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Abstract

Introduction: The corneal healing process is complex
and induces the formation of fibrosis, which is one of
the main causes of blindness worldwide. An important
therapeutic tool for treating scarred corneas includes
those based on exosomes and microRNAs. Protecting
and regenerating human corneal endothelial cells
(hCECs) should be the main therapeutic goal for
corneal endothelial diseases. Objective: It was to
carry out a concise systematic review to present the
main considerations and clinical outcomes of corneal
regeneration processes through advanced and
nutrological therapy with exosomes and microRNAs.
Methods: The PRISMA Platform systematic review
rules were followed. The search was carried out from
August to September 2025 in the Scopus, PubMed,
Science Direct, Scielo, and Google Scholar databases.
The quality of the studies was based on the GRADE
instrument and the risk of bias was analyzed according
to the Cochrane instrument. Results and
Conclusion: A total of 124 articles were recruited for
the initial evaluation, and 44 articles were evaluated
and 18 were included in the results of the present
systematic review. Considering the Cochrane tool for
risk of bias, the overall assessment resulted in 16
studies with a high risk of bias and 32 studies that did
not meet GRADE. Most studies showed homogeneity in
their results, with X?=87.2%>50%. It was concluded
that exosomes are membrane-bound vesicles released
by cells, especially mesenchymal stem cells, into their
extracellular space, pointing out a new therapeutic
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approach to cell-based therapy for the treatment of
corneal scars. Exosomes can deliver antifibrotic
proteins and miRNAs from stem cells to the ocular
surface to modulate the healing cornea's therapeutic
signaling pathway. Exosomes appear to be more
effective in preventing neutrophil infiltration, reducing
the expression of fibrotic markers, and restoring
corneal morphology. Corneal stromal stem cells treated
with exosomes isolated from adipose tissue-derived
stem cells showed optimal proliferation, reduced
apoptosis, increased aldehyde dehydrogenase 1
(ALDH1), decreased expression of MMP1, MMP3, and
MMP9 and increased collagen I, II, III, IV, and V
expression compared to untreated corneal stromal
cells.

Keywords: Cornea. Regenerative
Endothelial cells. Corneal Stroma. Exosomes.

processes.

Introduction

The corneal healing process is complex and
induces the formation of fibrosis, which is one of the
leading causes of blindness worldwide. The ocular
scarring process disrupts the highly organized fibrillar
arrangement of collagen in the corneal stroma, making
it opaque. The process of recovering this organized
arrangement of the extracellular matrix of the stromal
layer to restore corneal transparency is complex [1,2].

In this respect, the surface retention capacity of
ocular medications is weak, and there is a large gap
between suitable corneal donors and clinical
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requirements. Therefore, a more efficient way to treat
corneal scarring is needed. An important therapeutic
tool for the treatment of scarred corneas includes
those based on exosomes and microRNAs [1]. Human
corneal endothelial cells (hCECs) do not regenerate,
and their excessive loss results in corneal
decompensation, which requires corneal
transplantation [2]. Thus, protecting and regenerating
hCECs should be the main therapeutic goal for
endothelial corneal diseases [3]. The pathogenesis of
hCECs includes oxidative stress, endoplasmic reticulum
stress, and RNA toxicity [4,5]. A potential therapeutic
strategy could be to inhibit senescence, because cell
cycle arrest in the GO/G1 phase, observed in hCECs,
resembles senescence [6,7].

For this purpose, mesenchymal stem cells (MSCs)
are stromal cells capable of self-renewal and
multilineage differentiation [8]. The
immunomodulatory and regenerative effects of MSCs
are mediated by their paracrine, endocrine, and
autocrine activity [9]. MSCs secrete biologically active
molecules, including microRNAs, cytokines, and growth
factors such as interleukin (IL)-1, IL-10, tumor necrosis
factor-stimulated gene 6 (TSG-6), fibroblast growth
factor (FGF), and platelet-derived growth factor
(PDGF), which activate multiple signal transduction
pathways. These pathways include phosphoinositide 3-
kinase  (PI3K)/Akt, Janus kinase (JAK)/signal
transducer, and mitogen-activated protein kinase
transcription activator, which promote survival,
proliferation, anti-apoptosis, and extracellular matrix
remodeling [9-11].

In summary, exosomes are cell-derived vesicles
present in many biological fluids that are supposedly
involved in the paracrine effect of MSCs and cell-cell
communication [12]. In particular, adipose-derived
mesenchymal stem cells (ADSCs) secrete cytokines,
growth factors, proteins, and extracellular vesicles and
have great potential for tissue regeneration [13,14].
ADSC-derived exosomes containing lipids, microRNAs
(miRNAs), DNA, and heat shock proteins can alleviate
ischemic injury and regenerate tissues and organs by
modulating inflammation, senescence, and oxidative
stress [15]. TGF-B or oxidative stress has been found
to induce senescence that inhibits hCEC regeneration.
Furthermore, evidence is emerging that ADSC-derived
exosomes promote hCEC regeneration by inhibiting
TGF-B/oxidative stress-induced senescence.

Therefore, the present study conducted a concise
systematic review to present the main considerations
and clinical outcomes of corneal regeneration
processes through advanced and nutrological therapy
with exosomes and microRNAs.
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Methods

Study Design

This study followed an international model for
systematic review, adhering to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines. Available at: http://www.prisma-
statement.org/?AspxAutoDetectCookieSupport=1.
Accessed on: September 9, 2025. The methodological
quality standards of AMSTAR-2 (Assessing the
methodological quality of systematic reviews) were
also followed. Available at: https://amstar.ca/.
Accessed on: September 9, 2025.

Research Strategy and Sources

The literature search process was conducted from
August to September 2025 and developed using
Scopus, PubMed, Science Direct, SciELO, and Google
Scholar, encompassing scientific articles from various
periods to the present day. The following descriptors
were used (DeCS/MeSH Terms): “Cornea.
Regenerative processes. Endothelial cells. Corneal
Stroma. Exosomes”, and using the Boolean operator
“and” between MeSH terms and “or” between historical
findings.

Study Quality and Risk of Bias

Quality was classified as high, moderate, low, or
very low regarding the risk of bias, clarity of
comparisons, precision, and consistency of analyses.
The most evident highlight was for systematic review
articles or meta-analyses of randomized clinical trials,
followed by randomized clinical trials. Low-quality
evidence was attributed to case reports, editorials, and
brief communications, according to the GRADE
instrument. The risk of bias was analyzed according to
the Cochrane instrument through the analysis of the
Funnel Plot (Sample size versus Effect size), using
Cohen's d test.

Results and Discussion
Summary of Findings

As a corollary to the literature search system, a
total of 124 articles were found, which were submitted
to eligibility analysis, and subsequently, 18 of the 44
final studies were selected to compose the results of
this systematic review. The listed studies presented
medium to high quality (Figure 1), considering in the
first instance the level of scientific evidence of studies
in study types such as meta-analysis, consensus,
randomized clinical, prospective, and observational.
Biases did not compromise the scientific basis of the
studies. According to the GRADE instrument, most
studies showed homogeneity in their results, with
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X?=87.2%>50%. Considering the Cochrane tool for
risk of bias, the overall assessment resulted in 16
studies with a high risk of bias and 32 studies that did
not meet the GRADE criteria.

PubMed
(n =99)

Other databases (n = 25)

o Total=124
o Findings after removing duplicate Articles (n=92)

Excluded articles (did
— | not meet GRADE and

Articles reviewed

(n=92)
AMSTAR-2) (n=32)
Articles selected Excluded articles
(n=60) — (High risk of Bias)
(n=16)
Excluded articles

Qualitative analysis
(n=44) ——»| (did not meet the

objective) (n=26)

In systematic review (n=18)

Figure 1. Flowchart showing the article selection
process. Source: Own Authorship.

Figure 2 presents the results of the risk of bias of
the studies using the Funnel Plot, showing the
calculation of the Effect Size (Magnitude of the
difference) using Cohen's d test. Precision (sample
size) was determined indirectly by the inverse of the
standard error (1/Standard Error). This graph showed
a symmetrical behavior, not suggesting a significant
risk of bias, both between studies with small sample
sizes (lower precision) shown at the bottom of the
graph and in studies with large sample sizes shown at
the top.

Ideal effect

1/standard error
(<)}

Symmetrical Studies ®

- Stud
o & S .
:No Bias ®
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Effect Size

Figure 2. The symmetrical funnel plot does not suggest
a risk of bias among the small sample size studies
shown at the bottom of the graph. Studies with high
confidence and high recommendation are shown above
the graph (n=18 studies). Source: Own authorship.
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Major Scientific Approaches and Clinical Evidence

After recruiting and analyzing the literature results
on corneal regenerative processes, it was shown that
exosomes are membrane-bound vesicles released by
cells into their extracellular space, pointing to a new
therapeutic approach in relation to cell-based therapy
for the treatment of corneal scars [16]. Most stem
cell-based therapies face several challenges, such as
immunogenicity, high  production cost, ethical
concerns, stability, and survival. However, exosomes
have less stringent regulatory and safety requirements
than other stem cell-based therapies.

Exosomes act as biological vehicles that deliver
cargo from stem cells to target cells. Exosomes are
internalized by target cells by receptor-mediated
endocytosis or by simple membrane fusion. Upon
reaching the cytoplasm of the target cell, exosomes
release their contents, activating various signaling
cascades [17]. Exosomes can be isolated from stem
cells using simple techniques such as
ultracentrifugation,  ultrafiltration, size  exclusion
chromatography, and immunity capture. These vesicles
can deliver antifibrotic proteins and miRNAs from stem
cells to the ocular surface to modulate therapeutic
signaling cascades in the healed cornea.

In this scenario, an increase in the concentration
of chemokines and cytokines at the site of injury is the
hallmark of wound healing. Interleukin 8 (IL-8), a pro-
inflammatory cytokine, binds to glycosaminoglycans
(GAGS). In this GAG-bound form, IL-8 interacts with
the CXC motif chemokine receptor 1 (CXCR1) and
CXCR2 of neutrophils that infiltrate the site of injury,
leading to oligomerization and a hydrostatic gradient.
This hydrostatic gradient directs neutrophil migration
to the injured area and seeds the corneal fibrosis
process [18]. Corneal stromal stem cells (CSSCs)
express tumor necrosis factor (TNF)-stimulated gene 6
(TSG-6), a hyaluronan-binding protein, during
inflammation [19].

This 35 kDa protein interacts with IL-8 through its
binding module domain and disrupts IL-8 and GAG
binding, preventing neutrophil migration [20,21].
Shojaati et al. [22] isolated extracellular vesicles (EVs)
from CSSCs, mixed them with fibrin gel, and
administered the EV-fibrin gel to the surface of an eye
with corneal debridement. After 2 weeks of
debridement, the EV-treated cornea showed small
corneal scars compared to CSSC-treated and untreated
controls. EVs were more effective in preventing
neutrophil infiltration, reducing the expression of
fibrotic markers, and restoring corneal morphology.

Cultured CSSCs treated with exosomes isolated
from adipose-derived stem cells (ADSCs) showed
optimal proliferation, reduced apoptosis, increased
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aldehyde dehydrogenase 1 (ALDH1), decreased
expression of MMP1, MMP3, and MMP9, and increased
collagen I, II, III, IV, and V expression compared to
untreated CSSCs [23]. Therefore, ADSC-derived
exosomes can revive the plasticity of transformed
corneal keratocytes or stromal cells, increasing
keratocyte marker expression and corneal stromal
layer production.

The therapeutic effects of ADSCs and ADSC-
derived exosomes can be attributed to microRNA-19a,
which binds to the 3’UTR of homeodomain-containing
serine/threonine kinase 2 (HIPK2). MicroRNA-19a post-
transcriptionally suppresses homeodomain-interacting
protein kinase 2 (HIPK2), preventing activation of the
Jun N-terminal kinase (INK) pathway and fibrosis
[24]. Corneal keratocytes, when co-cultured with
ADSC-derived exosomes, reduce the expression of
HIPK2, phosphorylated SMAD3, and p53, preventing
the transformation of keratocytes into myofibroblasts
and apoptosis of nearby damaged cells. This condition
was reversed by lentivirus-mediated = HIPK2
overexpression in keratocytes, confirming the role of
miRNA-19a in corneal scar healing [25].

In one study, human corneal epithelial cells
(hCEs) were treated with recombinant thrombospondin
1 (TSP1) to evaluate the efficacy of corneal epithelium-
derived exosomes in corneal wound healing. They
were subjected to the same hypoxic stress found in
corneal wound healing. Exosomes with TSP-1 as cargo
protein decrease paraptosis (apoptosis caused by
hypoxic conditions) [26]. EVs derived from human
placental mesenchymal stem cells were used to treat
alkali-burned mouse corneas. EVs decreased vascular
endothelial growth factor (VEGF) expression after 48
hours, and corneal restoration was observed 14 days
after treatment. hCEs treated with EVs showed a
reduction in the expression of profibrotic genes (IL-10,
IL-1B, TNF-a, and NF-kf) and the apoptosis gene cas8,
revealing their anti-inflammatory and anti-apoptotic
potential [27-29].

A study developed by the authors Ryu et al.
(2023) [30] investigated whether exosomes derived
from adipose-derived stem cells (Adipose-Derived Stem
Cells - ADSCs) could protect and regenerate human
corneal endothelial cells hCECs. Cell viability and cell
cycle analyses were performed to evaluate the effect
of ADSC-derived exosomes on the regenerative
capacity of cultured hCECs. Transforming growth factor
B (TGF-B) and hydrogen peroxide (H202) were used to
induce biological stress in hCECs. The effect of ADSC-
derived exosomes on hCECs was investigated in vivo.
ADSC-derived exosomes induced hCEC proliferation
and suppressed oxidative stress and senescence
induced by TGF-B or H20.. ADSC-derived exosomes
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protect hCECs against TGF-B or H202-induced
endothelial-mesenchymal transition and mitophagy.

The authors Shojaati et al. (2019) [22]
investigated the hypothesis that tissue regeneration by
CSSCs is mediated by secreted extracellular vesicles
(EVs). CSSC produced EVs of 130-150 nm in diameter
with surface proteins that include CD63, CD81, and
CD9. EVs from CSSCs reduced visual scarring in murine
corneal wounds as effectively as living cells, but EVs
from human embryonic kidney (HEK) 293T cells lacked
regenerative properties. Wound treatment with EVs
decreased the expression of the fibrotic genes Col3al
and Acta2, blocked neutrophil infiltration, and restored
normal tissue morphology. CSSC EVs labeled with
carboxyfluorescein succinimidyl ester dye rapidly fused
with cultured corneal epithelial and stromal cells,
transferring microRNA (miRNA) to the target cells.
Elimination of mRNA for Alix, a component of the
endosomal sorting complex required for transport,
using siRNA, resulted in an 85% reduction of miRNA in
secreted EVs. EVs with reduced miRNA were ineffective
in blocking corneal scarring.

CSSCs with reduced Alix expression also lost their
regenerative function, suggesting EVs as a mandatory
component in miRNA delivery. The results of these
studies support an essential role for extracellular
vesicles in the process by which CSSC cells block
scarring and initiate regeneration of transparent
corneal tissue after injury. Corneal damage forms scar
tissue and manifests as permanent corneal opacity,
which is the leading cause of visual impairment due to
corneal diseases. To treat these diseases, authors
developed a novel approach based on exosomes
derived from induced pluripotent stem cells (iPSC-
MSCs) combined with a thermosensitive hydrogel,
which reduces scar formation and accelerates the
healing process. It was found that sustained-release
iPSC-MSC exosomes from chitosan-based
thermosensitive  hydrogels (CHI hydrogel) can
effectively promote the repair of damaged corneal
epithelium and stromal layer by negatively regulating
the expression of mMRNA encoding the three most
enriched collagens (type I alpha 1 collagen, type V
alpha 1 collagen, and type V alpha 2 collagen) in the
corneal stroma and reducing scar formation in vivo.
Furthermore, iPSC-MSCs secrete exosomes containing
miR-432-5p, which suppresses translocation-associated
membrane protein 2 (TRAM2), a vital modulator of
collagen biosynthesis in corneal stromal stem cells to
prevent extracellular matrix deposition [31].

Finally, exosomes derived from ADSCs have been
shown to improve senescence both in vitro and in vivo
by improving mitochondrial function and inhibiting
autophagy. Depolarization of the mitochondrial

Page 4 of 7




ABRANS)
International Journal of Nutrology, Sao Paulo, Vol 18, Iss 4, e25413,2025 soomgiosustes
membrane potential indicates mitochondrial Conflict of Interest

dysfunction, also observed in premature cell death The authors declare no conflict of interest.

[32]. Mitochondria play a crucial role in the survival

and function of hCECs, which require a significant Similarity Check

amount of energy to maintain corneal stromal
dehydration. In addition, exosomes derived from
ADSCs can inhibit autophagy, contributing to the
regeneration of hCECs [33].

It was applied by Ithenticate®.

Application of Artificial Intelligence (AI)
Not applicable.

Conclusion

It was concluded that exosomes are membrane-
bound vesicles released by cells, especially It was performed.
mesenchymal stem cells, into their extracellular space,
pointing to a new therapeutic approach in relation to ~ About The License®©
cell-based therapy for the treatment of corneal scars. The author(s) 2025. The text of this article is open
Exosomes can deliver antifibrotic proteins and miRNAs access  and licensed under a Creative
from stem cells to the ocular surface to modulate the Commons Attribution 4.0 International License.
therapeutic signaling cascade of the scarred cornea.
Exosomes appear to be more effective in preventing References
neutrophil infiltration, reducing the expression of
fibrotic markers, and restoring corneal morphology.
Corneal stromal stem cells treated with exosomes
isolated from adipose tissue-derived stem cells showed
optimal proliferation, reduced apoptosis, increased
aldehyde dehydrogenase 1 (ALDH1), decreased
expression of MMP1, MMP3, and MMP9, and increased
expression of collagen I, II, III, IV, and V compared to
untreated corneal stromal cells.

Peer Review Process

1. Ghosh A, Singh VK, Singh V, Basu S, Pati F.
Recent Advancements in Molecular Therapeutics
for Corneal Scar Treatment. Cells. 2022 Oct
21;11(20):3310. doi: 10.3390/cells11203310.

2. Shen L, Sun P, Zhang C, Yang L, Du L, Wu X..
Therapy of corneal endothelial dysfunction with
corneal endothelial cell-like cells derived from
skin-derived precursors. Sci Rep. 2017; 7:
13400.

3. Faye PA, Poumeaud F, Chazelas P, et al. Focus

CRediT on cell therapy to treat corneal endothelial
Author contributions: Conceptualization; Data diseases. Exp Eye Res. 2021; 204: 108462.
curation;  Formal Analysis; Investigation; 4. Liu X, Zheng T, Zhao C, et al. Genetic mutations
Methodology; ~ Project administration; and molecular mechanisms of Fuchs endothelial
Supervision; Writing - original draft; Writing- corneal dystrophy. Eye Vis (Lond). 2021; 8: 24.
review & editing- Maria de Lourdes Alves Favaro and 5. Chen C, Zhang B, Xue J, et al... Pathogenic role
Vitor William Favinha. of endoplasmic reticulum stress in diabetic
corneal endothelial dysfunction. Invest
Acknowledgment Ophthalmol Vis Sci. 2022; 63: 4.
Not applicable. 6. Frausto RF, Swamy VS, Peh GSL, et al
Phenotypic and functional characterization of
Ethical Approval corneal endothelial cells during in vitro

expansion. Sci Rep. 2020; 10: 7402.

7. Kumari R, Jat P. Mechanisms of cellular
senescence: cell cycle arrest and senescence
associated secretory phenotype. Front Cell Dev
Biol. 2021; 9: 645593.

8. Sarugaser R, Hanoun L, Keating A, Stanford WL,

Not applicable.

Informed Consent
It was applicable.

Funding Davies JE.. Human mesenchymal stem cells self-

Not applicable. renew and differentiate according to a
deterministic hierarchy. PLoS One. 2009; 4:

Data Sharing Statement €6498.

All referenced sources are accessible through the 9. Zhou Y, Yamamoto Y, Xiao Z, Ochiya T. The

respective journals or public repositories. immunomodulatory functions of mesenchymal

International Journal of Nutrology (2025) Page 5 of 7



International Journal of Nutrology, Sao Paulo, Vol 18, Iss 4, e25413,2025

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

stromal/stem cells mediated via paracrine
activity. J Clin Med. 2019; 8: 1025.

Yao Y, Huang J, Geng Y, et al. Paracrine action
of mesenchymal stem cells revealed by single
cell gene profiling in infarcted murine hearts.
PLoS One. 2015; 10: e0129164.

Sarhadi VK, Daddali R, Seppanen-Kaijansinkko
R. Mesenchymal stem cells and extracellular
vesicles in osteosarcoma pathogenesis and
therapy. Int J Mol Sci. 2021; 22: 11035.

Yu B, Zhang X, Li X. Exosomes derived from
mesenchymal stem cells. Int J Mol Sci. 2014; 15:
4142-4157.

Gonzalez-Cubero E, Gonzalez-Fernandez ML,
Olivera ER, Villar-Suarez V. Extracellular vesicle
and soluble fractions of adipose tissue-derived
mesenchymal stem cells secretome induce
inflammatory cytokines modulation in an in vitro
model of discogenic pain. Spine J. 2022; 22:
1222-1234.

Trzyna A, Banas-Zabczyk A. Adipose-derived
stem cells secretome and its potential
application in “stem cell-free therapy”.
Biomolecules. 2021; 11: 878.

Jiao Z, Ma Y, Zhang Q, et al. The adipose-
derived mesenchymal stem cell secretome
promotes hepatic regeneration in miniature pigs
after liver ischaemia-reperfusion combined with
partial resection. Stem Cell Res Ther. 2021; 12:
218.

Raposo G., Stoorvogel W. Extracellular Vesicles:
Exosomes, Microvesicles, and Friends. J. Cell
Biol. 2013;200:373-383. doi:
10.1083/jcb.201211138.

Turturici G., Tinnirello R., Sconzo G., Geraci F.
Extracellular Membrane Vesicles as a Mechanism
of Cell-to-Cell Communication: Advantages and
Disadvantages. Am. J. Physiol.  Physiol.
2014;306:C621-C633. doi:
10.1152/ajpcell.00228.2013.

Das C.K., Jena B.C., Banerjee 1., Das S., Parekh
A., Bhutia S.K., Mandal M. Exosome as a Novel
Shuttle for Delivery of Therapeutics across
Biological Barriers. Mol. Pharm. 2019;16:24-40.
doi: 10.1021/acs.molpharmaceut.8b00901.
Kuschert G.S.V., Hoogewerf A.J., Proudfoot
A.E.L.,, Chung C., Cooke R.M., Hubbard R.E.,
Wells T.N.C., Sanderson P.N. Identification of a
Glycosaminoglycan Binding Surface on Human
Interleukin-8.  Biochemistry. 1998;37:11193—
11201. doi: 10.1021/bi9728670.

Hertsenberg A.J., Shojaati G., Funderburgh M.L.,
Mann M.M., Du Y., Funderburgh J.L. Corneal
Stromal Stem Cells Reduce Corneal Scarring by

International Journal of Nutrology (2025)

21.

22.

23.

24.

25.

26.

27.

28.

Mediating Neutrophil Infiltration after Wounding.
PLoS ONE. 2017;12:e0171712. doi:
10.1371/journal.pone.0171712.

Dyer D.P., Thomson J.M., Hermant A., Jowitt
T.A., Handel T.M., Proudfoot A.E.I.,, Day A.l.,
Milner C.M. TSG-6 Inhibits Neutrophil Migration
via Direct Interaction with the Chemokine
CXCL8. J. Immunol. 2014;192:2177-2185. doi:
10.4049/jimmunol.1300194.

Shojaati G., Khandaker I., Funderburgh M.L.,
Mann M.M., Basu R., Stolz D.B., Geary M.L., Dos

Santos A., Deng S.X., Funderburgh J.L.
Mesenchymal Stem Cells Reduce Corneal
Fibrosis and Inflammation via Extracellular

Vesicle-Mediated Delivery of MiRNA. Stem Cells
Transl. Med. 2019;8:1192-1201. doi:
10.1002/sctm.18-0297.

Shen T., Zheng Q.-Q., Shen J., Li Q.-S., Song X.-
H., Luo H.-B., Hong C.-Y., Yao K. Effects of
Adipose-Derived = Mesenchymal Stem  Cell
Exosomes on Corneal Stromal Fibroblast Viability
and Extracellular Matrix Synthesis. Chin. Med. J.
(Engl). 2018;131:704-712. doi: 10.4103/0366-
6999.226889.

Hofmann T.G., Stollberg N., Schmitz M.L., Will
H. HIPK2 Regulates Transforming Growth
Factor-Beta-Induced  c-Jun  NH(2)-Terminal
Kinase Activation and Apoptosis in Human
Hepatoma Cells. Cancer Res. 2003;63:8271-
8277.

Shen T., Zheng Q., Luo H., Li X., Chen Z., Song
Z., Zhou G., Hong C. Exosomal MiR-19a from

Adipose-Derived  Stem  Cells  Suppresses
Differentiation of Corneal Keratocytes into
Myofibroblasts. Aging (Albany NY)
2020;12:4093-4110. doi:

10.18632/aging.102802.

Lai Y., Lee P., Lu C,, Liu Y., Wang S., Liu C,,
Chang Y., Chen Y., Su C, Li C., et al
Thrombospondin 1-induced Exosomal Proteins
Attenuate Hypoxia-induced Paraptosis in Corneal
Epithelial Cells and Promote Wound Healing.
FASEB J. 2021;35:e21200. doi:
10.1096/fj.202001106RRR.

Tao H., Chen X., Cao H., Zheng L., Li Q., Zhang
K., Han Z., Han Z.-C., Guo Z., Li Z., et al.
Mesenchymal Stem Cell-Derived Extracellular
Vesicles for Corneal Wound Repair. Stem Cells
Int. 2019;2019:5738510. doi:
10.1155/2019/5738510.

Jablonska E., Garley M., Surazynski A., Grubczak
K., Iwaniuk A., Borys J., Moniuszko M.,
Ratajczak-Wrona W. Neutrophil Extracellular
Traps (NETs) Formation Induced by TGF-B in

Page 6 of 7




International Journal of Nutrology, Sao Paulo, Vol 18, Iss 4, e25413,2025

29.

30.

31.

32.

33.

Oral Lichen Planus—Possible Implications for the
Development of Oral Cancer. Immunobiology.
2020;225:151901. doi:
10.1016/j.imbio.2019.151901.

Mun Y., Hwang J.S., Shin Y.J. Role of
Neutrophils on the Ocular Surface. Int. J. Mol.
Sci. 2021;22:10386. doi:
10.3390/ijms221910386.

Ryu Y, Hwang JS, Bo Noh K, Park SH, Seo JH,
Shin YJ. Adipose Mesenchymal Stem CellDerived
Exosomes Promote the Regeneration of Corneal
Endothelium Through Ameliorating Senescence.
Invest Ophthalmol Vis Sci. 2023 Oct
3;64(13):29. doi: 10.1167/iovs.64.13.29.

Tang Q, Lu B, He J, Chen X, Fu Q, Han H, Luo C,
Yin H, Qin Z, Lyu D, Zhang L, Zhou M, Yao K.
Exosomes-loaded thermosensitive hydrogels for
corneal epithelium and stroma regeneration.
Biomaterials. 2022 Jan;280:121320. doi:
10.1016/j.biomaterials.2021.121320.

Yan W, Diao S, Fan Z.. The role and mechanism
of mitochondrial functions and energy
metabolism in the function regulation of the
mesenchymal stem cells. Stem Cell Res Ther.
2021; 12: 140.

Jiy, Di W, Yang Q, Lu Z, Cai W, Wu J..
Inhibition of autophagy increases proliferation
inhibition and apoptosis induced by the
PI3K/mTOR inhibitor NVP-BEZ235 in breast
cancer cells. Clin Lab. 2015; 61: 1043—-1051.

International Journal of Nutrology (2025)

MetaScience Press

The Best Science

https://zotarellifilhoscientificworks.com/

Page 7 of 7




