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Background
Glaucoma is marked by distinct structural changes 
along with related visual field problems leading to irre-
versible vision loss [1]. Treatment of glaucoma mainly 
involves lowering intraocular pressure (IOP), which has 
been proven to be the most effective method of manage-
ment [1]. Lowering IOP decreases the chance of devel-
oping glaucoma in people without optic nerve damage 
and slows down new damage in those already affected 
by glaucoma [2–4]. To lower IOP, the initial method for 
treating glaucoma involves using topical medications [5]. 
When medication alone is insufficient to control IOP, 
incisional surgery, such as trabeculectomy or glaucoma 
drainage implant is indicated [5]. Even though the sur-
gery is considered effective in managing uncontrolled 
glaucoma, it can be associated with serious complica-
tions [1]. Efforts to increase the success rate of glaucoma 
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Abstract
Background  This study aimed to compare the characteristics of anterior and posterior human Tenon’s capsule 
fibroblasts and determine the effect of matrix metalloproteinase (MMP) inhibition on cultured human Tenon’s capsule 
fibroblasts.

Methods  Tissues obtained from the anterior and posterior Tenon’s capsules were partially incised, cultured, and 
subjected to microarray analysis. Electrophoresis was performed on the cells treated with Ilomastat (MMP-9 inhibitor), 
and collagen 1, 3, and 6. Antibodies against transforming growth factor-beta (TGF-β) and vimentin were used as 
probes to compare the expression levels.

Results  There were no differences between anterior and posterior Tenon’s capsule fibroblasts in the microarray. 
Western blot analysis showed similar expression of collagen 1, 3, and 6, TGF-β, and vimentin between anterior and 
posterior Tenon’s capsule fibroblast. Ilomastat did not affect the proliferation of cultured human Tenon's capsule.

Conclusions  No differences in characteristics were observed between anterior and posterior Tenon’s capsule 
fibroblasts, and inhibition of MMPs did not affect the proliferation of cultured human Tenon’s capsule fibroblasts.
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surgery have been attempted so far [6–9]. Studies related 
to understanding the postoperative wound healing 
response, which is pointed out as the biggest cause of 
surgical failure, are being reported [10–12].

The introduction of antimetabolites, such as mitomy-
cin C (MMC) and 5-fluorouracil (5-FU) has played an 
important role in improving the postoperative success 
of glaucoma surgery [8, 13–15]. MMC and 5-FU act as 
agents to decrease postoperative fibrosis, which is the 
most common cause of filtration surgery failure [13, 15]. 
MMC has improved the success rate of trabeculectomy 
by inhibiting the proliferation of Tenon’s capsule fibro-
blast [16]. Nevertheless, the use of MMC has been linked 
to issues such as conjunctival epithelial damage, and it is 
characterized by non-healing leaking blebs and the risk 
of an avascular bleb, bleb infection, endophthalmitis, 
corneal epithelial defects, and hypotony [15, 17–21]. The 
5-FU is an antimetabolite that inhibits fibroblast prolif-
eration and prevents the conjunctiva from scarring down 
onto the sclera [13, 22]. However, 5-FU may cause cor-
neal toxicity, bleb leaks, and damage of the cells that are 
placed at the front of the eye, with wound leak leading 
to postoperative hypotony, hypotony maculopathy, late 
endophthalmitis, shallow anterior chamber, and expul-
sive hemorrhage [6, 13, 22–25].

Unsuccessful surgery in certain high-risk patients 
despite antiproliferative treatment has led to new 
research on alternative targets in anti-scarring therapy 
[9]. Matrix metalloproteinases (MMPs) are enzymes that 
cleave the extracellular matrix (ECM) and are regulated 
at the transcriptional, activation, and proteolytic activ-
ity inhibition levels [26, 27]. When cells are damaged, 
membrane-type MMPs are secreted by various cells such 
as neutrophils, macrophages, endothelial cells, keratino-
cytes, and fibroblasts, and are involved in cell invasion 
and migration [9, 28, 29]. Previous studies on MMPs have 
suggested their potential significance in the postoperative 
wound healing process, which has led to their surgical 
application in glaucoma treatment [16, 30–33]. Ilomastat, 
a broad-spectrum MMP inhibitor, reduces scar forma-
tion and cellularity at filtration surgery sites, thereby pre-
venting the failure of glaucoma surgery [9, 34].

The two representative glaucoma surgeries–filtration 
surgery and Ahmed valve insertion–have a similar con-
text for creating an outflow tract; however, their surgi-
cal sites are different. Trabeculectomy involves a surgical 
opening of the sclera within 2–3 mm of the limbus and 
creates a flow of the aqueous humor. A filter site for 
Ahmed valve implantation is formed in the area close to 
the limbus and spreads toward the posterior part of the 
eye. The main body locating 9–10  mm away from the 
limbus during valve implantation, and a subconjunctival 
space is created in this area; therefore, unlike trabecu-
lectomy, it is somewhat posterior [35]. Creation of the 

subconjunctival space begins at the posterior part, away 
from the limbus. Because the encapsulated bleb formed 
from the two surgeries differs in size and location, some 
studies have been conducted to determine the histopath-
ological features of Tenon’s cysts (encapsulated blebs) on 
trabeculectomy and Ahmed valve implantation [36, 37].

In this study, we investigated the differences in char-
acteristics between anterior and posterior Tenon’s fibro-
blasts through direct cell culture and various analytical 
methods to confirm the effect of MMP inhibition on 
fibroblast proliferation to understand the wound healing 
response to glaucoma surgery.

Materials and methods
Material acquisition and cell culture
Primary cultures of human Tenon fibroblasts were estab-
lished from subconjunctival Tenon biopsies dissected 
from patients who underwent glaucoma filtration sur-
gery. Immediately after dissection, the tissues were cut 
into thin pieces (1 mm) by chopping with a sterile scal-
pel. The minced tissues with varied sizes were plated on a 
T25 culture flask containing Dulbecco’s modified Eagle’s 
medium (Gibco, Grand Island, NY) supplemented with 
10% fetal bovine serum (FBS; Gibco, Grand Island NY), 
penicillin (100 U/mL), and streptomycin (100 ug/mL). 
The pieces were allowed to settle and incubated at 37 °C 
in a humidified chamber with 5% CO2 without any dis-
turbance until they adhered firmly to the bottom of the 
flask. Fibroblasts usually begin to grow beneath tissue 
pieces and propagate to confluence within 2 weeks. The 
cells were subcultured by trypsinization at a split ratio 
of 1:4, and passages 5–7 were used for the subsequent 
experiments.

Microarray
Total RNA was extracted from Tenon’s cells (∼ 2 × 106) 
using the TRIzol reagent (Gibco) according to the man-
ufacturer’s instructions. The cDNA was reverse-tran-
scribed from the purified RNA (200 ng), amplified, and 
transcribed into cRNA. Sense-strand cDNA was gener-
ated from the cRNA using random primers, followed by 
fragmentation and labeling. Biotinylated sense-stranded 
DNA was hybridized to Affymetrix GeneChip Human 
2.0 ST Array (Affymetrix, High Wycombe, UK) for 16 h. 
The arrays were washed, stained using Fluidics Station 
450, and scanned using Scanner 3000 7G (Affymetrix).

The data were summarized and normalized with a 
robust multi-average (RMA) method implemented in 
Affymetrix® Power Tools. We conducted gene-level 
RMA analysis to export the results and subsequently 
performed a differentially expressed gene (DEG) analy-
sis. The statistical significance of the expression data was 
determined based on fold change. For the DEG set, we 
used hierarchical cluster analysis, with complete linkage 
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and Euclidean distance as measures of similarity. Fur-
thermore, we conducted Gene Enrichment and Func-
tional Annotation analysis for the significant probe list, 
making use of Gene Ontology (http://geneontology.org) 
and Kyoto ​E​n​c​y​c​l​o​p​e​d​i​a of Genes and Genomes (http://
kegg.jp). The ​a​n​a​l​y​s​i​s and visualization of differentially 
expressed genes were performed using R 3.3.2 (www.r-
project.org).

Western blot analysis
Human Tenon's fibroblasts were seeded in a 24-well 
plate at approximately 70% confluence and cultured in 
the presence or absence of Ilomastat (an MMP inhibi-
tor) for up to 7 days. At the end of the culture period, 
adherent cells were washed once and lysed with 0.4 mL of 
1X Laemmli sample buffer. The cell lysates (10 ug) were 
boiled for 5 min, loaded onto a sodium dodecyl sulfate-
polyacrylamide gel (10%), and electrophoresed at a con-
stant current. The protein concentration was assessed 
using the RC DC protein assay kit (Bio-Rad, Hercules, 
CA, USA), with bovine serum albumin as the standard. 
The resolved proteins were subsequently transferred to 
a nitrocellulose membrane and blocked overnight using 
5% skim milk solution in Tris-buffered saline contain-
ing 0.05% Tween-20. The membrane was incubated for 
2  h with mouse monoclonal antibodies against collagen 
type I (Col-1) (Santa Cruz Biotechnology, CA, USA), 
collagen type III (Col-3) (Santa Cruz Biotechnology), 
collagen type VI (Col-6) (Santa Cruz Biotechnology), 
transforming growth factor beta (TGF-β; Santa Cruz Bio-
technology), vimentin (Sigma-Aldrich, St Louis, USA), 
tubulin (Sigma-Aldrich, St Louis, USA), and beta-actin 
(b-actin; Santa Cruz Biotechnology, CA, USA), all of 
which were diluted 1000 folds. Following three washes 
with TTBS, the membrane was incubated for 2  h with 
peroxidase-conjugated anti-mouse antibodies (Amer-
sham, Buckinghamshire, UK) diluted 2,000 fold in TTBS. 
The membrane was washed three times and probed with 
a chemiluminescence kit (Amersham, Piscataway, USA) 
according to the manufacturer’s protocol. Multiple bands 
representing the expression of antibodies (Col-1, Col-2, 
Col-6, TGF-β, and vimentin) were evident on the west-
ern blots of all anterior and posterior Tenon’s fibroblasts. 
Different concentrations (10 and 100 µM) of Ilomastat 
were applied and cultured for 1, 3, and 7 days before it 
was harvested.

Cell proliferation assay
Tenon cells were seeded in 96-well plates at a den-
sity of  1 × 104cells/well and allowed to grow overnight 
until adherence. The next day, cells were washed and 
further cultured with 100 µL of culture media in the 
presence or absence of Ilomastat at different concentra-
tions (0, 1, 10, and 100 µM). At the end of the culture, 

cells were added with 10 µL of reagent of Cell Count-
ing Kit-8 (CCK-8; Dojindo, Rockville, MD) per each 
well at days specified (days 1, 3, and 7). CCK-8 uti-
lizes a highly water-soluble tetrazolium salt, WST-8 
[2-(2-methoxy-4-nitrophenyl)−3-(4-nitrophenyl)−5-(2,4-
disulfophenyl)−2  H-tetrazolium, a monosodium salt], 
which is reduced by cellular dehydrogenases to produce 
a water-soluble formazan dye. This dye appears as an 
orange-colored product that is soluble in a tissue culture 
medium. Following a 1-h incubation period with shaking, 
cell viability was assessed by measuring the absorbance at 
490 nm wavelength using an xMark microplate spectro-
photometer (Bio-Ra, Hercules, CA).

Ethics statement
This study was approved by the Institutional Review 
Board of Hallym University Dongtan Sacred Heart 
Hospital (Aproval no.2021-09-013), and conducted in 
accordance with the Declaration of Helsinki. All the par-
ticipants provided written informed consent.

Results
Western blot analysis of Ilomastat-induced changes in 
anterior and posterior Tenon’s fibroblast is shown in 
Fig.  1. TGF-β and vimentin showed similar expression 
between anterior and posterior Tenon’s fibroblast despite 
the concentration difference (0, 10, and 100 µM) and the 
number of days cultured (1, 3, and 7 days). Col-1, Col-
3, and Col-6 presented a slight weakening of the band as 
the number of days passed (1, 3, and 7 days); however, 
the difference was not significant. There were no signifi-
cant differences in Col-1, Col-3, and Col-6; vimentin; and 
tubulin in Ilomastat-induced changes between anterior 
and posterior Tenon’s fibroblasts.

Ilomastat-treated anterior and posterior Tenon’s fibro-
blast cell proliferation, measured using ultraviolet absor-
bance, is depicted in Fig.  2. When CCK-8 reagent was 
added on day 1, anterior Tenon’s fibroblast showed an 
increase in cell proliferation with the Ilomastat concen-
tration of 1–10 µM (1.243 with 1 µM, 1.136 with 10 µM), 
and a decrease of proliferation with 100 µM of Ilomastat 
(0.807). The posterior Tenon’s fibroblast depicted a simi-
lar pattern, 1.128 with 1 µM, 1.126 with 10 µM, and 1.046 
with 100 µM of Ilomastat. CCK-8 added at day 3 exhib-
ited a rather nonspecific pattern, showing 0.931 with 0 
µM, 1.08 with 1 µM, 0.998 with 10 µM, and 1.078 with 
100 µM of Ilomastat for the anterior Tenon, and 0.85 
with 0 µM, 0.96 with 1 µM, 1.032 with 10 µM, and 0.885 
with 100 µM. CCK-8 added at day 7 presented as 1.173 
with 0 µM, 1.153 with 1 µM, 1.463 with 10 µM, and 1.132 
with 100 µM of Ilomastat for the anterior tenon, and 1.26 
with 0 µM, 1.1 with 1 µM, 1.44 with 10 µM, and 0.968 
with 100 µM. None of the changes were significant.

http://geneontology.org
http://kegg.jp
http://kegg.jp
http://www.r-project.org
http://www.r-project.org
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Microarray analysis was performed to explore potential 
differences in gene expression profiles between anterior 
and posterior Tenon’s capsule fibroblasts.

Discussion
Wound healing is crucial for successful glaucoma surgery 
[38]. Wound contraction and scarring can block aqueous 
flow beyond the sclerostomy site and cause inadequate 
IOP control [39, 40]. The postoperative wound healing 
response begins with an increase in the vascular perme-
ability and infiltration of inflammatory cells, formation 
of granulation tissue by fibroblast migration, and forma-
tion of scar tissue by collagen cross-linking. These steps 
are not separate or deterministic but rather overlap each 
other [7, 41, 42].

Strong antimetabolic agents such as MMC and 5-FU 
have been important in the surgical management of 
glaucoma [8, 15, 20]. However, complications induced 
by agents, such as thin leaky blebs, have led to a search 

for alternative antimetabolic agents [8, 43]. Ilomastat, a 
broad-spectrum synthetic MMP inhibitor, reduces tis-
sue damage [9, 12, 34, 44]. It has a significant inhibi-
tory effect on a variety of fibroblast-mediated functions, 
such as collagen contraction, cell migration, and colla-
gen production, with less toxic effects on the rabbit cor-
nea, conjunctiva, and ciliary body than MMC [9, 45]. In 
2003, Daniels et al. reported an in vitro study stating that 
MMPs are generated during Tenon’s capsule fibroblast-
mediated collagen lattice contraction and that matrix 
contraction and production can be inhibited through 
MMP inhibition [9]. In an experimental animal study in 
2003 by Wong et al., it was reported that when an MMP 
inhibitor was used after glaucoma filtration surgery, the 
duration of the filtration bleb was longer and IOP was 
lower than that of the control group [12]. Despite pre-
vious studies showing a significant reduction in matrix 
contraction and production, this study showed no signifi-
cant effect of MMP inhibitors on cultured human Tenon’s 

Fig. 1  Western blot analysis of Ilomastat effects on fibrosis-related protein expression in anterior, posterior Tenon’s fibroblasts. Cells treated with Ilomastat 
are harvested and subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), followed by probing with the indicated antibod-
ies. Separate membranes are examined for the expression of collagen types I (Col-1), III (Col-3), and VI (Col-6). The same membranes are stripped and 
re-probed with antibodies against transforming growth factor-beta (TGFb) or vimentin. Tubulin and b-actin serve as loading controls. Full-length, unpro-
cessed Western blot images are provided in Supplementary Figure S1–S5. Original, unprocessed images for Col-3 and TGFb could not be retrieved due to 
data loss; however, the cropped images shown here were derived from the original experiment and are consistent with the overall findings

 



Page 5 of 8Kim et al. BMC Ophthalmology          (2025) 25:434 

fibroblast [9]. Most of the previous studies performed 
with Ilomastat were animal studies, and few studies used 
in vitro cultured human Tenon’s fibroblasts to observe 
the reaction, as in our study [9, 19, 34, 45–47]. An in 
vitro study using human Tenon’s fibroblast by Daniels et 
al. concluded that MMP inhibition (1–100 µM) reduced 
the proteolytic activity, and Ilomastat did not affect fibro-
blast proliferation [9]. Several factors may contribute to 
this discrepancy. First, the in vitro environment may not 
fully replicate the complex wound healing environment, 
where Ilomastat uptake efficiency and interactions with 
other extracellular matrix components could differ sig-
nificantly from in vivo conditions. Second, donor vari-
ability, such as differences in patient age, health status, or 
tissue characteristics, may have introduced heterogeneity 
in fibroblast responses, potentially masking the effects of 
MMP inhibition.

Thieme et al. analyzed early Tenon’s cysts generated in 
a young age group that underwent Ahmed valve implan-
tation [37]. A previous study reported that early Tenon’s 
cysts are composed of two layers. The inner layer had 
a smooth surface characterized by compressed colla-
gen fibers and myofibroblasts accompanied by elastoid 
degeneration, and the outer layer was rich in blood ves-
sels. According to the results of a study by Bae et al., 
when comparing Tenon’s cysts generated after trabecu-
lectomy and Ahmed valve implantation, the Tenon’s cysts 
in the group that underwent Ahmed valve implantation 
were thicker than those in the group that underwent tra-
beculectomy. However, there was no difference between 
the two groups and histological findings [36].

Tenon’s capsule is connected to the sclera by fine col-
lagenous trabeculae. The anterior Tenon’s capsule from 
the limbus to approximately 3 mm is firmly fixed to the 
sclera, preventing the conjunctiva from being easily 

Fig. 2  Ilomastat-induced changes in the cell proliferation between anterior and posterior Tenon’s fibroblasts. Anterior and posterior Tenon’s fibroblasts 
treated with Ilomastat at concentrations as indicated added with Cell Counting Kit-8 (CCK-8) reagent at days as indicated. Cell proliferation evaluated by 
measuring the absorbance at 490 nm wavelength spectrophotometrically
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picked, while the posterior capsules of the posterior part 
are firmly fixed to the sclera. It adheres loosely to the 
sclera and creates an episcleral space that does not con-
tain fluids or endothelium.

Clinically, the shape of the filter site created after 
Ahmed valve insertion and bleb formed after trabeculec-
tomy differs. The position of the reservoir formed during 
aqueous flow differed, resulting in variations in the flow 
and flow resistance of the aqueous humor between the 
two surgeries. In addition, the stimuli applied to fibro-
blasts naturally differ depending on the flow. Moreover, 
the insertion of a foreign body may cause this difference, 
as in the case of Ahmed valve surgery. All these factors 
contributed to the differences between the two surgeries, 
making it difficult to explain the distinction.

Based on the various facts mentioned above, this study 
investigated the differences in characteristics between 
anterior and posterior Tenon’s fibroblasts through human 
cell culture and various analysis methods and confirmed 
the effect of MMP inhibition on fibroblast proliferation.

This study revealed no significant difference between 
the anterior and posterior Tenon’s capsules and that 
MMP inhibitors did not affect human-cultured Tenon’s 
capsule fibroblast proliferation. We expect that identi-
fying the site-specific characteristics of Tenon’s capsule 
fibroblasts will provide basic data for a better under-
standing of the wound healing response after glaucoma 
surgery. The success rate of glaucoma surgery can be 
increased by controlling the complicated postoperative 
wound healing process.

This study had a few limitations. First, our study was 
performed in vitro with cultured human cells; therefore, 
some in vivo reactions might have been excluded, which 
could have affected the results of the study. Second, the 
differences between the cells were defined only with the 
antibodies of specific agents, such as Col-1, Col-3, and 
Col-6; TGF-β; and vimentin. Third, the long-term efficacy 
of these drugs was not assessed. The study was based 
on cells that were cultured for a maximum of 7 days. 
Although it did not show a significant effect within 1 
week, there is the possibility of a delayed effect. Addition-
ally, we were unable to provide full-length, unprocessed 
Western blot images for Collagen Type III (Col-3) and 
TGF-β due to data loss during storage. While the cropped 
images for these proteins are presented in Fig.  1, the 
absence of original images may limit the ability to fully 
verify the data. However, the results for Col-3 and TGF-β 
are consistent with those of other proteins (Col-1, Col-
6, Vimentin, and b-actin), we acknowledge that this does 
not fully substitute for comprehensive data. The consis-
tency across multiple proteins supports the conclusion 
that anterior and posterior Tenon’s capsule fibroblasts 
exhibit similar characteristics under the tested condi-
tions; however, the absence of full-length blots for Col-3 

and TGF-β limits the robustness of these findings. We did 
not perform replicate experiments or employ alternative 
quantification methods, such as ELISA or qRT-PCR, to 
validate these results. To address this limitation in future 
studies, we propose using alternative approaches, such 
as qRT-PCR to quantify mRNA expression or ELISA to 
measure protein levels, to confirm the expression pro-
files of Col-3 and TGF-β and enhance the reliability of 
the data. Another limitation of our study is the absence 
of experiments simulating fibrotic conditions, such as 
pretreatment with TGF-β1, which could provide insights 
into the effects of MMP inhibition in a wound healing 
context more relevant to postoperative fibrosis. TGF-β1 
is known to induce fibroblast activation and extracellu-
lar matrix production, mimicking the fibrotic environ-
ment following glaucoma surgery [48]. However, we did 
not conduct these additional experiments to explore the 
impact of Ilomastat under TGF-β1-induced conditions. 
This limitation may restrict the generalizability of our 
findings to clinical scenarios where fibrosis is a key factor. 
Future studies should incorporate TGF-β1 pretreatment 
or other models of fibrosis to investigate whether MMP 
inhibition modulates fibroblast behavior in a more physi-
ologically relevant context, thereby enhancing the trans-
lational potential of these findings. Another limitation is 
the reliance on CCK-8 assays to assess the effects of MMP 
inhibition which primarily measure cell proliferation and 
do not capture other critical fibroblast functions, such as 
ECM remodeling and contractility. The absence of col-
lagen contraction assays in our study restricts our ability 
to fully evaluate the impact of Ilomastat on these aspects 
of fibroblast behavior. Future studies should incorpo-
rate 3D collagen contraction assays or other models of 
ECM remodeling to comprehensively assess the effects 
of MMP inhibitors, thereby enhancing the understand-
ing of their therapeutic potential in managing postopera-
tive scarring. Finally, a significant limitation of our study 
is the absence of statistical analyses to assess differences 
in fibroblast proliferation across Ilomastat concentrations 
and time points due to limited sample size. While our 
study provides valuable insights into the characteristics 
of anterior and posterior Tenon’s capsule fibroblasts and 
the effects of MMP inhibition in vitro, we acknowledge 
the limitations of extrapolating these findings to clini-
cal surgery outcomes. In vitro cell culture systems, while 
useful for controlled experiments, do not fully replicate 
the complex in vivo wound healing environment, where 
factors such as fibroblast contractility, interactions with 
the extracellular matrix, and drug bioavailability play 
critical roles. For instance, the in vivo postoperative envi-
ronment involves dynamic interactions between multiple 
cell types, inflammatory mediators, and biomechanical 
forces, which may influence the efficacy of MMP inhibi-
tors like Ilomastat in ways not captured in our study. 
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Additionally, the bioavailability of Ilomastat in vivo may 
differ significantly from in vitro conditions due to factors 
such as tissue penetration and systemic clearance. There-
fore, our findings should be interpreted as foundational 
data that contribute to understanding the role of MMP 
inhibition in Tenon’s fibroblasts.

Despite these limitations, this study holds significant 
value in advancing our understanding of Tenon’s cap-
sule fibroblasts in the context of glaucoma surgery. A key 
strength of our study lies in the use of cultured human 
Tenon’s capsule fibroblasts, which enhances the trans-
lational relevance of our findings compared to animal 
models commonly used in prior studies [12, 34]. To our 
knowledge, this is the first study in Asia to investigate the 
characteristics of anterior and posterior Tenon’s fibro-
blasts and the effects of MMP inhibition using human 
cells, addressing a critical gap in regional research. By 
demonstrating that MMP inhibition with Ilomastat does 
not significantly affect fibroblast proliferation, our find-
ings provide essential basic information that lay the 
groundwork for future investigations into postopera-
tive wound healing. These insights are particularly valu-
able for developing targeted anti-scarring therapies, as 
they contribute foundational knowledge that can inform 
clinical strategies to improve the success rate of glaucoma 
surgery. This study thus serves as a pivotal step toward 
bridging basic research and clinical applications in glau-
coma management.

In conclusion, no differences in characteristics were 
observed between anterior and posterior Tenon’s capsule 
fibroblasts, and inhibition of MMPs did not affect the 
proliferation of cultured human Tenon’s capsule fibro-
blasts. Further studies are necessary in the future for clin-
ical applications.
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