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Abstract
Treating ocular disease with umbilical cord mesenchymal stem cells (UCMSCs) has been attempted in clinics and 
labs for decades. However, the maintenance of UCMSCs in ocular location and functioning for a longer period was 
still a challenge. Mesenchymal Stem Cell-coating High Oxygen Permeable Hydrogel Lens (MSCohi-O lens) was 
created to solve the problem of fixing UCMSCs on the ocular surface and showed a promising result. While some 
phenotypes in the tested models with their mechanisms of MSCohi-O affecting the relevant cells or signals were 
not clear enough yet, such as neovascularization. To figure out whether the UCMSCs on MSCohi-O lens inhibiting 
or promoting the ocular neovascularization, two types of animal models using New Zealand rabbits have been 
constructed to compare the efficacy of MSCohi-O lens on regulating the neovascularization under inflammatory and 
wound healing situations.  Our results demonstrated that in corneal alkali-burn models, MSCohi-O lens inhibited 
the neovascularization, correspondingly, inflammatory cytokines were suppressed in transcription state. However, 
the neovascularization was uninhibited in the corneal mechanical damage model, and the healing relevant receptor 
VEGFR was up-regulated in transcription. Both models were treated with UCMSCs secreting anti-inflammation 
cytokines and VEGF normally. These data together indicated that the neovascularization regulated by UCMSCs 
locally was in a homeostasis, in which the inflammation stimulated hypoxic neovascularization, contending against 
VEGF induced regenerative neovascularization. Our study revealed the rationale of MSCohi-O lens rescuing 
ocular damage and helped to understand the safety and efficacy of UCMSCs utilized in clinical ophthalmology.
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Introduction
Human umbilical cord mesenchymal stem cells (hUCMSCs) 
have been rose and utilized in clinic or lab for handling various 
of ocular diseases such as preventing graft-versus-host disease 
(GVHD) induced dry eye disease, restoring corneal transparency 
in congenital defect models, and promoting corneal endothelial 
regeneration [1-3]. 

Central to their regenerative capacity is their multilineage differ-
entiation potential, enabling cellular replacement for functional 
tissue reconstruction [4, 5]. Beyond direct differentiation, these 
cells mediate immunomodulatory effects through lymphocyte 
proliferation suppression (targeting T cells, B cells, and Th 
cells), macrophage phenotype polarization toward anti-inflam-
matory M2 subtypes, and coordinated secretion of IL-10/IL-4 
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cytokines to attenuate inflammatory cascades [4]. The paracrine 
activity of hUCMSCs further amplifies therapeutic outcomes via 
sustained release of growth factors (KGF, HGF, EGF) and regu-
latory cytokines that activate endogenous repair pathways [4, 6, 
7]. Notably, their anti-inflammatory properties manifest through 
downregulation of pro-inflammatory mediators (IL-1β, TNF-α, 
IL-8), mitigation of oxidative stress, and apoptosis inhibition via 
microenvironmental modulation [8, 9]. In fibrotic conditions, 
hUCMSCs exert dual antifibrotic actions by inducing apopto-
sis in fibrosis-associated cells while secreting matrix-remodel-
ing molecules like HGF, complemented by signaling pathway 
regulation and vascular network reorganization [9-11]. Emerg-
ing evidence also highlights epigenetic regulatory roles medi-
ated through non-coding RNA networks (miRNA, lncRNA, 
circRNA), which indirectly govern target gene expression to 
achieve therapeutic synergism [10]. 

Our previous study provided a novel strategy for rescuing oc-
ular graft-versus-host disease (oGVHD), which combined the 
UCMSCs with high oxygen permeable hydrogel lenses together, 
to inhibit the rejection and inflammation in the ocular surface 
over a long period, locally [12]. This new kind of lens, Mes-
enchymal Stem Cell-coating High Oxygen Permeable Hydrogel 
Lens (MSCohi-O lens), demonstrated promising efficiency in 
suppressing T cells over-activation in eyes and promoting heal-
ing of the corneas in the animal model. An interesting point we 
found in this previous study was that the ocular capillary neovas-
cularization in the alkali-burn induced corneal damage and in-
flammation models were inhibited after repeatedly treating with 
MSCohi-O lens. Multiple studies have already proved that the 
VEGF secreted by MSC, including UCMSCs, was able to accel-
erate the neovascularization in the organs healing [13-15]. On 

the other hand, ocular capillary neovascularization was a classic 
phenotype of ocular inflammation, which should be suppressed 
when the inflammation is reduced [16]. These two facts seemed 
contradictory. Therefore, we decided to address the rationale of 
UCMSCs regulating the neovascularization in ocular tissue. 

In this research, we revealed a homeostasis in UCMSCs res-
cuing ocular tissues, that the inflammatory neovascularization, 
which results from local hypoxia, has been inhibited by UCM-
SCs. However, the restorative neovascularization regulated by 
VEGFR signal did not face the suppression of UCMSCs. 
 
Results
The functional determination has been performed in UCMSCs 
with trilineage differentiation assay, biomarker identification and 
cytokine secretion measurements. For trilineage differentiation, 
USMSCs successfully differentiated to osteoblast (Figure 1A, 
left panel), adipocytes (Figure 1A, mid panel) and chondrocytes 
(Figure 1A, right panel) under the induction of relevant regents. 
Biomarkers of UCMSCs were identified according to the Crite-
ria of Human Mesenchymal Stem Cell (T/CSCB 0003-2021) by 
International Society for Cell & Gene Therapy (ISCT), in which 
the positive expression of CD90, CD44, CD105 and CD73, and 
negative expression of CD34, CD45, CD19, CD11b and HLA-
DR, being detected by the mixed cocktail antibodies (Figure 
1B), have been recommended. qPCR assay and ELISA assay 
results demonstrated that the UCMSCs were able to transcribe 
mRNA of the cytokines (Figure 1C) and secret corresponding 
proteins (Figure 1D), including IL-10, TGF-β, IL-4 and VEGF, 
which contributed to the inflammation inhibition and neovascu-
larization, under the stimulations of relevant regents or T cells. 

Figure 1: Characteristics of UCMSCs. 

A. Trilineage differentiation assays of UCMSCs detected with 
Alizarin Red staining for osteoblasts differentiation (left panel), 
Oil Red O staining for adipocytes differentiation (mid panel) 
and Alcian Blue staining for chondrogenic differentiation (right 
panel). 
B. Biomarkers determination of UCMSCs, including positive 
signal of CD44, CD90, CD105 and CD73, and negative signal 
of CD34, CD45, CD19, CD11b and HLA-DR together. 
C. Transcription of IL-10, TGF-β, IL-4 and VEGF in UCMSCs 
with the stimulation. 
D. Secretion of IL-10, TGF-β, IL-4 and VEGF from UCMSCs 
measured by ELISA assay. 

Considering that UCMSCs have potential abilities to promote 
vascular regeneration via the cytokine VEGF, we used a human 
microvascular endothelial cell line, HULEC5a, to determine 
whether our UCMSCs could normally facilitate the prolifera-
tion of microvascular endothelial cells. Firstly, the viability of 
HULEC5a cells has been detected as a trend of gradual rise 
when simulated with gradient concentrations of VEGF from 10 
to 100 ng/ml (Figure 2A). The most acceleration of the cell via-
bility appeared between the 10 ng/ml and 30 ng/ml groups, and 
slowed down from group 30 ng/ml to group 100 ng/ml (Figure 
2A). Correspondingly, the expression of VEGFR in HULEC5a 
was upregulated following the gradient stimulation of VEGF 
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(Figure 2B). Subsequently, UCMSCs and HULEC5a cells were 
co-cultured together in a trans-well system, at the ratios of 
HULEC5a cells versus UCMSCs being 1: 0 (HULEC5a cells 
cultured alone), 1: 1, 1: 3 and 1: 10. CCK-8 detecting results 
showed that the cells viability of HULEC5a was increased fol-
lowing the HULEC5a: UCMSCs ratios from 1: 0 to 1: 10 (Fig-
ure 2C). Similarly, the most acceleration of the cell viability ap-
peared between the groups 1: 1 and group 1: 3, and slowed down 

from group 1: 3 to group 1: 10 (Figure 2C). The VEGF secretion 
measured by ELISA assay showed an approximate trend to the 
CCK-8 detecting results of co-culturing cells (Figure 2D). Then 
the VEGFR expression of HULEC5a in the co-culturing system 
was also risen with the HULEC5a: UCMSCs ratios from 1: 0 to 
1: 10, and upregulated rapidly from the group 1: 1 to the group 
1: 3 (Figure 2E). 

Figure 2: Functions and mechanisms of UCMSCs promoting microvascular endothelial cell proliferation. 

A. Cell viability values of HULEC5a detected by CCK-8 assay 
at the optical density of OD = 450. 
B. VEGFR expression of HULEC5a under the gradient stimula-
tion of artificial recombinant VEGF protein. 
C. Promotion of HULEC5a cell viability when co-cultured with 
UCMSCs at different ratios. 
D. detection of VEGF secreted from UCMSCs in the co-cultur-
ing medium. 
E. VEGFR expression of HULEC5a when co-cultured with 
UCMSCs at the different ratios. 

Meanwhile, the ability of inflammatory cell suppression has 
been evaluated on UCMSCs. Commercialized peripheral blood 
mononuclear cells (PBMC) were utilized for assessing the sup-
pression of T cells proliferation when co-cultured with UCM-
SCs. The flow cytometry results with CFSE staining on PBMCs 
demonstrated that under the stimulation of Phytohaemagglutinin 
(PHA), 23.3% out of the PBMCs got into the cell division state, 
presenting as the CFSE signal reducing than its original level 
(Figure 3A). However, when co-cultured with UCMSCs, the cell 

division part of the PBMCs (CFSE signal reducing part) was de-
creased from 23.3% to 6.4% under the PHA stimulation (Figure 
3A). The isolated proliferating T cells in PBMCs were decreased 
from approximately 80% in PBMC + CFSE + PHA group to 
27% in PBMC + CFSE + PHA + UCMSC group (Figure 3B). 
Further, the differentiation of T cells to Th1 and Th17 cells in 
PBMCs was also inhibited. Th1 and Th17 cells were selected 
following the gate strategy of positive expression of CD3, neg-
ative expression of CD8, and then positive expression of IFN-γ 
(for Th1) and IL-17A (for Th17), respectively. The ratio of Th1 
cells in PBMCs rose from 15.9% to 21.9% when stimulated by 
PIB, and reduced from 21.9% to 16.4% when co-cultured with 
UCMSCs (Figure 3C). Th17 cells presented a similar trend that 
its ratio in PBMCs were 5.25%, 14.1% and 6.34% in the alone 
culturing group, PIB stimulating group and UCMSCs co-cultur-
ing group (Figure 3C). Then, compared to the groups of PBMCs 
stimulated by PIB with or without UCMSCs co-culturing, the 
transcription of cytokines, including TNF-α, IFN-γ, IL-17A and 
IL-1β, was all significantly reduced in the PBMCs and UCMSCs 
co-culturing group (Figure 3D). 

Figure 3: Functions of UCMSCs inhibiting T cells proliferation and differentiation. 
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A. Detection of T cells proliferation in PBMCs with or without 
UCMSCs co-culturing by CFSE staining. 
B. Quantified rates of proliferated T cells normalized to total T 
cells in the PBMCs. 
C. Th1 and Th17 cells ratios determination in different groups 
with biomarkers of CD3, CD8, and their specific markers IFN-
γand IL-17A. 
D. Different transcription level of TNF-α, IFN-γ, IL-17A and IL-
1β in the PBMCs with or without UCMSCs co-culturing.

In the comparison of two different corneal damage models, neo-
vascularization has been constructed by alkali-burn damage and 
mechanical damage, respectively, in the eyes of New Zealand 

rabbits. Images of alkali-burn damaged cornea demonstrated 
that the neovascularization retreated in the eyes of treatment 
group with repeatedly MSCohi-O wearing for two weeks, com-
paring to the untreated group (Figure 4A). The quantification 
results of the neovascularization area were illustrated as Figure 
4B, in which the value of MSCohi-O treated group was close 
to the control group and lower than that of untreated group. For 
mechanical damage model, neovascularization did not retreat 
obviously in MSCohi-O treated group comparing to the untreat-
ed group (Figure 4C). The quantification data have no signifi-
cant difference between MSCohi-O treated group and untreated 
group (Figure 4D). 

Figure 4: The effects of MSCohi-O lenses in corneal alkali-burn model and corneal mechanical damage model.

A. Images of corneal neovascularization of the alkali-burn mod-
el in deferent groups from day 3 to 14. 
B. Quantification data of neovascularization progression in the 
corneas of the alkali-burn model with or without the treatment 
of MSCohi-O lenses. 
C. Images of corneal neovascularization of the mechanical dam-
age model in deferent groups from day 3 to 14. 
D. Quantification data of neovascularization progression in the 
corneas of the mechanical damage model with or without the 
treatment of MSCohi-O lenses. 

To further investigate the mechanisms of MSCohi-O contribut-
ing to neovascularization in these two different models, multi-
ple relevant cytokine secretion levels were detected with ELI-
SA assay. As the result, anti-inflammation cytokines, such as 
IL-10 and TGF-β1, were increased of secretion in MSCohi-O 
treated or untreated groups of both models, but had significant 

differences between the treated and untreated groups in the al-
kali-burn model (Figure 5A). The secretion of IL-4 and VEGF 
was increased in the MSCohi-O treated or untreated groups 
of both models (Figure 5A). Interestingly, the transcription of 
VEGFR did not a dramatical present increase in the untreated 
group of alkali-burn model, comparing to the control group, but 
increased significantly in the untreated group of the mechanical 
damage model, comparing to the control group (Figure 5B). The 
MSCohi-O did not change the transcription of VEGFR directly 
in alkali-burn model but promoted its transcription in mechani-
cal damage model (Figure 5B). Moreover, the inflammatory cy-
tokines, such as IFN-γ and IL-17A, which are mostly secreted 
by Th1 and Th17 cells, respectively, had increasing transcrip-
tion levels in the untreated group of alkali-burn model but not in 
the same group of mechanical damage model, though they were 
both inhibited in the MSCohi-O treated groups of the two kinds 
of models (Figure 5C). 

Figure 5: Mechanisms of MSCohi-O regulating neovascularization in corneal alkali-burn model and corneal mechanical damage 
model. 
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A. Total secretion level of IL-10, TGF-β1, IL-4 and VEGF from 
UCMSCs and/or ocular tissues in the aqueous humor of the cor-
neal alkali-burn model and the corneal mechanical damage mod-
el, respectively. 
B. Transcription level of VEGFR in the corneal limbus tissues of 
the two kinds of models.
C. Transcription level of IFN-γ, IL-17A in the ocular tissues of 
the two kinds of models. 

Discussion
Utilizing UCMSCs to treat ocular disease has been tried in clin-
ic and labs numerous times. However, many specific problems 
were still unsolved, such as maintaining the UCMSCs in the oc-
ular location for a longer period of local treatment against ocular 
disease. Targeting this problem, we have designed a novel in-
strument, MSCohi-O lens, which combines biological materials 
and mechanical materials together, to fix the UCMSCs on ocular 
surface for handling local diseases like oGVHD, rejection of 
corneal transplantation and cornel damage healing. Our previous 
investigation demonstrated a promising result that MSCohi-O 
lens successfully inhibited the inflammation and provided corne-
al healing promotion on ocular surface [12]. A notable emerging 
issue is that it is unclear whether UCMSCs inhibit or promote 
the formation of ocular surface neovascularization. Since neo-
vascularization is caused by locally induced hypoxia triggered 
by inflammation, inhibiting its occurrence should be achievable 
by suppressing ocular inflammation [17, 18]. On the other hand, 
neovascularization was regulated by the VEGF signal pathway, 
so that it could also be promoted by the cytokine VEGF, which 
is secreted by UCMSCs [13-15]. 

Based on this, we started an investigation of the rationale of 
UCMSCs regulating neovascularization. In advance, we inde-
pendently measured the ability of UCMSCs on accelerating 
microvascular endothelial cell proliferation and suppressing in-
flammatory cell activation, including cell division and cytokine 
secretion, through in vitro experiments, and confirmed that the 
UCMSCs exercised these functions normally (Figure 2 and 3). 
In the UCMSCs and HULEC5a cells co-culturing system, we 
noticed that the acceleration of HULEC5a cell proliferation fa-
cilitated by UCMSCs via VEGF was not limitless, despite of 
the UCMSCs secreting VEGF constantly (Figure 2A, 2C and 
2D). Therefore, we hypothesized that there should be a dynamic 
balance or homeostasis between inflammation and vascular re-
generation.  

Accordingly, two distinct animal models were established to 
analyze the functional differences of MSCohi-O: an alkali burn 
model (the inflammation-relevant symptoms were the main 
phenotypes, including hypoxic neovascularization) and the me-
chanical injury model (the major kind of neovascularization was 
VEGF induced tissular capillary regeneration). As the result, 
MSCohi-O showed different rescuing efficacy in the two kinds 

of in vivo experiments, in which the ocular neovascularization 
was indeed inhibited the alkali-burn model but had no signifi-
cant reducing in the mechanical damage model (figure 4). This 
result confirmed our hypothesis that the MSCohi-O inhibiting 
the neovascularization was mainly through the suppression of 
ocular inflammation rather than straightly downregulating the 
VEGF signal pathway. 

From the results of total secretion level of anti-inflammation fac-
tors, such as IL-10, TGF-β1, IL-4 and VEGF, from UCMSCs 
and/or ocular tissues in the aqueous humor of the two models, 
we found that the MSCohi-O treated group had an obviously 
higher concentration of the proteins in the alkali-burn model, 
which indicated that the UCMSCs might be more activated un-
der the inflammatory conditions (Figure 5). Further, combining 
Fig.5A and 5B, the molecular experiments revealed that VEGFR 
expression had been restrained in the inflammatory microenvi-
ronment in the alkali-burn model (Figure 5B), and the inflam-
matory cytokines, IFN-γ and IL-17A, were increased in tran-
scription by the successful modeling (Figure 5C), which made 
the MSCohi-O amplified its functions of inflammation inhibi-
tion and weakened its promotion of neovascularization in the 
alkali-burn model, so that the neovascularization phenotype was 
reduced overall (Figure 4B and 6). 

On the contrary, in the mechanical damage model, the effect of 
up-regulating VEGFR transcription is more effective than that of 
inflammatory factors (Figure 5B and 5C), which brought a com-
petition of VEGF induced neovascularization against the hypox-
ia induced neovascularization (Figure 5B and 5C), and presented 
a not obvious differences of neovascularization between MSCo-
hi-O treated group and untreated group (Figure 4B and 6). 

Based on the data above, we found an interesting point that some 
bypass signaling pathways associated with inflammation were 
preferentially activated, such as the IL-17 signaling pathway or 
hypoxia-related mechanisms, which induced neovascularization 
bypassing the VEGF–VEGFR axis in the alkali-burn model [17-
19]. 

Therefore, the VEGFR transcription level was not obvious-
ly up-regulated in untreated group compared with the control 
group (Figure 5B, upper panel). In contrast, in the mechanical 
injury model, the VEGF–VEGFR axis-related regeneration sig-
naling became the main mechanism, whereby the VEGFR tran-
scription level was significantly up-regulated in untreated group 
compared with the control group (Figure 5B, lower panel). On 
the other hand, MSCohi-O affected both axes (the inflammatory 
bypass signaling pathway and the VEGFR-related regeneration 
pathway) of neovascularization. Hence, whether neovascular-
ization could be inhibited depends on the dominant mechanism 
driving the process (Figure 6).
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Figure 6: The mechanism diagram reveals that MSCohi-O is different in the alkali burn model and the corneal mechanical injury 
model by regulatory inflammatory-associated signaling pathway and the VEGF pathway to influence ocular neovascularization.

Altogether, these data explained the rationale of MSCohi-O lens 
or USMSCs treating ocular disease, and indicated that the po-
tential efficacy of MSCohi-O lens applied to the inflammation 
relevant ocular disease such as oGVHD, dry-eye and corneal 
transplanting rejection. Our study provided clear mechanism in-
formation of the MSCohi-O lens regulating neovascularization, 
contributing to the knowledge of USMSCs therapy in clinic in 
the future.
 
Methods and Materials 
UCMSC Source 
UCMSCs were sourced from the UCMSC cell bank constructed 
in the lab of Guangdong Procapzoom Biosciences, Inc., which 
is under compliance with ICH Q5D, USP, and ISO24603 guide-
lines, and used in our previous study functionality [12]. The 
UCMSC cell bank contains primary (PCB), master (MCB), and 
working (WCB) cell banks, which isolate and generate UCM-
SC from umbilical cord tissues based on the standardized proto-
cols and procurement, and meeting predefined specifications for 
identity, viability, and functionality.
 
Trilineage Differentiation
Following the ISCT recommendations, the potential of UCM-
SCs differentiation was evaluated by osteogenic, chondrogenic 
and adipogenic differentiation assay with the trilineage differen-
tiation kit (CHEM2000, Qimeng Biotec, China). For osteogenic 
differentiation assay, UCMSCs were cultured in a 6-well plate 
with osteogenic medium containing differentiation-inducing re-
agents of the kit for 21 days, and then fixed, rinsed and visual-
ized with alizarin red staining [20]. 

For chondrogenic differentiation assay, UCMSCs were cultured 
as cell spheres in a suspension culture flask (4115-2800, Thermo 
Scientific, USA), being cultured for 3 days in normal medium 
followed by 21 days in chondrogenic medium. Then the differ-
entiated cell clusters were processed and visualized with alcian 
blue staining. For adipogenic differentiation assay, UCMSCs 
were cultured in adipogenic medium with stimulating reagents 
of the kit for 21 days and visualized by alizarin red staining. 

Analysis of UCMSCs Promoting Microvascular Endothelial 
Cells
The microvascular endothelial cell line HULEC5a (SAIOS Bio-

tech, China) were seeded in the lower chambers of the co-cultur-
ing trans-well system (3412, Corning, USA) at a concentration 
of 1×10⁵ cells per well, while UCMSCs were loaded into the 
upper chambers at the gradient concentrations, 1×10⁵, 3×10⁵ 
and 1×106 cells in each well, in different co-culturing groups, 
in which the ratio of HULEC5a: UCMSC being 1: 1, 1: 3 and 
1: 10. After co-culturing for 48 hours, the upper chambers with 
UCMSCs were removed. HULEC5a cells in lower chambers 
were remained and detected the cell viability with CCK-8 assay 
kit (E606335, Sangon Biotech, China) following the procedure 
of manufacturer’s datasheet. The expression level of VEGFR, 
which was collected from the cells in a parallel experiment, was 
measured by Western Blot assay with anti-VEGFR antibody 
(251747, ABBIOTEC, USA). The medium in the co-culturing 
process was collected and used for detection of the cytokine, 
VEGF, with an ELISA kit (ab119566, Abcam, USA).
 
Analysis of UCMSCs Inhibiting T Cells
Commercialized primary T cells (Chemicalbook, China) were 
seeded in the lower chambers of the co-culturing trans-well sys-
tem at a concentration of 1×106 cells per well, and UCMSCs 
were loaded into the upper chambers at a concentration of 2×10⁵ 
cells per well as the experimental group. T cells being cultured 
alone served as the control group. For T cell proliferation as-
say, the T cells were stimulated by Phytohemagglutinin (PHA, 
A428154, Sangon Biotech, China) during the co-culture period 
(96 hours), and then measured by flow cytometry with the CFSE 
(BB-4211, Bestbio, China) staining. For the differentiation of T 
cells to Th1 and Th17 cells, leukocyte activation cocktail was 
used as the stimulator in the co-culture medium for 5 hours, and 
the co-culture period was continued for 48 hours [21]. 

Subsequently, the ratio of Th1 and Th17 cells in the system was 
detected by flow cytometry with their corresponding biomarkers. 
For factor secretion assay of T cells, phorbol ester (10 μg/mL), 
brefeldin A (4 mg/mL), and ionomycin (1 mg/mL) were added in 
the co-culture medium for 5 hours to induce T cells secreting cy-
tokines. The co-culture period was continued for 48 hours, and 
the medium was collected for detecting the factors, including 
IL-1β, TNF-α, IFN-γ and IL-17A, with the corresponding ELI-
SA kit (ab217608, ab309419, ab264610 and ab216167, Abcam, 
USA). 
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MSCohi-O Lens Preparation
The performance of MSCohi-O lens preparation was followed 
the procedure of our previous study [12]. Briefly, UCMSCs were 
seeded onto the high oxygen permeability type silicone hydrogel 
lens, which blended and constructed as previously described, at 
a concentration of 2×10⁵ cells per lens, and cultured in complete 
medium overnight to adhering on the lens tightly [12]. Before 
use, the lenses were transferred into 2 mL injectable Sodium 
Lactate Ringer's Solution for temporary storage. Then, the lens-
es were washed twice with saline and applied to the in vivo ex-
periments. 

Corneal Alkali-Burn Model
New Zealand rabbits were used as the animal model of corneal 
alkali-burn, in which both eyes were touched with filter paper 
containing sodium hydroxide for 30 seconds, and washed with 
saline for cleaning out the residual sodium hydroxide. The rab-
bit eyes touched with saline served as the control group. Sub-
sequently, the rabbits managed with corneal alkali-burn were 
randomly divided into 2 groups: The one group being treated 
with anti-infective eye drops but without wearing of MSCo-
hi-O lenses (untreated group), and the other group being treated 
with anti-infective eye drops and wearing of MSCohi-O lenses 
(MSCohi-O group). The lenses were refreshed every 3 days or 4 
days, and the phenotypes of the eyes were recorded at the days 
3, 7, 10, till 14, respectively. 

Corneal Mechanical Damage Model
For the corneal mechanical damage model construction, eyes of 
New Zealand rabbits in experimental group were pierced with 
10-0 nylon, according to the published research [22]. Briefly, 
3 lines of 10-0 nylon were sutured into the cornea of each eye 
after the anesthesia of New Zealand rabbits. The suturing points 
were close to the edge of the cornea, for stimulating the heal-
ing capillary neovascularization. Anti-infective eye drops were 
used to prevent infection of the eyes. Then, rabbits without the 
corneal mechanical damage surgery severed as control group, 
rabbits being mechanically damaged on corneas but not wearing 
MSCohi-O lenses were divided as untreated group, and rabbits 
being mechanically damaged on corneas and concurrently wear-
ing MSCohi-O lenses were divided as MSCohi-O group. The 
lenses were refreshed every 3 days or 4 days, and the phenotypes 
of the eyes were recorded at the day 3, 7, 10, till 14, respectively. 

Statistical Analysis
Data being statistically analyzed in the software GraphPad Prism 
(version 8.0, https://www.graphpad.com) was followed the rules 
of Student’s t-test, one-way ANOVA, or two-way ANOVA meth-
od in inter-group comparison. Results were calculated as mean ± 
SD and expressed as *, p < 0.05, followed, **, p < 0.01, ***, p 
< 0.001, which being considered significant. 
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