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Purpose: To investigate the pathogenesis of idiopathic epiretinal membrane (ERM) from a 

biochemical perspective, the relationships between ERM and tryptase activity, a serine protease, 

and the levels of anti-type II collagen (anti-IIC) antibodies in the serum.

Patients and methods: Vitreous samples for measurement of tryptase activity were obtained 

from 54 eyes of 54 patients who underwent a vitrectomy for vitreoretinal disease, ie, 14 eyes 

of 14 patients with idiopathic macular hole, 14 eyes of 14 patients with proliferative diabetic 

retinopathy (PDR), 13 eyes of 13 patients with ERM, and 13 eyes of 13 patients with rheg-

matogenous retinal detachment (RRD). Tryptase activity was measured by spectrophotometry. 

Anti-IIC antibodies were measured in the serum obtained from 17 patients with ERM, eight 

patients who underwent cataract surgery, 12 patients with PDR, and nine patients with RRD. In 

these 46 patients, the anti-IIC antibodies were measured using a Human/Monkey Anti-Type I 

and Type II Collagen IgG Assay Kit.

Results: Vitreal tryptase activity (mean ± standard deviation [SD]) in macular hole, PDR, ERM, 

and RRD was 0.0146±0.0053, 0.0018±0.0018, 0.0166±0.0046, and 0.0117±0.0029 mU/mg 

protein, respectively. Vitreal tryptase activity was significantly higher in macular hole and ERM 

than in PDR and RRD (P,0.05, Fisher’s protected least significant difference). The serum levels 

of anti-IIC immunoglobulin G (IgG) antibody (mean ± SD) in ERM, cataract surgery, PDR, 

and RRD were 58.222±30.986, 34.890±18.165, 55.760±26.008, and 35.453±12.769 units/mL, 

respectively. The serum levels of anti-IIC IgG antibody were significantly higher in ERM and 

PDR than in cataract surgery and RRD (P,0.05, Fisher’s protected least significant difference, 

two-sided).

Conclusion: In the pathogenesis of ERM, increased vitreal tryptase activity may be involved 

in tissue fibrosis, and elevated serum anti-IIC antibodies may lead to an immune response at 

the vitreoretinal interface, thus resulting in membrane formation.

Keywords: idiopathic epiretinal membranes, tryptase, anti-type II collagen antibodies, 

vitrectomy, mast cells

Introduction
Idiopathic epiretinal membrane (ERM) most often occurs in middle-aged and older 

adults, and ERM causes metamorphopsia and decreased visual acuity. There is 

currently no effective pharmacotherapy for ERM, the only treatment option being 

vitrectomy. The pathogenesis of ERM has been postulated to involve cell proliferation 

and extracellular matrix accumulation on vitreous gel that forms the posterior wall of 

a posterior precortical vitreous pocket,1 and/or a break in the inner limiting membrane 

due to posterior vitreous detachment, which then leads to migration and proliferation 

of glial cells in the sensory retina.2–4 However, almost no other research, other than 
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from a morphological perspective, has been performed in 

regard to ERM.

Our group previously reported that in cases of idiopathic 

macular hole (MH), which, like ERM, also occurs specifically 

at the macular region, the activity of chymase, a serine pro-

tease, is increased in the vitreous.5 In addition, we proposed 

a hypothesis that undifferentiated stem cell-like cells exist 

in the fovea, and that by chymase-induced apoptosis, there 

is dysfunction of these undifferentiated cells, which can 

lead to MH.6

Meanwhile, in patients with diabetic retinopathy (DR), 

serum anti-type II collagen (anti-IIC) antibody levels are 

increased, and with the progression of DR, blood–retinal 

barrier disruption occurs, leading to contact between serum 

anti-IIC antibodies and type II collagen in the vitreous. This 

causes an immune response, which may also be involved in 

the pathogenesis of DR.7

As an extension of this previous research,5–7 the relation-

ships between ERM and the activity of tryptase, a serine pro-

tease, and the levels of anti-IIC antibodies were investigated.

Patients and methods
Measurement of vitreal tryptase activity
For the measurement of tryptase activity, vitreous samples 

were obtained from 54 eyes of 54 patients who under-

went vitrectomy for vitreoretinal disease, ie, 14 eyes of 

14 patients with MH, 14 eyes of 14 patients with prolif-

erative DR (PDR), 13 eyes of 13 patients with ERM, and 

13 eyes of 13 patients with rhegmatogenous retinal detach-

ment (RRD).

For sample collection, an irrigation port was placed, and 

before starting irrigation, 0.5–1.0 mL of an undiluted vitreous 

gel sample was obtained using a vitreous cutter. The vitre-

ous samples were frozen immediately and stored. Written 

informed consent was obtained from all patients prior to their 

involvement in the study, and this study was approved by 

the Ethics Committee of Osaka Medical College, Takatsuki 

City, Osaka, Japan.

For the measurement of tryptase activity, N-p-Tosyl-Gly-

Pro-Arg-p-nitroanilide was dissolved in dimethyl sulfoxide 

and diluted with reaction buffer (0.06 M Tris) for use as 

the substrate solution. The enzyme solution (vitreous sample) 

was added to the reaction buffer, allowed to react with the 

substrate solution for 1 hour at 37°C, and the absorbance was 

then measured at 420 nm.

Fisher’s protected least significant difference (PLSD) 

was used for statistical analysis, and a P-value of 0.05 was 

considered statistically significant.

Anti-IIC IgG antibody measurement 
in the serum
Anti-IIC antibodies were measured in serum obtained from 

17 patients with ERM, eight patients who underwent cata-

ract surgery (CAT), 12 patients with PDR, and nine patients 

with RRD. In these 46 patients, the anti-IIC antibodies were 

measured using a Human/Monkey Anti-Type I and Type II 

Collagen IgG Assay Kit (Chondrex Inc., Redmond, WA, 

USA). Patients were excluded from the study if their blood 

samples were positive for rheumatoid factor, if they had 

symptoms of rheumatoid arthritis, or if they had inflamma-

tory eye diseases. Patients who had previously undergone 

any other eye surgeries were also excluded.

The obtained blood samples were centrifuged, with the 

blood serum diluted 20-fold using sample/standard dilution 

buffer. The samples were then diluted 20-fold by adding 

125  μL of 10 mM ethylenediaminetetraacetic acid/0.02% 

sodium azide/phosphate buffered saline and 250 μL of sample/

standard dilution buffer. The samples were then stored at -20°C 

until the experiment was performed. The levels of anti-IIC 

immunoglobulin G (IgG) antibody in the serum were measured 

using a Human/Monkey Anti-Type I and Type II Collagen IgG 

Assay Kit (Chondrex Inc.) according to the manufacturer’s 

instructions. To correct for any false-positive reactions caused 

by the adhesive immunoglobulin contained in the samples,  

a unique nonspecific background value was first determined 

for each of the individual samples by using antigen non-coated 

wells. This was then subtracted from the value determined in 

antigen-coated wells in order to obtain the correct result for 

the antigen–antibody reaction.

Fisher’s PLSD was used for statistical analysis, and a 

P-value of 0.05 was considered statistically significant.

Results
Vitreal tryptase activity in vitreoretinal 
diseases
The 54 eyes of the 54 patients who underwent vitrectomy 

included 14 eyes of 14 MH patients (six males and eight 

females; mean age: 66.1±5.3 years), 14 eyes of 14 PDR patients 

(nine males and five females; mean age: 59.0±13.7 years), 

13 eyes of 13 ERM patients (four males and nine females; 

mean age: 63.8±8.9 years), and 13 eyes of 13 RRD patients (ten 

males and three females; mean age: 53.8±7.5 years). All patient 

ages are expressed as mean ± standard deviation (SD).

Vitreal tryptase activity (mean ± SD) in MH, PDR, 

ERM, and RRD was 0.0146±0.0053, 0.0018±0.0018, 

0.0166±0.0046, and 0.0117±0.0029 mU/mg protein, respec-

tively. Vitreal tryptase activity was significantly higher in 
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MH and ERM than in PDR and RRD (P,0.05, Fisher’s 

PLSD, two-sided) (Figure 1).

Optical coherence tomography (OCT) showed that the 

foveal thickness increased in all ERM patients; however, we 

did not confirm by use of fluorescein fundus angiography 

in all cases. Judging by use of OCT alone, obvious macular 

edema was revealed in only two cases. Moreover, no relation-

ships were found between the presence of macular edema 

and the intravitreal tryptase levels.

We also investigated the presence of posterior vitreous 

detachment (PVD) via the patients’ medical records. The 

results revealed PVD in five cases and no PVD in eight cases. 

Moreover, no relationships were found between the presence 

of PVD and the intravitreal tryptase levels.

In addition, we carefully evaluated the severity of ERM 

by fundus photograph and OCT imaging. The results showed 

no relationships between the severity of ERM and the intra-

vitreal tryptase levels.

Anti-IIC IgG antibody measurement 
in the serum
For the measurement of anti-IIC IgG antibody in the serum, 

blood samples were obtained from 46 patients, ie, 17 patients 

with ERM, eight patients with CAT, 12 patients with PDR, 

and nine patients with RRD. The serum levels of anti-IIC 

IgG antibody (mean ± SD) in ERM, CAT, PDR, and RRD 

were 58.222±30.986, 34.890±18.165, 55.760±26.008, and 

35.453±12.769 units/mL, respectively. The serum levels 

of anti-IIC IgG antibody were significantly higher in ERM 

and PDR than in CAT and RRD (P,0.05, Fisher’s PLSD, 

two-sided) (Figure 2).

We also evaluated the levels of anti-IIC antibodies 

according to the presence/absence of PVD, and no 

relationships were found between the presence of PVD and 

the levels of anti-IIC antibodies.

Discussion
Kishi and Shimizu proposed that the pathogenesis of ERM 

involved cell proliferation and extracellular matrix accu-

mulation on vitreous gel that forms the posterior wall of 

the posterior precortical vitreous pocket.1 ERM is a disease 

usually seen in older adults. The progression of PVD that 

occurs with aging can cause rupture of the inner limiting 

membrane (the basement membrane of Muller cells), and 

the migration and proliferation of retinal glial cells from 

this site may lead to ERM.2 In fact, histological examina-

tion of ERM in samples obtained at vitrectomy reportedly 

showed numerous glial cells.3 Yamashita et al reported that 

ERMs are the result of anomalous PVD with vitreoschisis, 

leaving the outermost layer of posterior vitreous cortex 

attached to the macula.4 However, much remains unclear in 

regard to the pathogenesis of ERM. For example, the reason 

why these types of proliferative changes specifically occur 

at the macular region or why ERM of the macular region 

may recur even after removal of membranes at vitrectomy, 

remains unknown.

Our group previously reported that chymase, which is a 

serine protease produced by mast cells, is possibly involved 

in the pathogenesis of MH, which is also a macular disease.5 

Chymase has a variety of effects, including 1) the conversion 

of angiotensin I to angiotensin II; 2) the conversion of bound 

transforming growth factor beta 1 (TGF-β1) to free TGF-β1, 

which leads to cleavage of procollagen and the formation of 

collagen; 3) the activation of matrix metalloproteinases, which 

Figure 1 Tryptase activity in vitreoretinal diseases.
Note: Tryptase activity was found to be significantly higher in MH and ERM than in 
PDR and RRD (*P,0.05, Fisher’s PLSD test, two-sided).
Abbreviations: MH, macular hole; ERM, epiretinal membrane; PDR, proliferative 
diabetic retinopathy; RRD, rhegmatogenous retinal detachment; PLSD, protected 
least significant difference.
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Figure 2 Serum anti-IIC antibody levels in the patients with ERM, PDR, CAT, and 
RRD.
Note: Serum anti-IIC antibody levels were found to be significantly higher in ERM 
and PDR than in CAT and RRD (*P,0.05, Fisher’s PLSD test, two-sided).
Abbreviations: anti-IIC, anti-type II collagen; ERM, epiretinal membrane; PDR, proli-
ferative diabetic retinopathy; CAT, cataract surgery; RRD, rhegmatogenous retinal 
detachment; PLSD, protected least significant difference.
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degrade the extracellular matrix; and 4) the inactivation of 

tissue inhibitors of metalloproteinases, which promotes col-

lagen degradation.8–10 Thus, chymase is probably involved in 

tissue remodeling by virtue of a combination of two actions, 

namely, collagen production and degradation. In addition, 

chymase promotes fibroblast proliferation, and chymase 

induces apoptosis of cells with relatively low differentiation, 

which have the ability to dedifferentiate into other cells such 

as vascular smooth muscle cells, bronchial smooth muscle 

cells, and cardiomyocytes.11–13

In a study using monkey eyes, we also previously reported 

a higher number of nestin-positive cells in the fovea com-

pared to other retinal areas, and that with intravitreal injection 

of chymase into monkey eyes, there were TdT-mediated 

dUTP nick end labeling (TUNEL)-positive cells in the fovea.6 

In other words, in the pathogenesis of MH, increased vitreal 

chymase activity may be involved in the apoptosis of undif-

ferentiated cells in the fovea.

The present study involving the measurement of tryptase 

activity is an extension of our previous research.5–7 Our find-

ings showed that tryptase activity was significantly higher in 

ERM and MH than in the other two vitreoretinal diseases. 

Some patients with MH also have ERM, thus suggesting the 

possibility of a common pathogenic mechanism in both of 

these vitreomacular interface diseases.

Serine proteases such as chymase and tryptase are 

produced in mast cells, and the roles of mast cells in tissue 

fibrosis, tissue remodeling, and angiogenesis have recently 

attracted attention.14,15 The existence of mast cells in the eye, 

including the choroid, ciliary body, conjunctiva, and sclera, 

has also been reported.16 At present, it is unknown which 

tissues in the eye produce chymase and tryptase in the vitre-

ous, however, uveal tissues such as the choroid and ciliary 

body are likely candidates. There are two types of mast cells: 

tryptase-positive cells and tryptase/chymase-positive cells.  

In regard to the localization of mast cells in the choroid, many 

tryptase/chymase-positive mast cells are reportedly found in 

the posterior portion of the ocular fundus.16

Both chymase and tryptase are serine proteases, and 

both probably have actions that influence tissue fibrosis 

and angiogenesis.17–20 However, chymase is predomi-

nantly involved in apoptosis and tryptase is predominantly 

involved in tissue fibrosis. The degree of activity of both 

chymase and tryptase may influence the development of 

MH or ERM. Based on our findings, chymase activity 

was high in MH, while tryptase activity was not that high 

in MH; however, the activities of both the enzymes were 

high in ERM.

It is unclear if ERM exhibits only fibrotic changes, and 

not endothelial cell proliferation or neovessel formation. 

The macular region is an avascular area, and this specific 

environment might prevent endothelial cell proliferation in 

the ERM.

The findings of the present study also showed elevated 

serum anti-IIC antibody levels in patients with ERM. We pre-

viously reported elevated anti-IIC antibody levels in patients 

with DR, and that the blood–retinal barrier disruption leads 

to contact between serum anti-IIC antibodies and type II  

collagen in the vitreous, thus causing an immune response 

which may be involved in the pathogenesis of DR.6 In ERM 

as well, an immune response primarily in the macular region, 

which involves a similar mechanism, may lead to the forma-

tion of membrane-like tissue. In fact, histological examina-

tion in ERM has shown the existence of immune cells such 

as lymphocytes and macrophages.21

As described in previous reports, because cartilage and 

the vitreous, where type II collagen is present, are both 

avascular tissues, type II collagen has the property of being a 

sequestered antigen that can escape surveillance by immune 

cells circulating in blood throughout the body, thus leading to 

immunological tolerance.22–24 In chronic rheumatoid arthritis 

(RA), this immunological tolerance is lost for some reason, 

and various autoantibodies (including anti-IIC antibod-

ies) form and joint tissue is destroyed by an autoimmune 

response.25–27 Moreover, serum anti-IIC antibody levels, 

besides those in chronic RA, are reportedly also elevated 

in osteoarthritis, relapsing polychondritis, and Meniere’s 

disease.28,29 For this reason, the patients who had symptoms of 

RA were excluded in the present study if their blood samples 

were positive for rheumatoid factor.

The three tissues where type II collagen is present, 

namely, joints, the inner ear, and vitreous, contain synovial 

fluid, lymph, and vitreous fluid, respectively. These body 

fluids are sequestered from immune cells in the blood by the 

blood–joint barrier, blood–labyrinth barrier, and blood–retinal 

(ocular) barrier, respectively. With chronic hyperglycemia in 

patients with DR, it is known that the blood–retinal barrier 

is disrupted, vascular permeability is increased, and macu-

lar edema can occur. With progression of chronic RA and 

Meniere’s disease, hydrarthrosis and endolymphatic hydrops 

are known to occur, and in these diseases as well, there is a 

possibility of barrier function disruption, increased vascular 

permeability, and a loss of immunological tolerance.

Tryptase is not only involved in tissue fibrosis,30–31 but 

it is also involved, via matrix metalloproteinases-2, in the 

degradation of type IV collagen, the chief component of 
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basement membranes.32 Tryptase is also reported to damage 

vascular endothelial cells.33 In patients with ERM, mast cells 

are activated by some mechanism, and tryptase, which is 

produced by these mast cells, can disrupt the inner limiting 

membrane (basement membrane of Muller cells), which then 

promotes the migration of glial cells in the sensory retina. 

In addition, vascular endothelial cells in the blood–retinal 

barrier are damaged, anti-IIC antibodies can diffuse into the 

vitreous cavity, and an immune response is elicited at the 

vitreoretinal interface, thus leading to membrane formation. 

In fact, fluorescein fundus angiography in ERM is reported 

to show leakage of fluorescein and macular edema in areas 

of membrane formation.34,35 This finding suggests damage 

of vascular endothelial cells in the blood–retinal barrier.  

In this study, no relationships were found between the pres-

ence of PVD, the severity of the ERM and the intravitreal 

tryptase levels, and the levels of anti-IIC antibodies. Due to 

the small number of patients involved in this clinical study, 

further investigations are needed to evaluate the relevant 

questions.

Although further studies are necessary to elucidate why 

mast cell production of tryptase is increased, as well as 

why serum anti-IIC antibodies are increased, in patients 

with ERM, the present findings suggest that at least these 

two biologically active substances may be involved in the 

pathogenesis of ERM. In ERM, a disease for which there 

is very little prior biochemical research data, the results of 

this present study may serve as a clue to further clarify the 

pathogenesis of the disease. Of note, previous studies have 

shown that toll-like receptors, which play an important role 

in natural immunity, are also expressed in mast cells.36–39 

Thus, further investigation of the association between ERM 

and natural immunity is needed.
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