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Research progress in autologous regeneration of human corneal endothelial cells
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[Abstract] Human corneal endothelial cells (HCECs) are very important for maintaining corneal transparency, but HCECs remain
arrested at the G1 phase after embryonic development and could not proliferate and regenerate in vivo. The density of HCECs
decreases spontancously with corneal development and aging, while systemic factors and corneal diseases can further cause a
massive loss to HCECs, lead to corneal opacity and edema and ultimately induce vision impairment. Therefore, the regeneration of
HCECs has always been a heated topic in the field of corneal endothelial research. Currently, function restoration of exogenous
corneal endothelium mediated by cell therapy and autologous regeneration of endogenous HCECs have made amazing
breakthroughs, with endogenous HCECs autologous regeneration being a more convenient and physiological treatment option. This
review summarizes and analyzes the strategies and related techniques that are currently applied to the autologous regeneration of
HCEC:s in aspects of operative treatment, gene therapy and pharmacological treatment.
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5% HF 4 (transcription factor 4, TCF4) W CTG iY
HEEY M g Y BoR, IR B AL
A G R B . B 5E B H PR (antisense
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2.2 ASO A

ASO H AR JEMG — R AN T s W& Mm-S B
DNA 5 RNA H MRS 50 F A4, 38 £ 57
S8 B KA L 25 LT B A S PR S R/ B R, 3k
PN TIRBER N LR HE . ZRERGIT T EE AT
1 RNA 5 & B3 A A 3 I EE 5 1R A st A e
EAHSCAFSE A 51 © A FZHORTF R T8 X CTG Bl Ak
J¥ 4 2 B S 30 FECD /93697 157, i ASO
AT A6, W ASO ME LIRS i #E )] HCECs, 4
FEfl R I R R A A G 2y, TR SR
b CTG & X 304k A& M i XoF 4 i A 1E 5 A= P BE 7
A AR LR S, BRI T AR R A

2.3 CRISPR/Cas9 Jt P4 il

CRISPR/Cas9 # [H 4 5 (1) 1 72 & K Cas9 Hi ¢ 57
PEm T RNA P45 3 2P 5040, 575105 DNA DL
SEELXTHE K 41 DNA JF 80 0 g . 18 R — > AH X33
HIH AR TF-BE, CRISPR/Cas9 %E DK 44810 FH T4 7T F I
PR 5 3R R R BIF 5 J1% 30 45 AR X 42 T RONG
25 USL i B R X CTG Bk 8 51 3 b 38 5 30
FECD 534 A I B2 4RI T e T RSP SRS, 255 R
2 5L R B 5 CUG U7 51 8 &2 1) 58 mRNA A b
EW, ARSI . UEHARA 45 ) ZE VI A
a2 (collagen a2, Col8a2) Z7F S HUMH &k
FECD /AL, FIHIIX —F AR 0] COL8A2 [
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AN B A S, (HH T R IR K Cas9 Rl
5 RNA JF 51 # 7] {4 3 2= HCECs fY3& 4%, H CRISPR/
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J Rho #7¢£5 H #% [ (Rho-associated protein kinase,
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W B A AE [ 40 HCECs & /& W i - 1a] Jit %% 1k
(endothelial-to-mesenchymal transition, EndMT) . %
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3.2 Rho/ROCK i ¥ K ROCK il 1
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AT RT S 0 240 B ) 1 ARG, T ROCK 1 il 550 U i 5 4%
VTR BRI, TR AN B

IEAEK, ROCK il 551 76 {2 i HCECs -4 i) i
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N- CpmgE 4-3E ) 3D %E-1- R I R iR i
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ROCK I W 74 f) 3% 1k ¥ 4 0 il 1 2. % F
Y-27632 FE 5 . Mk £ B N B 4 g A A0 v e B 1] B 1Y)
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4 %, FECD 8 & I 4 45 RIB M AR s A8 £8 3 1k A A
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BfiJ5 , OKUMURA 2§ ) 8% 1 Y-27632 4 {di F 7] &
FARIT RSt a], 755 41 3 45 LN B AR S5 B K 1 £
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PO A 0 S B . X e ST B U Y-27632 HA
& i HCECs -4 . B MM Wit gfE/, (A
TRITRCR 5 B BTG O . 250 R & RLE YT
A, (28) -1- [ (4-F-5-SFMEmkEs) BfEEEE ] oK
A-2-H - TH-1, 4- "/ R REL KB Gid?
HR) R — 2 ROCK #1457, H:xf ROCK T .
ROCK I 2 () 35 F J7 1 T Y-27632, Al A 2008 E 40
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R AW — W52 Y, H A LR TR T
DWEK J5 i FECD i & 5B %R, 1A JEHREN
FARE g J R A, AR . DA R S5
W], ROCK M il 37 7636 97 f1 B 9 Bz e . i
HCECs HA4 5 UIRe Ik &2 s — & M sk . B IR af
TR F R ED, A 20 2 s 5 T R
BRHUA A I RIS, LB ROCK 3 351 A 3597 71
oIRGB NV IESE

3.3 TGF-Bili# 5 TGF-p i
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Kol . BIESE . HUAR G | R A AR .
HCECs % [fii 1 [W] i} 634 TGF-B i 3 FpZ 4k, Hpg/Kkh
) TGF-B 5 HCECs H & & W) TGF-B ¥ 7] X HCECs
FEAREE AR Y g Y R, R AN
A, TGF-B fit i R (% 20 i J 300 8 A0 i 3 il 4
(cyclin-dependent protein kinase, CDK4) fy&ik, M
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oEE . b A, TGF-B if nf #l % R 40 i &
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FATEI, TGF-BAE 38 i £77F (1) 22 Dy e 40 il 155,
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related factor 2, Nrf2); [fii Nrf2 DU 2 4k 435 41 Jifd P 480 Ak
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AR O AR B HCECs IOTETG 3R 2 DL EiFsey
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