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Research Progress on the Differentiation of Mesenchymal Stem
Cells Towards Corneal Cells
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Abstract As the transparent refractive tissue at the front of the eyeball, the cornea serves as a critical
barrier for vision. The structural integrity of the corneal epithelium, stroma, and endothelium is essential for
maintaining normal visual function. Although corneal transplantation is a vital treatment for corneal diseases, its
clinical implementation and application face significant challenges due to donor shortages and immune rejection.
MSCs (mesenchymal stem cells), with their self-renewal, immunomodulatory, and multipotent differentiation
capabilities, exhibit unique advantages in corneal regeneration and provide novel therapeutic strategies for the
repair of corneal tissues across all layers. This review aims to systematically summarize the induction methods
for the directional differentiation of MSCs into corneal epithelial cells, corneal keratocytes cells, and corneal en-
dothelial cells, providing references for fundamental research and clinical translation in corneal tissue engineer-
ing and regenerative medicine.
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cells, MSCs)FfH HAMURFR T, il 1 J5 7 AR A
PR R AT S A4 —P. MSCs2 R A B3
BUBTRE T SRR R A o A AN R A0 R R
RE I AR T2, W] A2 A AARH R (g8 s
Wi B T RESE) PRI, ARk, VFZ TR
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B N L A R o 2 L K A T A R AR R T 1) 34
2 i 7%, BT T AN R SIS R R R
PR R K B FH AT 5%, HESIMSCsTE I I AR VR 9T
W R AR T 5% .
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£ 3 (B R RS s e R 1 S N PR RN 11} O P )
H Y, SEELAI s> 755 T, 7] LA MSCs
EM . 0 TsaiZs BIE Transwell R4 H I35 75 A
Mo v LA A BE T 40 )Y (stem cells from human exfoli-
ated deciduous teeth, SHED)5 Fi il | 57 411 iy, A0 )
b Rz ik R bR L ) A A & 1 3(cytokeratin 3, CK3)Al
CKI9HJARIE KT B 5 380, ¢ SHED HAT A A i
b R o AT 7. R, VR FL A TR
ARECSHED H B AR ZURIR, 70 B 15 5IH) SHED A4
R AP HR R 5140 FAE B 208 T

A EE TR FE RN MM E A A
6% I i 41 (limbal epithelial stem cells, LESCs)
LRI, WMSCsHRIE T IE B RS, 2
(B F 3L 15 77 vp EU B BT B (1) 77725 - Soleimanifards P
W F AR b e 2 s 7R 2, T DA i 45 8 R U 1)
MSCs(conjunctiva-derived mesenchymal stem cells,
CI-MSCs) AL FilE b Bz 4, A1 b 2 40 % 57
e 5% PR b 3557 2 (supplemented hormonal
epidermal medium, SHEM)B:A75 5, 7] LLNYT-41 il
G346 F I R 2 P R A4 BE A R R AR B . Venu-
gopal 55 VN Ky T £y 155 25 2H 2R B S A 355 77 2k vl DAiS
T B T H SRV 18] 78 51+ 41 i (adipose tissue
derived-mesenchymal stem cells, AT-MSCs)# ik CK3
M CK 1255 # i b bR B mRNANI R H , DL
SR N-7: TR TR Jefs P 22 - coo- FE 25 TR A TR 4 7K H Ui
fi (N-isopropylacrylamide-co-glycidyl methacrylate,
NGMA) B IR, 755 4l L Rl & % A i )y e
FEME N S A A A Y, R S 1) A FEL T T HLG T
Viveiros& "HIRR 7R B, R 22 7K A0 3R 1 it By 77
T3 IR AN b B AR e RTSCRR v e AR
AR TR | 2R IR AL RS A RS T B R R R 78
Ji 41l (bone marrow derived-mesenchymal stem
cells, BM-MSCs)[i £ 5% |- B4 i 704k
1.2 &YUERFES

PR E A KK T iE T2 N TS,
B IG K B 0S5 i d@ s, v LA $MSCsAl
PR b R A v 2 e A U 8 R SRR A
‘B ¥ 1 F14(bone morphogenetic protein 4, BMP4).
* [ KA F (epidermal growth factor, EGF). fi
B 4 aU4EF TR (all-trans retinoic acid, ATRA),
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Table 1 Methods for differentiating mesenchymal stem cells into corneal epithelial cells
e TITE MSCsH i Bk oA oRIER L=y & 3EE
Method MSCs source Culture media Duration Results Author/year
Co-culture Human SHED Co-culture human SHED with corneal epi- Invitro: 7, 14,  Upregulated expres- Tsai et al/2015"
thelial cells in Transwell system; 21d sion of CK3 and CK19
DMEM/F12 (1:1), 5% FBS, 10 ng/mL EGF,
0.5% DMSO
Human CJ- Corneal epithelial cell medium; In vitro: 24 d Expression of CK3, Soleimanifar et
MSCs SHEM: DMEM/F12, 5 ng/mL EGF, CK12, CK14, CK15, al/2018"
5 pg/mL insulin, 5 pg/mL transferrin, 5 ng/mL ABCG2, 6Np63
sodium selenite, 0.5 pg/mL hydrocortisone,
30 ng/mL cholera toxin A, 0.5% DMSO,
50 pg/mL gentamicin, 1.25 pg/mL ampho-
tericin B, 5% FBS
Rabbit AT- Corneal limbal tissue conditioned medium Invitro: 14d;  Expression of CK3, Venugopal et
MDSCs mixed with low-glucose DMEM at volume In vivo: 1 CK12, p63, ABCG2, al/20201"%
ratio 3:1 month Pax6; cell sheet trans-
plantation alleviates
rabbit corneal injury
with clear and smooth
cornea
Human BM- Corneal epithelial cell medium; Invitro: 21d  Expression of CK3, Viveiros et al /20241
MSCs DMEM/F12, 10% FBS, 40% corneal CK12
epithelial conditioned medium, 5 mL/L TC
minimal eagle vitamins, 0.01 U/mL insulin,
15 pg/mL glutathione, 100 IU/mL penicillin,
40 pg/mL gentamicin, 2 pg/mL amphotericin
B
Biochemical ~Human BM- Induction medium: DMEM, 25 ng/mL In vitro: 13d Upregulated mRNA Katikireddy et
factors MSCs BMP4, 10 ng/mL EGF, 1 umol/L ATRA; and protein of CK3, al/201413
differentiation medium: DMEM:F12 (3:1), CK8, CK12; increased
5% FCS, 10 ng/mL EGF, 5 pg/mL insu- transepithelial electri-
lin, 500 ng/mL hydrocortisone, 2 nmol/L cal resistance
triiodothyronine, adenine, 1% penicillin-
streptomycin
Human BM- DMEM:F12 (3:1), 10% FBS, 10 ng/mL In vitro: Expression of CK3, Rohaina et
MSCs EGF, 5 pg/mL insulin, 0.4 g/L hydrocorti- 10-14 d; p63, ITGBI; al/2014M4
sone, 107" mol/L cholera toxin, Invivo: 8 amniotic membrane-
2x10~° mol/L triiodothyronine, 0.18 mmol/L  weeks engineered grafts
adenine, 2 mmol/L L-glutamine reduce corneal neovas-
cularization and recon-
struct epithelium in
LSCD rat models
Human AT-SCs  MesenPRO RS™, 3 umol/L CHIR99021, In vitro: 3 d Upregulated E- Setiawan et
1 pmol/L E-616452, 500 nmol/L A-83-01, cadherin, Np63, ZO-  al/2017"¢
500 umol/L VPA, 5 pmol/L tranylcyprmine, 1, occludin, EpCAM,
10 pumol/L ATRA CK19
Human BM- SHEM: DMEM:F12 (2:1), 2% FBS, Invitro: 7d Elevated CK12 and Nieto-Nicolau et
MSCs and AT- 10 ng/mL EGF, 5 pg/mL insulin, ITGBI1 expression; al/2020"
MSCs 0.4 pg/mL hydrocortisone, 0.5% DMSO, enhanced epithelial

2 nmol/L triiodothyronine, 0.18 mmol/L ad-
enine, 2 mmol/L L-glutamine, 1% antibiotics

barrier resistance and

wound healing capac-

ity
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Method MSCs source Culture media Duration Results Author/year
Biochemical ~Human AT- MET medium M1: MesenPRO RS™, In vitro: Expression of E- Bandeira et
factors DSCs 3 umol/L CHIR99021, 1 pmol/L E-616452, Ml1:5d; cadherin, Np63, ZO-  al/2020""
500 nmol/L A-83-01, 500 umol/L VPA, M2:7d; 1, CK5, CK19;
S umol/L tranylcypromine, 10 pmol/L M2/CNT-50: grafts mitigate corneal
ATRA, 2% serum, triple antibiotics; 3d; edema and opacity in
MET medium M2: 300 nmol/L CHIR99021,  CNT-50: alkali-burn LSCD rats
50 umol/L VPA; 10 d;
M2/CNT-50 medium (1:1 mixture); in vivo: 4
pure CNT-50 medium weeks
Human WJ- Step 1: 10 umol/L SB505124, 25 ng/mL Step 1: 3 d; Expression of CK12, Nguyen et al/2022!"7)
MSCs BMP4, 10 ng/mL EGF, 10 pmol/L ATRA; step2:6d CK3, CK15, p63, Pax6
Step 2: SHEM: DMEM:F12 (2:1), 5% FBS,
10 ng/mL EGF, 1% ITS, 0.5 pg/mL hydrocor-
tisone, 0.05% DMSO, 200 nmol/L adenine,
100 U/mL penicillin, 100 pg/mL streptomycin
Human AT- Step 1: 10 pmol/L SB-505124, 10 umol/L IWP-2,  Step 1: 7 d; Expression of ap63, Cadenas-Martin et
DSCs 50 ng/mL FGF-2, DMEM, 15% FBS, step 2: 10 d BMI-1 al/20231%
862 mg/L glutamine, 110 mg/L pyruvate, 1%
penicillin/streptomycin;
step 2: modified SHEM: DMEM:F12 (2:1),
2% FBS, 5 pg/mL insulin, 10 ng/mL EGF,
4 nmol/L PEDF, 20 ng/mL KGF, 0.4 pg/mL
hydrocortisone, 0.5% DMSO, 0.18 mmol/L
adenine, 2 nmol/L triiodothyronine
Biological Human CJ- Nanofiber scaffold, DMEM/F12, 5% FBS, Invitro: 12d Upregulated CK3, Soleimanifar et
materials MSCs 1% penicillin-streptomycin, 500 ng/mL CK8, CK12 al/2017%
hydrocortisone, 5 pg/mL insulin, 2 nmol/L
triiodothyronine, adenine, 10 ng/mL EGF
Human WJ- PRGF-enriched collagen/silk fibroin scaf- In vitro: 9 d, Elevated CK3 and Pourjabbar
MSCs fold; 17d CK12 expression et al/2024'>!
DMEM/F12, 5% FBS, 2 mmol/L L-gluta-
mine, 1% penicillin-streptomycin
(100 pg/mL)
Gene trans-  Rat AT-MSCs Pax6 gene transfected into rat AT-MSCs; Invitro: 21 d;  Expression of CK3, Sun et al/20182¢
fection DMEM/F12, 10% FBS invivo: 7d CK12, E-cadherin;
Pax6-modified cells
reconstruct ocular sur-
face in rabbit LSCD
models
Mouse BM- Pax6-overexpressed mouse BM-MSCs for In vitro: 5 d, Upregulated p63, Wu et al/2022"
MSCs limbal stem cell differentiation; 10d CK14
DMEM/F12, 10% FBS, 500 pL alanyl-glu-
tamine, 500 pL non-essential amino acids,
500 uL penicillin-streptomycin, 10"° mol/L
cholera toxin, 0.5 mg/L hydrocortisone,
5 mg/L insulin, 2 mg/L triiodothyronine,
50 pg/L EGF, 5 ng/mL NGF, 10 pg/mL TGF
Mouse BM- Pax6-transfected mouse BM-MSCs; Invitro: 10d;  Expression of CK14, Gao et al/202312%
MSCs DMEM:F12, 1/100 penicillin-streptomycin, invivo: 42 d p63, CK12;

20% FBS, 5 mg/mL insulin, 0.4 mg/mL
hydrocortisone, 107" mol/L cholera toxin,
2x107"" mol/L triiodothyronine, 50 ng/mL
EGF, 10 ng/mL TGF, 5 ng/mL NGF

Pax6-BM-MSCs
form stratified corneal
epithelium and repair
chemically burned

mouse corneas
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DA %A 5 38 i 4100 o1 770 60 955 0 DR 45 B PR 3 (gly co-
gen synthase kinase 3, GSK3)#JI il 71 F0 4% A4 A K [
“F -B(transforming growth factor-B, TGF-B)3Z {4 il
PG, X 265 n] DL ER I & R #5175 F MSCs
I £ b R 4 B 7 ) AR

6, BMP4. EGF. Jiil &= AT ATRA ¥ H
K175 T MSCsal i1 % 4 i 7 171 o3 Ak, 1 1) 1
R AN S AR B R IL . W Katikireddy %5 1
M A BM-MSCsH ik t SSEA4 AN, e H &H
BMP4. EGFAIATRAME FREF=EE, I8E H &6 5%
fRZEIE . EGF. BREER. 4l fifa. =#AR
I Do R AN SR A S5 I A3 Ak B IR R R AT 55 R, R
B b R 5 S AR B CK3 M CK12[%) mRNA 5
HARKKTFRET . EGFEESRMBEATER
X F175 5 MSCs [r) 1 i _F J2 41 i 77 ) o AL L L 2
WiRohaina®: " & 10% 64+ M7 « EGF. IEE &K
SALTT R RA . EELF R = RUFOR IR R A IR R
W25 (1) 15 77 65 5 N BM-MSCs, 7R #M& a0 i% S
2 55 25 3R I8 CK3SE AT b e R S b . ¥4 5%
MRS EEE AR HAS TAEMIE, K
oA %2 LESCsHk [ K R AL f5 | B A v] i 2 52
PR KGR S B S L IR A I S, E AR e
AN F R JZ 458 . X Nieto-Nicolauss W H & F
2%JAFILIE . EGE. JRE R ST ke
MEAR T RR R SR S R R R IR R4 ¥ SHEM 7y 31l 15
S ABM-MSCsHIAT-MSCs, 1777 dJ&, BM-MSCsZH
H] CK 12 1% 4 25 B1(integrin subunit beta 1, ITGBI)
I mRNAFI 8 (A RIAKFHEE LR, BUZ 5
FL AT 5 b R R A DU 5 0] T A s, P
Je AR M v bR AR T 4H G TH A e 3
58, UESEBM-MSCs B 2% [ 1 5 _F 57 4t i o AL B8 e
ERE B SR B ] ATRA, BM-MSCsE 45 5 14 41 it
£ 5 H pan-CK A CK 19538 7K~ F 3G I, MRE 1
W RIS 5, 1B 5 s F ATRA AT
AEIEANBETS T BM-MSCs 41k Thg 1 f L 5z 4
Je, (EATD SR B It £ A 2 A TR R 0

VAR, B )RR S AT T I8 R 1 4y
FIETZ R T A€ i\ SR &R, v R T
R RCR . Setiawan 5 T A 22 o i 01 551
(175 577 B & GSK3##1l57 CHIR99021. TGF-Bl1
2 AR EEANH ) RepSox(E-616452). TGF-B174 5%
PR A-83-01+ £ HL 2% T A0 B4 161 59 1 13

I (valproic acid, VPA). IS8 AL B 1) 771 S A< 3
PilE % ATRA]T-Ti N\ AT-MSCs, 5440 BREH I 72 ho
SR R BN 3 B - 4EFr
20 Y 1) J5T R 2T A4 o 3 2R ) 1) 78 J5 5 AL 325 K] SNAL2
ZEBI. VIMRITGAS %55 N, b EbnEY E-
cadherin. ONp63. ZO-1. occludin. EpCAMFICKI9
FIABYIE B A dE R AR M IR 15 B 540
A EVEER . 4834 T IFE, RSN E AR T4
JARIRYE . AiE 2R ERE . R R E SR, A
HEZEET R, 440 S o3 5 E A A
K g . RN MRS BHAKRE~RAL N2 AT
R RESE, T RE ) R PR, IS T
MR L ERE, MRAEEEY. LRy 759
WAL [FHIESE, 1%/ $0 i 55 20 & mT 4 )
IR R RS, mRoR S B -7 i, ff
M AR AT A € AR PR AE . Nguyen®% U755 H]
TGF-B#l71 SB505124. BMP4, EGFAI ATRAF 41
A A FRN 5 5 S R i SRR )IMSCs(Wharton’s jelly
mesenchymal stem cells, WI-MSCs) 3 d, A5 H&H
5%Ma4- MG . EGF. k& 2k B - AN R AN
(insulin-transferrin-sodium selenite, ITS). &AL AT 1
Fas R ST ARUR IR M 04 55 (1) SHEME 77 6 d, BT
55 AR R IA A IR b Rl 20 W AR S AR R ) CK 211
N R . Hodr, ATRAZ @ i #0i| p-&E 3
1 EH 2 65 ) 40 A 1 e 6, AT SEBRT WntdE 5
T IBE T . Cadenas-MartinZs U815 FH& 4 Wt
FIWP-2(inhibitor of wnt production 2). TGF-Bl| 5]
SB-505124 )¢ -4k 40 i A=K [K - 2(fibroblast growth
factor 2, FGF-2)[M3; 72 540 BN AT-MSCs 7 d, %4
JEAER N R B AT A B (pigment epithelium-
derived factor, PEDF)FI ff Jii 41 ffd 4= K [A ¥ (keratino-
cyte growth factor, KGF)) 2t R SHEMH#57%10 d, 7]
DA 40 M 731k LESCs T 41 i . Bandeira% !)7E
Setiawan®§ U 50 1 Al BT AR AL SEEG, Se A il
FI GSK3#Mil57. TGF-BHlfIFF. VPAL ATRALLE
NAT-MSCs, SR 40k A b R 18] 78 51 7% 40 5 A2 1
R AHA AR, PR b R e M AR R IR, AT
ZERE Vi e Sl 2 L) 8 S s = 11 I B S R )
o 2 ) 2H 23 R A RS L T AT S SRR AT K R
ARG, Wl G A K IR A TR
1.3 MM RHEINEEE
SRR G OISR SRR
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HER MR L TGS ZE = i R R 2, =4
SCHERE A L R R PR A0 A L T S, R AT
CUUESE HAE N T A A A g g A A T 2 Solei-
manifarss P2 BE B g K 21 4E 57 B3R R4 i3 CJ-MSCs
(1) CK3EE R R IE /K F- 3 Thimr , UESEgRoR £ 4 S 28
FAE AR 16 A4 T LA 2802 33 MSCs ] f I |
Fe A7 7534 . Pourjabbar®s PR T —FE &
B MR AR R I R B 1 22 2R g RS AE, R
SCREWI-MSCs IR 5E , DLRIL ) M I b Rz 40 i 75 1)
I3k, GRS R CK3AT CK 121 %A K F & 51
e ZHEENSFHTHRMEEAR B EERA, 5
W21 S F B G BRI MR, MR R
CUE F 1 7 2H ST AR 78 R A 30 )32 B R,
1.4 EEEM

BC XS f 2 K] 6(paired box gene 6, Pax6)J& T Pax
SRR TR, AR IR B I AL S IR T, )
PRAEIEERERESEXEED, LESCsA Wi HE
B b Rz gl i, T Pax6fE A% O R 36N, ]t
HMIE G QL5 3 MSCs Il M I R gi i A 25 T4
52 404k . Sun’h: PO Pax 6% e % K fl AT-MSCs
W, 15521 dJE USRI I b R A0 B e A A
CK3. CKI12fE-cadherinff]RIEK N, ¥ % 5%
140 B Al 2 R A A5 8, 4 P v e A AR K I
HEEZ WA LR . 2% PN B BM-
MSCsHIHFFAESE, Pax6id RIABA ALK 7 L5 T
B, 20 1A LESCs € [l 73 A I 2 5 5 o 3] 35
L DA Ay A XN SN B ficbsi wii )i b T N
MIJHT: . Gao%s PHE— P R I id R IX Pax6RE S W 3%
58 BM-MSCsHIEE Y ilfe 71, HizZE T4 A
R T AL 245 1 B /) B RSE452473

TE % MSCs ] 1 5 Rz 41 52 17] 434k (1) 901
2% Wnt/B-catenin.  TGF-p/Smad. MAPK/ERK A
PI3K-AKtIE %I KL O IEEH . ATRA. Wntdl
il 7715 TGF-BA0 i 77 7T W3 5] )5 S 40 i b 5z —IF) 78 )5
HAL RS, MK T Pax6 e/ S F4u i ) I Bz it
FE MR O RES T BTG S T4k
S A S b B M 1 = SR T 4 o DU 2K SRR IR
S AV TES . AV R R DK
BB AR S R4 2 o P SO R 8 A B A
5, SRR E . E R RBYERE R T, (B Ry
Tk, MIRZER K, M UARAELL, AR T IRREAL; £
WA FHEE ST KT, ET

eI R SHLEIOTTT, (B R — R T SR e
AR, FEREZE T, =42E0RR it
RN SRS, o 4RI A0 25 0 A 1)
B [H 5% Gt (Pax 655 ) Al i 52 TH ML AL 5 T RCK,
(B R g AE AR e fRE, BAE IR,
17 H.%5 5 5 b 4 B B D RE B IE A A2, D BE R
FEVH AR . B2, MSCslil f i L 52 4H i 7 AL
FC T LAG A b B b1 AR B AR BR 1), #7720 EE s
R BRRE, R S5 W R B AR . i
QS AFAEAR 2 ) AL, AL AR R AL S AR E
PEARE . ShRZ AT A R R . A e KIS

LI RERE G BOR R AL, X L8 fr) i {E 15 AR R BE— D IR
b

2 MSCslalARERAM G R 7L

45175 5 MSCs [ £ i 255 51 40 i 777 17 73 AL ) 32
BN B FRE S EMNER TR S
AR R R . BRI . R SETTIRIAR R
W T T L3R 2.
21 HIEFIFS

HIF Transwell3 & , 33 77 2 A0 A JIE I ot
N, T LA 320 e A PR o 40 7 1) A
Zhang%5 P14 N AT-MSCs-5 # JI5 3% 57 40 ff 38 3 Tran-
swel 3% & BEAT IR 97, WSS 31 A J5E 8 o 40 Jf s e
b W F IE AR (1 2 0 (keratocan) RIS fii S0 3 5 e i
71 Al(aldehyde dehydrogenase 3 family, member Al,
ALDH3A)JEPRFI 8 R E KV Ty A B ot 48
b 2 A 455 7% il T DA 5 MISCs [ £ 1168 285 Joit 48 i 7
) 3 Ak o Park 5 PO F A7 6 5 o 240 i 2 1 355 7R 2k 15
$ AN BM-MSCs, 75 J5 4l g n] R iX keratocan. AL-
DH3A15 FE W (lumican), R o-~F ¥ VLB E H
(a-smooth muscle actin, a-SMA) IR IE Y T 2 4 .
N TR o% A T 2 b R A 5 3R AR O M)
J53, 1% A BA J5 8 S0 1 — 2 150 BH 7E £ T I ot 4 i 5%
PREEFR A R A A K R T 45 6 52 1 2(insulin-
like growth factor binding protein 2, IGFBP2)7& i
PRy, EIN500 ng/mLI¥) IGFBP2R | 7] DL A it
ABM-MSCs#&IXIGFBP2. keratocanfIALDHIAI,
T a-SMAZKF- B, Ghiasi® 2R F #5358 o 240 g
FAERFRIEHE SN AT-MSCs [ 1 538 J5 41 i 5 17 43
1, SR IR /N U I A 5 LE S A R o b B
RUF A e A A AR A, A M v KA v
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Table 2 Methods for differentiating mesenchymal stem cells into corneal stromal cells
ST MSCsHJ5 B dk R ATE: el Ve R H
Method Source Culture media Duration Results Author/year
Co-culture Human BM- Seed cells in a-MEM for 24 h, then Invitro: 15d  Upregulated keratocan, lumi- ~ Park et al/20125"
MSCs culture in a-MEM supplemented with can, ALDHIA1
10% keratocyte conditioned medium,
gradually increased to 40%;
DMEM/F12, 10% FBS
Human AT- DMEM, 10 ng/mL bFGF, 0.1 mmol/L Invitro: 16 d Elevated keratocan and Zhang et
MSCs A2-P, 1% heparin-stripped, platelet- ALDH3A1 al/2013®)
poor horse serum, 100 U/mL penicil-
lin, 100 pg/mL streptomycin
Human AT- DMEM/F12 supplemented with 10% In vitro: 7, Expression of keratocan, Ghiasi et
MSCs keratocyte conditioned medium, 14,21 d; lumican, ALDH3A1, CD34; al/20238%
gradually raised to 40%; invivo: 3 cell-laden microlenses exhibit
DMEM/F12, 5% FBS, 1% amniotic months good biocompatibility, long-
matrix extract, 1% A2-P, 1% ITS, 1% term cell survival and stable
non-essential amino acids keratocyte phenotype without
fibrosis or rejection in rabbit
stroma
Biochemical Human AT- MEM, 5 ng/mL bFGF, 20% FBS, 1% Invitro: 14 d;  Expression of keratocan, Espandar et
factors MSCs L-glutamine, 1% penicillin-streptomy-  in vivo: 10 ALDH3A1, COLI, al/2012%
cin weeks combined with hyaluronic
acid ECM scaffold, cells
differentiate into functional
keratocytes in rabbit cornea
Human CSSCs DMEM, 1 mmol/L A2-P,2 mmol/L In vitro: 9 Upregulated ALDH3A1, Wu et al/20138¢
L-alanyl-L-glutamine, 50 pg/mL gen- weeks keratocan, CHST6, B3GNT7,;
tamicin, 100 pg/mL penicillin; suppressed fibrotic a-SMA
group 1: 10 ng/mL FGF-2; phenotype
group 2: 0.1 ng/mL TGF-$3;
group 3: 10 ng/mL FGF-2+0.1 ng/mL
TGF-p3;
cultured on polyurea fibrous substrates
Human LSSCs DMEM, 10 ng/mL bFGF, 0.1 ng/mL Invitro: 7 d, Expression of ALDH3A1, Basu et al/2014837
TGF-B3, 1 mmol/L A2-P; 30d; AQPI, keratocan, PTGDS;,
cultured on aligned nanofiber sub- invivo: 2,4 fiber gel grafts inhibit corneal
strates weeks scarring and form lamellar
stroma with native-like col-
lagen arrangement in mouse
injury models
Human DPCs DMEM, 10 ng/mL bFGF, 0.1 ng/mL Invitro: 21 d;  Expression of ALDH3A41, Syed-Picard et
TGF-B3, 1 mmol/L A2-P; invivo: 1,5 AQPI, CHSTS6, keratocan, al/20158%
seeded on 700 nm-diameter PCL weeks PTGDS, B3GNT7,
nanofibers in vitro differentiated cells
secrete human type I collagen
and keratocan after intrastro-
mal injection in mice without
opacity or immune rejection
Human AT- 10 ng/mL bFGF, 0.1 mmol/L A2-P, In vitro: 7 d, Upregulated ALDH3A1, Lynchl et
MSCs 2 mmol/L glutamine, gradient ATRA 14d keratocan, lumican, decorin, — al/2017*
(0.1, 1, 10 pmol/L) COLI
Human TMSCs 10 ng/mL KGF/EGF, recombinant hu- Invitro: 14d  Elevated keratocan, AL- Park et al/20174

man keratocyte growth factor,
10 ng/mL EGF, 1% horse serum,
10 000 U/mL streptomycin/penicillin

DH3A41, PAX6, ABCG2;
reduced SOX2 and Notch
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Method Source Culture media Duration Results Author/year
Human CSSCs DMEM/F12, 50 pg/mLA2-P, In vitro: 21 d Expression of ALDH3A1, Sidney and Hop-
10 pg/mL human insulin, 5.5 pg/mL CD34, keratocan, COLIAI, kinson/2018*!
human transferrin, 6.7 ng/mL sodium lumican
selenite, 1% nonessential amino acids,
antibiotics, 10 ng/mL FGF-2,
0.1 ng/mL TGF-B3, 10 umol/L ATRA
Human PDLSCs  Step 1: suspension spheroid culture Step 1: Upregulated ALDH3A1, Yam et
in DMEM/F12, 1% B27, 1% N2, 14 d; keratocan, lumican, CHST6, al/ 201814
0.5 mmol/L B-mercaptoethanol, 15% step2: 15d B3GNT7, COLS8A2
chick embryo extract, 5% FBS;
Step 2: culture on human amniotic
matrix and porcine corneal matrix
with DMEM/F12, 20 ng/mL bFGF,
0.1 ng/mL TGF-B3, | mmol/L A2-
P, MEM amino acids, MEM non-
essential amino acids, ITS
Human CSSCs; DMEM, 10 ng/mL FGF-2, 1 ng/mL In vitro: 7d Expression of keratocan, Dos et al/201953”
Human AT- TGF-p3, 1 mmol/L A2-P lumican, CHST6, PTGDS,
MSCs; ALDH3A1, PAX6
Human BM-
MSCs;
Human UC-
MSCs
Canine limbal DMEM, 10 ng/mL bFGF, Invitro: 21 d Elevated keratocan, lumican,  Kafarnik et
CSSCs 0.1 mmol/L A2-P, 50 pg/mL gentami- ALDHIA3 al/2020%4
cin, 1% penicillin/streptomycin, 1%
glutamine
Rat LSSCs 5% GelMA hydrogel infused into Invitro: 7 d, Expression of ALDH3A1, Kong et
PCL-PEG microfiber scaffolds to form 2 weeks, keratocan, AQPI, al/20205%
fiber-reinforced 3D hydrogel; 4 weeks; rat intrastromal grafts show
DMEM/F12, 10 ng/mL bFGF, in vivo: high corneal transparency,
1 mmol/L ascorbic acid, 1% ITS-X, 3 months negligible neovascularization,
1% glutamine well-integrated regenerated
stroma with uniform type VI
collagen secretion
Human BM- DMEM/F12, 1% MEM vitamins, 1% Invitro: 14d,  Upregulated lumican, kerato-  Taoum et
MSCs MEM non-essential amino acids, 21d can, ALDHIAI, ALDH3A1, al/202511
20 ng/mL bFGF, 0.1 ng/mL TGF-f3, COLI
1 mmol/L A2-P, 1% ITS,
1% penicillin/streptomycin;
3D bioprinting: BM-MSCs encapsu-
lated in composite hydrogel with 0.5%
agarose and 0.2% type I collagen
Biological Human TMSCs  Pre-differentiation medium: Invitro: 14d;  Expression of keratocan and ~ Kim et al/2019"*
materials DMEM,10% FBS, in vivo: ALDH3AI;
1% penicillin/streptomycin, 56 d (mouse),  mild inflammation in mouse

and 10 ng/mL KGF/EGF;
long-term 3D culture medium for cells

28 d (rabbit)

encapsulated in co-dECM bioink:
DMEM, 10% FBS, and
1% penicillin/streptomycin

subcutaneous grafts; stable
graft morphology without
obvious immune rejection in
rabbit cornea, maintaining

keratocyte phenotype
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Method Source Culture media Duration Results Author/year
Human PMSCs Bioink: 3% sodium alginate, In vitro: 28 d Elevated keratocan and Marin-Tapia et
6 mg/mL dCECM, 10% type B ALDH3A1 expression al/20251¢!
gelatin at volume ratio 2:1:1;
differentiation medium: DMEM/F12,
5% NuSera, 1x ITS,
0.5 mmol/L L-ascorbic acid, 1x MEM
vitamins, 1% penicillin/streptomycin/
amphotericin B, 250 ng/mL dCECM
Physical Human PDLSCs 3% equiaxial dome-shaped mechani- In vitro: 3 d, Upregulated ALDH3A41, Chen et
regulation cal strain via Flexcell tension system; 7 d; CD34, keratocan, lumican, al/201847
DMEM, 10 ng/mL bFGF, 0.1 ng/mL cell sheet COLI, COLV
TGF-B3, 1 mmol/L A2-P; construction:
four groups: strain alone, chemical 12d
induction alone, combined treatment,
sequential treatment
Human dental Supercritical CO2 decellularized por- Invitro: 21d  Expression of keratocan, Lin et al/2025""
follicle stem cine corneal ECM, o-MEM, 10% FBS ATP1A1, N-cadherin

cells

FEAERT AR L DT A L Dy Re, o 2F 4R A0 Bk e AU o
22 EYNHFETFES

FGF-2 [ JRFR 0 B 2 4 40 B A2 4 5 (basic
fibroblast growth factor, bFGF)FIHT I I BR -2- 1 iR
#h (ascorbate-2-phosphate, A2-P)]. TGF. ATRA.
KGF. EGF&5H 1 FI R 75 T 40 [7) £ 58 55 57 40 i
J7 534k . A LR A FR B A S AR Ak 2 R T
WA A FTAE A AL 2 DR 7 A A A kL G S iR ok
AR PR RL R RSO AR I I T iR 1 4 HE B I R
fiE, SLIR5-FMSCs 7040 Dy REE IR A B2 P«

FE5 5 40 1) A 55 0T 48 B 7 1) 0 A A
YR 1, bFGF & #5845 2 1) AE A 2 A
Fo UEspandar:UG 285 ng/mL bFGF i 5 1 A AT-
MSCsE & 17 PR 5T B A7 A2 i 40 35k ot 2 28 /% 48 28 T A
JEEEE T, 40 B AT AEAR AR KOR 108, IR T
BEME A R L 4l . Kafarnik 25 BYBF 7R UE 5L, R fA
JIBE 32 5 30 5% 43 5 1 A BB E 5 41 (corneal stromal
stem cells, CSSCs)H £ i 714 ] 78 53 T 4 MU RF1E 5 R
F 10 ng/mL bFGFE.A 0.1 mmol/L A2-PAbEEiZ 41 i
Ja, M RREME EIRTEAS, MR bR Y
keratocan. lumican. ALDHIA3F XT3 FiA, A
i Pax6. N-cadherin's a-SMAZRIE KTV [#{%. Kong
IR AR, 10 ng/mL bFGF. 1% 5 2 58k
B il — ZBE R s N7 (insulin-transferrin-selenium-
ethanolamine additive, ITS-X)#11 mmol/LPLIA ML

P& 1) 25 RE A% AR 32 KBS A 5 U 5k 5T 1 4 i (limbal
stromal stem cells, LSSCs)3 1A FE J5i 41 i 45 5 14 1
ALDH3AI1. keratocan. 7Kifii& &% [ 1(aquaporin-1,
AQP)JERFNE H . A6 7 MR DN
Mg — 58 & AT 4L AR, IFH B TR PR 68 A O PR T
(gelatin methacrylate, GelMA) /K&t iEN 22, il
Tk B A o [ R 3R AT RE AR DL R o 4 4 HL A 5 RAR
AR I LA R . ol AR ANIL A
W, AV E R T 5 AR PR R iR IR FH 3 e 8 4
FEMRAER R AL, 15 S 5 R IR H AR L)
TESZHEZ () 248 i A1 358 53 3 o

4k, HH bFGF. TGF-B3H1 A2-PH (15 5 77
%, W T 55 MSCs v 1 R R 4 704 . 0 Wu
S DOy B — AR TN CSSCs, FrEERE7 9, 77
5% 10 ng/mL FGF-2. 0.1 ng/mL TGE-B3 8575
S, BHRR R T ICH R8I0 1.0 mmol/L A2-P. A&l
LR IR, MBI AN bR S ) ALDH3AL . kera-
tocan. k7K &Y L 4% 7 1 6(carbohydrate sulfo-
transferase 6, CHST6). UDP-% & BEFETR « 21-FLHE -B-
1,3-N- 2. L b e 5% 7 I 7(UDP-GleNAc: Gal-B-1,3-
N-acetylglucosaminyltransferase 7, B3GnT7)3K 1A &
= LR, AT 4EE R B A A1/ME A(fibronectin extra
domain-A, Fn-EDA)5 a-SMA R IE B ] . Ff L
AT T TR % 2 4 B P 4 SR R DR e 41 4 5 o 4% 7
JE T W,: FGF-241 5 J5 41 4 v 5. — 5 [l Hi AT, TGF-B3
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Y R TR BT 2R 4EE W 1R R =, FGF-25 TGF-p3
KEHFEN KL EBCIREE M, WK R 21 4k
BRI, S B S N A I BT A ZAR AL
Basu%$ PSR H 10 ng/mL FGF-2. 0.1 ng/mL TGF-B3
JX& 1.0 mmol/L A2-Pi5'5 N LSSCs, F-H4 4t g 5h
T8 M HEAT GO A 4R R B TR R . BRE
(P EH AT 234k o A RS E T A, A RIS AR &
¥ ALDH3A1. AQPI1. keratocan 5 R %1/l % D& iy
(prostaglandin D2 synthase, PTGDS), i 7] #4 2 & & Ik
JREEE . BRI 0T R A R NE )R R ORI A 2
1, Bz A 2/ R R G X 38, B8
WA BN HIROR AL B BB E AR R ZIREM, KR
JRHEA A 205 R AR A R R = S — 3. [FIFF, Syed-
Picard%s % F 10 ng/mL bFGF. 0.1 ng/mL TGF-B3
B4 1 mmol/L A2-Pifs 5 N %8 T4 il (dental pulp
stem cells, DPCs), J-R 40 fa 2 Fh - 28 © N BR 4 K 2F
LK. AR IR S R 2 AR A
JoT 20 AR e 1 21 5 R A M A 2 /N BR AR IR S
REfE 7 Wb & N TR 5 85 11 5 keratocan ) i 71 350
BEA SRR O B, R R s H RIS . 1E
IEEER b, Dos% BT bE 22 ARl 1R) 78 53 T4 AR £ i
FE oy RE: 14 10 ng/mL bFGF. 1 ng/mL TGF-B3 ¢
1 mmol/L A2-P73 74t N\ AT-MSCs. BM-MSCs.
UC-MSCs 55 CSSCs, #3435 0] [r £ 5 58 o 2
WAk, R IR MR EE PR EAR YR IE B, Ho
CSSCsHE a7 i g e
R bFGF. TGF-B35 A2-PI A A& M T
755 MSCs ] £ I JE ot 41 i 234k, (EAS [R] B 7R
IR IR BEARAE — € 22 7 o T Yam & HO0 B 5%
F=NIF T4 0 (periodontal ligament-derived stem
cells, PDLSCs)ill % 40 Bk, P40 el T N F 15
B 3G MAIRELR, 18 /20 ng/mL bFGF. 0.1 ng/mL
TGF-B35 1 mmol/L A2-PH i S ; Kl 4t Bk,
ALDH3AIl. keratocan~ lumican. CHST6. B3GNT7.
VIR Ji a2 (collagen type VIII alpha 2, COL8A?2)
SRR T A A DGR R R IA S B 3E B Taoum
S N BM-MSCsHHE T 0.5%3 HEHEF1 0.2% 1
R JF R EH R E A KE H, 4H 20 ng/mL bFGF.
0.1 ng/mL TGF-B3#11 mmol/L A2-Pi5 54575 A BM-
MSCs. %5858 lumican. keratocan. ALDHIAI .
ALDH3A TR TR I 5 25 11 46 £ 5 35k o 48 A G PRI b
EMFRILEE LR, FHEE, Z4EREFR 4 an s

Ir ZR G0 S AU AR BB 5, O T 4 B e A R S
NI A St 1 SRR A5

BEAh, ATRA AT LA E 4 B [7] £ 15 2 ot 24
W77 o34k . UnLynch% 2 E4# F 10 ng/mL bFGF A
0.1 mmol/L A2-PIRJFAitt |, 733N 0.1, 1. 10 pmol/LIK)
ATRA, 45 R 5075 ATRA F i T 1 53 48 M RE 7 1A
YIRIZRIE, e TR E A RS E. 54t Sidney
A1 Hopkinson Vgt 1 JG MLiF 5 77 AL 340 78 10 ng/mL FGF-
2.0.1 ng/mL TGF-B3f110 umol/L ATRA, g i ] 75
JBT A PR T D P 2 [ 38 5 ot A i P R 2, (EL 2
M A HJ ATR A FAS 2 LIS i 0268 o 2 B 72

WA BT A KGF A EGFAE /N T 15 5
A, g5a A s KR ALY B2 R B 515 T MSCs
IFi) ) JR S 5T 4 B 2346 o 1 Park %5 U5 H] 10 ng/mL
KGF/EGF1%5 3 A & H SRR 1] 78 57 140 Al (turbinate-
derived mesenchymal stem cells, TMSCs), 4l ffi%
I8 A L 5 40 o b B W) keratocanfl ALDH3A 1, 1]
F-Y0 H b5 £ SOX2 I Noteh [t 2235 /K I B R R
2.3 UM RIERMR I

9 #A AL R TR T R s o R 2R SR KO T
AR RRG M BE B R EE . Kim3F "R I
25 A FEORR 1 I 41 o 41 3£ 5 (cornea-derived decel-
lularized extracellular matrix, Co-dECM)7E Jit Jid &
1 R0 Jig SRR 1 o B N 45 SR 5 T 5 R AR A IR AR
o, JFHEAEEREWNEAMTHAKE, &5
LA KT, S FGF. TGFAIE S KA A K
T ¥ 10 ng/mL KGF/EGFTiALFE () N\ TMSCsks 77
£ Co-dECMIEZ A o, A 28] £ 155 3 o 2 AR A A
EWkeratocanfI ALDH3A1 IR IE, B 3% 41 o i
Co-dECME SR NN RN G TR, R AR 1L
RAF, JFA BT 4ERF A L 540 R R . Marin-
Tapia5 “IULHEBE R DA 0 40 i A IS 40 B AR 2L 5 (de-
cellularized corneal extracellular matrix, dCECM)5B
YR N TR £ A 8K, RGP A [R]IE BL AR
IKEIRGE  BIUIRG AL S R R R . S5 R B, i
b N 3% FR4N . 6 mg/mL dCECM. 10% B#A!H]
B (ARRA L 2: 1: D) 3G 104 P S /K I AR R 5 4T B K
Ra e, ORARSE . Ford AR P 0 () SR
WA RIRIREE . SO RARARKIZE R, BK
B AL T M IR A PRI o o AR UR 8] 78 51 +41
Jid(placenta-derived mesenchymal stem cells, PMSCs)
BT Z SRR ARG TR, i 2 ARICTERS, MBEE p
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Mo bR B keratocan. ALDH3A13# A 53
i
2.4 HIIRIEE

T J5 7K 52 1) B T B AR o B 8 A PHRR AR
2, VRO T4 M N & 77 5 i ] DR gk
) A B 5 75 M) 704 o W ChenE: 7R F Flexcell5k
71 R G545 N\ PDLSCsIN#E 3% 45 5 AU R A
G5 L3R W A 5 Ak 5T 4 i AH OC B DR B 4% ALDH3A L
CD34. keratocan. lumican. 1R A M VAL
JR S HRERIE K B, J12= R R e e ik A
PDLSCs|a] # L J57 40 i 77 7] 434k, 1 H /3% L 3R
SR 7 P EVEH 2% . Zhang5s U —
HAIE B 3% 1) AR 7T DU I R ALDH3A 11335 5K
S A R SR AN B MG A AN IR RS, X LR R B Ot
Wt 56 A M AR K L 5 A B4 477 12 52 2 1) 1Y) 5% R 42
BTG AU B WAFE . TR AR A I A A 2 o T o
VIFLZ5 K 5] T MSCsHE a1 704k . AR 70 3R 0T,
OF B 40 M 4 P T 20 R Il S AR A e 4 i A 3
(R A R T SO AR TR 5, A0 P 308 A R R B
TEAR RGN, $R 751240 B L 2% 1m] A 5 ol A9 248 5 )
T REM

XT 175 5 MSCs|a] £ 5 355 J57 41 i 77 1) (1) 434k
FGF/MAPK. TGF-B/Smad. Wnt{5 5 il i r] fE i
TEBAER, J1545 50T LOE IS 4 R 4L Lk
i R ALDH3A TS5 KA SR (¥ R0k o 6 i 4l
o 2% A 1 R R A AR AL 7 15 S (BCH bFGF
TGF-B3MFLIN ML )2 H 1T 3 255 T MSCs|a] f i
FEJR AT ) A T3, YA A SRR T 2R )
RO T R A A TF B . H SRR IR
FEE A, AL AE R A A ST
R R, 7 F2 e FIA Keratocan. ALDH3A 1% ff
JIEL 3L o R s 5 O A PR A B3 ol S5 ) A A L AT
TREA R AR A LI S A 58, 4 45 5 o 40 P e JE SR 2R
T FENUN T 2RO P R AR AE S, R AR R
HEUREA b ae 7, RIS S 7R 5 I
AP LT AE A AL Y, AR A D B R M. B,
MSCs ] fj I 55 51 J2 434k B Bt 58 ] DL ok A i
A S ) 772 SCHEME R H0 1) A I o R R T i
P =4l TR B . H AT AZ7E (1) 32 2 ) i 2
S A R 2 R o W D s SHESVA TR EA 2 . 1
S ETREENLE A . = 4E SR S5
ERCHETA RS

3 MSCs[aAERN R AT E T

51175 T MSCs [ £ 5 P 52 40 B 777 1) 53 A ) 7
EEES N RGBS AW FE R,
CLRC BT o 5 RT7 R A ORI T T L3R 3 .
3.1 HIEFFSE

FLRE TR0 MR I P B A, AT DA 3 A
0 1) 1 JBE N R A 7 T 34k . Dai 5 PO ST 22 48 5
7SR RAFEN AT-MSCs: —J7 T R FH S 4140 i 28
FEA DT E ARG B 7R R
2 58 A M AR A B AR 5 — 7 i 3 il I
JE WA I FRLN, — a2 5 AR R P R 2 i A f
Rz R R AR ) Transwell/)N = 5 A I8 3L 57 40 o )
PRI . & FIRALEE S (1) AT-MSCs H 47 8 JE % A8
NI Z AT, B RIE CD31. AQPI. ZO-1%5fj
JIBE N R AR R EA) o

S AR 7R B 0T LA 5 MSCs i) £ JIEE Py B2 401 fifd 5
[ 54t JoyceSF PMEH T = MR R R IR 2, G4
MSCsHEfliEFRIE . FH T 55 78 db R A4 b 5 240 i )
JoT 35 TR BN AR A b R A M Sk A R R 1 ST
I >k 95 8] 78 )51 T 41 i (umbilical cord blood-derived
mesenchymal stem cells, UCB-MSCs) ] ffj i 4 7
R TT M Ak . MRS R IR, TR SRR R A
g B it 5 95 3 15 S A B IRk P S R ) UCB-MSCs.
Z0-1. N-cadherin®4) 7] & A7 T4 2% ; RN FE1E
SCEGIESE , UCB-MSCsHEMS IH 5128 i 15 Y Je 451475 X
T SN B R R A, o DL R4 B R 4
ARG TR A T RGN B R AR e R L LA,
Bosch& PR H 55 = % 2 Sk U5t 24 8 1 40 it A 222 £ 5
WA . Z A il s BV R R RS T
Bl T4 1) ph 22 0 T A L Ab, AR S g iE
BN 5 PR P15 i T I A B A S A
Rk gk et R SR NN AT AR N 2
T A R4, ZO-1. B8 ATPR ol T4 (Na*/K -
ATPase al subunit, ATP1A1). IV % J5024% (collagen
type IV alpha 2, COL4A2). COL8A2% N i FF{EFr
HEWYIEI AN F R IAK B3 B BRAMNET- 40
PSR ITZA, RPN [ A 1) 78 5T 48 i [0 4 mT 428 i et
WRAESE . I AR T UE S, 5 #f I 2 R 70 )51 5 5T 24
JHL T AR 55 4 WA RN, i 3 B A U X A R R A
ML )IGE . TR BB E . SRIETE AR S F4E
FROH T 1 L 45 10 2% AR B 7R R 0 Re A ke
PR R FR AR
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Table 3 Methods for differentiating mesenchymal stem cells into corneal endothelial cells
IMTT % MSCsk i Ik LA o 0 2 YRR H
Method Source Culture media Duration Results Author/year
Co-culture Human AT-MSCs Direct co-culture with corneal In vitro: 38 d Expression of Nanog, CD31, Dai et
endothelial cells; AQPI1, ZO-1 al/20145%
DMEM/F12, 10% FBS,
0.1 mmol/L non-essential amino
acids, 1 mmol/L sodium pyruvate,
2 mmol/L L-glutamine, 100 umol/L
B-mercaptoethanol, 5 ng/mL bFGF,
1% penicillin-streptomycin
Human UCB-MSCs MSC basal medium: DMEM, 10% Invitro: 21 d; Expression of NCAM1, Joyce et
FBS, 1% penicillin-streptomycin; in vivo: 14 d TFAP2p, CDK15, MEIS|, al/20128Y
LECBM: ATCC EMEM, 20% FBS, COLS8AI; ZO-1 and N-cadherin
1% penicillin-streptomycin; localized at cell borders; cells
LECCM: SV40-transformed human home to damaged endothe-
lens epithelial cell supernatant lial regions with endothelial-
diluted 1:1 with LECBM like phenotype, especially in
LECCM
Human dental pulp Suspension culture for neural crest I vitro: 40 d Expression of ZO-1, ATP1A1, Bosch et
stem cells from third ~ progenitor generation, followed by COL4A2, COL8A2 al/20216%
molars corneal endothelial conditioned me-
dium culture;
corneal endothelial conditioned
medium: high-glucose DMEM, 5%
FBS, 1% L-alanyl-L-glutamine,
2 ng/mL bFGF, 0.1 mmol/L 2-mer-
captoethanol, 10 ng/mL heregulin
B, 10 ng/mL activin A, 200 ng/mL
IGF-I
Biochemical Human UC-MSCs MEM, 0.5 mmol/L BIO, In vitro: Expression of CDH2, Pitx2, Yamashita et
factors 10 pmol/L Y-27632, 1% ITS-G, 9,11d; COL4A2, SLC4A4, Car2, al/20185!
4 nmol/L triiodothyronine, in vivo: 8 d COLBA2 and ATP1AT;
0.5 mg/mL hydrocortisone, tissue-engineered endothelium
50 mg/mL ascorbic acid, | mmol/L maintains corneal thickness
CaClz, 1 mmol/L sodium pyruvate, and transparency in bullous
MEM amino acids, MEM essential keratopathy rabbit models
vitamin mixture
Human AT-MSCs Neural differentiation medium: In vitro: Expression of S100, ATP1AI, Marta et
DMEM, 1% FBS, 100 ng/mL 30-40d Z0-1,AQP1 al/202157
bFGF, 10 pmol/L forskolin;
Ali et al®™, protocol
Wagoner et al®!, protocol
Human UC-MSCs Corneal endothelial differentiation Invitro: 16 d;  Expression of ATP1A1, AQP1,  Ye et al/20225°
medium: human endothelial-SFM, invivo:21d COL8A1, COL8A2, ZO-1, N-
0.1% PVA, 0.5 mmol/L BIO, cadherin, NCAM and CD166;
10 umol/L Y-27632, intracameral injection al-
1% ITS-G, 0.02 mg/mL A2-P, leviates corneal opacity and
1 pmol/L SB431542, 2.5 pmol/L neovascularization in endothe-
H-1152, 0.2 mg/mL CaCl. lial dysfunction rabbit models
compared with blank and undif-
ferentiated MSCs groups
Physical Human foreskin- DMEM, 4.5 g/L glucose, pyruvate-  In vitro: 24 d Expression of ZO-1, ATP1A1, Gutermuth et
regulation derived MSCs free glutamine, 1% FBS, 1% Pitx2, COLS al/2019t!

penicillin/streptomycin
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Method Source Culture media Duration Results Author/year
Human WJ-MSCs Endothelial medium 2: DMEM, Invitro: 16 d;  Expression of ZO-1, ATP1AL, Feiertag et
20% FBS, 1% penicillin/streptomy-  in vivo: 5 d Pitx2, COLS8 al/20201%
cin, 0.1% CFA; electrophysiological functional
serum-free human endothelial verification and transparent cor-
medium: DMEM, 20 ng/mL bFGF, nea observed in rabbit models
10 ng/mL EGF, 1% penicillin/strep-
tomycin
Human eyelid epi- Serum-free endothelial medium, In vitro: 24 d Expression of Nanog, Sox-2, Olszewski et

dermal hair follicle 20 ng/mL bFGF, 20 ng/mL EGF,
neural crest stem

cells ciprofloxacin

1% penicillin/streptomycin, 0.1%

Pitx2, ATP1A1, CoL8A1l, ZO- al/2022!%%
1, Oct-4, Pax6, SSEA4, Tral-

60, CD34, CD49f

32 £YEFERETFES

1 JE R JE AT 4 (cornea-derived precursors, COPs)
AT M BSCAF A LR o 73 B R T4l i, R Z Re &
U5 K54 L PR AF « Hatou% B LN BRI A COPs
NFPFANHE, 75N ATRAS GSK-3B4 751 (AT i
Wat/B-cateninf{F 58 #% )55 IR A, A E AR
HINRERI AL TR AN K . ATRAFI GSK-3B4]
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MSCs differentiation

MSCs differentiation

Co-culture induction: limbal epithelial stem cells,
corneal epithelial cells

Biochemical factors induction: BMP4, EGF,
insulin, ATRA, GSK3 inhibitors, TGF- receptor
kinase inhibitors

Biomaterial microenvironment regulation: three-
dimensional scaffolds

Genetic modification: PAX6 gene transfection

Corneal
epithelium

Co-culture induction: corneal keratocytes
biochemical factors induction: bFGF, A2-P, TGF-
B, ATRA, KGF, EGF
Corneal | | Biomaterial microenvironment regulation: bioink
stroma containing cornea-derived decellularized
extracellular matrix
Physical regulation: dome-shaped mechanical
strain

7777777777777 Co-culture induction: lens epithelial cells, corneal
MSCs differentiation Corneal D

endothelial cells

Biochemical factors induction: ATRA, GSK-33
inhibitors, ROCK inhibitors, bFGF

Physical regulation: substrate topography

endothelium

Ell MSCsEAME LR, AERERMARARMMEESN ST E

Fig.1 The methods for the in vitro differentiation of MSCs into corneal epithelial cells, corneal stromal cells,

and corneal endothelial cells
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