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ABSTRACT 
Background: Pterygium is characterized by the overgrowth of fibroblasts and the remodeling of the extracellular 

matrix (ECM), driven by MMPs. The review outlines the pathophysiology of pterygium, emphasizing the role 

of MMP-3 in cell motility, proteolysis, and angiogenesis. The recurrence rate of pterygium following surgical 

excision remains a significant challenge, with current adjuvant therapies like mitomycin-C presenting serious 

side effects. Methods: The review synthesizes findings from various studies on the effects of EGCG on MMP-

3 expression and fibroblast migration. It discusses the mechanisms by which EGCG inhibits MMP-3 activity 

and its potential impact on pterygium progression. Findings: EGCG has been shown to inhibit MMP-3 

expression and activity in several models, including mouse Lewis lung carcinoma-derived cells and photoaged 

hairless mouse models. It also suppresses the migration of human pterygium fibroblast cells, potentially 

preventing pterygium formation. EGCG's ability to reduce oxidative stress and modulate inflammatory 

pathways further supports its therapeutic potential. Conclusion: EGCG emerges as a promising agent for 

inhibiting MMP-3 expression and human pterygium fibroblast migration, offering a safer alternative to current 

adjuvant therapies. Its anti-inflammatory, antioxidant, and anti-angiogenic properties make it a potential 

therapeutic option for managing pterygium, warranting further clinical investigation.   

 

1. Introduction 

Pterygium is a wing-shaped growth of degenerative fibrovascular tissue that extends from the conjunctiva to 

involve the superficial cornea that occurs in the interpalpebral fissure [1, 2]. The degenerative and inflammatory 

condition known as pterygium develops on the surface of the eye where the corneal conjunctiva develops into a 

fibrous tissue that resembles a triangle. Pterygium often grows from the side of the nose, but can also grow 

temporally or in both directions, and can grow unilaterally or bilaterally. Multiple complex variables, such as 

DNA abnormalities related to angiogenesis, migration, proliferation, and repair, influence pterygium formation. 

Thus far, specialists have reached a consensus about the pathogenesis of pterygium, which include exposure to 

UV light, human papillomavirus (HPV) infection, inflammation, persistent irritation from dust, wind, or other 

external stimulants, angiogenesis, lymphangiogenesis, and genetic predisposition [3, 4, 5]. 

The prevalence of pterygium ranges from 0.7 to 31% worldwide, with the equatorial region having the highest 

proportion at 22%. The "pterygium belt" region, which includes various countries in Asia, is situated at the 

Equator's 30 degree north and 30-degree south latitudes. These areas have a higher prevalence of pterygium. In 

Indonesia, West Sumatra Province has the highest pterygium prevalence rate (9.3%), while DKI Jakarta 

Province has the lowest prevalence rate (0.4%) [3, 6, 7].  

A wound after surgically excising pterygium may remain on the surface of the eyeball, causing HPF cell 

migration to attempt to heal the wound. The correct structure of multicellular organisms is built and maintained 

by the process of cell migration. Tissue homeostasis, wound healing, and a robust immune response are all 

facilitated by cell migration. Fibroblast cell migration may be seen in vitro because the cells allow the fibroblasts 

to release extracellular matrix (ECM) proteins and proliferate when they move to the wound site. After 

pterygium excision surgery, wound healing will also release an endopeptide enzyme called MMP-3, which has 

the potential to degrade all of the extracellular matrix (ECM) in connective tissue and cell surface molecules. 

MMPs may modify the extracellular matrix (ECM) during the initial stages of pterygium invasion. The 

pterygium apex's fibroblasts express MMP-3 at high quantities. MMP-3 has a significant role in cell motility, 

proteolysis, and angiogenesis because it activates pro-MMPs such MMP-1, MMP-9, and MMP-13 and 

stimulates angiostatin. Within 48 hours, MMP expression in HPF cells is visible [8, 9].  
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The recurrence rate of pterygium following excision has been the subject of numerous modified procedures 

studies during the past ten years. Adjuvant therapy, such as the use of the antimetabolite mitomycin-C (MMC), 

is one such strategy. Clinical practitioners frequently employ the antimetabolite mitomycin C, which has been 

shown to lower the recurrence rate of pterygium. However, a number of serious post-administration 

complications, including scleral calcification, corneal edoema, and corneal perforation, have created new 

difficulties in the management of pterygium. Owing to these issues, a number of scientists have started working 

on the development of an alternative adjuvant medication called epigallocathecin-3-gallate (EGCG), which has 

few side effects. EGCG is a naturally occurring component that may be grown anywhere in the globe, including 

Indonesia. It is derived from Camellia sinensis green tea extract. Due to its bioactivity, EGCG is given particular 

consideration in the creation of potentially useful medications that include antibacterial, anticancer, antioxidant, 

and antiallergic properties. It is commonly known that EGCG inhibits MMP-3 and fibroblast cell migration in 

human pterygium fibroblasts (HPF), which in turn inhibits angiogenesis and inflammation [10, 11, 12].  

Therefore, this literature review is sought to comprehensively discuss regarding the role of EGCG in preventing 

the recurrence of pterygium especially through specific mechanism which is inhibiting the expression of MMP3 

and HPF migration. 

Patophysiology of pterygium  

 

Figure 1. Possible contributions of UV light to the pterygium pathogenesis. 

Pterygium is initiated by UV radiation-mediated modification of limbal stem cells. Increased expression of 

growth factors, MMPs, and a variety of inflammatory cytokines by pterygium cells leads to fibrogenesis, 

vascularization, and invasion of the pterygium. In a b FGF/TGF β dependent way, limbal fibroblasts triggered 

by UV light or pterygium cells release increased levels of MMPs and other growth factors. These mechanisms 

facilitate the extracellular matrix remodelling, Bowman's membrane disruption, and pterygium invasion. The 

terms ultraviolet, interleukin, heparin-binding epidermal growth factor, basic fibroblast growth factor, vascular 

endothelial cell growth factor, matrix metalloproteinase, and transforming growth factor-β are defined as 

follows: UV, b-FGF, VEGF, and TGF-β. [13] 

The cornea's limbal stem cells become insufficient as a result of UV radiation. Tissue growth factors are 

activated as a result, and this promotes angiogenesis and cell division. UV rays promote conjunctivalization of 

the cornea, damaging the limbal stem cells, and aggressive fibroblasts penetrate the cornea. The aberrant 

pterygial epithelium may be the consequence of mutations in the p53 tumour suppressor gene brought on by UV 

exposure [14, 13]. 

Recent research has suggested that the pathophysiology of the pterygium may potentially include the human 

papillomavirus [15]. According to recent research, the human papillomavirus can contribute to the 

pathophysiology of pterygium. These results suggest that pterygium may originate from uncontrolled cell growth 

and is not only a degenerative condition. Matrix metalloproteinases (MMPs) and tissue inhibitors of MMPs 

(TIMPs) may be responsible for tissue remodelling, inflammation, Bowman's layer disintegration, and corneal 

pterygium invasion near the advancing border of the pterygium [16]. Additionally, a conjunctive invasion of the 

surrounding cornea was proposed as a possible outcome of a localised limbal stem cell shortage in a pterygium. 
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Role of Matrix metalloproteinase (MMP) and migration of HPF fibroblast cells 

Pterygium is a clinically apparent tissue resulting from an inflammatory process, immunoglobulin deposition, 

and plasma cell, T-lymphocyte, and mast cell infiltration. Pterygium's histological characteristics include 

inflammatory cell infiltration, migration, and proliferation along with extracellular matrix remodelling brought 

on by the activity of growth factors, MMPs, and pro-inflammatory cytokines. The cornea's wound healing 

cascade is intimately connected to these characteristics. Cumulative UV exposure activates pro-inflammatory 

cytokines such as TNF-α, IL-1, IL-6, and IL-8 in the pterygium, attracting inflammatory cells and causing a 

notable rise in mast cell counts in the stroma. Growth factors like TGF-β or pro-inflammatory cytokines can 

induce bFGF and VEGF expression in pterygium, which is followed by a reduction in anti-angiogenic molecules 

such Pigment Epithelium Derived Factor (PEDF) [9, 17, 18]. 

MMP is essential for the development of pterygiums because of the excessive proliferation and invasion of 

fibroblasts that harm the corneal stroma and basal lamina at the apex of the pterygium. MMP produced by 

pterygium cells dissolves the basal lamina and stimulates the proliferation of stromal fibroblasts. Abnormal 

ECM buildup and inflammatory cell infiltration coexist with stromal fibroblast and vascular overgrowth. One 

important pathomechanism in pterygium is ECM remodelling. Following Bowman's membrane injury, versican, 

collagen III, and fibronectin were among the ECM genes that were elevated in pterygium and elastosis tissue. A 

portion of these alterations are linked to the function of MMPs, which support pterygium's locally invasive 

characteristics [4, 9].  

Pterygium progression is mostly caused by MMP overexpression in the limbus's basal epithelial cells. Numerous 

studies have demonstrated a close correlation between MMPs and tumour progression/invasion, suggesting that 

MMPs may modify the extracellular matrix (ECM) during the early stages of pterygium invasion. MMP activity 

is going to go up when pterygium lesions invade them. MMPs that were expressed in several tissues were divided 

into five groups according to their cellular localization and substrate specificity. Membrane type MMPs (MT-

MMPs), gelatinase (MMP-3, MMP-9), collagenase (MMP-1, MMP-8, and MMP-13), stromelysin (MMP-3, 

MMP-10, MMP-31, and MMP-32) and additional enzymes are included in this category [8, 9, 17]. 

Pterygium tissue was observed to contain elevated levels of MMP-1, MMP-2, MMP-3, MMP-7, MMP-8, MMP-

9, and MMP-14. Pterygium will cause fibroblast tissue to become activated, particularly near the apex of the 

pterygium. This will induce fibrillar collagen to divide in the basal lamina, with MMP-1 and MMP-3 being the 

primary causes of this process. MMP-1 and MMP-3 are extensively expressed by fibroblasts in the apex of the 

pterygium, and both enzymes are quite active. Furthermore, MMP-2 and MMP-9 were found in the pterygium 

apex's basement membrane. Pterygium is a stem cell-derived disease characterised by premalignant lesions. The 

epithelial cells at the tip of the pterygium in Fuchs flecks have a tendency to become stem cells, which migrate 

to Bowman's layer and cause damage to it, as well as angiogenesis, matrix remodelling, and cell proliferation. 

This process may be closely linked to the overexpression of MMPs, which are distinct from cytokines and 

growth factors [4, 8, 9].  

MMP-3 breaks down ECM, which aids in tumour infiltration. Growth factors that promote angiogenesis, 

including as VEGF and bFGF, are released as a result of ECM breakdown, and MMP-3 has a major impact on 

angiogenesis by generating angiostatin. MMP-3 is thought to be a broad inflammatory agent that may cause 

inflammation throughout the body. Moreover, MMP-3 may activate pro-MMPs including MMP-1, MMP-9, and 

MMP-13. This has a wide range of impacts, including angiogenesis, proteolysis, and cell migration [8, 9, 19].  

Building and preserving a multicellular organism's appropriate structure depends heavily on cell migration. 

From the vast migration of epithelial sheets during gastrulation to the movement of individual cells during the 

creation of the nervous system, one may claim that cell motility plays a role in morphogenesis. Cell migration 

is necessary for healthy immune response, wound healing, and tissue homeostasis in adult organisms; aberrantly 

migrating cells are detected in a variety of clinical situations. As our knowledge of cell migration advances, 

some goals we may set for ourselves include reducing the spread of particularly harmful cancer cells, reducing 

the invasion of white blood cells during inflammatory processes, and improving wound healing. There are two 

primary components to cell migration. The first section focuses on the isolation and migration of single cells, 

such as fibroblasts pushing through connective tissue or leukocytes migrating as part of an immune response. 

The cells that migrate collectively as a part of multicellular sheets or groups are covered in the second section. 

This second kind of migration occurs frequently during development, healing of wounds, and spread of some 

cancers [20]. 

Fibroblasts are crucial for the healing of wounds. Both in vivo and in vitro, fibroblasts move to wounds. During 
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this migration, the cells pick up signals that enable them to release extracellular matrix proteins and multiply. 

Nonetheless, in comparison to individual fibroblasts in cell culture, they migrate more quickly and with a more 

pronounced shape in vitro. When fibroblasts migrate into a wound, they usually have a large lamellipodium that 

extends into the wound, whereas stationary fibroblasts have smaller lamellipodia and are marked by fewer stress 

fibres within the cells. When fibroblasts are present at wound sites, a variety of growth factors, including as 

platelet-derived growth factor (PDGF) and epidermal growth factor (EGF), are known to serve as mitogens or 

chemotactic factors for them. A single fibroblast's migration rate can be tripled by growth factors, and they can 

even shift the direction of migration [20].  

A surgically removed pterygium may leave cicatrix on the cornea, which may encourage the migration of Human 

Pterygium Fibroblast (HPF) cells to heal the lesion. A multicellular organism's correct structure could only be 

established and maintained through the process of cell migration. Tissue homeostasis, wound healing, and a 

robust immunological response were all facilitated by cell migration. Fibroblast cell migration may be seen in 

vitro when the cells move to the wound site, releasing extracellular matrix (ECM) proteins and enabling 

fibroblast proliferation. Pterygium excision following surgery would also result in the release of MMP-3, an 

endopeptide enzyme capable of breaking down all ECM components in connective tissue and cell surface 

molecules. MMP may alter ECM in the early stages of pterygium invasion. The MMP-3 is highly expressed by 

apical fibroblasts in pterygium. Due to its potential to activate pro-MMPs including MMP-1, MMP-9, and MMP-

13 as well as angiostatin, MMP-3 has a significant effect. Proteolysis, cell migration, and angiogenesis have all 

been connected to these processes. MMP expression on HPF cells was detected within 48 hours [2].  

Epigallocatechin-3-gallate (EGCG) and it's relation to the inhibition of MMP3 expression and the migration of 

human pterygium fibroblast  

Based on different production procedures, teas may be divided into three categories: semi-fermented oolong tea, 

fermented black tea, and unfermented green tea. The unfermented leaves of the Camellia Sinensis plant are used 

to make green tea. Because of the early phases of production, green tea maintains the natural structure of its 

polyphenolic ingredients. Anthocyanins, flavones, phenolic acids, and catechins are some of the polyphenols 

found in green tea. Green tea extract (GTE) is made by carefully manipulating fresh leaves through time-

consuming, meticulous extraction processes. In summary, ethyl acetate and water are often used to extract 

catechins from green tea leaves, which are then eluted using water/alcohol chromatography [21]. The following 

are the ingredients found in tea leaves: Tea's constituents are: (1) tea polyphenols, also known as tea catechins; 

(2) saccharides, like glucose and sucrose; (3) minerals, like potassium, magnesium, calcium, and aluminium; 

(4) amino acids, like theanine and glutamic acid; (5) caffeine; and (6) insoluble substances, which comprise 62% 

of the leaves and are composed of polysaccharides, proteins, and pigments. Leaves are the primary component 

of green tea extract (GTE). It also comprises the following: (-)-catechin gallate (CG), (-)-catechin (EC) (<10%), 

(-)-epicatechin (EGC) (<10%), (–)-catechin gallate (ECG) (<10%), and (–)-catechin gallate (GCG). These are 

the other components of it. Out of all the catechins included in green tea, EGCG has demonstrated its 

accessibility and potential to target the molecular pathways linked to several disease models [22, 23]. Among 

the green tea catechins, it is also the most powerful component in terms of biological activity. Multiple hydroxyl 

groups on distinct carbon atom sites define the chemical structure of polyphenols, which may interact with 

reactive oxidising molecules to prevent oxidative stress. Therefore, there is a strong relationship between green 

tea's antioxidant activity and the electron-rich properties of polyphenols. The unsaturated 4-oxo group and the 

2,3-double bond in the C-ring help to promote electron delocalisation of o-dihydroxyl catechol inside the B-ring 

[24]. 

With a stronger ability to bind proteins and nucleic acids than other polyphenolic chemicals found in green tea 

extract, EGCG is the primary catechin molecule found in the extract. Excreted in urine with ease, the EGCG 

component is non-toxic and readily dissolves in water. Because there are no negative effects when 30 grammes 

of EGCG are consumed daily, this substance is harmless. Given their significant potential as anti-inflammatory, 

antioxidant, anticancer, and other bioactive chemicals, these polyphenolic compounds are given particular 

attention to EGCG. Apoptosis, necrosis, and autophagy are three ways that EGCG affects cell death pathways 

and has been shown to suppress inflammatory processes in a variety of different disorders [25, 26].  

Through regulating the function of the enzymes that generate reactive oxygen species (ROS), EGCG can lower 

ROS levels, which are linked to oxidative stress in tissues and can have an impact on the angiogenesis process. 

Reduced ROS levels can cause damage to cell membranes, which in turn can cause angiogenesis and increase 

VEGF and bFGF expression. Through the activation of superoxide dismutase (SOD) and the release of reactive 

oxygen species (ROS) through NADP(H) oxidase (NOX), this process can ultimately lead to a reduction in the 
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proliferation, migration, and development of vascular tissue [8, 27, 28]. 

MMP-3, referred to as stromelysin-1, belonged to the family of matrix metalloproteinases (MMPs). Some of the 

extracellular matrix's (ECM) constituents that were involved in the pterygium's invasion were degraded by 

MMP-3, including adhesion molecules, growth factors, matrix proteins, and proteases. The proliferating cells in 

the wound healing phase expressed MMP-3 close to the wound edge. Angiogenesis was driven by the release of 

growth factors such bFGF and VEGF as a result of ECM degradation, and MMP-3 plays a significant role in 

angiogenesis by inducing angiostatin. It was believed that MMP-3 was a general inflammatory agent with the 

ability to produce inflammation throughout the body. MMP-3 alone has the ability to activate pro-MMPs like 

MMP-1, MMP-9, and MMP-13, enabling them to take part in angiogenesis, proteolysis, and cell migration. [8, 

9]. 

Pterygium tissue, especially at the apex, stimulated fibroblast tissue, which in turn caused fibrillar collagen in 

the basal lamina to cleave, partially due to MMP-3. Fibroblasts in the apex of the pterygium are highly active 

and express MMP-3. EGCG reduced MMP3 activity in the culture medium of mice Lewis lung carcinoma-

derived cells, with an IC50 value of around 50 μM [29]. Lee et al. found that water extracts of green, white, and 

black teas reduced UVB-induced skin damage in addition to the decreased expression of MMP3 in a photoaged 

hairless mouse model [30]. Another research published by Hanis, et al. in 2022 concluded that Due to its capacity 

to suppress MMP-3 production and impede the migration of human pterygium fibroblast cells, EGCG prevents 

the formation of human pterygium [2].  

EGCG inhibits the pathways of activator protein-1 (AP-1) and mitogen activated protein kinase (MAPK), as 

well as the formation of MMP1 and MMP3 stimulated by TNF-α [31]. EGCG has the potential to completely 

inhibit RANTES, ENA-78, and GRO-α synthesis that is stimulated by IL-1b [32]. In particular chondrocytes, 

EGCG suppresses the mRNA and protein production of MMP1 and MMP13 that is stimulated by IL-1b [33, 

34].  

A review by Prasanth et al. claims that EGCG can improve the skin's collagen and elastic fibre content, as 

evidenced by a reduction in the expression of the collagen-breaking enzyme MMP-3 [35]. This indicates that 

EGCG helps prevent wrinkles on the skin. Using a 3D co-culture model of periodontitis, Morin et al.'s previous 

study on oral illness discovered that EGCG may reduce the baseline production of MMP-3 level by 27.4% 

without any stimulation with Aggregatibacter actinomycetemcomitans lipopolysaccharide levels [36]. 

Role of EGCG in other diseases 

EGCG's anti-tumor activity is mediated by a number of mechanisms [37, 38]. One of the main theories for the 

development of tumours is that tumour promoters block gap junctional intercellular communication and separate 

preneoplastic cells from the regulatory effect of neighbouring cells. On the other hand, EGCG promotes gap 

junctional communication between neighbouring cells, shielding them against the growth of tumours. 

Furthermore, EGCG may reduce chronic inflammatory processes that lead to cell transformation, 

hyperproliferation, and the start of carcinogenesis, which may explain in part why it has broad anti-inflammatory 

and antioxidant actions against tumours [39]. Cancer can be initiated and progressed by a variety of proteins and 

signalling pathways that are also involved in inflammation and cell growth or death. 

Recent excellent reviews have shown the benefits of EGCG and its metabolites in neurological disorders [40]. 

Epidemiological studies carried out in China, Singapore, and Japan have shown a favourable correlation between 

tea consumption and improved cognitive function or the prevention of cognitive deterioration [41, 42]. The 

outcomes of other animal investigations corroborated these conclusions. For example, intragastric injection of 

EGCG for 60 days reduced the buildup of β-amyloid, a key component in Alzheimer's disease, and delayed 

cognitive decline in senescence-accelerated mice [43]. Moreover, EGCG alters secretase activity and reduces β-

amyloid-induced cognitive impairment by inhibiting the ERK and NF-κB pathways [44]. On the other hand, via 

increasing astrocyte neprilysin production, activation of the ERK and PI3K pathways promotes the EGCG-

induced extracellular degradation of the amyloid β-protein. In many mice models of Alzheimer's disease, EGCG 

reversed a decrease in synaptic proteins and prevented the hyperphosphorylation of tau protein in the 

hippocampus, which reduced deficiencies in memory and spatial learning [45, 46].  

Tea consumption has been associated with a decreased risk of coronary heart disease and atherosclerosis [47, 

48]. The Ohsaki National Health Insurance Cohort Study, which comprised 40,530 Japanese individuals aged 

40 to 79, discovered a negative correlation between the use of green tea and mortality from cardiovascular 

disease [49]. Drinking green tea reduced blood pressure and cholesterol in a study done in Norway between the 
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ages of 35 and 49 that involved 10,233 women and 9856 men without a history of diabetes or cardiovascular 

disease [50]. 

There has also been a rise in the usage of EGCG in the treatment of several acute and chronic respiratory 

problems [51, 52]. For example, in TNFα-induced inflammation, EGCG reduced increases in eosinophil and 

neutrophil counts in the bronchoalveolar lavage fluid (BALF) and inhibited ICAM-1 expression, oxidative 

stress, MAPK, and STAT3 activation. In intratracheal LPS-induced pulmonary inflammation, EGCG reduced 

lung injury and oedema, inflammatory cell counts in the lung, proteinkinase Cα and myeloperoxidase (MPO) 

activity, TNFα, IL-1β, and IL-6 levels, and enhanced lung regeneration [53]. 

2. Conclusion 

The review concludes that EGCG is a promising agent for inhibiting MMP-3 expression and human pterygium 

fibroblast migration. Its anti-inflammatory, antioxidant, and anti-angiogenic properties make it a safer 

alternative to current therapies, offering hope for more effective management of pterygium. To confirm these 

results and investigate the complete therapeutic potential of EGCG in ophthalmology and other fields, more 

clinical research is necessary. 

 

Reference 

[1] F. Ramadhan, Jamaluddin, I. Zuhria , L. Indriaswati and E. Komaratih, "Matrix Metalloproteinase-3 Down Regulation 

and Cell Migration Inhibition in Human Pterygium Fibroblasts by Mitomycin-C, Curcumin and Fibrin Glue," Indonesian 

Biomedical Journal , vol. 14, no. 2, pp. 172-179, 2022.  

[2] F. Hanis, B. Utomo, D. A. Purwanto, I. Zuhria and E. Komaratih, "Epigallocathechin-3-Gallate Attenuate Cell Migration 

and Matrix Metalloproteinase-3 Expression in Human Pterygium Fibroblast: Insight into Potential New Adjuvant 

Therapy," Neuroquantology, vol. 20, no. 11, pp. 6246-6259, 2022.  

[3] J. A. Hovanesian, C. E. Starr, D. T. Vroman, F. M. Mah, J. A. P. Gomes, M. Farid, N. Shamie, R. S. Davidson, T. John 

and E. J. Holland, "Surgical techniques and adjuvants for the management of primary and recurrent pterygia," Journal of 

Cataract and Refractive Surgery, vol. 43, no. 3, pp. 405-419, 2017.  

[4] L. Li, S. Xu, S. Ge, C. Shao, Z. Wang, X. Weng, W. Lu, X. Wu, Y. Fu and X. Fan, "Tailored treatment for the management 

of scleral necrosis following pterygium excision," Experimental and Therapeutic Medicine, vol. 13, no. 3, pp. 845-850, 

2017.  

[5] A. Sidohutomo, W. Sasono, M. Firmansjah, D. A. Purwanti and B. Utomo, "Downregulation of Tumor Necrosis Factor-

Alpha and Vascular Endothelial growth factor expression by epigallocatechin-3-galleate in Human pterygium 

fibroblasts," Res Militaris, vol. 12, no. 4, 2022.  

[6] Erry, U. A. Mulyani and D. Susilowati, "DISTRIBUSI DAN KARAKTERISTIK PTERIGIUM DI INDONESIA," 

Buletin Penelitian Sistem Kesehatan, vol. 14, no. 1, pp. 84-89, 2011.  

[7] N. A. Safitri, Y. Primitasari, E. Komaratih, D. Purwanto and B. Utomo, "Epigallocatechin-3-Galleate Inhibits 

proliferation and expression of TGF-ß in Human Pterygium fibroblas," Neuroquantology, vol. 20, no. 16, pp. 294-301, 

2022.  

[8] B. M. Hwang, M. N. Eun, S. K. Jong, M. K. Jeong, O. Y. Yong, K. H. Jin, B. K. Kang and R. L. Young , "Curcumin 

inhibits UVB-induced matrix metalloproteinase-1/3 expression by suppressing the MAPK-p38/JNK pathways in human 

dermal fibroblast," Experimental Dermatology, vol. 22, pp. 358-379, 2013.  

[9] Y. H. Kim, J. C. Jung, S. Y. Jung, Y. I. Kim, K. W. Lee and J. Park, "Cyclosporine a downregulates MMP-3 and MMP-

13 expression in cultured pterygium fibroblasts," Cornea, vol. 34, pp. 1137-1143, 2015.  

[10] C. H. Koh, H. S. Lee and S. K. Chung, "Effect of topical epigallocatechin gallate on corneal neovascularization in 

rabbits," Cornea, vol. 33, pp. 527-532, 2014.  

[11] A. Toju, Y. Udaka, M. Tsuji, H. Oyamada, J. Kizaki, E. Tomoyori and Y. Kiuchi, "Suppressive effects of catechins in 

UV-induced cytotoxicity of human corneal epithelial cells," Showa University Journal of Medical Science, vol. 30, no. 

1, pp. 73-85, 2018.  

[12] A. Gupta, R. Maurya, U. Manisha, S. M. Kadir, A. Patel, A. Devi, E. Patel and S. Singh, "Recent update on pterygium," 

IP International Journal of Ocular Oncology and Oculoplasty, vol. 8, no. 2, pp. 95-108, 2022.  

[13] W. P. Zhou, Y. F. Zhu, B. Zhang, W. Y. Qiu and Y. F. Yao, "The role of ultraviolet radiation in the pathogenesis of 



618 | P a g 

e 

The Role of Epigallocatechin-3-gallate (EGCG) In Inhibiting MMP3 Expression and Human 

Pterygium Fibroblast Migration: A Review  

SEEJPH 2024 Posted: 15-10-2024 

  

 

pterygia (Review)," Molecular Medicine Reports, vol. 14, no. 1, pp. 3-15, 2016.  

[14] S. H. Azzam, N. Edison, D. Briscoe, A. Mukari and I. Elmalah, "Identification of human papillomavirus in pterygium," 

Acta Ophthalmologica, vol. 94, no. 3, pp. 195-197, 2016.  

[15] T. W. Reid and N. Dushku, "Does human papillomavirus cause pterygium?," British Journal of Ophthalmology, vol. 87, 

no. 7, pp. 806-808, 2003.  

[16] Q. Y. Feng, Z. X. Hu, X. L. Song and H. W. Pan, "Aberrant expression of genes and proteins in pterygium and their 

implications in the pathogenesis," International Journal of Ophthalmology, vol. 10, no. 6, pp. 973-981, 2017.  

[17] E. Cantu, Z. Judith, V. Jorge and E. V. Jorg, "Molecular basis of pterygium development," Informa Healthcare, pp. 1-17, 

2014.  

[18] M. Abdurrauf, F. Ramadhan, Nurwasis, I. Zuhria, B. A. Tambunan, H. B. Notobroto and B. Surakhman, "Mitomycin C, 

curcumin, and fibrin glue inhibit the cell prolifreation and expression of TGF-ß in human pterygium fibroblast," Bali 

Medical Journal, vol. 11, no. 1, pp. 228-233, 2022.  

[19] M. F. Sinatrio, F. Ramadhan, Sutjipto, L. Indriaswati and E. Komaratih, "Curcumin alters VEGF Expression in Human 

Pterygium Fibroblast," International Journal of Research Publications, vol. 90, no. 1, pp. 71-76, 2021.  

[20] X. Trepat, Z. Chen and K. Jacobson, "Cell Migration," Comprehensive Physiology, vol. 2, no. 4, pp. 2369-2392, 2012.  

[21] Y. Hara, "Tea catechins and their applications as supplements and pharmaceutics," Pharmacology Research, vol. 64, no. 

2, pp. 100-104, 2011.  

[22] S. Connors, G. Chornokur and N. B. Kumar, "New Insights Into the Mechanisms of Green Tea Catechins in the 

Chemoprevention of Prostate Cancer," Nutrition in Cancer, vol. 64, no. 1, pp. 4-22, 2012.  

[23] V. Gianfredi, S. Vannini, M. Moretti, M. Villarini, N. L. Bragazzi, A. Izzotti and D. Nucci, "Sulforaphane and 

Epigallocatechin Gallate Restore Estrogen Receptor Expression by Modulating Epigenetic Events in the Breast Cancer 

Cell Line MDA-MB-231: A Systematic Review and Meta-Analysis," Journal of Nutrigenetics and Nutrigenomics, vol. 

10, no. 3-4, pp. 126-135, 2017.  

[24] J. Li, L. Du, J. N. He, K. O. Chu, C. L. Guo, M. O. M. Wong, C. P. Pang and W. K. Chu, "Anti-inflammatory Effects of 

GTE in Eye Diseases," Frontiers in Nutrition, vol. 8, p. 753955, 2021.  

[25] Y. Yang, C. Shao-Lang, X. Yanxuan, Y. Yao, L. Jia-Lian, W. Li, J. Vishal, S. Xinghuai and M. Di, "Green tea catechins 

attenuate human primary pterygium cell survival ad migration via modulation of ERK p42/p44 and p38 pathways’," 

Journal of Agricultural and Food Chemistry, vol. 69, pp. 12209-12218, 2021.  

[26] D. A. Purwanto, "Stay healthy with meditea edisi 2’," Meditea, vol. 8, no. Surabaya, 2021.  

[27] C. W. Lu, L. H. Ji, Y. Lei, J. L. Hai and D. Z. Dan, "Efficacy of curcumin inducing apoptosis and inhibiting the expression 

of VEGF in human pterygium fibroblast," International Journal of Molecular Medicine, vol. 39, pp. 1149-1154, 2017.  

[28] M. Sharifi-Rad, R. Pezzani, M. Radelli, M. Zorzan, M. Imran, A. Khalil, B. Salehi, F. Sharopov and W. C. Cho, 

"Preclinical activities of epigallocathecine gallate in signaling pathways in cancer’. In: Biological and pharmacological 

activity of plant natural compounds. Multidisiplinary Digital Publishing Institute. Switzerland," Biological and 

pharmacological activity of natural compounds, pp. 87-103, 2021.  

[29] M. Isemura, K. Saeki, T. Kimura, S. Hayakawa, T. Minami and M. Sazuka, "Tea catechins and related polyphenols as 

anti-cancer agents," Biofactors, vol. 13, no. 1, pp. 81-85, 2000.  

[30] K. O. Lee, S. N. Kim and Y. C. Kim, "Anti-wrinkle Effects of Water Extracts of Teas in Hairless Mouse," Toxicology 

Research, vol. 30, no. 4, pp. 283-289, 2014.  

[31] H. J. Yun, W. H. Yoo, M. K. Han, Y. R. Lee, J. S. Kim and S. I. Lee, "Epigallocatechin-3-gallate suppresses TNF-alpha 

-induced production of MMP-1 and -3 in rheumatoid arthritis synovial fibroblasts," Rheumatology international, vol. 29, 

no. 1, pp. 23-29, 2008.  

[32] S. Ahmed, A. Pakozdi and A. E. Koch, "Regulation of interleukin-1beta-induced chemokine production and matrix 

metalloproteinase 2 activation by epigallocatechin-3-gallate in rheumatoid arthritis synovial fibroblasts," Arthritis and 

Rheumatology, vol. 54, no. 8, pp. 2393-2401, 2006.  

[33] S. Ahmed, N. Wang, M. Lalonde, V. M. Goldberg and T. M. Haqqi, "Green tea polyphenol epigallocatechin-3-gallate 

(EGCG) differentially inhibits interleukin-1 beta-induced expression of matrix metalloproteinase-1 and -13 in human 

chondrocytes," Journal of Pharmacology Experimental and Therapy, vol. 308, no. 2, pp. 767-773, 2004.  

[34] M. F. Sinatrio, F. Ramadhan, Sutjipto, L. Indriaswati and E. Komaratih, "Curcumin Alters VEGF Expression in Human 



619 | P a g 

e 

The Role of Epigallocatechin-3-gallate (EGCG) In Inhibiting MMP3 Expression and Human 

Pterygium Fibroblast Migration: A Review  

SEEJPH 2024 Posted: 15-10-2024 

  

 

Pterygium Fibroblast," International Journal of Research and Publications (IJRP), vol. 90, no. 1, pp. 71-76, 2021.  

[35] M. I. Prasanth, B. S. Sivamaruthi, C. Chaiyasut and T. Tencommao, "A Review of the Role of Green Tea (Camellia 

sinensis) in Antiphotoaging, Stress Resistance, Neuroprotection, and Autophagy," Nutrients, vol. 11, no. 2, p. 474, 2019.  

[36] M. P. Morin and D. Grenier, "Regulation of matrix metalloproteinase secretion by green tea catechins in a three-

dimensional co-culture model of macrophages and gingival fibroblasts," Archives of Oral Biology, vol. 75, pp. 89-99, 

2017.  

[37] H. S. Kim, M. J. Quon and J. a. Kim, "New insights into the mechanisms of polyphenols beyond antioxidant properties; 

lessons from the green tea polyphenol, epigallocatechin 3-gallate," Redox Biology, vol. 2, pp. 187-195, 2014.  

[38] M. H. Chairez-Ramirez, K. G. Cruz-Lopez and A. Garcia-Carranca, "Polyphenols as Antitumor Agents Targeting Key 

Players in Cancer-Driving Signaling Pathways," Frontiers in Pharmacology, vol. 12, p. 710304, 2021.  

[39] J. Todoric, L. Antonucci and M. Karin, "Targeting Inflammation in Cancer Prevention and Therapy," Cancer Previous 

Research, vol. 9, no. 12, pp. 895-905, 2016.  

[40] Y. Wang, S. Wu , Q. Li, W. Lang, W. Li, X. Jiang, Z. Wan, J. Chen and H. Wang, "Epigallocatechin-3-gallate: A 

phytochemical as a promising drug candidate for the treatment of Parkinson’s disease," Frontiers in Pharmacology, vol. 

13, p. 977521, 2022.  

[41] Y. J. Gu, C. H. He, S. Li, S. Y. Zhang, S. Y. Duan, H. P. Sun, Y. P. Shen, Y. Xu and J. Y. Yin, "Tea consumption is 

associated with cognitive impairment in older Chinese adults," Aging Mental Health, vol. 22, no. 9, pp. 1232-1238, 2018.  

[42] S. Kuriyama, A. Hozawa, K. Ohmori, T. Shimazu, T. Matsui, S. Ebihara, S. Awata and R. Nagatomi, "Green tea 

consumption and cognitive function: a cross-sectional study from the Tsurugaya Project 1," American Journal of Clinical 

Nutrition, vol. 83, no. 2, pp. 355-361, 2006.  

[43] X. Chang, C. Rong, Y. Chen, C. Yang, Q. Hu, Y. Mo, C. zhang, X. Gu, L. Zhang, W. He, S. Cheng and X. Hou, 

"Epigallocatechin-3-gallate attenuates cognitive deterioration in Alzheimer's disease model mice by upregulating 

neprilysin expression," Experience in Cell Research, vol. 334, no. 1, pp. 136-145, 2015.  

[44] J. W. Lee, Y. K. Lee, J. O. Ban, T. Y. Ha, Y. P. Yun and S. b. Han, "Green tea (-)-epigallocatechin-3-gallate inhibits 

beta-amyloid-induced cognitive dysfunction through modification of secretase activity via inhibition of ERK and NF-

kappaB pathways in mice," Journal of Nutrition, vol. 139, no. 10, pp. 1987-1993, 2009.  

[45] S. Nan, P. Wang, Y. Zhang and j. Fan, "Epigallocatechin-3-Gallate Provides Protection Against Alzheimer’s Disease-

Induced Learning and Memory Impairments in Rats," Drug Design, Development and Therapy, vol. 15, pp. 2013-2024, 

2021.  

[46] Y. Guo, Y. Zhao, Y. Nan, X. Wang, Y. Chen and S. Wang, "-Epigallocatechin-3-gallate ameliorates memory impairment 

and rescues the abnormal synaptic protein levels in the frontal cortex and hippocampus in a mouse model of Alzheimer's 

disease," Neuroreport, vol. 28, no. 10, pp. 590-597, 2017.  

[47] K. Yamagata, "Protective Effect of Epigallocatechin Gallate on Endothelial Disorders in Atherosclerosis," Journal of 

Caadiovascular Pharmacology, vol. 75, no. 4, pp. 292-298, 2020.  

[48] Q. Y. Eng, P. V. Thanikachalam and S. Ramamurthy, "Molecular understanding of Epigallocatechin gallate (EGCG) in 

cardiovascular and metabolic diseases," Journal of Ethnopharmacology, vol. 10, no. 210, pp. 296-310, 2018.  

[49] S. Gupta, K. Hastak, F. Afaq, N. Ahmad and H. Mukhtar, "Essential role of caspases in epigallocatechin-3-gallate-

mediated inhibition of nuclear factor kappa B and induction of apoptosis," Oncogene, vol. 23, no. 14, pp. 2507-2522, 

2004.  

[50] I. Stensvold, A. Tverdal, K. Solvoli and O. P. Foss, "Tea consumption. relationship to cholesterol, blood pressure, and 

coronary and total mortality," Preventive Medicine, vol. 21, no. 4, pp. 546-553, 1992.  

[51] J. Wang , Q. Wu, L. Ding, S. Song, Y. Li, L. Shi, T. Wang, D. Zhao, Z. Wang and X. Li, "Therapeutic Effects and 

Molecular Mechanisms of Bioactive Compounds Against Respiratory Diseases: Traditional Chinese Medicine Theory 

and High-Frequency Use," Frontiers in Pharmacology, vol. 12, p. 734450, 2021.  

[52] D. Mokra, J. Adamcakova and J. Mokry, "Green Tea Polyphenol (-)-Epigallocatechin-3-Gallate (EGCG): A Time for a 

New Player in the Treatment of Respiratory Diseases?," Antioxidants, vol. 11, no. 8, p. 1566, 2022.  

[53] M. Wang, H. Zhong, X. Zhang, X. Huang, J. Wang, Z. Li, M. Chen and Z. Xiao, "EGCG promotes PRKCA expression 

to alleviate LPS-induced acute lung injury and inflammatory response," Science Reports, vol. 11, p. 11014, 2021. 


