglia, and specially Miiller cells, are
relevant in idiopathic ERM formation since they are believed
to be responsible for migrating towards the inner surface of
the retina and develop an ERM. It is generally accepted that
macroglial cells conform the ERM. However, there is a disa-
greement concerning which macroglial cells, Miiller cells or
astrocytes, are the main type of cell involved. According to
Foos et al., [15] it is unlikely that ERMs derive from Miiller
cells since these are anchored in the outer retina, linked to
the photoreceptors. On the other hand, Kase et al. [16] stated
that Miiller cells and its processes were the main constitu-
ents of idiopathic ERMs. Other studies [17] have suggested
that there is a wide variety of cells, hyalocytes, RPE cells,
fibroblasts, and microfibroblasts that account for ERMs.
However, since cells in the vitreous may undergo important

morphological changes through transdifferentiating, mor-
phological criteria are inadequate to identify the origin of
the cells involved [18]. For this reason, it is currently neces-
sary to identify these cells through immunohistochemistry
staining techniques, identifying structural proteins such as
the glial fibrillar protein.

In this study, the immunohistochemical analysis has not
only identified Miiller cells and astrocytes, but also other
cell types such as microglia and macrophages. Microglia
derives from bone marrow blast cells that enter the central
nervous system through vascularity during the embryogen-
esis [19]. These round cells are called ameboid cells and
reside in the inner retinal layers, with short (activated) or
long (resident) processes. In normal retinas, microglia is
usually present around vascular inner surfaces and act as
macrophages [20, 21]. An experimental study done on rats
has shown that microglia activation triggered an increase
in ameboid cells (activated microglia) that migrated
towards the external layers of the retina and caused a liber-
ation of microglia inhibitory factors that avoid photorecep-
tor cell death [22]. Provis et al. [23] described how certain
microglial cells share some characteristics with present-
ing antigen dendritic cells. Therefore, microglia have the
ability to present antigens and phagocyte waste mate-
rial. According to this, the activation of microglia plays
an essential role in retinal defense mechanisms against
destructive environmental threats and in the facilitation
of regeneration processes. Vishwakarma et al. [24] found
activated microglia and oxidative stress and inflammation
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gene expression in ERMs removed from eyes with retinal
detachment and proliferative diabetic retinopathy.

The current study describes the presence of differ-
ent cell types (macroglia, microglia, and macrophages)
in relation to the ERM staging as described by Govetto
et al. [3] This classification is mostly based on the pres-
ence of ectopic inner retinal layers (EIFL) in SD-OCT.
Miiller cells and astrocytes were the dominant cell type
in all ERM stages. However, other cell types, such as
macrophages and microglia, were also prevalent during
the initial stages. More advanced ERM stages showed a
greater destructuring of internal and external layers, lead-
ing to a greater level of fibrosis. As we move towards more
advanced stages with greater fibrosis and destructuring,
there are less of these cell types. Coltrini and collleagues
[5] found two differentiated clusters of ERM based on its
gene profile expression, a cluster with less activity that
they called transcriptionally quiescent and other cluster
transcriptionally activated that could be related with the
differences that we have found in ERMs from early and
advanced stages. This should be investigated further in
future studies.

The presence and active proliferation of immune cells
in all idiopathic and secondary ERMs were demonstrated
by Oberstein et al. [25] It is believed that there is a greater
cell replication during ERM early stages compared to older
ERMs. However, Oberstein et al. [25] showed that during
the active vitreoretinal proliferation phase of the ERM, there
is a lesser proliferation rate than expected. According to this,
it can be hypothesized that most of the cell proliferation
activity is a very early event that could take place before the
actual formation of the ERM.

Concerning the relationship between immunohistochemi-
cal findings and outer retinal hyperreflective bands integrity,
this study has tried to relate the presence of microglia and
alterations in the ORHB measured by SD-OCT. Surpris-
ingly, the presence of microglia was frequent in those ERMs
with preoperative normal ORHB (Fig. 7).

This study has some limitations that should be acknowl-
edged. First, the number of patients with ERM investigated
and the number of ERM samples analyzed can be considered
as limited, but they were enough to define clear preliminary
histological findings to investigate further in future studies.
Likewise, the inclusion of more cases from different stages
would have allowed performing a more comprehensive char-
acterization of ERMs and possibly to extract more conclu-
sions about the physiopathological process of this condition.

In conclusion, Miiller cells seems to be the most frequent
cell group in ERMs, with also presence of microglia cells
and macrophages. Astrocytes are more frequently found in
ERMs on stages 1 and 2. Microglia and macrophages were
more frequent in ERMs in the stages 1, 2, and 3 than in the
4 stage.

@ Springer

Funding Open Access funding provided thanks to the CRUE-CSIC
agreement with Springer Nature.

Declarations

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the eth-
ics committee of San Juan University Hospital of Alicante (Spain)
and with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ozég MK, Nowak-Was M, Rokicki W (2023) Pathophysiology
and clinical aspects of epiretinal membrane — review. Front Med
(Lausanne) 10:1121270

2. Gass JDM (1997) Macular dysfunction caused by epiretinal mem-
brane contraction. In: Gass JDM. Stereoscopic atlas of macular
disease: diagnosis and treatment. Vol.2. 4th ed. St Louis, Mo:
Mosby, pp. 938-50

3. Govetto A, Lalane RA, Sarraf D, Figueroa MS, Hubschman JP
(2017) Insights into epiretinal membranes: presence of ectopic
inner foveal layers and a new optical coherence tomography stag-
ing scheme. Am J Ophthalmol 175:99-113

4. Fung AT, Galvin J, Tran T (2021) Epiretinal membrane: a review.
Clin Exp Ophthalmol 49:289-308

5. Coltrini D, Belleri M, Gambicorti E, Romano D, Morescalchi
F, Chandran AMK, Calza S, Semeraro F, Presta M (2020) Gene
expression analysis identifies two distinct molecular clusters of
idiopatic epiretinal membranes. Biochim Biophys Acta Mol Basis
Dis 1866:165938

6. Cuenca N, Ortufio-Lizaran I, Pinilla I (2018) Cellular characteri-
zation of OCT and outer retinal bands using specific immunohis-
tochemistry markers and clinical implications. Ophthalmology
125:407-422

7. daSilvaRA, Roda VMP, Matsuda M, Siqueira PV, Lustoza-Costa
GJ, Wu DC, Hamassaki DE (2022) Cellular components of the
idiopathic epiretinal membrane. Graefes Arch Clin Exp Ophthal-
mol 260:1435-1444

8. Kampik A, Green WR, Michels RG, Nase PK (1980) Ultras-
tructural features of progressive idiopathic epiretinal membrane
removed by vitreous surgery. Am J Ophthalmol 90:797-809

9. Vinores SA, Campochiaro PA, Conway BP (1990) Ultrastructural
and electron-immunocytochemical characterization of cells in
epiretinal membranes. Invest Ophthalmol Vis Sci 31:14-28


http://creativecommons.org/licenses/by/4.0/

Graefe's Archive for Clinical and Experimental Ophthalmology (2024) 262:1443-1453

1453

10.

11.

12.

13.

14.

15.

17.

Zayas-Santiago A, Agte S, Rivera Y, Benedikt J, Ulbricht E, Karl
A, Davila J, Savvinov A, Kucheryavykh Y, Inyushin M, Cubano
LA, Pannicke T, Veh RW, Francke M, Verkhratsky A, Eaton MJ,
Reichenbach A, Skatchkov SN (2014) Unidirectional photorecep-
tor-to-Miiller glia coupling and unique K+ channel expression in
Caiman retina. PLoS One 9:€97155

Fischer AJ, Zelinka C, Scott MA (2010) Heterogeneity of glia
in the retina and optic nerve of birds and mammals. PLoS One
5:e10774

Bu SC, Kuijer R, van der Worp RJ, Postma G, Renardel de Laval-
ette VW, Li XR, Hooymans JMM, Los LI (2015) Immunohis-
tochemical evaluation of idiopathic epiretinal membranes and
in vitro studies on the effect of TGF-$ on Miiller cells. Invest
Ophthalmol Vis Sci 56:6506-6514

Dawson SR, Shunmugam M, Williamson TH (2014) Visual acuity
outcomes following surgery for idiopathic epiretinal membrane:
an analysis of data from 2001 to 2011. Eye (Lond) 28:219-224
Miguel AIM, Legris A (2017) Prognostic factors of epiretinal
membranes: a systematic review. J Fr Ophtalmol 40:61-79

Foos RY (1974) Vitreoretinal juncture — simple epiretinal
membranes. Albrecht Von Graefes Arch Klin Exp Ophthalmol
189:231-250

. Kase S, Saito W, Yokoi M, Yoshida K, Furudate N, Muramatsu M

et al (2006) Expression of glutamine synthetase and cell prolifera-
tion in human idiopathic epiretinal membrane. Br J Ophthalmol
90:96-98

Schumann RG, Eibl KH, Zhao F, Scheerbaum M, Scheler R,
Schaumberger MM et al (2011) Immunocytochemical and ultras-
tructural evidence of glial cells and hyalocytes in internal limiting
membrane specimens of idiopathic macular holes. Invest Ophthal-
mol Vis Sci 52:7822-7834

18.

19.

20.

21.

22.

23.

24.

25.

Armstrong D, Augustin AJ, Spengler R, Al-Jada A, Nickola T,
Grus F et al (1998) Detection of vascular endothelial growth fac-
tor and tumor necrosis factor alpha in epiretinal membranes of
proliferative diabetic retinopathy, proliferative vitreoretinopathy
and macular pucker. Ophthalmologica 212:410-414

Grossmann R, Stence N, Carr J, Fuller L, Waite M, Dailey ME (2002)
Juxtavascular microglia migrate along brain microvessels following
activation during early postnatal development. Glia 37:229-240
Thanos S, Moore S, Hong Y (1996) Retinal microglia. Prog Ret
Eye Res 15:331-361

Provis JM, Diaz CM, Penfold PL (1996) Microglia in human ret-
ina: a heterogeneous population with distinct ontogenies. Perspect
Dev Neurobiol 3:213-222

Ashwell KW, Hollander H, Streit W, Stone J (1989) The appear-
ance and distribution of microglia in the developing retina of the
rat. Vis Neurosci 2:437—448

Provis JM, Penfold PL, Edwards AJ, van Driel D (1995) Human
retinal microglia: expression of immune markers and relationship
to the glia limitans. Glia 14:243-256

Vishwakarma S, Gupta RK, Jakati S, Tyagi M, Pappuru RR,
Reddig K, Hendricks G, Volkert MR, Khanna H, Chhablani J,
Kaur I (2020) Molecular assessment of epiretinal membrane:
activated microglia, oxidative stress and inflammation. Antioxi-
dants 9:654

Oberstein SY, Byun J, Herrera D, Chapin EA, Fisher SK, Lewis
GP (2011) Cell proliferation in human epiretinal membranes:
characterization of cell types and correlation with disease condi-
tion and duration. Mol Vis 17:1794-1805

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Immunohistochemical, functional, and anatomical evaluation of patients with idiopathic epiretinal membrane
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Clinical protocol
	ERM specimen processing
	Antibodies used
	Immunohistochemical staining
	Statistical analysis

	Results
	Discussion
	References




