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Abstract

e AIM. To investigate the feasibility of constructing
corneal stromal scaffolds and the optimal preservation
conditions of corneal stromal lenses obtained from the
small incision lenticule extraction (Smile) surgery.

e METHODS: Constructing a bilayer lens by adhering
together two corneal stromal lenses with human fibrin
sealant (FS). Human corneal fibroblasts were isolated
and cultured from Smile derived corneal stromal lenses in
vitro, and the toxicity of FS on human corneal fibroblasts
was detected by MTT method. The bilayer lenses were
then placed in anhydrous glycerin, sodium hyaluronate
eye drops, a simulated wet room environment and fetal
bovine serum groups respectively, and stored at 4°C for
14d. The transparency, hardness and stability of the
scaffolds were then compared. Afterwards, the bilayer
lens scaffolds were stored in anhydrous glycerin at room
temperature, 4°C and -20°C. After 14d of preservation, the
diverse effects of temperature on the transparency and
hardness of the scaffolds were compared.

e RESULTS: MTT results showed that the cells of the
experimental group and the control group had similar
proliferation trend within 0-72h. The cytotoxicity rating of
the experimental group was 0 at 36-48h and 1 at 24h and
60-72h. The relative survival rate of the cells within 0-72h
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was over 90%. FS - bonded bilayer lens scaffold had a
smooth surface, close bonding, good transparency and
suitable hardness. After 14d of storage at 4°C, none of the
nine bilayer lens scaffolds in the anhydrous glycerol group
showed signs of cracking cracking after rehydration, and
their transparency was good. In the sodium hyaluronate
group, three of the nine scaffolds cracked and the
remaining six were still intact. In the simulated wet room
environment group, none of the 9 scaffolds cracked, but
there were different degrees of shrinkage, their surface
was rough and transparency was lower. In the fetal bovine
serum group, all the 9 stents were cracked, and the single
corneal stromal lens was soft and edema was serious. Out
of the 15 bilayer lens scaffolds preserved in anhydrous
glycerol at room temperature, 2 remained colourless and
transparent, 5 slightly vyellowed but still remained
transparent, 8 yellowed substantially with a significant
reduction in transparency. Out of the 15 bilayer lens
scaffolds preserved in anhydrous glycerol at 4°C, 5
remained colourless and transparent, and 10 slightly
yellowed while remaining transparent. Of the 15 bilayer
lens scaffolds preserved in anhydrous glycerol at -20°C,
none of the scaffolds yellowed, therefore, remaining
colourless and transparent.

¢ CONCLUSION: FS is a safe and non-toxic bio-gel. It
can be used to glue Smile-derived corneal stromal lenses
to construct corneal stromal scaffolds with good stability,
high transparency and suitable hardness. Anhydrous
glycerol at - 20°C is the best preservation condition for
corneal stromal lens scaffolds.

« KEYWORDS :tissue-engineered cornea; corneal stromal
lens; fibrin adhesive; cytotoxicity; preservation

Citation: Ye Q, Zico, Ji JY, et al. An experimental study on the
construction of tissue engineering corneal stromal stent with Smile
derived corneal stromal lens. Guoji Yanke Zazhi(Int Eye Sci) 2020;
20(4) :594-598

03lE

FrRES JtHE ALAE DU R BOR MBS A RS R A I
o TS 1 5 W 0T T B, R R AE I SR R Bl
il (A5 1 B RS AR A Ry ) 3 e s 1 o B B TR (H
£ I AR B AT 5 Z ELARFSE 9 ARE RN, R I A RS AR
AJEAT AT B HE R SN, TAER , 5T A RS AR A 4
AR 32 A P AR AN 7 T (1) QAT 4 A R Ak
U5 (2) Aoy el 8 B S A6 AF S HE R SO, A AR AR 17 e
SRR ES TIF R AR, A TR M B
FHAE S MR IR BE 2228 R, W B R A
FAASPER DT 40 M - A= b B SR A ik, TEZ Rl A
VI SCHMPRL 88 o T 5 Hy TR A /0 & S Pk I 47t
T ELBE R Rh 22 S80I | DR sk H RSB 90 B 2 1 32
BURpREZ — 2 R R R A A S A B A ) R
il DA R S o g |9 IXURG: i PR 52 B 12 T 52 R, Bl
4 TRFMEOG /N YD T 308 B 4 55 R (small incision lenticule
extraction , Smile ) ] 242 , A B 14 )6 T - 2 59 N AR g
BEPTE L, N TR AR T SO0 R [ A RS T 2H

ZU B R IR, A WE 5RO 2F 4k 8 RS A R (fibrin
sealant , F'S) Kiillfi Smile A it U (1) A J5 I 5737 B3, 1) 2 30
JE AL BT 45 S IR AU TRl DR A 5 ) S 2R B
FETE I W EE R SZ A 5 e Ah , DA AR AR B | 5 A5 5 TH AR
FS X A A B FE BT 40 M ( human corneal fibroblasts, HCFs) [
BHEMER, DB IG PRIt —Fh 4 2 J0 8 B8 5 15 1 41
SUT TR B R
1 MR 7 %
1.1 ##4
111 EERFIFRE  FAHE AR ST (RAAS) T 7Y
JK J5L T ( Sigma) |, I 4 1ML T . RPMI - 1640 1% 5% 3 ( Gibeo ) ,
MTT &5 & ( Multi Sciences) , Jo7K H i ( Solarbio ) , 3% HH it
Fi% £1 ( Santen ) ; fif #5 43 BT 4% ( Thermo ) , % S 1 il %%
(Nikon) , IRBFF AR R AHEE ( Zeiss) .
112 HERIE  AMABFERFTERIA 2019-01/03 T
PUEERMR 25— B @ BE BE IR BH T Smile AR 135 W 97
%] 194 BR , Hr 55 46 19, 4 51 4], 4E 8% 19~36 %, HHER
LA AR S 4 B, AR S IE i R B JS S BB T
A RPMI-1640 532 0E, T 2h W B2/ G . w5 IFid
SRR E BYIERS VR AR R HTJE O RE | A R A A Y
EHAR R YRR AR Bl 7 B R R A A — B
JREREE PR RS A,
1.2 /%
1.2.1 HCFs ff4h o BFESR T Smile TARJE HIETE
1 B o S22 AMOTT 18 TR B ) DD, BB 1) 2 A o O ol
ZH AT AR I 21 2 2 B vl Rt 14 TR 2T 4 A i 2T 4
S AE) 1, PR O T AR A T A B 1) A R R I 4
21 K15 2 i A MBI AT AR AP R SR IS A5 20 00 4 A BN 2
FE T2 AR ) A1 B AT AR AR, AR rp S Y A R
BEE T PBS ZZ P rh e 2~3 W, H 1. 5g/L T AU R
BHA W T 37°CIH AL 2 AU %, 1000r/min 250> Smin,
I L8 B AR RS B P TR IR, 2~ 3d #9 1 R, 4
7d JEH 1:3 HERMEAR
1.2.2 MTT ERNMEMERFEE KAREAMSTET
15mL 7825322 (% 10% 64103 ), T 37°C e iR AR
72h SRR R, LA 3 000 4~/FLAY % R HCFs 3280 T
96 fLil, T 37°CH: #7, 24h LTl i (1)
AR B AL 100pL RIEWL; (2) TR A . AL
100pL SE4BE R (3) 25 [N FRZH . JTCAN MY, B3 L 100l
SELRE SRR, 0 T 24 36 .48 .60, 72h Ji K 4% 41
TE 570nm AL G EEE (0D {B) , 153 41 M AR X 25 77
Z(RGR) , 2l A0 A= #h £k, 2 FR 40 B 75 1 43 Db o
(R D) IATA MR REEIF S, B 5 DAL, A0 AH XS
R RGR( %) = (S5 4HF-34 OD A - 25 X R4 3%
OD 1)/ (IEH XF B8 21 -1 OD 1 -5 I XF B 411 oD
18 ) x100% .
1. 2.3 ABEERIENHE BHADIUEF —BEE
TR AT A PR o s T T v m i b IR ) TR
B RPMI-1640 35525, TFARBME T, 565 n 45
(3 ~5pL) ZF 4R 8 FORGA L BE I RV W T b — R A
PRI A B 2% 1, R RO 5 — S L, T 10s
WIS ZEW R BRTEEHE,

595



EfRRRNZE 2020F 48 £20%5 F4H
815 :029- 82245172 85263940

http://ies.ijo.cn
BB F{57%5:1J0.2000@ 163.com

x1 HESESR

F% RGR(%) M A RE HEEIEH]
0 =100 MU SR W BE KA O AR M i 1 -

1 80~99 DT 209% (A SE IR | 0 BE AT, DM AR A0, 15 L 200 it -

2 50~79 T 509 1 2RI S IR , TG 0k, mT DL W) 2 240 A R +

3 30~49 DT T0% B A 52 T B i H ++

4 0~29 JLT- P A S AL 4 AN 52 2 ++

*®2 BEFTEAMNEARRBASTEEFREAMMHN OD ES5HMSTEITR

K 1] B (X Es) e AR SR HEAL (XS RGR( %) o AL
24h 0. 513£0. 047 0. 524+0. 080 97.80 1 -
36h 0.7230. 056 0. 662:0. 057 109. 42 0 -
48h 0. 8800. 102 0. 8440. 107 104. 57 0 -
60h 0. 946=0. 098 1. 040+0. 075 91. 04 1 -
72h 1. 109:+0. 055 1. 204:£0. 343 92.13 1 -

1. 2. A REARENRATZRZZMm I 36 HOWZ AL
FLiEHE S & 6 fLtkh  H BRORAEN BN R 2 A LR
4 21 JooK HIMA B P R AN AL G A 3 2 S B RINE By
PBEA (PR KRB AR ER) , B EE 3 AR AL, B
FLBCE 3 MO B S g 6 FLARE T 4°C A BERAF
14d , WEEFF PP 15 55 S JR A0 R 358 I B e R sE 1 (AT
SUE DU R e e PR W b o ) | B 35 Y R 14 7 R i Bt
FHBLT AT EDPEH
1.2 5 AEARTFREX IR A 45 HOWUZ A B
FB BRI N 3 40, BT ICK E ek, Hod 15 Az
TR (25°C) MR R AE (R4 , 15 AT 4CH
B RAF (4°C ) 15 BB T -20°C 85 i R4 (-20°C
), 14d JFEAK, I LR 3 Pl i B A7 1 ST HR R I
Geit2f by Ad ) SPSS 23. 0 B HEAT G812 A b
FTHECRORHI2H 6] HL R ) Fisher B IAE R 12 2540 VORHIY
ZH 8] LA R ] Kruskal -Wallis H K656 25 4 H A 7R 22 5, 1
X Nemenyi Ko AT A5 AH TRl TR T L3 . P<0. 05 Fon
ZRE G FRE L,
2R
2.1 HCFs WEASYHE  AHMFMHLS 24h, K4 HCFs I
BE 2y 48h J5 W] UL HCFs & S K MB35 = M, 40 A%
R ETE S IR | A 1 A, 0 B X% HE S 4L 55, LT iE
RAK,
2.2 MTT ;BN AETER 8 A 2 B T T Wi
PRI L AN 50 4 b 95 SLAH A0 M 2 BLAT LE R AR AR A 41 il
W RE R AR S8, OISR B0k, MTT A6 45 2R 7
0~72h NIRRT AL 5 57 4 4% 3% 56 20 40 i 2L AR 0L 1 36 4
sk R ARG SR 36 ~ 48h AR M TEEMEITEL N 0 2%,
24h P} 60~72h A EEETEH A 1 9,0~ 72h 41 L AH X
AR 90% (R 2, 1 1) o Fig IS [ 24 e (0 3 PO
GihnifE , RGR =80% RN AT A AR L7z
2.3MERBERTZMME  FLF 45 UK & FUR
S AR 7 IS 35 5 4 S R 3G TP 6 | T R Tl o 44
i, 3% W BE KA U2 B R A
2ARERENRNNEEELRAIRM  4°CHRA 14d
596

1.401
1.20f
1.00f

m

 0.80

i,s(o.eo-

0.40

0.20F

0.00 . . . , .
24 36 48 60 72
Kt 31 7 (h)
El1 HCFs ZAEZERMEFER THERKEL,

J& , JCKH AL 9 MOAUZHE R4 B K IR YA BT
SO 37 W A T H I R A R o R RS 3 n
(FE2A) s B RIRENAL O B4R 3 MU BT 24, 4% 6
Meoe# ,375 WRE  mT Bl A R AE T T BB, S 29 mis S /K etk
A JEEEE N (P 2B) s B B A 4 9 MU HR Y T 2
PG ANAFAE AN RE BE A 45 4, 2 T RLRE A | JE R 3% 1
JEE PR ARAFRTRRAR (181 2C) 5 a2 I 21 9 A 2R 4T
24P OBE B K HK I B, DL 4°C AR A 14d S5 3L
J2 £ TR 0375 45 S 4T S5 00 A bR e | LA 4 b R A
75 IR E PE , TCK H 0 FE B A A7 10 57 0% 5 Tk e
00 T3 W R R A , 1T 16 2 109 PR A7 B S A0 R E T B R
(P<0.05,%3) .

Q5 ARAREFEEEMNEERITENEIM THIE . 4C
Fe=20°C B9 ICAK H M A ARAE 14d S5, 45 41002 ff I 5
B2 K A R R AR, (EB B M it i B 25 5 . T
TEICAK H TR R 15 BOWZ B 88 48, Hod 2 B+
T B, 5 MRS B EE A B ] | 8 BU™ B AR 5 HaB
HH B B G R AIG s T 4°C TEK H R AR ARG 15 HORUZ 33 B3
S HoR s MU TC (B B 10 A s B LS I R
I F=20°C oK H M BRAE 10 15 HOBUZ 5 5% S 48 24 (1
T B IR R AR B O, UIRAT 14d J5 BUZ f IR
B I 375 B S 7 W B O R TR v B 3 PR AE IR
BB AR, AN [T B4 TG 7K I X U2 £ S 5 oo 5 <2
PR RAFRUR 22 A Bt 248 L (P<0.001) , Hirpeg i 4
M 4C A 27 G2 L (P>0.05) ,-20C 4 5 H A



Int Eye Sci, Vol.20, No.4 Apr. 2020
Tel :029-82245172 85263940 Email :1J0.2000@ 163.com

http.//ies.ijo.cn

.

2 FRRENEHNREELSE

IRM A TOKHIMAL, XUZ A IR 8 B2 S SR SRR R BT 2

R AL, 375 0 B L7, T O

PRAFHTHE N, JRERE RSG5 B . 5 W STRR B ZE 32 W1 R A vh PR AT 14d B XUZ Ay 5L 5578 452 175 W E 1 ], B B2 ASE DR AT T IARATG , SR 2 /K i
AR JEBERE N 5 C AT 55 PR AL U 55 RO AT 14d B9 0UZ A IERE B0 0378 W B A, A7 S [ R 2 4 , 3 T RELRE AN )

3£ L Al 2 ST DR AT T FRARG

®3 FAERENEMVNERBEERBFIRBEERHHZM K

EEpill n i RIFH
Tk i 9 0 9
175 W B R 20 9 3 6
A s PR B 4 9 0 9
Ji 4 il 3 40 9 9 0

x4 TERFREMUERREFEEIRERENRI K

44 51 n - + +
IR 15 2 5 8
4°CH 15 5 10 0
-20°C4H 15 15 0 0

- REEY; + BUMRRRUL T, ++. S H A BBV
FEAR

P22 A Gt 22 5 L (P<0. 05) , R -20°C H 1Y

IRAFROR R (% 4) .
31

R IR SR ZE 45 £ 1125 W 41 1) S B A8 1o, AT
TR ZAUTKIR i JREKE 5 45 K A A A B o0 B9 58 T
B R TR A A R T 22— BRI
H JE SR BN B BB W | R ) AR A A GE
AR R | RS R RRE ATt AR M R B 38 2R AT B A
s HETRFT R 2 4 SRR R R R 5
JULAAR L Ff SR T 22 R AR 1 SRR R
i SCIRMA b 0 200 R SRR TR U T R AR B4 AR IR 2L 2
WEOR B T F AL LR 2k S SO oy i DR B T b Bz i
I PAL Bz 0 B R B 3 2 A, PRI JSE A S R R e ) JHLAE B %
(ELAL 2 14 050 200 ik J5 3= A U T4 0 R IR 20 A7 e —
AR SR O AR B4 3L, ELAF A R S 0 1) KU, A ke
i PREE BRI 32 R

Smile A [ 2% L g £ 158 FE oA R B2 A3t 10 9 R U
Smile JE7E i IE L IR HEAT PRI TR EE RIS B9 41 4 1)
B, BB B RS A R FF B B /NI T SE B EUH S
HH ) A PR S B T R DL TP R D R A T
PR UZ  FE b OR BT I A R B A0 R A5 F Ot
FIEWIE LR TR I KA AR R A R B
BRI 100wm , T AR 32 B HR PYFEAT B, PR EXT T 3mm LA
F(<5mm) BRI AL, 7T Bl 22 J2 f 5L i

BEAE R SRR, DASE 5 S AR R PR IR B, FS &M
{8 125 R AR B A — R SR AR MR RS A 7, 2
B HIEE R, 22 FH T R v mig 39 ) 1w o8 21 20 2 B O 0k
i T R RS R 22 2 £ 5 A 8%, LAGE B AR
[ 2 2 A I 2R AL UK SR EE TR, IARSE FS X A 5L ot
A ) FEPE S, ASBIFST B Smile S 5 Y £ JE 12T 4 40 it
5 FS IR ILRIRE IR 720, 3 o MTT 354600 240 A %) 38 5
T UESE FS X A B G £F 4k 40 i C R vEVE T, BT AR
AR T A A 20 TR A I T SR RS R
N P XS 22 R B8 o 35 B Sl 240 3 1T Y M P, B R o
W1 KA B BB & 5%, R BB,

TR A EARAT D7 vk BB A R A K R
KIERAFIE S S8 R AT — R I by B A7 10 28, A
FEIF )80, — BN 24 ~ 48h 5 477 322 2 FH i rp 28
PRAT 0K A BERAT 4~ 14d , TP B BAA7 300 — B s N A
B R EVIIRAN ARSI R R R IS
P S VS IR DA SEE A R A B ] 5 R I AR A 22 2R 4% B 55 57
P AH R ERE S A B S [ D O A K AR
FEN 22K FHH M AORAE LS B TR AR B , LK AR A
AR B HAEY | L8 % 08 bR A7 7 o, AR 5T ik
FEICAKH I B W R AR i A LT AR UL Dy PR S A
FA IS BRI PRATAY T, AR I A IS S 20 1) 38 B AR A7 T X
T 36T LA [T ORAE A T SR 00 35 B R F 2 0
S JEERE UFESETE K H il 2 U2 i L 5 S 4R i B AR R A7 A
o S 2 R R T 4°C Bz —20°C TE ok H AR A
B35 B Sl AR %) 35 W BE |, IE 52 - 20°C SR AR A IR E . TE
=20°C T/ H- 3l - PR AE 1) i T35 5 385 B S AR AR K i, oA
BE R B R R M AT

25 BT AR ST AR FS REIG Smile S 5 A4 £ 5
5 375 A A L2 ) T o3 S 2R, O 21 4 T A i S 2
PEEHR AL T8 10 Sk IR 4 . HF Smile Sk VR i) 1 A 35 5t 20
Mt PSR LML FE il i MTT L UESE FS X A 5 3 o
YR TCTEPEVE F, PTH T A 2 20 TR A R B ST 4R,
T LU A R AR A T AS R R A T 3 B S B AR
SEVE R B B R IE 52 -20°C Jook H R SUZ A
JOT 32 B 5 BRAR B PR AF S5 o ALY 8 T Af I S SR A
BEEY AR, AT E R T4 3mm LUF 89 £A I 25 4L, i HL
R — 2B A Bl T 40 A 2 2 TR A AR T R

597



ERRRIAE 2020F 48 5208 ZF4H  hitp://iesijo.cn
E81%:029- 82245172 85263940  EBFS#H:1J0.2000@ 163.com
S 3k

1 Stevens GA, White RA, Flaxman SR, et al. Global prevalence of
vision impairment and blindness: magnitude and temporal trends, 1990-
2010. Ophthalmology 2013 120(12) . 2377-2384

2 Porzionato A, Stocco E, Barbon S, et al. Tissue — Engineered Grafts
from Human Decellularized Extracellular Matrices: A Systematic Review
and Future Perspectives. Int J Mol Sci 2018; 19(12) . E4117

3 JHPKRZAE, WSIAR . AR AR AR I BEmb ATF 53 Rl R FH IR, e
A T AR 20145 4(1) : 1-4

4 Shah A, Brugnano J, Sun S, et al. The development of a tissue —
engineered cornea: biomaterials and culture methods. Pediatr Res 2008 ;
63(5): 535-544

S Matthyssen S, Van den Bogerd B, Dhubhghaill SN, et al. Corneal
regeneration; A review of stromal replacements. Acta Biomater 2018 69 .
31-41

6 Tto TE, Martin AL, Henderson EF, et al. Systematic Review of Topical

598

Hemostatic Agent Use in Minimally Invasive Gynecologic Surgery. JSLS
2018; 22(4) : €2018

7 Skovgaard C, Holm B, Troelsen A, et al. No effect of fibrin sealant on
drain output or functional recovery following simultaneous bilateral total
knee arthroplasty: a randomized, double — blind, placebo — controlled
study. Acta Orthop 20135 84(2) . 153-158

8 Okuda T, Fujita M, Yoshioka H, et al. Novel surgical technique to
solidify cyst—type metastatic brain tumors using autologous fibrin glue for
complete resection. Surg Neurol Int 2014; 5: 100

9 Docimo G, Limongelli P, Conzo G, et al. Axillary lymphadenectomy
for breast cancer in elderly patients and fibrin glue. BMC Surg 2013; 13
Suppl 2: S8

10 PRI, BRAESR , BRECAS 55, A RRORAF J i AR B ik Jig. [ B AR A
Zeiki 2017; 17(6) ; 1060-1062

11 Niu G, Zhou Q, Huang X, et al. Individualized penetrating
keratoplasty using edge — trimmed glycerol — preserved donor corneas for

perforated corneal ulcers. BMC Ophthalmol 2019; 19(1) . 85



