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The Preliminary Research of Ice-seeding on the Cryopreservation of

Human T Lymphocytes

Abstract: The supercooling of freezing medium during freezing is a critical challenge for a
successful cell cryopreservation, while ice seeding is an effective way to eliminate it. This
research has proved that ice seeding is an implementable method for human T lymphocytes
preservation. We found that cells dehydrated more during cooling with ice seeding, and the
intracellular ice formation is effectively suppressed. The survival rates of human lymphocytes
after Oh and 24h of warming are 80.5540.45% and 71.1540.15% respectively, while the recovery
rates of it in Oh and 24h are 80.18+1.51% and 64.3142.11% respectively. The survival and
recovery rates after 24h of warming are significantly higher than using process cooling box

(P<0.05) . This research consequently reveals ice seeding can be an effective way to improve the
outcome of cell cryopreservation and may facilitate storage of tissues and organs.
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0 515

BEE AR TAaT, RS EABORNARE, 5T 40 25T KOz B
AR R o TX EEAH I 24 Wy | 13 7 B AT — e R R A ey, ARIRLORAE A2 H TR &K
() 7 R o A PR ARAT A2 R R 74 VR B A M 400 L AR 2 5 o U, TEAERIR S R 4 P R A AR 4
T SEIR R AT A A Fe AR o 0 M A7 R BN — S R (3 ORI AR 77 AR
P Bl 1) 77 3CBL K e 25 R AR, A0 B AR ORAF 2 200 o8 a3 ve R PR A7 DL K SRR A
AR TRAT « BRI ORAF H T 200 OB AR AT R A e (1 ORI 7R BE AR PR P B TR
Jit LA H & K 2 s o B, PRA7 A2 SR P AR e v IR DR A7 H RITFE 2R D 18 e v A IRLOR
AT ) B BT T 7 ) R AT AN R A I A IR A 82> DMSO IR E BLs /b fR 47751
RIBEYE, SRJE M IR P I & LSRR PP Pl O AT 40 R A7

ek T o R B e JE G A B AR IR A5 0 e 0 M R A P Bk e — . IR AR B i

“PIERIER B AR IR AN R ) B IR B R R 2 2R AN R RE PRI B /K 2 170 52 0 P 0k



e I T, JH H 0 s ol 2 A 4 /A ™ B, R SR P P 0Kt T R 4 ) L S 0 A = A
BB s PR PR 2 (0 B 2 K IR I K T TR) 32 RS2 i P 35 K o i v, TR R
UKARER, R R BRI E P R AR — MR BRI R, R 1%
PEIRIE 2 T AT AN MR AT, 4B 2 P s AR B 2 KN A] 145 B P A A0 ] FY [ Bt AS 2 %)
B = A ek v BB I AR o AL A A AT P S A Sk G e BT B I PR R R AR R T VR S 5K
Wik, FE AW, —RERMEIKIREMARGHTHI, Wil o iRz d g
i PR AR 2 A R R A AR 2 I 2R 53— SRR Z R E AR, EH 2
i1 Ramachandra 25 A\ 32 111, 1% 7 V2 RE W A 2008 2 o A RR DA % 2800 e I le S s v vh [ 45 4
g A A iR 2P, (HRAE S R BRI R 2 5, 16 SRR AR AR o &) B TV o A 10
AELEME DL SEIRAZIE 2 o I IR 1) ¥4 — 77 THT 2 5 A3 UK o 1 A S 38 T v e R o e 1 ol 2 3
TR, B — HIKR T e PR B R ORI A B3I B 2 (A1 ORI 22, TR R
PRI PRI E R, AR T A RRAE . B H AT RIS, SEILAH M ) S A R A7 I
A BRI &

BB R R T, @ AN B B EGR X, 91K
oAZ TR R o« B — B LURARARIEAE A I T R 22— V2 S0 DL LR
FARIE T ERWA SR LA BT RN EZ T ES LT BR: 1 i e R Ah
THI T BJR 30 IEA )RS R A% s Huang S5 1% 5 VAT BA% I T 45 A 3 1l I K ZE AR AN
FEEBERE IS DL R NIH 3T3 /N RS AF 441 A C3H10TL/2 /)N BR8] 78 3 T4 A S B 17 R Ih 1)
RIEARAEY, 2) M Id— B b DL R AR AL I VR P 31T B A%, Teixeira 38 i3 7E 1R 17
WP B Snomax SEEL T /NRIBERE R IR R AES); 3) Petersen 2577 T — 3k AElS o5
RO S S A I KT, T % B ARSI ST B, % E QAN T A
it ) Bz AR AR A, &) SEIEHURRI T, BRindRSe, FEEhE A Lokt iT B, Passot
SELERE AU AR R T RE R T R A R AT B 5) @it e MR R P O A IR
WAL N AT B A%, 12070 ISR PRIR TG, S35 RANR & R RIE R, SRR
ANEE R I M R, 1207 C A S T TR R IR AR Y 6) sl oA I A0
WA EET B, A E R AER T O, i BRI 7 SR A 1 P9 5 R
ML ST BN, Nakamura 25T 70 1 B A% IR 5 ) IR 09 19 R 41 O AIRIEL SR A2 A2 05 2R
PRI, L B A B A TP £ A R I R R VR A7 AR R B R 412, Zhang 250 5T
T BAZIE A GP SASURIERAF I R, R INN IR 20 25 A (0 B AR -5 C ) SR
BARIE BRI D AT A Bl I 2 2 B v B, 8 1) 40 B P e A 2 7K IR T, DT 7 P iR it
FE b DL S A S K AT R AT, FE8E G i A K I (R A A 22 s de /N2 & B0, A
T 12 5 R A7 440 ) A7 2R

ASLIGRELN T kLA AR, N T ARE A2 H AT e a7 SR i 2
DIReAf . A0 ST i i — AR R PR R A A I R 223, IR /K &5 4 21 rp ik 2
i, FHANE RIS IR 7 AR T AR AET [ N RE IR DL T IR B4 e A == 5o FieRg B A R A 1
FH I LA 11 5 S 0 o 2k e ) 22 i A A o B A TR IR RAE 15 5 T
MNEFATIEST . BETARASMNE M T 40 RRIR R A7 B TR b, AR & s
BRETIERMN T kAT I IR R A, R PR R B ORAF AR AL S 5
BREEAE B AT AT

1. #RA075 0%

1.1 RIg w3
N T Eg b R se iRl B IR A A $4t; T HFBEME (ATCC) .



1.2 iR

KA A, HEENE (EAERARFERAR) , DMSO (Sigma-Aldrich) , AL
25 [ (Grifols), 1640 57#% (Gibco) , AOPI %% t44kl (Nexcelom Bioscience) . ASSZE
18 F VA3 2% Hughes 25 A 08T 52, BARTED 77 5%DMSO0,4% 2. i LL K 0.2M i
i .
1.3 (UH{BkHE

KB SRS LU LN A4 (FDCS196, J:i[E Linkman &) , ]
& (T95, Fi[H Linkman A& , @fsE (LNP95, ZE[E Linkman A& , H{%&#HL (Flea3,
% [E FLIR Systems A %))
1.4 LGS

1.4.1 [KEEHWEEZEL FMA

(1) HmibiE

LRI T bR 40 2R R B 2 1%10 cells/mL,  SZZ&THTHH AOPI JeRb i T bk L 40 is
e, GAER R RLE 90% LA L. TEMRIE N7 AR FAIINER, K po B0 bR Rt ia,
FHAARFR VR AR B R o 206 7 SR A AN IR, S 408 I VK M T B, S E4HAR
HEAT B . BZA AR RESTE 1y LT #0208 TR B RES A m G b e, 5
WL 0.5 L VKAZ 4R B0 T M2 o, & B T migg, S AW E 1.5u LT
TR A0 P B 2 TR A AT 8
(2) IKEEMHERERF

PEERESLIMTUETREE Y 10°C, LA 5°C/min B8 10°C/min [£i# £-40°C, J5LAE 100°C/min
SRE 10°C. WM MLERER I RE P R, I UK Rt i PA K 3R O 4 i i 5
wpk,
1.4.2 BZREFHR

e

® OO
o®®
C X

m
f\ 01 )
BT m ﬁ gy PERERA ~ PP i e 17

(=)
@

-80°CHIili (R 77 37°CKI iR S— ] ———
OhfFiEH L 28h {7
Elves Y ACEVES

1: SKRBETHHESR

A SRR P A PR B T A B A 3 =) B v sl IR T R BEAT B . N T SR B AR



DA BV, ASLIGAEHRAEE BT T AL, TR T 5 0.50m Al N — R4, 7R
A7 PRI P G TTA TR 5 A, ) P 0 R ) DR 5 AT TR P S T J = 38 4w o
LS A e o

BT HRAF S N T kA BRI A4S N 92.6%, A IA A7 Se i AR 8 A BRI 7 50, 4
R BALVRAT POl PR VR A LR L e PR S0 il v A, AW E = A T1T. B
HAFRAE B 1 FoR: $RATHE & IRIR SRS, ARy 10%, SR #4 A B i 7k
WHREA-5C. B T MEHRE CHRIFIERE, 7383 =SS BT
b, IAEECR ImL, R ImL AR IR WA o o DY ST VR A RN
T 15%UKER/KIE H, F iR R RS I SRR . M PR R AE -9 C IR A
HRH, S ATCE AU TA IS T e B L (AR S B A, R I VKR B A I
JJ SRR K8 P Smin E VK S AE K SE 4, ST A SR 2 5 B RS B -80 C UK AR EA T
BARAE . PORBRAA BN OHGARERE S =S AE N, HEET-80C
UKAE T o R BRI 8 S VA A7 ALK 4 P 50 PR AV PR B R 0 2 3 3 SR E N, B TR
B 3R o PN B 8 B -80 C UK AR A HEAT IR IELRAR . 24h J5 ¥ B AN LA 4 /e 37°CKIG
BT, K AOPI JukLAH L & Wy W5 bR B B 57, WA SR EN AOPI JYkHE I Oh A
24h 20 HIAT 5 28 DA BTG A A 5

[E1 28 o = A7 W/
A
2 it [ AR (%) = 100%
WEHCE o0 = e 0%

2. #R 5
2.1 BRI R RIBE K B RO ER

A 8%
5°C/minffif

B
5°C/minf&iR

e E
10°C/minf4iR

Ei%
10°C /minf&iR

& 2 B S5IEER TR AKSHNE
K 2 B TR E AR BRI OUT, AR SERR R - ARIR ORI, FEAR



BUERZ 2 P AR 20 ¥4 3-20°C AL, TERHIVK a0, WA 7032, 75i 5°C/min,
52 10°C/min (R IE A, M UK BSR4 100%; R I UKAZ 40 34T B (11
LN, MIANEEJGT 0 S5 SN TR KO AT, —fRAE-7C A, AT 45 S B UK &t 5 W 4 73
SR, ANHAE AN FRIRR FE I 445, 5°C/min A1 10°C/min (1 B IR A AT U5 2 I S A A
UK EPRER IR )G, AFERAL R ™, S T E AR AL AR
Uf L FHE o IR R S0 A AR S A AR DL A8 3874 U RE {8 240 M 20 I A2 6 R A TR PR A
7K AT B R P S 40061 L PN O 7 2, il N B P B B A 0 o AR T DR 3R AR L,
TR SE AR A AE S B R PR R, (ER SEBR AR I R v ol T v A A, TEiR Sl R
BIR IR . 45 Mazur [9FLERIR T R 20 S B P, Sk A (A5 RO RR (D BeF ) P T 2
SRR/ INUK R, /N UK i 8 I 4 PR RS T PRV B L N0 P S A 5 R B N DK I 1k 53— T
R4 Toner AR T AL A% SCN HEIEIT,  iob v 45k i 76 5 B I A BRGET J, %o 4 BB
JEERHEE T, R AL SR A KA . 25T B UK TR OV LBRE 5 2 it B8 2 5
B EATUE W o ASAIT ST 2 M VAR B 4 AT £ 7K 75 B A~ o 1R L P KT ol BE T S e )
E, IR LB A KR &, AE 2 5°C/min it 2 10°C/min, SEEtE—
] LAt 20 1 e PR o R AR TE I A DK AR FE RO LB

2.2 BERERRRRTFLR A

B 7 20T 24 M A7 28 1K) 5 M) et 77 = XORT 24 L [ AT 2 1) 52 i
100% b 100% b
a a a a
o 80% - a o 80% = a
~ 60% c ~ 60% =
i 40% b B b b
0 oﬂ
H’E g 40%
& 20% Bl 20% ll
= =
; 0% :ED 0%
[N e e <[/
Oh 7% % 24hf7i% 5 &S 24h [ %
Bz mYUdEE wfRPRES Bz mPUHRE e R RRE

{E: M Duncan JE#Z EHE, A—HITRANSFREFAMEREE (P<0.05), HRANSFE

RrARERAEE (P>0.05) .

B 3 ARIBEETT XA T L0 R A 28 DL R B R i
AR 22 SR AZ AR, 7K SRV R AR S A0 A8 Pl (R o R v 2 AN W SR D [ A )
HRZE, TZAR2F RE 75 BN RBORAZ R TR/ TR I A Al 5 RS o A (R s 7 RS
e R BENE RS E A7 AE TR0 TP A /N AR RT o 230 v B T AR AR 2 RS /N 1l 5 i i RO I
MR AN BERONAG SE WA, IR R ZF I8 W 2 BRI TR ORI 2% R ZF I R 45 1l 5
A% T I, ZIRZFRE AT RETS 2%, AT RERE— DR K ONARE Ik A I RS KT Il
FORSEI, BRZF AT DARR B AR JF A R A T de % 1l RO S A R i v AR O, i vA i
B, AR SRS, A S TR 2 R A
ARSI SR T P PR B F o e B 345 ol ok T ) =) et 4, DRI T RE A AR 5 i i 7 Rl AR,
SE A% o BEAh BT A SEIR T RTR A M R S AR RE R 22, BT IOV B AEAE AN BE S 8
BB AEES, K7 BB 25 TR A B VR R T A B8 13 e B 1) B R I A
wH AEAE T EEAT 2 . BRI SRR AR R A IO S AR B S BE G DU
BRI BT L1 B A% T SR A B, RO 1 BRI TR, B 1 B AR E PR An AT
HEME. fi)E, HAAE ERRCRNRSETT, B SE i m AV 5s.



Kl 3 NRHAAFPER TN T MEAREIT RGNS R, SREREHEZNAT
WA T R A7, A TR)E Oh A1 24h HI4#1% % 7371 v 80.55+0.45% 41 71.15+0.15%, Oh
DA K 24h 20 A 1R 43 5y 89.91 4 1.70%F1 76.21+0.07; ik FFIR 4R 72 A T ik EX 40 i 55
J5J5 Oh 1 24h IFEIE 53724 80.60+0.5%7F1 35.40+1.05%, Oh LA 24h FI4H i [ US43
N 84.14+2.71%7F1 33.31+0.05%; KHFEF R GHAT RN T ME4HHE 755 Oh Al
24h AR5 518 93.10+0.5%F1 41.554+1.05%, Oh LLA%z 24h HI4HME I 43 5] 99.07
+2.42%7F1 38.26+0.74, SLER 25 R RN TR G SN T k4 i, = FpFiE 77 A
(R 20 B A7 2 A [ WA R P e v, (B P SR AR e PR S AT R A IO R S R R 3 B 2
THABFL (P<0.05) ; fEEFREEFE 24h W], AR (580 W3, DU B AR 7 I
AT 8, KBRS R SRR B m T AR A (P<0.05) . S258
SEREIRTEGRAEN T k40 2 B A% AR08 123 (P<0.05) $E MR A7 5 AL 24h 7352
SR, LR R SRR RO SRR . (H0, ARSI bR R e il &
¥ B BRI IE 2 DL R UK A K . hAh T bR B4 B ) B A% VR A7 5 B 5 N R G AT 7E
Fetndff st T ik AR i) i EARIR S, S fERRIR IR 2R, DL ne] Y B A 1) 5 2 S I e R 1
B R A

3. &1

(1) AWEFCIE I AR BE_EAR AT T B RS E M, B A A 5S.
C2O ARG S A SR A S 00 3% B B A — M RO AR A B, BENS BRI IR AR ¥
A M AE R AF S R A ROt K, H B UK 7= AR . AU AR P BRI L, BRI A7 RE

5 AR AN T LI A7 5195 10 24h 735 LI 24h I

S 3k

[1] Huang Haishui, Zhao Gang, Zhang Yuntian et al. Predehydration and Ice Seeding in the
Presence of Trehalose Enable Cell Cryopreservation. [J]. ACS Biomater Sci Eng, 2017, 3(8):
1758-1768.

[2] #£F5, RREYEZFHA. [M]. 1994,

[3] Mazur P, Leibo S P, Chu E H. A two-factor hypothesis of freezing injury: Evidence from
Chinese hamster tissue-culture cells. [J]. Experimental Cell Research,1972, 71(2): 345-355.

[4] £k, BRR, o4, % BESEDEATERERRAEMEIRK DS ERFERE
WA, [J]. R ERF,2005, 35(9): 946-953.

[5] Devireddy R V, Raha D, Bischof J C. Measurement of water transport during freezing in cell
suspensions using a differential scanning calorimeter. [J]. Cryobiology,1998, 36(2): 124-155.

[6] Teixeira Magda, Buff Samuel, Desnos Hugo et al. Ice nucleating agents allow embryo freezing
without manual seeding. [J]. Theriogenology,2017, 104: 173-178.

[7] Petersen Ansgar, Schneider Hendrik, Rau Guenter et al. A new approach for freezing of
aqueous solutions under active control of the nucleation temperature. [J]. Cryobiology,2006,
53(2): 248-257.

[8] Spindler R, Rosenhahn B, Glasmacher B. Controlled nucleation and reduced
CPA-concentration during freezing.[J]. Cryobiology,2011, 63(3): 318-318.

[9] Passot S, Tréé& | C,Marin M, et al. Effect of controlled ice nucleation on primary drying stage
and protein recovery in vials cooled in a modified freeze-dryer. [J]. Journal of Biomechanical
Engineering,2009, 131(7): 074511.

[10] Diener B, Utesch D, Beer N et al. A method for the cryopreservation of liver parenchymal



cells for studies of xenobiotics. [J]. Cryobiology,1993, 30(2): 116-127.

[11] Konstantinidis Alex K, Kuu Wei, Otten Lori et al. Controlled nucleation in freeze-drying:
effects on pore size in the dried product layer, mass transfer resistance, and primary drying rate.
[J]- J Pharm Sci,2011, 100(8): 3453-3470.

[12] Nakamura Toshihide, Takagi Hiroshi, Shima Jun. Effects of ice-seeding temperature and
intracellular trehalose contents on survival of frozen Saccharomyces cerevisiae cells. [J].
Cryobiology,2009, 58(2): 170-174.

[13] Zhang Jian Min, Sheng Yan, Cao Yong-Zhi et al. Effects of cooling rates and ice-seeding
temperatures on the cryopreservation of whole ovaries. [J]. J Assist Reprod Genet,2011, 28(7):
627-633.

[14] FREE, =&, MEMMIRRERTT. U] BFRGEFIRE 2004, 27(4): 197-202.

[15] Hughes Sean M, Shu Zhiquan, Levy Claire N et al. Cryopreservation of Human Mucosal
Leukocytes. [J]. PLoS One,2016, 11(5): e0156293.

[16] Mazur P. The role of cell membranes in the freezing of yeast and other single cells.[J] .Ann.
N. Y. Acad. Sci., 1965, 125(2): 658-76.

[17] Toner M, Cravalho E G, Karel M. Thermodynamics and Kinetics of intracellular ice
formation during freezing of biological cells. [J]. Journal of Applied Physics, 1990,
67(3):1582-1593.



