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Abstract
We derived corneal endothelial cell substitute (CECSi) cells from induced pluripotent stem cells (iPSCs) to 

treat corneal edema caused by endothelial dysfunction (bullous keratopathy) and developed an effective xeno-free 
protocol to produce CECSi cells from both clinical grade and research grade iPSCs in order to offer regenerative 
therapy to CECSi cells framed a hexagonal blended monolayer with Na, K-ATPase alpha 1 subunit articulation, 
tight intersections, N-cadherin adherence intersection development, and atomic PITX2 articulation, which are 
qualities of corneal endothelial cells. CECSi cells can be cryopreserved, and defrosted CECSi cell suspensions 
likewise communicated N-cadherin and ATP1A1. In CECSi cells derived from QHJI01s04, the percentage of residual 
undifferentiated iPSCs was less than 0.01%. Frozen supplies of Ff-I01s04-and QHJI01s04-determined CECSi cells 
were moved, defrosted and relocated into a monkey corneal edema model. Compared to the control group, corneal 
edema was significantly reduced in CECSi-transplanted eyes. A promising strategy for providing bullous keratopathy 
patients with an iPS-cell-based cell therapy to regain useful vision is demonstrated by our findings.
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Introduction 
Regenerative cell therapy, in which cultivated cells are used to treat 

diseases that have traditionally required the transplantation of donor 
organs, may soon become the new standard. According to a recent 
review, there are currently 636 global clinical trials involving gene-
modified cellular therapy (418) and cellular therapy (218). Tissue stem 
cells and pluripotent stem cells [1], such as embryonic stem cells (ESCs) 
and induced pluripotent stem cells (iPSCs), are among the sources of 
cells under investigation. The majority of currently ongoing clinical trials 
are focusing on conditions that are currently untreatable due to safety 
concerns like the possibility of tumorigenesis by pluripotent stem cells. 
Compassionate use of potentially hazardous cell therapy may be more 
beneficial than risky for patients whose current prognosis is very poor. 
Cell treatment will likewise positively assume a part in accommodating 
patients without admittance to contributor organs to treat in any case 
reparable illness. For instance [2], approximately 12.7 million people 
in 134 countries were awaiting transplantation according to a global 
survey of corneal transplantation and eye banking conducted between 
2012 and 2013. However, only 185 thousand corneal transplants were 
carried out in 116 nations over the same time frame. About half of all 
cases of corneal endothelial dysfunction-caused bullous keratopathy 
call for transplantation. The amount of fluid in the stroma is controlled 
by corneal endothelial cells, and bullous keratopathy is characterized 
by fluid accumulation and edema. The corneal stroma of bullous 
keratopathy also contains abnormal accumulation of extracellular 
matrix, such as Tenascin-C. Since human corneal endothelial cells 
(HCEC) have a restricted proliferative limit, irreversible harm to the 
corneal endothelium will prompt visual impairment [3].

Method
Because the corneal endothelium consists of a single layer of 

hexagonal cells arranged in a mosaic pattern over a basement membrane 
(Descemet’s membrane) covering the posterior surface of the cornea, 
cell injection therapy can be used to treat corneal endothelial disease 
[4]. The sodium and potassium dependent ATPase (Na, K-ATPase) 
is primarily responsible for the pump function of the corneal 
endothelium, and tight junctions between endothelial cells regulate 
the movement of aqueous humor across the corneal endothelium into 

the stroma (barrier function). Bullous keratopathy is characterized by 
reduced transparency as a result of disruption of the collagen lamellae 
[5]. Recent advancements in in vitro culture of HCEC have made it 
possible for multiple passages and expansion without compromising 
phenotype or function. The application of cultured corneal endothelial 
cells and Rho-associated, coiled-coil containing protein kinase 
inhibitors in cell injection therapy into the anterior chamber. This 
study by Kinoshita and colleagues is the first proof-of-concept for using 
cell suspension therapy to treat bullous keratopathy. However, donor 
corneas still determine the quantity and quality of cultured endothelial 
cells [6], and it would be ideal to use a cell source other than donor 
tissue. A few techniques to create corneal endothelial-like cells from 
ESCs or iPSCs have been accounted for these conventions require a bit 
by bit convention to restate the formative cycle with brain peak cells 
(NCCs) as intermediates, which might represent a drawback for large 
scale manufacturing [7].

Result
Thus we report a unique convention to create corneal endothelial-

like cells straightforwardly from iPSCs by discarding NCC separation. 
N-cadherin and PITX2 are two examples of the characteristic molecules 
found in corneal endothelial cells that are expressed by these cells. Since 
a flat out marker for corneal endothelial cells is yet to be found, we 
named these cells Corneal Endothelial Cell Substitute cells from iPSCs 
(CECSi cells) in light of morphology and capability [8]. The efficacy of 
cell injection therapy in a model of monkey corneal edema demonstrates 
that CECSi cells can also be transported, thawed, and cryopreserved. 
Cornea Gen (Seattle, WA) supplied the research with human donor 
corneal buttons. Three distinct donors HCEC were collected as a single 
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sample [9], and the RNeasy kit (Qiagen, Valencia, CA) was used to 
extract total RNA from the cells because the amount of total RNA 
from a single donor cornea is limited. For the purpose of analysis, three 
distinct samples of corneal endothelial RNA were prepared. There 
were a total of nine donor eyes, with 5 male and 4 female donors, a 
mean donor age of 62.8  4.8, and a mean donor corneal endothelial 
cell density of 2734.0  382.0 cells/mm2. Cells on culture dishes, 6-well 
culture plates, or monkey corneal buttons in 24-well plates were fixed 
at room temperature for 10 min in 4% paraformaldehyde (PFA) 
in phosphate-cushioned saline (PBS) [10]. To prevent nonspecific 
binding, samples were incubated for 30 minutes at room temperature 
in 10% normal donkey serum following two washes with PBS [11]. 
Then, examples were hatched for an hour at room temperature with 
the showed essential antibodies and washed twice with PBS. After that, 
the cells were washed twice in the dark and incubated for one hour with 
the designated secondary antibodies. Using B4G12 cells as a positive 
control, the immunostaining conditions for tight junction protein-1, 
Na, K-ATPase alpha-1 subunit (ATP1A1), N-cadherin, transcription 
factor PITX2, and DAPI were determined [12].

Discussion 
The true value of regenerative cell therapy lies in its capacity to 

supply numerous patients worldwide with safe and effective cells. 
The latest thing is to treat illnesses that are generally uncurable. 
The application of the technology to patients with limited access to 
surgical care would be the next logical step. To this end, we created 
a cell product that can be transplanted at a low cost to treat patients 
with bullous keratopathy who do not have access to donor tissue. 
CECSi cells that can be cryopreserved, transported as frozen stocks, 
and transplanted upon thawing are made possible by our method. 
Whenever demonstrated powerful, cell treatment for corneal sickness 
might supplant contributor transplantation because of benefits in 
quality control and wellbeing. Post-operative infections caused 
by pathogens derived from donors are not uncommon in cornea 
transplant patients. At 24, 48, and 72 hours, our in vitro findings 
demonstrate that mitochondria transplantation alone has no effect on 
cell viability in DU145, PC3, or SKOV3 cancer cells. However, when 
combined with low-dose cisplatin, docetaxel, or paclitaxel treatment, 
mitochondria transplantation significantly reduced cell viability in 
DU145, PC3, and SKOV3 cancer cells. This decrease in cell viability 
was comparable to that caused by paclitaxel, docetaxel, or high-dose 
cisplatin treatment alone.

Annexin V binding confirmed these outcomes, demonstrating 
that DU145, PC3, and SKOV3 cancer cells treated with mitochondrial 
transplantation alone exhibited no change in either early or late 
apoptosis. Importantly, we demonstrate that DU145, PC3, and SKOV3 
cancer cell lines benefit significantly from low-dose chemotherapy 
and mitochondrial transplantation. The primary manifestation of 
this rise was enhanced early apoptosis. To additional outline the 
impact of mitochondrial transplantation on apoptosis, we researched 
apoptotic protein tweak of AKT, Terrible, Bcl-2, dynamic caspase-8, 
dynamic caspase-9, p53, pJNK, and caspase-3. These proteins have 
been demonstrated to be personally connected to apoptosis acceptance 
and execution. AKT is activated by Ser-473 phosphorylation, and 
previous research has shown that increased Ser473p-AKT protein 
levels are associated with increased proliferation in cervical carcinoma. 
On the other hand, decreased Ser473p-AKT expression is associated 
with clinically high levels in in vitro and in vivo conditions in cancer 

cells from patients with ovarian, endometrioid, and primary peritoneal 
cancer, and dysfunction in the Bad-related apoptosis pathway affects 
carcino

Conclusion
As a result, an increase in undesirable cell populations may result 

from excessive neural crest differentiation. Tragically, there are no 
dependable markers answered to date for distinguishing corneal 
endothelial cells by immunohistochemistry or stream cytometry. 
However, CECSi cells consistently displayed characteristics similar to 
those of corneal endothelial cells, particularly when an immunostaining 
N-cadherin/PITX2 double-positive cell was used to count them semi-
quantitatively. Our CECSi-creation process is basic and might be more 
plausible for assembling a homogeneous cell populace contrasted with 
a bit by bit formative interaction through intermediates. Our research 
is the first of its kind to examine the efficacy of transplanted cells using 
human cells. However, the host’s xenograft response makes long-term 
observation challenging. Regardless of the way that the front office of 
the eye is a resistant favoured site, we encountered immunological 
dismissal even with the utilization of effective immunosuppressant 
and foundational cortico-steroids. Under these conditions, we believe 
that the current data demonstrate that CECSi cell transplantation is 
effective in reducing corneal edema.
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