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 Pseudomonas aeruginosa keratitis is the most common eye infection, 

that develops very rapidly and can lead to endophthalmitis and corneal 

perforation. Corneal wound healing process is determined by the balance 

of pro-inflammatory and anti-inflammatory cytokines. Interleukin-1 

alpha (IL-1α) and Transforming Growth Factor-β (TGF-β) as “master 

regulator” cytokines. Mesenchymal stem cells can maintain the 

equilibrium of these two inflammatory cytokines. The study was to 

analyze the effect of MSC metabolite to the expression of IL-1α and 

TGF-β. This study was an animal experimental study. The mice were 

randomly divided into 3 groups (no treatment, antibiotic and antibiotic-

MSC metabolite group). Each group consisted of 6 mice. Keratitis was 

induced by 5 µl Pseudomonas aeruginosa suspension containing 104 

CFU/ml. Isolation of limbus mesenchymal stem cells and cell culture 

were conducted. The Immunoreactive Score (IRS) and 

immunohistochemical staining were used to assess IL-1α and TGF- β 

expression. The mean expression of IL-1α in the antibiotic group with 

Immunoreactive Score (IRS) was 5.03 ± 3.03, while in the antibiotic + 

MSC metabolite group it was 4.5 ± 2.51. TGF-β expression in the 

antibiotic group obtained a mean score of 4.26 ± 2.31, while in the 

combination group of antibiotics and MSC metabolites the mean score 

was 2.8 ± 1.30. There was a decrease of the IL-1α and TGF- β 

expression in the group that was added to the MSC metabolite. The 

Independent T-Test showed that there was no significant difference 

between the antibiotic group and the antibiotic + MSC metabolite group 

p>0.05 (p=0.673 in IL-1α and p = 0.143 in TGF-β expression). 

Mesenchymal stem cell (MSC) metabolite is a potential cell therapy for 

corneal wound healing of Pseudomonas aeruginosa keratitis, but further 

studies are still needed with more sample. 
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1. Introduction 

The most prevalent type of eye infection is Pseudomonas aeruginosa keratitis. Pseudomonas aeruginosa 

keratitis develops quickly and can culminate in endophthalmitis and corneal perforation, leading in vision 

loss1. Antibiotic treatment eliminates the germs immediately, but the toxin-induced corneal damage 

endures [1], [2]. The inflammatory process promotes corneal thinning, which might progress to corneal 

perforation or fibrosis. The mix of pro-inflammatory and anti-inflammatory cytokines governs the wound 

healing process in the cornea. The "master regulator" cytokines for corneal wound healing include 

interleukin-1 alpha (IL-1α) and transforming growth factor -β (TGF-β) [3]. 

 

IL-1α and TGF-β have opposite effects in triggering the expression of epithelial basement membrane 

(EBM) components by stromal cells. IL-1α upregulates perlecan mRNA expression in keratocytes. Perlecan 

is one of the important components forming EBM. TGFß1 downregulates perlecan expression in 

keratocytes. Thus IL-1α supports EBM regeneration by up-regulating a critical component of EBM in 

keratocytes that survive early-wave apoptosis after injury. Meanwhile, TGF-β can inhibit EBM repair by 

decreasing the production of EBM components by keratocytes and fibroblasts [4]. 

 

IL-1α and TGF-β have opposite effects on metalloproteinase and collagenase expression by fibroblasts. 

Metalloproteinases and collagenases have an important role in the wound healing process. Both are 

involved in the degradation of the normal matrix at the onset of inflammation, and in the irregular clearance 

of the ECM resulting from injury, infection, or surgery. IL-1α increases the expression of 

metalloproteinases and collagenases by the stroma and regulates them in the corneal epithelium. TGF-β 

inhibits the production of collagenase and metalloproteinase. Studies in rabbits have shown that TGF-β 

inhibits the expression of MMP-3 (stromelysin) and collagenase, while IL-1α increases collagenase, MMP-

3 and gelatinase [5]. 

 

The equilibrium of these two inflammatory cytokines (IL-1α and TGF-β) can be maintained by 

mesenchymal stem cell (MSC) [4]. As a result, in addition to antibiotics, MSC therapy is crucial in 

management of Pseudomonas aeruginosa keratitis. The antibiotics can be used to treatment of 

Pseudomonas aeruginosa keratitis including fluoroquinolone group (i.e. ciprofloxacin, ofloxacin, 

moxifloxacin, gatifloxacin, levofloxacin dan besifloxacin) [6]. 

 

MSC metabolites are the result of cell secretion in the form of secretomes, microvesicles, and exosomes 

obtained from MSC conditioned media. Several studies have shown that metabolites secreted by stem cells 

have the same ability to regenerate tissue whether administered with or without stem cells. The therapeutic 

application of stem cell metabolites is thought to be superior to stem cells because it can be mass produced 

at a lower cost than MSC isolation, it can be formed as freeze-dried, it is effective, easier and more stable to 

store. Furthermore, because MSC metabolites are universal, no donor-recipient matching is required to 

avoid rejection. Stem cell metabolites have the potential to be a promising therapeutic strategy and can be 

manufactured on a pharmaceutical scale. MSC metabolites, like pure MSC, offer anti-inflammatory and 

antifibrotic properties for wound healing with little risk [7], [8]. MSC are primarily derived from bone 

marrow tissue, while in the eye organs, MSC can also be produced by limbus tissue [1], [2]. When 

compared to MSC, the benefits of MSC metabolites are can be mass manufactured, have lower costs, free 

cells, no danger of rejection, and can be used worldwide [7], [8]. MSC metabolites have been used to 

improve the degree of wrinkles, dark spots and the reduction of pores with no side effects in dermatology 

therapeutics [9]. 

 

2. Material and methods 
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The study is an experimental laboratory with posttest only control group design and sampling technique 

with random allocation. The study has been carried out at the Central Laboratory of Stem Cell Research and 

Development and the Faculty of Veterinary Medicine, University of Airlangga, Surabaya, Indonesia on 

June-July 2022. The study groups consisted of K1, K2 dan K3, that each received no treatment, antibiotics 

and antibiotics and MSC limbus metabolites. The sample size for each group was 6 specimens. 

 

Keratitis was induced by 5 µl Pseudomonas aeruginosa suspension containing 104 CFU/ml on the ocular 

surface. It was examined again on the 2nd day. The treatment was administered twice within 24 hours of the 

induction of Pseudomonas aeruginosa keratitis. Levofloxacin 0,5% were given to K2 every 4 hours. 

Antibiotics and MSC limbus metabolites were given to the K3 every 6 hours, one drop per administration. 

In the K3 group, there was a 5-minute interval between drug drops on the 2nd and 7th days. The experiment 

was terminated and the animals were enucleated on the 7th day for immunohistochemical examination of IL-

1α and TGF-β. 

 

The step would be continued by making paraffin block preparations. After cutting the paraffin block, 

followed by HE staining. The results of HE staining can be seen whether the resulting paraffin block and 

tissue conditions are feasible to proceed to immunohistochemical examination. The available paraffin 

blocks were subjected to immunohistochemical analysis using HE staining labeled with anti-TGF- and anti-

IL-1α antibodies. 

 

The paraffin-blocked tissue was cut with a thickness of 3 m and placed on a glass polylysin object and then 

incubated at 450C for one night. The preparations were paraffinized and washed with running distilled 

water, then incubated with 3% H2O2 for 3 minutes and washed with running water. The preparations were 

incubated with citrate buffer PH 6 at 950C for 45 minutes, then cooled for 30 minutes and washed with PBS 

twice for 3-5 minutes. The preparations were then incubated with blocking serum for 15 minutes and 

drained. The dried preparations were incubated with primary antibody at a dilution of 1:300 for 60 minutes 

and washed with PBS 2x, 3-5 minutes. Next, the secondary antibody was incubated for 20 minutes and 

washed with PBS twice, 3-5 minutes. The preparations were incubated with HRV avidin for 10 minutes and 

washed with PBS twice, 3-5 minutes. DAB chromogen drops (1:50) were administered for 2 minutes, 

washed with running water, and then counterstained with Meyer's hematoxylin as well as washed with 

running water. The last step is dye in 70%, 96%, 100% alcohol, and xylol as well as mounting. 

 

The stained tissue was observed using a light microscope with a magnification of 100x and documented. 

The expression levels of IL-1α and TGF-β were analyzed using the modified Remmele Scale 

(Immunoreactive Score / IRS). It is the multiplying the percentage score of cells or areas that are 

immunoreactive positive for chromogen brown with the color intensity score on the cells [10]. The data for 

each sample is the IRS value average that observed in 5 (five) fields of view at 400x magnification. 

 

3. Results 

The results of immunohistochemical examination with HE staining labeled with anti-IL-1 and anti-TGF 

antibodies showed that the comparison of IL-1α and TGF-β expression in the corneal injury area between 

the antibiotic group and the MSC antibiotic-metabolite group was marked with a brown chromogen color 

(Fig. 1). 
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IL-1α (ab)           IL-1α (ab+MSC)      TGF-β (ab)     TGF-β (ab+MSC) 

 
Figure 1 The expression of IL-1α and TGF-β in Pseudomonas aeruginosa keratitis (400x) 

 

In the antibiotic group, mean of IL-1α expression was 5.03±3.03 (the highest and lowest IL-1α expression 

scores were 10.2 and 2.6 respectively), whereas in the antibiotic plus MSC metabolite group was 4.5±2.51 

(the highest and lowest IL-1α expression scores were 7.6 and 1.6 respectively). It shows a decreasing mean 

of IL-1α expression in the group that added MSC metabolites. Similarly, mean of TGF-β expression in the 

antibiotic group was 4.26 ± 2.31, while in the antibiotic + MSC metabolite group was 2.8 ± 1.30. It shows a 

decreasing mean of TGF-β expression in the group that added MSC metabolites from 5 observations in each 

specimen (Table 1). 

 

Table 1 Mean of IL-1α and TGF-β expression 

 

No 

 

Specimens 

Code (IL-1α) 

Immunoreactive Score (IRS)/field of view 

(FoV) Mean of 
Score 

FoV 1 FoV 2 FoV 3 FoV 4 FoV 5 

1 AB 1 4 3 2 2 2 2,6 

2 AB  2 9 9 8 6 3 7 

3 AB 3 4 4 3 3 2 3,2 
4 AB 4 12 12 9 9 9 10,2 

 5. AB 5 3 3 3 2 2 2,6 

6. AB 6 9 6 3 3 2 4,6 

Average 5.03 

7 AB-MSC1 9 9 8 6 6 7,6 

8 AB-MSC2 9 6 3 3 2 4,6 

9 AB-MSC3 4 3 3 3 2 3 
10 AB-MSC4 3 2 1 1 1 1,6 

11 AB-MSC5 3 3 3 3 2 2,8 

12 AB-MSC6 9 8 8 6 6 7,4 

Average 4.5 

 
     (TGF-β)      

 
1 AB 1 2 2 2 1 0 1,4 
2 AB  2 9  8 6 6 4 6,6 

3 AB 3 6 4 4 4 3 4,2 

4 AB 4 9 8 8 6 6 7,4 
5. AB 5 3 3 3 3 2 2,8 

6. AB 6 6 4 2 2 2 3,2 

Average 4.26 

7 AB-MSC1 8 6 6 4 3 5,4 
8 AB-MSC2 6 2 2 2 2 2,8 

9 AB-MSC3 3 3 2 2 1 2,2 

10 AB-MSC4 4 3 2 1 0 2 
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11 AB-MSC5 6 3 2 0 0 2,2 

12 AB-MSC6 3 3 3 2 0 2,2 

Average 2.8 

 

The difference test with the Independent T-Test in IL-1α expression showed no significant difference for 

IL-1α expression between with and without MSC metabolite eye drops (p<0.05). Independent T-Test in 

TGF-β expression also showed no significant difference for TGF-β expression both groups (p<0.05) (Table 

2). 

 

Table 2 Comparison of IL-1α and TGF-β expression 

Group of IL-1α expression N Mean   p  

AB 

AB-MSC 

 
 

6 

6 

5.03±3.03 

4.5±2.51 

0,673 

Group of TGF-β expression     

AB 

AB-MSC 

6 

6 

4.26 ± 2.31 

2.8 ± 1.30 

0,143 

 

4. Discussion 

Corneal wound healing is a unique and complex process, because the cornea is an avascular organ. The 

cornea is a transparent organ and its status is maintained as much as possible in wound healing and against 

excessive fibrotic processes [11]. Immediately after damage occurs, the corneal epithelium undergoes 

changes, migration and proliferation to close the damage. Epithelial cell death causes the release of IL-1α to 

the keratocytes and they will undergo apoptosis. More extensive the corneal damage, more extensive the 

apoptotic of keratocytes [12]. Its process occurs as a defense response to reduce the spread of foreign 

substances such as microbes into deeper tissues. Keratocytes that do not die as a result of apoptosis 

(depending on the concentration of IL-1) will be activated to become fibroblasts. Fibroblasts stimulate cell 

differentiation, migration, and proliferation in order to close the wound. TGF- from the epithelium and tears 

expose the stroma, causing fibroblasts to transform into myofibroblasts. An increase in myofibroblasts leads 

to a decrease in crystallin production and an increase in abnormal extracellular matrix production. This 

leads to corneal fibrosis. As long as TGF- is present in the corneal stroma, the condition of corneal stromal 

fibrosis will persist [13]. [14] researched the aging process of SPM metabolites which contain lots of 

growth factors that will help the skin cell repair process. 

 

Epithelial basement membrane (EBM) can be repaired if there is sufficient stromal volume to form EBM 

components. EBM will decrease TGF-β exposure and activate the apoptotic program in fibrotic tissue [15]. 

The reduction of fibrotic tissue will restore normal crystallin and extracellular matrix production and restore 

corneal transparency [16]. The determine of corneal healing to transparency or fibrosis outcome is EBM 

regeneration [15]. IL-1 and TGF-ß are known as “master regulators” because of their extensive involvement 

in corneal wound healing [13]. 

 

The corneal damage process of Pseudomonas aeruginosa is rapid. P. aeruginosa produces elastase and 

alkaline proteases which can destroy corneal collagen. Collagen and corneal structure are damaged also as a 

result of corneal fibroblasts activation [17]. P. aeruginosa also produces exotoxins such as exotoxin A, 

phospholipase, and hemolysin, which effect changes in corneal structure and activation of endogenous 

corneal proteases. They also have the ability to attenuate the host response by interfering with important 

proteins and mediators, such as IgA and IgG, interleukins, complement, and interferon gamma (IFN-γ) [18]. 
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Antibiotics can eliminate bacteria, so that the collagen degradation will be reduced. The corneal collagen 

degradation will continue due to activation of corneal fibroblasts even though bacterial factors have been 

eliminated [17].  In a recent study, adding resveratrol to mesenchymal stem cells could increase the amount 

of EGF, HGF, PDGF, TGF-β [19]. Administration of SPM metabolites containing growth factor 

immunomodulators. The various growth factors and cytokines will reduce excessive internal inflammatory 

factors, thereby the wound healing process will be better [20]. [21] stated that the combination of fibrin glue 

and SPM limbus could be an alternative to heal wound after trabeculectomy. 

 

4.1 Expression level of IL-1α in keratitis P. aeruginosa 

P. aeruginosa keratitis and their host factors cause the release of inflammatory cells. They will trigger 

corneal stromal necrosis and corneal liquefaction. Many cytokines and chemokines are involved in the 

healing of corneal wound tissue, one of the earliest and the most important being IL-1. IL-1 in the cornea is 

produced by corneal epithelial and stromal tissue and macrophages and monocytes [22]. The corneal 

epithelium damages produce “alarmin”, such as IL-1α. IL-1α and IL-1β will bind to the same IL-1 receptor 

(IL-1R) and produce the same biological activity. IL-1 will play an important role in the regulation of the 

host response to bacterial keratitis, especially its role in corneal ulcers. It plays a role in corneal tissue 

damage by stimulating keratocyte apoptosis, and activation of keratocytes into fibroblasts. The activation 

will increase the expression of IL-8 which induce the PMN infiltration of cornea. The degradation of 

stromal collagen is interaction between corneal fibroblasts and neutrophils that invade the cornea [17]. IL-

1α expression was low in normal corneas, and IL-1β expression was absent. In P. aeruginosa keratitis, the 

expression of IL-1α and IL-1β increased in the first 12 hours, and peaked at 24 hours post-infection. The 

expression of IL-1 and IL-1 will then gradually decrease. The administration of IL-1β polyclonal antibody 

(IL-1β pAb) to the post infection cornea could improve clinical response, thicken the corneal epithelium 

and reduce corneal opacity compared to controls. The decrease in MIP-2 expression could significantly 

reduce PMN infiltration in the cornea [22]. 

 

[23] stated that the mouse model without IL-1β converting enzyme (ICE) could not produce mature IL-1β 

after endotoxin exposure. It had lower an inflammatory response and bacterial counts in the cornea as well 

as also expressed higher levels of IL-1Ra, a natural regulator of IL-1 activity. There was also an increase of 

the infected corneal epithelial cells apoptosis. They concluded that it could decrease inflammatory reactions 

by decreasing PMN and inflammatory cell-inducing cytokines and chemokines activity, and also by 

increasing IL-1Ra expression, although there was an increasing of infected corneal epithelial cells 

apoptosis. The study also tested potential ICE inhibitors with and without Ciprofloxacin in a mouse model 

of P. aeruginosa keratitis. They concluded that regulation of IL-1 is required for the control of the 

inflammatory response by the host factor, and antibiotics were needed to reduce the amount of bacterial 

load (bacterial factor) that damaged the corneal epithelium. 

 

In this study, we do not find a significant difference in IL-1α expression between the antibiotics group, and 

antibiotics + MSC metabolites topical group, but there was a decrease of IL-1α expression in the group that 

added MSC metabolites. IL-1α is produced by corneal epithelial damage caused by mechanical trauma to 

the epithelium and exposure to P. aeruginosa. This led to greater corneal tissue damage in P. aeruginosa 

keratitis cases and increased IL-1α cytokine expression.17 No previous studies have investigated the IL-1α 

expression in P. aeruginosa keratitis treated with MSC metabolites. 

 

The other study of mesenchymal stem cells from the cornea for wound healing revealed that corneal stem 

cells could increase cell survival, decrease cytotoxicity, IL-6, IL-8 compared to the control group. The 

expression levels of IL-1β, TNF, and IL-6 mRNA were also lower than the control group. It demonstrated 

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 09, November, 2022 

  

4915 
 

the potential therapy of mesenchymal stem cells with amniotic membranes as a carrier medium [24].  In the 

study by [25] that compared the anti-inflammatory and anti-apoptotic effects of bone and adipose 

mesenchymal stem cells in rat corneal alkaline chemical trauma, they got lower IL-1β results in the group 

given mesenchymal stem cells than the control group. TNF-α, caspase-3, and CD68 also increased in the 

treatment group compared to the control group. They concluded that mesenchymal stem cells from bone 

and adipose tissue can help the healing process of corneal tissue wounds and can reduce inflammatory 

reactions in the tissue. 

 

[26] investigated the corneal healing effects of stem cell metabolites on corneal inflammation in a rat 

animal model. After 2 weeks of treatment, they got a positive role in tissue regeneration and cell 

proliferation. They also found a significant decrease in the IL-1β, IL-8, TNF, and NF-κB expression after 

treatment in vivo and in vitro, while IL-10 increased in vitro. 

 

[27] investigated the effect of adipose mesenchymal stem cell metabolites on corneal chemical trauma in 

mice. They found there was a decrease in the mRNA levels of VEGF, IL-1β, IL-6, IL-10 and matrix 

metalloproteinase-9 in the group given mesenchymal stem cell metabolites compared to the control group. 

They also found an increase in the hepatocyte growth factor and epidermal growth factor level in the 

treatment group compared to the control group. They concluded that mesenchymal stem cell metabolites 

could support corneal epithelial regeneration after chemical corneal trauma. [28] examined bone marrow 

mesenchymal stem cells metabolites and macrophages in a dry eye model. They found that stem cell 

metabolites can reduce IL-1α and IL-1β levels in damaged corneal epithelial models, and can increase IL-

1RA expression. [29] compared the anti-inflammatory effects of induced pluripotent stem cells-

mesenchymal stem cells (iPSC-MSC) and bone marrow mesenchymal stem cells. They found decreased 

expression of IL-1β, TNF-β, IL-6, and decreased corneal opacity. 

 

Our study in line with [30] that examined the effects of lipid-derived MSC metabolites in a rat dry eye 

model. They stated MSC metabolites could inhibit cell apoptosis, decrease IL-1α, IL-1β, IFN-γ, and TNF-α 

levels and increase IL-10 level. [17] stated no significant difference in the IL-1α expression in the antibiotic 

plus MSC metabolite group compared to the antibiotic group in corneal epithelial damage caused by 

mechanical trauma. [31] stated that MSC metabolites in hyaluronic acid (HA) and chondroitin sulfate (CS) 

gel could accelerate corneal wound healing, reduce neovascular formation, reduce scarring and bleeding 

compared to MSC metabolites or HA-CS alone. [32] studied that used MSC in Polyethylene glycol (PEG) 

gel and collagen as a scaffold for healing alkaline chemical trauma wounds, they found that MSC in PEG-

collagen can accelerate wound healing and reduce scar tissue formation compared to controls. 

 

4.2 Expression level of TGF-β in keratitis P. aeruginosa 

TGF-β is also a “master regulator” in corneal wound healing. TGF-β1 and TGF-β2 are present in tears. 

There is TGF-β1 expression in the corneal epithelium but the TGF-β1 and TGF-β2 expression is very low 

in the corneal stroma.13 When corneal injury occurs, there is an increase in TGF-β expression in corneal 

epithelial cells and tears. If there is corneal epithelial and EBM damage, so that TGF-β will expose the 

corneal stoma, fibrocytes from keratocytes and inflammatory cells transform into myofibroblasts that 

release TGF-β [33]. The presence of myofibroblasts can be maintained if there is an adequate amount of 

TGF- in the tear-derived stroma, corneal epithelial cells, and the stroma itself. If there is EBM improvement 

after damage, TGF-β exposure is not sufficient to protect myofibroblasts, and myofibroblast apoptosis will 

occur due to IL-1 exposure. Myofibroblasts will produce alpha-smooth muscle actin, vimentin, and desmin, 

which will cloud the cornea [13], [34]. 
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In our study, TGF-β expression was found in the corneal stroma. We found a non-significant difference 

between the expression of TGF-β in the antibiotic + MSC metabolite group and the antibiotic group. No 

previous studies have investigated the TGF-β expression in P. aeruginosa keratitis treated with MSC 

metabolites. The study is in line with [35] that stated an increase in gene expression, especially IL-1α and 

TGF-β during P. aeruginosa keratitis. 

 

Some previous studies have described the MSC metabolites contain wound healing mediators, including 

TGF-β can accelerate corneal wound healing, increase keratocyte resistance from apoptosis [31], [36- 39]. 

[40] showed that MSC metabolites can inhibit the formation of TGF-β and myofibroblasts in the skin. 

 

[41] stated that an inflammatory environment exposed MSC metabolites will result higher HGF secretion 

and then will reduce TGF-β in the cornea more effectively. This is determinant characteristic of metabolites 

secretion produced by mesenchymal stem cells. Cell-to-cell contact between mesenchymal stem cells and 

inflammatory cells is very important in MSC metabolites secretion [39]. 

 

5. Conclusion 

Limbal mesenchymal stem cell metabolites have the great potency to decrease the expression of IL-1α and 

TGF-β in Pseudomonas aeruginosa keratitis, so that have an important role in wound healing and 

preventing excessive fibrosis. However, advanced study must be done to get optimal doses of MSC 

metabolites and develop supporting media as a scaffold. There is also needed to develop inflammatory 

factors in mesenchymal stem cell so that can produce better metabolites with anti-inflammatory effect. 

 

6. Limitations 

The study was observed on the 5th day after therapy, which longer observations were needed to determine 

the healing process of corneal wounds. In addition, the MSC metabolite that was investigated in the study 

contains the additive resveratrol. The optimal dose of MSC metabolites for Pseudomonas aeruginosa 

keratitis have not been known yet 
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