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Fig. 1 Schematic diagram of a row of blades ( a ) and

tumor tissue after cutting ( b )
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10 min f5 PBS 12 35& . BHAEXT BEZH U7 7 A 100 ul
DNase I recombinant grade I (3 000 U/ml, w T
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BB K. 1°C/min f 22 -80°C. e v A G- 371 7]
. B—/NRE A, LR S8 A b
AR A = L, TR B B M IR AR e 15
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1 min. K120 E 535 A RO e
JiE s AU, IR o B R IR AR P A . 100°C/
min [% % -150°C.
1.8 HEHH

K HI SPSS 18.0 % - ' ANOVA  (Analysis of
Variance) #F BEXJ B4 4777 224347 . Duncan [G£
T FL# . i Origin 9.0 PR HE TR .

2 #HR51TR
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Table 1 Relative vitality of lung cancer tissues after needle immersion vitrification and rewarming

CPA loading protocols in VS1 Relative vitality to

CPA loading protocols in VS2

Relative vitality to

solution fresh group/%* solution fresh group/%*
1 min-1 min (37.33 £ 8.98)f
3 min-1 min (79.96 £ 6.81)
3 min-3 min (62.29 & 2.94)c
5 min-1 min (42.10 + 4.69)¢ 5 min-1 min (64.58 +7.78)°

5 min-3 min (55.03 £4.04)
(65.78 + 12.14)°
(77.56 +7.69)*
(35.58 +4.53)¢

(39.73 £ 5.21)

10 min-1 min
10 min-3 min
15 min-1 min

15 min-3 min

5 min-3 min

10 min-1 min

(53.01 % 5.09)
(46.41 + 8.53)%

10 min-3 min (48.99 +£9.96)¢
15 min-1 min (34.14 £2.86)°
15 min-3 min (37.47 + 6.96)°f

*indicates x + s, and letters (a~f) indicate significant difference in Duncan’s new complex range method (P<0.05).

IR 1AL, X Ts—d 05, e
HATE s W EST iRy [ AH Rl , LS min
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R UL B AE T B A W ES 1 iR i B ) AH ]
76 VST A 7 3 min FHEIRAR 375708 3 RO 1
TRIHIE Y 1 min, 8% 2 HLN IR R
I BE TS, AR TAERRIR AT R T 2H 21 P 4 ik
PRy, BEAh, IR A8V B AR IR VST i it
B EAR RIS, DAL min SR, Bl 7818 0 i
LRI, AZUVE 55 P36 1 e SN . A
16 ES1 HYE 5 min I 1Y 42.10% 34 0376 ES1 His
10 min A () 65.78%, FE /N 3 7E ES1 H1i2 il

15 min B 119 35.58%. XF T-7E VS1 Hi= il 3 min 2 ,
WA AR R X Ul 7E EST I IZ ¥ 10 min,
RGP FIAE LB EARXT 7208, H IR AR
P B EEPEAE X G20 T e /N . T E EST I
WP IR 15 min B, RIS 4U7E VST 8RR
1 minifJ& 3 min, 44U I8 16 153000 35.58%
39.73%, Wi TG EM2ZER . UL 2 ES i
ARl BEPEAE T 4 20 PN A 4 i 35 ol ™ () 45
i, FEEALUNNE SIFEAL.

XS AR, s g 2 1E ES2 12 i) ]
1 min, VS2ZUHLES[E] A 1 min B}, H4U15 1k
37.33%, VLU AT A, AR OR R AN AR o8
BB B HLINF, X LU BRI AR T AT AR
1. IR 2 SR S W ES2 IR S [R] AR RIS
PL3 min 20010, S 7R 35S AL TR VS2 HiR i i
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] A9 SE K, 2H 2005 J7 NAE VS2 -4 1 min ] 1)
79.96% FEAK A TE VS2 -5 3 min 119 62.29%, 1
L5 VS2 i R, BRI XA SN
YA S AT, LTS JIREL. X T
FES M 2 5 min, 10 min A115 min 21,
HUALUE IO Ha o B E LR, XSS —
S AR IR 55 BUAE L, 150 BH B 3 T TV T )
o, TEBCIS AL A R R G . seAh, b
968 2H RUAE DR 3B AL VA VR V'S2 R I I I (R AR [T, DA
1 min 2 M), Bl E ES2 HH IR U0 s ] AS e 184 i
M 3 min B IN%E] 15 min, 2985 412006 T A Wik
i, MAEES2 IR 3 min Y 79.96% A2
76 ES2 IR IR 15 min I 7Y 34.14%. 7E3% I AL
VS22 IR 3 min 2, A FFEAYEaE . LRSS
TGP R R, AN A AR A T T ke
]

ity LRTHe, MR R R A 1 e AR
R4 FI NN T & M AE ES1 R 10 min, VS
WIZ 3 min, EHEAHLUHHXTE RN 77. 56%, B
FHAEES2 VW3 min, VS2VAWIZHL 1 min, &
TN IT HLUAHRHE 2R 79.96%. X 5ok IR 4 0k T
Wi e R T A N L SR A IR B B A A P U
BT RASIBIRAAT, BI0E 1A L B1h 75.7%
IOERE SR (S
22 FEEWBUREMEALNER

W2 RS UE ES2 . VS2 T H IR AN
BHES, SRAGAEE I TBOIRALTIRAE, A
AARRMAT VS2 W, & 5 I 22U X )
M2 PR

M2 T LAE Y, AEAR R A O A N 280 280

@
i a7 R
W e

HE A )\ e
L2y
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Table 2 Relative vitality of lung cancer tissue after cryo-

tube vitrification and rewarming

CPA loading protocols Relative vitality to fresh
group/%*
0.25 ml 1 min-1 min (38.53 £7.67)
3 min-1 min (80.44 £ 6.79)*
5 min-1 min (65.75 £ 7.67)°
0.5ml 1 min-1 min (47.53 £9.75)
3 min-1 min (71.48 = 8.10)®
5 min-1 min (62.14 £ 13.72)°
1ml 1 min-1 min (44.56 £4.12)°
3 min-1 min (68.15 + 8.59)®
5 min-1 min (68.59 £ 7.77)®

*indicates x % s, and letters (a~c) indicate significant difference in

Duncan's new complex range method (P<0.05).

MT, WA TUE R 0.25 mli, AL
X S TSR AR A 0.5 mlFl 1 ml 80%A 535 2%
S X AT R SR TV TR B A AR B S T A AR
TR A G, FEMFEERAE T, BERIAR
WS, RN BB R R R, TR
R ET K, SFBOARIIELREERAL. 1A,
X ECAS RN # 77 28 %8 T &2 95 5 20 SV XTI T 5%
M, AT LAR AR ARG T, FEES2 iz
M3 min, VS2 IR 1 minJ5, UHATFRIRMATE I
Je ALV B L A 2005 i . X S EHR LB
AR AE T T A5 2 00 S AR R B 70 n 207 %R —
A
23 MEALAFEEMERALER

TR O RIPGER R . B RE BE L
Bk USSR R R IR G g 44, HE
e M TUNEL a2 5 L 2.

Fig. 2 Immunohistochemical results of fresh tissues and tissues cryopreserved by different freezing methods

(a) Fresh tissue; (b) Slow freezing group; (c) Rapid freezing without cryoprotectant group; (d) Needle immersion vitrification group; (e) Cryotube

vitrification group. Arrows indicate the location of gaps in tissue morphology.
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HELS Ry T R B . SR EHEA B A AN AR AF A
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FRPE, BN/ e, DL S5 R 3 s 4k
IEARIR PR AT AL ZUE T8 T v VR A G PR 571 R i v
VR
24 MEARRRIENREEMER

AR AR B TR . AR R
FIPRBS VR | BT VR 3 B VR JT 125 F I 121
NSRS TR (K3) .

(b) (c)

Fig. 3 Cromicroscopic images under different freezing methods

(a) Slow freezing group; (b) Fast freezing without cryoprotectant group; (c) Vitrification group.
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E VR LSRR A A A AT 7T . 4
BUBAS L IR . 2GR A R AT E B
FHAE 20 AR PR AF AN A REAR G 3 O A7 e o 4 335
PSR RAE, AT A HBURARN
5 27KV 14 TR 45 SR 2 AR SO I AR i
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Study on Vitrification of Living Lung Cancer Tissue

LI Jia-Hui", DU Yu-Kun", YU Ke-Ke?, XING Jie”, ZHOU Xin-Li""
(Vnstitute of Biothermal Science, University of Shanghai for Science and Technology. Shanghai 200093, China;
IShanghai Chest Hospital, Shanghai Jiao Tong University, Shanghai 200030, China)

Abstract Preservation of living lung cancer tissues will provide more complete sample information for in vitro
experimental studies, such as lung cancer genetic screening and targeted drug screening. This article studied the
vitrification method of living lung cancer tissue. Firstly, the needle immersion method was used to vitrify a single
piece of lung cancer tissue, and the concentration and equilibrium time of the required cryoprotectant were
optimized. Secondly, multiple lung cancer tissues were vitrified in cryotubes, and the volume of cryoprotectant
solution and equilibrium time were optimized. Finally, the effects of the traditional slow freezing, rapid freezing
without cryoprotectant, and vitrification methods were compared, and low-temperature microscope was used to
analyze the damage mechanism of ice crystal. The results showed when 20% EG+20% DMSO+0.5 mol/L
trehalose was used as the cryoprotectant, the equilibration solution and the vitrification solution are loaded for
3 min and 1 min, respectively, the needle immersion method and vitrification in a 0.25 ml cryotube have the
highest tissue viability (79.96% and 80.44%) after recovery. Immunohistochemistry showed that the tissue
structure of lung cancer after vitrification was less damaged, only a few positive expression of TUNEL in the
cells, compared with slow freezing and fast freezing without cryoprotectants. Low-temperature microscopy
showed that only a few small ice crystals appeared in and around the vitrified tissue, while obvious ice crystals
appeared in slow freezing and rapid freezing.
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