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[ Abstract] Objective To observe the transparency and tissue structure changes of human corneal stromal
lenticules after long-term cryopreservation and explore a simple and feasible method for long-term effective
preservation of corneal stromal lenticules. Methods Two hundred samples of intact human corneal stromal
lenticules from 200 eyes were obtained during femtosecond laser small-incision lenticule extraction ( SMILE) in
Hainan Eye Hospital, Zhongshan Ophthalmic Center from 2013 to 2020. The samples were divided into 1-month,

24-month,60-month and 80-month group and were stored in an ultra-low temperature freezer for 1,24,60 and 84
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months respectively at —80 °C according to grouping, with 50 samples in each group. Transmittance of the corneal
lenticules at wavelength of 300-800 nm was measured with an ultra-micro spectrophotometer and every lenticule was
measured for 10 times with a 50 nm interval. The histomorphology and collagen fiber structure of the corneal lenticules
were examined by hematoxylin-eosin staining and Masson staining, respectively. The arrangement of collagen fibers and
ultrastructure changes of keratocytes in the samples were inspected with a transmission electron microscope. The
apoptosis rate of keratocytes was determined by TUNEL staining. The study protocol was approved by an Ethics
Committee of Hainan Eye Hospital at Zhongshan Ophthalmic Center ( No. 2013-003). This study complied with the
Declaration of Helsinki. Written informed consent was obtained from each subject before surgery.  Results The
corneal lenticules were clear and intact in all groups and no significant difference in the transmittance within 450
800 nm wavelength was seen among the 4 groups (all at P>0.05). Masson staining revealed that the collagen fibers
in the lenticules were neatly arranged and tightly packed in the I-month group. In the 24-month group, interfibrous
vacuoles were found in some collagen fibers. The arrangement of the collagen fibers was loose and more vacuoles were
displayed in the 60-month group,and the loss of some collagen fibers appeared and the lenticules were thinned in the
84-month group. It was found through hematoxylin-eosin staining that the morphological changes of corneal stromal
lenticules corresponded to the alterations of collagen fibers. Transmission electron microscopy showed that in the
I-month group,the collagen fibers of the corneal stroma lenticules were neatly arranged and regular, and the corneal
stromal cells were elongated and spindle-shaped, and the nuclear membrane was intact and the cytoplasm was
abundant. In the 24-month group,the collagen fibers showed slightly loose arrangement,and the corneal stromal cells
were deformed with incomplete nuclear membrane. In the 60-month group, the collagen fibers were in loose and
irregular arrangement, and the nuclei were atrophied and deformed. The 84-month group showed disorganized
arrangement of collagen fibers, wrinkled and atrophied corneal stromal cells, discontinuous nucleus membrane and
nucleoplasmic lysis. TUNEL staining showed that the percentage of apoptotic corneal cells in lenticules was (87. 80+
1.17)% ,(89.50+1.05)%, (89.30+1.51)% and (90.20+1.47)% in the 1-month, 24-month, 60-month and
84-month groups,respectively, with no statistically significant difference found in overall comparison ( F=4.525 P=
0.053). Conclusions The disorder of collagen fibers and apoptosis of keratocytes occur in the human corneal
stromal lenticules till 84 months after cryopreservation, however, the transparency and integrity remain excellent. The
ultra-low temperature preservation technique provides an effective and simple solution for long-term storage of human
corneal stromal lenticule.

[ Key words] Corneal diseases; Corneal transplantation; Corneal stroma; Preservation, biological;
Cryopreservation; Ultrastructure; Apoptosis; Transparency
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Gross observation of corneal stromal lenticules in different groups ( x10,bar=2 mm)
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Table 1 Comparison of transmittance of corneal lenticules among different groups ( mean+SD, %)

i RN
45 3

B 300 nm 350 nm 400 nm 450 nm 500 nm 550 nm 600 nm 650 nm 700 nm 750 nm 800 nm
IA~A4 10 18.52+1.71  40.47£2.43  51.30+1.41 54.20£1.32 58.07+1.92 64.32+0.84 68.47+1.74 69.87+1.76 74.10£2.37 74.57+1.92 74.47+2.02
UAHA 10 15.15+¢1.26  35.30%3.37 45.50£1.27 61.07+2.86 51.92+2.69 59.35+6.39 64.97+0.81 68.50+4.30 68.60+1.35 67.12+5.04 67.52+3.51
60 1 H 4l 10 25.15+2.94  51.70+2.25"" 59.62+1.31*" 59.02+1.75  62.65£5.79  72.25+3.75  69.82+2.56  79.20£3.27  79.27+3.73  80.97+2.96  75.72+1.75
844 10 17.70£6.42  47.52+5.93" 55.85+3.53" 62.01£5.93  57.70+1.75  63.7525.08  66.22¢3.75  72.17#8.01  70.775.08  70.05:4.93  72.72+4.13
Fi 6.750 8. 118 11. 647 3.584 4.926 3.574 3.336 2.541 5.208 4.831 3.999
Pl 0. 080 0. 044 0.009 0.310 0.177 0.311 0.343 0.468 0.157 0. 185 0.262

W54 A 1A, P<0.05; 54 5 24 A H AL H A, P<0. 05 (HLIE %7 25 4347, LSD-1 K 36)

Note : Compared with respective 1-month group,*P<0. 05 ; compared with respective 24-month group ,"P<0.05 (One-way ANOVA LSD-¢ test)
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Figure 2 Histological examination of corneal stromal lenticules in different groups ( X200, bar=20 pm) The collagen fibers of corneal stromal
lenticules were neatly arranged and tightly packed and the appearance of the lenticules (arrow) was intact in the 1-month group. The interlayer disorders,
vacuoles (star) and uneven surface (arrow) were displayed in the collagen fibers and lenticule tissue in the 24-month group. In the 60-month group, a
reticulate structure was found in the collagen fibers and the lenticule tissue, showing loosened structure and more interlayer vacuoles ( star) and uneven

surface (arrow ). In the 84-month group,loss of some collagen fibers and thinning of the stromal lenticules,uneven surface (arrow) and fewer vacuoles (star)

were seen

U pm ; L jum
! e L35
3 EERBEREEBMETAL  A:1 A LA T S 50 52 HE U 5 B (X5 000 55 R =500 nm)  B:24 4~ H 21 ff I i B
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BE I LA 51 ZEEL (x5 000, F3 R =500 nm)  E 1 /4> 28 A BRRE 0 40 g 52 KR, % B 5 B, i O 5 F i (k) (X 10 000, 4 R =1 pum)  F:24
AN H S Ay H5E I 40 M A0 M A% 25 A R, B R S8 8 (7 3k ) (10 000, AR R =1 pm) G 60 A~ A 21 1 B 35 [ 40 1 25 45, 40 0 o3 45 09 35 L (4
36) (X10 000, 5 R =1 pm)  H:84 A LAy 52 S5 40 M0 450 407 , A% S 5 A0 AN 3 2 A% B 3R (5 Sk ) (%10 000, AR R =1 pm)
Figure 3 Ultrastructures of corneal stromal lenticules in different groups A:The collagen fibers were arranged neatly and regularly in the 1-month
group (X5 000,bar=500 nm) B:The arrangement of collagen fibers in the 24-month group was a little looser but still regular ( x5 000, bar=500 nm)
C:Irregular and loose arrangement of collagen fibers was displayed in the 60-month group ( x5 000, bar=500 nm) D:The collagen arrangement in the
84-month group was disordered (x5 000,bar=500 nm) E:The keratocytes in the 1-month group showed elongated and spindle-shaped, and the nuclear
membrane was intact and cytoplasm (arrow) was abundant (X10 000,bar=1 pm) F:The cellular nuclei in the 24-month group became deformed and
nuclear membrane (arrow) was intact (X10 000,bar=1 um) G:The cells (arrow) were atrophied and deformed in the 60-month group (%10 000, bar=
1 pm) H:The corneal stromal cells (arrow) were wrinkled and atrophied with discontinuous nuclear membrane and lysed nucleoplasm in the 84-month

group (x10 000,bar=1 pm)
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Figure 4 Comparison of TUNEL-positive cells in corneal stromal lenticules among various groups ( X200 ,bar=
20 pm)  Cellular nuclei showed blue fluorescence ( DAPI) and TUNEL-positive cells showed red fluorescence ( DAB).
DAPI. 4’ , 6-diamidino-2-phenylindole

The TUNEL-positive cells were slightly increased in the 84-month group
TUNEL:TdT-mediated biotinylated-dUTP nick-end labeling
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