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Abstract

BACKGROUND: The cryopreservation technology enables tissues/cells to be stored for a long time in a low-temperature environment while maintaining

the integrity of their activity and function, which is of great significance for the construction of cell therapy, tissue engineering and biological sample banks.
Cryoprotective agents often contain dimethyl sulfoxide and serum. To avoid the toxic side effects of dimethyl sulfoxide, the complexity of serum components
and immune responses, although some finished cryoprotective agents have been marketed, they are faced with many difficulties such as high cost and limited
application. Therefore, there is an urgent need to develop a cryoprotective agent with clear components and the ability to solve the above problems.
OBIJECTIVE: To evaluate the effects of a novel cryoprotectant on cryopreservation efficiency of different tissue and cell sources.

METHODS: By applying the novel cryoprotectant as an experimental group with the commercially available and widely used cryoprotectant (control group)

to umbilical cord Wharton’s jelly tissue, umbilical cord mesenchymal stem cells, umbilical cord blood/peripheral blood mononuclear cells, NK and CIK cells,
comparative analyses were conducted in terms of cell morphology, number, viability, surface markers, differentiation potential, and cell-killing toxicity assay
before cryopreservation and after resuscitation thawing. We confirmed the cryopreservation effect of the new cryoprotectant and its potential application
value.

RESULTS AND CONCLUSION: (1) The novel cryoprotectant facilitated the normal growth of cryopreserved Wharton's jelly tissue upon recovery, exhibiting
mesenchymal stem cell morphology. No significant differences were observed between the experimental and control groups in terms of cell recovery rate,
surface markers, and differentiation potential. (2) There was no significant difference in the number and viability of cells between the experimental group and
the control group after cryopreservation of cord blood/peripheral blood mononuclear cells, and the cryo-resuscitated cell numbers and viability of derived NK
cells/CIK cells did not show significant difference between the experimental and control groups. (3) For NK cells derived and differentiated from cord blood/
peripheral blood mononuclear cells, there was no significant difference in the proportion of CD56°CD16" cell subpopulations between the experimental group
and the control group. For CIK cells derived and differentiated from cord blood/peripheral blood mononuclear cells, there was no significant difference in the
proportions of CD3'CD8" and CD3'CD56" cell subpopulations between the experimental group and the control group. (4) In terms of cytotoxicity testing, when
the effective-target ratio of immune cells and melanoma cell line Mel624 was 20:1, whether it was NK cells/CIK cells derived from cord blood or peripheral
blood mononuclear cells, there was no significant difference in the tumoricidal activity of cells between the experimental group and the control group. These
findings suggest that the novel cryoprotectant can replace existing commercially available and widely used cryoprotectants, and is applicable to Wharton'’s jelly
tissue, umbilical cord mesenchymal stem cells, umbilical cord blood/peripheral blood mononuclear cells, as well as NK and CIK cells, providing a solid technical
foundation for the scaling, standardization, and commercialization of universal cryoprotectants.
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Table 1 | Compendium of cryoprotectant
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JE AT 2y P s E, % 50 mL F O
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SN LA I A AR LA 4 VR (TBD, R ) (R,
PRAF J3 5 R 5 9 P 100 200 B P S TRV B, 8 )5 DA 600%g
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B0 10 min, BOEEWE, 3 BIEW, H PBS @A E
50 mL, JRAISIJEHEL 0.5 mL FH T4 A Al A A s 2R A
T, FELL 400xg [0 J1ES 0 10 min, B OLEEHRE, F
% FIEW, A AEF GY. SB FIIM A EARF, $ IRV
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1.4.3 NK ZHHufl & BB ERAF R IL / A0 iR I A
A HEAT IR 9%, #I8 2x10° U i i 4k 75 33 0 38 i o
{#i F§ anti-CD3(Peprotech, Z£[H ) fll anti-CD16(Peprotech,
EH ) VP EOE R R, SRS A 2 000 U/mL
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1.4.7 AR A0 Re kil
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HIEILF] 70%-100% I, A6 s s 3 e ks R4k (3R,
HE ) THE SN, BEIURERERR IR, RS
5 28 R AT R G,

(2) AR 7 f: B 75 J5 1 40 Jf FF 5, L 2.0x
10°/em?~3.0x10°/em? [f) % FE # b T W B )5 14 12 FLAR
W, fE 37 C. % 5% CO, FEFRAahiE IR . M4tk
A FEILF 70%-100% BF, A H iR 175 5 o8 A 55 9k (38l
) FATHE SN, BEIURE 1 RIE R, BRE
3 28 RHHTIMA O Yeth,

(3) ki o fh: EUE JR a4 AE &, L (3.0-5.0)x10°
A MR T 15 mL BLLE T, S R S 3 R A s
Ak (0, ) HITIERME, BOE, 37 C.
IR 5340 5% CO, B FR A8 h 55 97 P =R (AR08 S bl i A=
KABF L ) o B0 R 40 M 4 4 i 1], SR BRI,
BRI R B 0 0 RS A 0 BRI 5 A I T R VAR
M= REH L kR, %5 21-28d FitfrEE. i
K B YD ALER, R BRI A G AT e
1.4.8 4R ER AR BT NK ZHARAN CIK 40 fuxd $#E4H
JL B VR A AR SR Y, DR S0 CR A B
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IR R Mel624(ATCC, SE[H ) 15445 5256 i FE A0 .
Y JOF I/ 471 JE I B AN A 40 SRR 1 CIK 41 iR NK 20 i 52
FRUEVRJE NN S AR 4 % 10% JIA 4 L5 19 RPMI1640 35 3%
B, RIEHEER 110" FLIEINNE] 96 LR, EFLY0H
BIRARFA Y 100 pL, AR 2 4 A A0 fir IR 4 i ) 2R L
(E: T) & M20 @ 13LFEFR. £53% 24 h J5 M B AR1X
(Thermo, & ) 7E 490 nm P AT - FLI S BEAA -

S 7 988 T 1 (%) =[1-( 3 5% 2% A W O AR — 2
YA A )/ SR I B E 1x100%
1.5 EZIRAEIF Oyl KR A LA 2 97 5 40
TR SRR ANE 2, @AY 8] 70 0T T 40 M A R AT s
(40 B H FE R, DL I3 5 4 o g R Al
AR SR IE; @ ML AN &b & I e/ A% 4H VA 5 1 )5 4
P K B RN 26 O I R0 A JE I B A% 4H AT AR ) CIK/
NK 41 H 4 i 54U i B s R, LR 75 5 O 4 i &
THI A 25 40 AN 20 B R I T
1.6 “itF o ISt 41K ] GraphPad Prism 8.0
A (GraphPad B fF, SEIE ). ZH[A] HLACR FH B R 3 07 2
53 HT (One-Way ANOVA), {13 TTRIDLE 73 (%) £on. 2
FMKPRE N P<0.05, FRESHREMER L, L&
Guit IR YT LR E R A IR 2 = A gt
HE R

2 258 Results

2.1 AEKETE mIb i EAE R

2.1.1 JiFs A R o T A A R AT A A R TR R AR
BWERIE N3 AN R A Hh 15 R4 S8 5 i B 78 5T 4 i
ZE 2R, UMK EE 43 B 4x10° LT A 4x10° LY, R A
ST. CT. GY 3 P& iR ORI FIIEAT VR A7, TG N
1mL, 4 3% 2 4 5 Ny 97.43%, 97.41%, 95.86%. 4
LR A7 10 34T T 40 B SR T AR S A D, A BH P A AR
CD90. CD73. CD105. CD29 ¥J A~ {ik T 98%, B 14 15 #»
CD45, CD34, CD19, CD14, CD79a. HLA-DR AN it 2%.
2.1.2 I / A JE IRV B A A A M V4 R T 4 A R
RONREAHRE 12 h (5 RS E kAT > B R R,
¥ T 0L B AN A% 400 % IR AT R ok B 4x10° LY SR A GY. SB.,
IM 3 Fift /& VR OR3P 7 34T 40 MO R A7, RSO 1 mL, 3
ANFEA I A 7% 2253 5l O 94.53%, 95.45%, 93.19%; I
A1 1 B AN A% 20 0 2 HE 400 Ak B 4x10° L SR GY. SB.
IM 3 Fift /& VR OR3P 7 34T 40 MR A7, RSO A 1 mL, 3
AREAS SR BTG R 20 7 99.84%, 99.62%, 99.80%.
2.1.3  NK 210 A1 CIK 20 i ¥4 V5 i 40 M 30 s A R |
i / 4 i B A A% 40 BAT AR 1 NK 20 A0 CIK 4 g, 4 R
Y IR B 4x10™ L' SR GY. SB. IM 3 Fift ¥4 5 £ 0 771 idk
ITMMIRAT, RESCHAEy 1 mL, b A A i 5 A 40 i
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AT AE B9 NK 20 B35 3 70 ) A 94.51%, 93.94%, 95.50%( “F-
) 5 94.65%), CIK 4H fiid 7 2 43 %l 5 90.03%, 89.70%,
90.96%( 13424 90.23%) . it ML EAA™ 1% 4 B A7T A ¥ NK 4 i
U 43 ) 94.28%, 94.43%, 97%.00( F- 3 Jy 94.90%),
CIK ZH Jf 3% 2 4 %I SN 95.8%, 94.69%, 96.12%( “F- ¥ K
95.54%).

2.2 GY LB KIRAR A FIE Rty miet . mik
¥EMERNH Y ST, CTHM AL Gy, STAICT
HAE 2 G, B eE RRHS G 7R 2 58 11 K,
5] E T (OLYMPUS-IX73, H K ) Wi 5% 3 20 41 o f%
AE R KR A (B 1), H40Mmh s Rk
FI| 85%. PN IR 5x10° L (40 M i FE 1 37 3158 2 Q3
A7 4 B R ANTE SR AR (3R 2), ST ZH4H P IgUsc sk &N
14.33x10°, “PHJiG K 95.25%; CT AL40H T3k & h
14.65x10°, “T-HJE3N 94.09%; GY L4135 Uik &N
15.82x10°, “F-453% %K 95.65%. L5 4 i K& flE R 45
RRE, BIFRN GY B UR R4 I L T HoAth 2 Fl, {H 3
TR CRAP TR AT R 2 e TG B 3 22

2 | REVSFRIPTIRFER HALS A ENMMEREFEER (xts)
Table 2 | Cell number and viability of resuscitated umbilical cord tissue
frozen with different cryoprotectants

A5 MR (x10°) G (%)
ST 41 14.33+2.20 95.25:0.77
CT 4l 14.65+3.81 94.09+0.94
GY 4 15.82+3.57 95.65+0.96
Fi8 0.1731 2.4700

P{H 0.845 1 0.1650

2.3 GY st mfed FAE R 093 5 H A A AR Al AR
2.3.1 R[EA R AORAF RS I 1] 78 J5T 240 [ S i
FISEIE 9 T YA HT T R GY VRAE AR FILEAR R 77 vk
(4x10° L") AN VR AR IR FE (4x10% L) FIORLR, S T4
AL 3 RV IR ORAP TR AR I B8 2 AU Y 1) 78 o T4 e,
R 20 B B AE A, RS RICER, i Rk
PR AR ROR . RIRERAF A0 2 75 45 R s ([ 2A),
ST 4173k 453 3.80x10° AN, P [a[15 % Hy 95.08%,
M E7E 2 96.82%;  CT ALFI53573 3.68x10° M,
P2 RIS ZE 0 92.00%, 4 i o1 3 7% ZE0H 95.96%; GY 41
353545 3.85x10° NI, T [EIIRER N 96.25%, 4 il
IR Y 97.60% . A IS R 5 UR AT HTT 4435 K 96.90%
BEAR—5, 3 LHAELMM [l SR AN 0 v 2R LT R T
Sto MREHRAFAM R R4 R o (B 2B), ST 4P 43k
15 3.73x10" M 4lf, [EIWCR Hy 93.25%, AT 1R N
96.74%; CT 4343515 3.65x10" N fi, “F 34 it Ny
91.25%, ZHI-F-30iE %N 96.54%; GY 41-F-13k45 3.80x10
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AN, S RIS A 95%, 40 T 24035 N 97.47%.
Y BT 5 5 VR AT AT 2 3 26 96.90% A — 8. 3 41{E 4N
i SRR B R T R M 2 . AR B R AT
A FERAE J5 (1 20 M [ SR A G e 25 R, oIt
RN GY AUk ORI TR VR A7 28U R 5 HE A 9 292 VR OR3P 70 G
REVEZER. R, GY AR ORI BT B T i 4608 IS
J2 2H 2R RN ) 78 5 20 BZR AT, A 2R R0 T4 B S 4 v
B LR T RIFKEAR S

2.3.2 N[FEIAVRORAP XS I I / A1 FE) IS 5 R A% 440 i [
WO AYE 25 JE A I B I / A/ D I oA R B A%
M52 75 5 A0 AR AE 2R, TR AR EICR, s
EE 2 M RS PPl GY ¥ R DRAP AU B o X T i ifL 524>
AN, IM 55T 3k 13 3.51x10" N4, P55
FH 93.60%, P K 87.67%; SB L I 5 FHI3k
3 3.57x10" N4, PTG 2N 94.48%, SFI ULy
89.25%; GY 415 75 J5 F#3k 13 3.55x10" N4l fild, T35
K 94.56%, T3 [Ak %K 88.75%., 3 41 Al TG S 4
Jf v 60 A A i [P R I TE R E M S (B 3A). KT Ak
JE I BEANAZ AN, IM 255 5 5 T 23R 45 3.55%107 A4,
TIE N 93.60%, T3 [EIE Ny 88.83%; SB A E TG
SFHI3R1G 3.40x107 N, PG RN 94.48%, T3 [H]
3K 85.08%; GY 25 75 J5 P43k 13 3.60x107 A4,
SESANE %R 94.77%, ¥R Z K 89.92%. 3 42 I8
T A2 2 0% 30 i A L el WA R 38 T B 3 2 S (([E] 3B)s
CEMPBENIERERKE, TR GY IR 7
o B I / 470 I AN A% 41 B R A7 5 S R4 R U R
IM. SB G FIT W2, BI GY Mg R4 775 F
T LA AR N A A PR R A L2

2.3.3  AN[EA VR ORI NK 20 AT CIK 48 fifg (] i 2 Fing
FIIFL SR AE S I NK R CIK 4 M & 55 J5 3047 4t i 4k
FE 2 A, T A A A AE AT AR ) NK 48 M 2]
I 5 VIR 3.39x10° M4l “F1iE R 94.51%,
- 15 [l i %y 84.70%;  SB 24 U5 5 T #3445 3.43x10° 4
Y, “FHIERA 95.33%, FIEIE N 85.68%; GY 4
S5V YI3R1 3.48x10° M4l “F1iE N 97.18%,
SRS A 86.88%. i FH 3 B vA VR LR 47 7R A7 M If B
ANAZ 20 AT A2 NKCZ R 1) 40 i R0 0 %6 T 5 35 M 22 5
4A). X T BF IS A2 A AT AR ) CIK 48 IM 1R 05 )5
S5 3RAF 3.32x10° AN, SFI8TE N 92.72%, ST (]
5% 83.05%; SB 415 75 5 T3k 15 3.38x10° M 4H fild,
FIEF N 92.03%, PRI E Ty 84.53 %; GY 4K J5
J& T35 3.39x10° AN, P ITER N 93.04%, T
[ R N 84.64%; il Fi] 3 Tty ¥k AR 37 7 ¥ A7 1 2 A A%
AT A CIK 4 AR 1 248 it [ i 26 6 2 35 M 72 S5 ([ 4B).
X T4 ISR AN R AN AT AR ) NK 408 IM B 555 T4

K15 3.31x10° AN, T3 RN 91.92%, Ty (AR
N 82.87%; SB 4B I 5 VI3RS 3.32x10° N, Py
RN 94.29%, “FIRIUE Ny 82.89%; GY 41 E 755 -F1
315 3.36x10° NI, T RN 94.80%, T4 [A[ i R
N 83.99%; ¥ I 3 Bl v R ORI TR A7 A0 A I BN 1% 48 i
AT A= NK G I 0 40 i el Wi e T i 25 M 22 e (B 4C). X T
A1 JE I BN R R AT AR Y CIK 4H i IM A 5 S IR
15 3.44x10° NAIAE, “FIIHEER N 95.02%, P35 [EU R A
85.94%; SB 41 & 7 J5 153k 43 3.50x10° N4l ff, I3
N 95.38%, VIR F)y 87.55%; GY HE I 51513k
15 3.51x10° NAHAE, “FIIHEHR N 96.89%, P [EIULF N
87.73%. ¥ 3 Bl VR ORI AF A1 & I A A AT AR
NK 2 A P £ i [T A %6 10 3 35 1 7 S ([ 4D). AR 4t a2k
BAIE AT A R IR, To IR AR T I A% 4 M58 2 A0
I B A AZ 40 SR AT AR (1) CIK 40 FD NK 20, 75 40 i [0 i
MVEZRTTH, MH 3 FARARTFICRENZ R, XRH
FIF R I GY ¥ ¥R LR )IE T It I / 40 A I ok U B AN 1%
SHHAT AR NK 400 /CIK 40 1) AR R o S0 S 40 i,
ToVE A2 B AL A I & AT A2 11 NK 2 /CIK 2, 35507 DA
KH GY AURIRT TR, AbnitE Al S HE T B St 1
ORI

2.4 GY XM E Y e R mATEM NS H bk
PRAP 7 AR

2.4.1  Jires 1A 78 BT A MR bR SR A 3 AA R
PRI FNRAE B ER 2 ARG [A) 78 0 T 40 B 52 05 5 EAT R b
Bk, 5B IR, S VRTINS R 2, R
Fr &M BT B BAYE A 5] 95% LA F, i B PR 4E bR KT
2%, 3 HAMIR AR SR EMNZE T (B 5).

2.4.2 CIK 2 fi F0 NK 40 B 2 FF 20 A 3 i 5> 12 28 B AT
A ) CIK 41 e: GY 4H “F ¥ 1 57.79% ] CD3'CD8" 4H Jifu A1l
23.80% [1") CD3'CD56" 4f Ay 41 Fi; SB 2H ~F- 33 H 53.36% [1)
CD3"CD8" 4| il 11 29.25% (1] CD3'CD56" 4 i 4H s IM 4H~F
Y1 51.28% [ CD3'CD8" 4H fifg A1 °F- 3 27.09% [1t) CD3'CD56"
YHMIZE AR (] 6A). AN M EAA LA PATA ) CIK 4Hff: GY
2H T~ 15 58.26% HJ CD3'CD8" 41 /il F1 15.23% H{ CD3'CD56"
MM, SB ZH T3 54.11% f) CD3'CD8" 4/ fl 16.67%
f) CD3'CD56" 4l it 2H fi; IM 41144 i 53.82% F] CD3'CD8’
YR 11.26% (1] CD3'CD56" I 2H k% ( €] 6A).

JBF I B AN A% 4H B AT AR I ONK 40 B GY 1P 3
79.05% [1'] CD56'CD16" 4fi iy 2H hlt; SB 2H *1~3%) 1 75.86% [1)
CD56'CD16" 4l i 2 ;1M 2H~F3%) i 71.91% (1) CD56'CD16"
S0 2 1k ([E] 6B). AhJE] I AN A% 40 M T A2 B NK 2 fig :
GY 4 F-35 1 68.40% [¥) CD56°CD16" 4H i 4H fik; SB 41-F1
HH 65.02% ff] CD56'CD16" 4l fg 41 i IM 41134 HH 61.95%
) CD56'CD16" 4l /fu 2H fi ( Kl 6B).
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TG 18 2 JHF L R % 2 M OA 2 A6 R If SRS A% 40 B AT
A2 IR CIK R NK 48 i, 75 [7] 25 20 B 1 3 20 % R IR 3
FA R 2 05 I A R ) 2R T bR B R AL T B MR E R
W T R GY B VR IR FIAE R AE R B 5 M, SB
—.
25 GYAFTamleAhfB =& atke)®mkh ST, CT AR
S GY. ST, CT AR ORI VR A7 18] 78 o T4 i 52 95 5
TE=R20KM, 48R ER, 3 HMMPAEA BRI .
BRI A BB A Re 7T (B 7), FRRERE 137 T K1 GY
AR FIERAA R B ST AT CT — 2
2.6 GY 3t / 41 B do S ANA dm AT A 69 NK 48 i A= CIK
m R A g E S M. SB AL NI IE B T K I GY %
R DR 47 771 0 d5c 26 40 0 1) 500 A RROVE DT TR e e, SR OR T
28 3 P VR ORI TR OR A I M I / 470 ) I B A A% 2 ke U
(1) NK 21 Jfg 0 CIK 40 i, JF HEAT 1 M o0 240 i 2% 1 35 1 A
Wi 75 NK 28§ /CIK 28 i 5 8 5 25 39 48 il & Mel624 [1)
WAL (E 0 T) 20 ¢ 13REESRIE, WIN T 4E A
JEWETE (FR3). A R WoR, JBF I A R A I AT AR T NK
4 B 7E R NG PE b 3 4H IR T B 3E M 2 R (P=0.332 4),

H oA GY 20 % Mel624 [1] *F 35 B JE % N 66.48%, W& &
T SB i ) 60.91% F1 IM 2H. 1] 64.86%; 4| J& IfiL ¥ /™ 4%

S HR AT AE 1R NK 20 M 7 R8s M b 3 A 2 TR TG 3
5t (P=0.118 6), SB 41. IM 41 5 GY 41 %} Mel624 (] £ 4t
4y W) N 59.35%, 62.22% Fll 63.63%. SB 41. IM 2 f
GY ZH fife I 5 AN A% 20 M SR R 1) CIK 200 il % Mel624 (1) ~F- 3
;A ZE 4 B N 61.94%, 64.19% Al 62.08%(P=0.378 0),
SB 41, IM £ A1 GY ZH 4b J I 5 AN A% 41 B ok Y5 Y CIK 4
Jil %F Mel624 (1) ~F ¥ 3 48 % 43 i) 9 58.62%, 61.18% Fil
61.22%(P=0.377 4). A~ [R] ¥ VR LR 47 771) 22 8] 1) 7% 988 i 1 ik
AR 50%-70% Ju [, SB ZH ZI 25 R GY A%, W]
RN 40 B A7 10 25 FE AR 5 . SB IR 40 Pt Ak Y Bl PR
WORTE 1x10° LY, i S PR il MO vk FE A 3 7 1x10™ L. {H
e 3 HMBMRE KA RELESR, 4RI GY %k
LRI77) 5 IM. SB 1E CIK 4t A AT NK 2 fifd 1 5% 988 3 14 7 1
AR

3 | TREDAFRIFFERTE NK 405 /CIK 4HAE S 7 /5 AU 4R AR R 1

(xts, %)
Table 3 | Tumor killing activity of NK cells/CIK cells frozen by different
cryoprotectants after resuscitation thawing

2H 5 JI At E A A IS A% 4

NK g CIK 4 g NK 4t CIK 4
SB 4 60.9146.12 61.9443.17 59.3543.36 58.62+2.26
IM 41 64.86+5.85 64.19+1.61 62.2245.22 61.18+4.38
GY 41 66.48+4.51 62.08+5.12 63.63%3.55 61.22+4.76
F i 1.579 1.264 5.590 1.266
P 03324 0.3780 0.1186 03774
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3 1571 Discussion

A A ARG R VA 1 — L A W B 2 AT 1 T T A
P ARG R R B IR AR IR AR AT T VAR 5 S B AR K
O RRUK & o T 40 B AR UK S IR 2 5 B0 A A TR
Thi B, N TOPSBIE IR, BB IR S IR Eh 40 A
WA B, E R R B SR, 4R
Slads, MR RARLK, PR 1 R R
BRI BL R, 2% 5 1 BRI A UK S T . SR R
HAbK SR FBUK B NI, AT BE 51 A 4N P 45
A, ARG S B At T P, A T S AR
AR, POEREEIA RS, IR H AR R
VLR I R AP IR B AR A, DU R A N AR UK R T
TEF, WIS 20508 G i VR 47, e o B b R B 4 L 1

BHR RN NRIR: —FRBENN, —RET
NG T, Bl AR, A EE. Huh S, AhfiTwT B
BIEBIANM A, AEF T 40 P 4 FEI5 05 T KT K g
it H—FoRAEBENN, EARNKS T, Fln
i ERERT . Sh s ERE . IIRMESE, BT o FIER,
1R 38 ok 40 B RSS9 B4 P, S B N A AR
WA R AR . AT R AR O A N
S I VR AT DR AP R I 28 B 2E P oy, R T 22 4 ) AT
RAFE— B F . HIPHIRRY, —HRETHRE—F
AR5, AR R ERE B I RIS
TN, KRN O R AN AT RS BN (R R I R B
PO R AR IR PR IR B R AR B i S — R R
KNS, WL, R, IRYE. B, . BIhfg
PV, LR OB A A b, R AR 1
ARETRE— DI P T 8 G Bk I I A AT R
AR, B R RA EAERRFNAE YRS
A, I FIRIF R H T F ISR TR R 2 AT R AR
i 23

2 WU FTSE TR W, DRI S AR 1) 45 7 BE 0% i B
AP RTEARIR IR T se i fasE B Mg — M Em
YRR, EAE . EE MR SE R
B, JB TR R AR S SR R B AT, R O
WA RO T S Rl R IR A, BN ERE . Eim
TAM. 2ognpe. A G T A GURIE A 7e T, AR
VRTS8 5 20 B 0 B Sk U A i & BT E At
D5 1T, VA T i 1) LA 3 5T S T 4 A A A R R
1o g b, RN AL [N S AN G 50 T 3 0 LA 1R 4 i
RATROR, XL &S R — . hAh, g
A URORAE A B ] DU S BRI A, X “Bise AL~
Y 7R T N S A i R A E T, (H M
MR IE LR 1R FAALEIR L S 2%, H AT MR BA#, 17 HL7E
RT3 2 PR AR R LT JE 458 B Bk 7 rh i TR
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BEvE: B A-C3Jilh CTy ST, GY A7 I 7t Sl G R 4L 4152 05 1 40 i
ERES.

E 1 | ARV FERIPFIAER S EBREANE A ENMARESENR
(x40)

Figure 1 | Cell morphology of resuscitated umbilical cord Wharton's jelly
tissue frozen with different cryoprotectants (x40)

A o, o, =2
BTN B P A R 4x10° L B AR SR AR NCR RIS %,
N _ 901 P> 0.05; B LUk [ Jy 4x10™ L™ I v 7 52 5 I 40 M 0 g 3 A 2%,
g & P>0.05.
% 804 L8 B2 | FREDAHRPFIR G B8 7 R T A0 E 55 /5 0 B Bl R 5%
= 70 . 70+ *
Figure 2 | Cell recovery and viability of umbilical cord mesenchymal stem
60 60 - cells after resuscitation thawing frozen with different cryoprotectants
(I )i I ELE S 1] b
A 1004 B 100- mM AL A A ML SB L GY 7R (R I L SR T
Doy AMLECEAIER, P> 0.05; By IM. SB A GY AUk (4771 4 Wi A
& 907 < 90 M$¢$Z%H@Eﬁ)ﬁﬂﬁémﬂﬂﬁl4&$$uﬁ$, P>0.05,
% sod % g0 3 | ARV FRFRIPFIRFZHTIL / 7B I8 AN Z 40R0 S 75 f5 59 28 A 514
& & RMER
f 70- f 704 Figure 3 | Cell recovery and viability after resuscitation thawing of
umbilical cord blood/peripheral blood mononuclear cells frozen with
60— 60 - different cryoprotectants
Gl E T EIE T
A 100 - B 100 - C 100 T D 100 A M 4
. CasB 4
90+ 90 A 90 A 90 A _ eyl
] & r & ]
ﬁso— E;P 80 girso— Zir 80
fant s fant fant
70 70 70 4 70
60 - 60 - 60 = 60 -
EER AR R RS R BRI L& GRS

BE: EA, B UL AL AMIAT A 1 NKS CIK SRR A 3 i Uk O IR AT s IR AR A [ SR A% %, P> 0.05; €, D NAMA i AM 4 i
ATAERT NKS CIK AR 3 Fid i Gra7 5100 A7 o IR ARIR K M= A =, P> 0.05.
B 4 | FRIAFRFRIPFIARTE CIK/NK BB E 7 /5 A0 4R B Bl SR 058 2R

Figure 4 | Recovery and viability rates of CIK/NK cells frozen after resuscitation thawing with different cryopprotectants

A 1001 ot e B 2.0 ST 41
CCT 41
- 4
_ 98 15 COGY 4
ﬁ 9. ﬁ\i 1.0
=5y =
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904 L L ol
CD90  CD73  CD105  CD29 CD45  CD34 (CD79a CD14 HLA-DR
C 1001 = = s D 2.0 7
_ 98 154
X S
i o i) 1.0 4
= ] =
92 0.5 -
90 LR o
CD90  CD73 CD105  CD29 CD45  CD34 (CD79a CD14  HLA-DR

BE: EA, B ONANMIIREE A 4x10° Lt 477 52 95 R AN A R AR B #RIE, P> 0.05; C, D NANMUHKIE A 4x10% L IR A7 A 55 5 O 200 Bt 26 1T b
WZeik, P>0.05,
5 | FAEAFRIFFIAENTERRTAREHENMERRAGRESMERE

Figure 5 | Expression of cell surface markers of umbilical cord mesenchymal stem cells frozen with different cryoprotectants after resuscitation thawing

Chinese Journal of Tissue Engineering Research | Vol 29 | No.36 | December 2025 | 7823



@7 TPEEATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

A

CD8
o 6485 328
GY 45
e 1wt
3488
IM 4
e 10t
3836
3 i ]
sB 418 4]
n'
1° .
10 10*
Comp-FITC-A :: CD3
Ji . AN A AR AT P CIK 2
B
CDs6 ° °
w4
10*
GY 41 i
o3
0% 10°4
B I e Tlujv
° o 10°
10t 10*
IM 4.
10° 10°
o4 o4
0?4 0? E
s T
04 10° o
4
g " ; 104
Bl E ol s ]
< 3 <
3 LR 3
E . d
1 q
w'y "y
ol W W W e i "
Comp-APC-A :: CD16 APC-A Comp-APC-A :: CD16 APC-A
CD16
AN LR Z AT A N AR s SRR AT AR 1 NK

Bl B A B I / A0 I 2 AR AT A2 ) CIK 20 2 T bR - P ik
B it Il / A1 LSS AR AT A 1) NK R A SR T b SRS

Bl 6 | RNENEFRIPFTIFRTR CIK/NK EF R MR ERSYRIE
Figure 6 | Expression of cell surface markers of CIK/NK frozen with
different cryoprotectants after resuscitation thawing
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Figure 7 | Differentiation potential of three lines after resuscitation
thawing of umbilical cord mesenchymal stem cells frozen with different
cryoprotectants
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SRR, AT R EEAT KENIRIE TE, FHitkeS
A= AR TAER R S 4. Mok, s kiR i
Hh 2 T R S B 5 AT R 2 AR YR B 5l A g I i B
K, FDA RAR T A% A% A48 F S Ab S i ds S 056 ™,
Ja ST AR S T s RS IR 25 N 5% — H AR TR &,
MR O KL IMBE R R R R, HMEH T &6 M
BRAEW, FRIREIN T MG, WKIH 7540 Mo 25 5 FRHRfn
15 ARAIF 5 HH A7 A &P 7]

TESEBRBE AN AR = H, H AT B AR ML AT FEATLA AR AR
YR H 2 FEVE. VA UR 12000 5T 44 1 RN RROAS 55 22 4 B DEA
BT AN [F) S B 1 240 e T AS [R) DA R OR3P 1), B T
G A E AT RO HA R ORI R, AR 1B T A B R A
95 A0 L AN [ SR BY 7 i, DA R AR e 1 P e B AR AR P
B AR = o RIS R [R) — Fh S 28 1 4t B 7 ¥ R ok 2 b B
155 F B8 VR DR A R IR FE AR AE Z FEE, ZFENE
174 VR R AP 751 X DA E 4 B X AR A7 1) Tl Ak BB
PR ESR A COLECELA T AR, R R A AR
PRA TR 22 A5 52 3 R BRI, DS D TG vk A8 46 B [
VA PR A 0 HG G B RS, I A FASE A 4 o) o A e
BIER 2 AR E ™, sk, MRR R A BLERN A
FRONWT T, BRI R ORI 2 A FUET A R OR 755 (1) 38
N AR HErmsg LI T — 5@ A AR ),
RERZEHAE MG, BEE— ) — H 5K,
BCEAOGE H TRH R Be RS, IRk A ik B2 B
BT K0 20 7= i ms Bk 1, R Az v T E R AR
R BRI SR, X8 5= 5 1) AR i —
B, ARG T ENE TS BT, FIRN, BT
At 87 5 57 [ PR 51 5 SRR, X L o PR AR N AR E A
DLERFE . % T 22 T 0 B P2 s 2 BR e (R R R 47550,
HIFAE R Rt — P &

TR UL AR B R, %A AT T A N AR
PR 2 0 B = R, R AT R G I LB AU R, H
BRI GY Vo R DR 7745 T 85 7 il LS ) LA i B T o )
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