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Experimental Study on a Novel Solution for Cryopreservation of
Human Umbilical Cord Mesenchymal Stem Cells

Zhang Peng Liu Baolin

( Institute of Biothermal and Technology, University of Shanghai for Science and Technology, Shanghai,

200093, China)

Abstract Dimethyl sulfoxide (Me,SO) in cell banking exhibits significant side effects on both the cells and the human body. Therefore
an approach that mitigates the side effects of Me,SO with comparable efficacy is urgently needed. The human umbilical cord mesenchymal
was used as the research material. First, the thermal physical properties of trehalose, glucose, and L-proline and their regulation of ice
crystal growth were measured using a differential scanning calorimeter and a cryomicroscope. Cryopreservation experiments were performed
to determine the optimal concentration of each component in the cryopreservation solution, and the viability and functionality of the cells
after cryopreservation were validated. The results show that there is no significant difference in cell viability (92.42% +0.28% ) and
recovery rate (87.80%+4.22% ) between the use of the novel stem cell cryopreservation solution (1. 25 mol/L ethylene glycol + 10 g/L
whey protein + 0. 1 mol/L trehalose + Normosol-R) and the conventional cryopreservation solution (a volume fraction of 10% Me,SO).
Moreover, after 3 days of culture, the cell number was ( 12. 42+0. 60) x 10°( proliferation fold of 4. 97) , and the cell phenotype was not
significantly different from that of fresh cells. The proposed novel solution for stem cell cryopreservation solves the problem of " Me,SO-
free" cryopreservation of cells and offers promising potential for clinical applications.
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1. 1 # A F

BT 8] 78 57 4 M R VR T 1 JR R A= R 4
A BRZ w5 FEAih 3 52 5L F AR AR Y HOR I
A BRA W BT TrypLE [ T25 55580 . T75 £5 5%
T175 K5 #8050 mL B.04 15 mL B04 FRFRER
EVRAAAE BIN F FEBR G R B A BR A W] 5 1l /i
Y H Girfols (SE[E ) s PBS Sty H_F 54

A WRHB A A1 BR 23 7] 5 AO/PT I H Nexcelcom Bio-
science ( 32 [H) ; hMsc i F A YL BLF Staining Buffer
¥ A BD(EHE) ; LB A LigkTdr T AR
JREA A7 BN W) 5 Ve b R AR RN Ll 2 R 34 0 v
I I AR B AT () B 5 A BN E 5 AR B ER K Ak
PR S 1 PR ) VL5 3 = 24 e A BR 2 ) 5 Dk
J1 A FEFHEAT Normosol-R {3 S A 5 542 B A4
PHEARRA A,

1.2 {XEEMigE

SEEGAN FE AR A5 - 40340 Y ( Nexcelcom Biosci-
ence, Cellometer Auto 2000 ), 2 X 1 i & #4X
(PerkinElmer, DSC8500) , ik i 2 il & 4t ( Linkam,
FDCS196) , 2l il 3% 37 48 ( Esco, CCL170-B-8) , B5.0»
HL( Thermo Fisher Scientific , 75004240) , i 28 48 Jitg 4%
(BD,FACSCantoll)

1.3 HpEiEFE

ST FH T A L SRy N R 1R A [ 72 5 T 24
(MSC , mesenchymal stem cells) , B A7 ZHZUHEAL S
RGN G EEFR TS, fE AR I 2 1 I 2H 2L A
HEBRAE LR AL B DR AE T I K AE W BB A BR S ] 1Yy
YA T T TR B TR R Y i LU0 A L
mm® K/NLHZURL ARG B A T75 KRl A 10
mL MSC 56 235 55 5 (RS E0OR 94% FEfil 15 77 3%
5% NIML/INREZETED) , 1% WPT) , ¥254A i 4L 20kE
AIEE TR 37 °C 1H 4 Jf 5 55 40 P B % . 5%
7~8 d JE AT (W R AR 5 BAE W, A
10 mL MSC 5S¢4t 3) . K598 9~10 d i, BRI
ORI AT USSR, IR A 10 mL MSC 58 42 85
FrRHEARZLIE SR, Y 40 O a8 B 80% ~
90%IL A B 5, A 4 mL TrypLE #E4T 40104k, %
BRIRSIH AR S 4 B35 TS T 37 C IR 40 At s
FEAE AL 3 min, BESS A 2 FHAFRE MSC 58 4 55
FERLLTHAL, LA 400 g FE3E #5.0 5 min 15 3] PO AR
MSCs 4fififl,

WY PO 18 MSC $4 8 000 4~/ cm?® B3 42 Fif
254 30 mL MSC 58 25537 HE 0 T175 5537 b ik
frik— 8535 i P1-P5 AR B 4082 34 1k )5 7705 =
TE 90% L) L[ MSC BET I 22505
1. 4 FEEEERRFRPFI A EERNE

SCYOTHT, SR DSC B A HE T AR IE (FELAL
IE R IR AL IE R E AR AL IE ) . BEIEFR
FEERE T A SR IE 32, HG v il B U B A 1 SR 4
IR AL B B T SR FHPA NGt . T BE A IE S5 I A
IE ISR« Onset” i B AT« S™ L FL LR A% IE AR
0 O -120~40 °C, U B AL IE B O R R
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10 C/min, BRIZIHT, ¥ L FLIUE, LI,
HERE 10 L JE5 3 AR O 4 70 A AR KA T
AR S L BRI AR AR B R b A ot LI A 2
B, SRIFHERE L LS ARE S e XS B i A%
I, _EHLSEE
1.5 IS EEHMRFRPFIXT K RERKEEERE

SLHHT, O IR R R WA L B EIRE
PRI PN A AE B ) /N RS oK B AR R vk i A
S i, I EEAN R A 1B B PR IR AR AP T vk i 2B
PR, SCI RS E R T | O 5 ) v
M 1 mol/L AN[FHES % PEAR IR OR 7 70) (I b | 2
BEAD - 2R ) A PEER KW, B 3 pl dEB &N
AT LR A7 551 A FHER KV W 0 2k B UL S AR 8
e 55 B3 . B, DL 10 C/min BYRE TR
MR FAEAR TR, BJS L) 5 °C/min 19 &
R BRSSO B IR TR R
i AR AR S ST, T 2 4R B sk g /N RS vk S 4
HEEEAE G, BER LA 1 °C/min 1Y R LR
£-20 C,H 5Lk 20 °C/min BEIRE 20 °C, HUKH
AT AR DU A R AR L 1) Al R AR
RGBS HL ( Pointgery, Flea3, Richmond, JZEK)
PLS Wi/s B33 50R 4 ok ff A K i A 1 RS (B
KA 50 £, B BORAE £ 500 %) 52) %5
KA R R LG R IR 5 s vk AR r
F33) T Tmage) T2 VK i 76 AS [R) AR K Bsf ) T 174 T
BRI A 3 IR,
1. 6 HHETF

DI @ AR IR AR 0] (£ ) (AR S & IR
PRy Qg et ) A A (FLIE R EA) /BN IEsCIRE 3
AR 0 3 AU KT AR B R R I 22 I
B AT A0 AR AE S B0 I TP R AR A AR T, S5 5 S8
T Fin . BT FOE AR 50 A1 R A T
PRBC T, RS0 4H M VR A7 B ARV, S 30 5 5
w2 iR,

IRAE LI HARS RN R T AR S T £ 1] e
FE T4 MSC 58 4 35 97 FL B BURE 23 pl 555
IRFR AO/PLIR A 150 A0 Al M H 8008, #%
WE S B6 BT BE Y 0 dL R AT M R A7, B4 B 2 52
15 mL B5.0%8 55 30 3. 3x10° N4, LA 400 g 550
5 min J5f8 2= B, INA 1.1 mL B B HFR EE
Joi B 1 mL AT VR A SE 00 . R A I 8 R
FERETA 4 °C UKAE A5 10 min , 455 PR R AR T
AFEFF R £ IF A -80 °C VKA kA7, #£-80 C UK
AR B % A 37 CHEEKIBHRTE
It 2.5 min, B RE5 T, M H 9 A E PBS
— 160 —

xR 1REBERPFRERUZEHSA
Tab.1 Group of the cryoprotectant concentration

optimization experiment

S LW/ FUEER/ TN/
(mol/L) (g/L) (mol/L)
1 1.00 10 0.10
2 1.00 15 0.15
3 1.00 20 0.20
4 1.25 10 0.15
5 1.25 15 0.20
6 1.25 20 0.10
7 1.50 10 0.20
8 1.50 15 0.10
9 1.50 20 0.15

R2 HIERRMUIBHSA

Tab.2 Group of the carrier solution optimization experiment

YR VRTE IR 4L
Sai|
TR 77 A3 AR
S 1 1.00 mol/L Z, [ + 10 /L 33 A= Fihk
e B + 0. 10 mol/L VM ST
SR 2 1.00 mol/L Z i + 10 o/L WG BRIRE4h
S ; N
B+ 0,10 mol/L R TS
SR 3 1.00 mol/L Z % + 10 o/L AV #hkJ1 A
<INV E N N Ry
EH + 0.10 mol/L M PERIRYId
R 4 1.00 mol/L Z ZF + 10 /L L3  Normosol-R
- 1T+ 0.10 mol/L W i VEHH
Xof R 20 10%Me,SO + 10%FBS FLh B 77k

(phosphate buffer saline , 222 thER W) VeI , B S
M BRI A 4 CUKFEFRHE 10 min, FHEFHA
BLHL, UL 400 g B0 5 min 582 g, A 1 mL
SEAREFRHL R B B 50 L 20 R B, B
23 L 4B 5 23 wL AO/PT WKATIA) )G  H YL
i P 2 o 2] 20 S e P A RS T 4
JLAT 375 0 [T A
1.7 ‘MRS FOIEFERE SHta

AT LB S % 1.6 7, LR dl g
3R . WA [FIAAF I R A7 R 55 i [8] 78 T T 48
K95, T MSC 58 3R A i B o 23wl 4
BWE 23 pl AO/PL RS T4k, M4 2 £
15 mL 8505, 550 H 2% 10° AN 4R M, i 5 mL MSC
SEAREFRIEMATIR 2G| e A S A T25 K535
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T B S AR IR T T R R . ML SRR
LS ML S S A KO, T BSR4
1R 5 2 RANEE 3 RAH AL WA 4 i, folf P 40 g 4k
A5G 7 A0 RS
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Tab.3 Group of the cell morphology and proliferation

ability detection experiment

20 0 VR A AL R
I3l
RIS R p= VAR
gy 100 moVL LB+ 10 /LA #lkIr A
i B + 0. 10 mol/L N TS
g 2 1.00 mol/L Z 5 + 19 g:rL i NO}:mos\ol-R
I+ 0.10 mol/L M WA
it B 4 10%Me,SO + 10%FBS HLith 15 77 ik

1. 8 AR EHEG T

AL RERESH 1.6 17, LR IR
4 i, VTR N S IR A R AR R AT
NG ) 70 T 240 L 52 05, O B0 6 4 A S 1
e e R E B, Wb 23 pL B RS
23 wL AO/PLIRAIE AL, HLE 1x10° 400, DA
400 g B0 5 min J53525 L35, A 1 mL PBS 7441
i, FH 500 Wl B Eh 2% vh il B A, IR 7E 5 AN
KA 43 %E 100 wl, A 2.5 pL Fiilk (CD34 +
CD11b + CD19 + CD45 + HLA-DR {8 &#iik CD44 |
CD73,CD105, CD90) , - FH Wl R £k 22 vh W € 25 N
200 pL, BFYL o5 1 40 I AE T L Y AR E
15 min, - HAERE 5 min R 204, B 1k 40 M it
S, WHELHRE, A 1 mL PBS W VLA, 400 g &9
L5 min 25 BVE, EEHVE 2 KA, A 200 L PBS
FEIF B MG,

* 4 AR R BN LIRA S5 E
Tab.4 Group of the cell flow phenotyping experiment

M R AR LA,
Sy
TR o BRI
1.00 mol/L Z W + 10 g/LELWE  #hlik 1 A
SEHGAH 1
St BE1 010 mol/L IEHEME  PEBPR
SRR ZH 10%Me,SO + 10%FBS FERhIE IR
1.9 HiEALIE

FIEE R LB AT 22 I R Geit 220y
Mr2&F GraphPad Prism 9. 0 Z {4517 40 BE | 5% F . [A
RIT200T, W KE P<0.05 FRA G475 X,

bRE AR/ NG bk Fon 4 7] 22 5 B 35 (P<0.05) , 1M
FREMIRNG TR B TR R 22 %A B3 (P>0.05)

2HERENM

2.1 FFEEHRBRPFAE G RNE

Az BEER K S AR5 7 AR IR PR 4 700 A R KV TR
Rt/ 52 il st A A AR I 2 B DCS A5 1y A 3 2
B 1 R B e SRR S HZ
E] ) . 2 22 5 P<0.05.P<0.01.P<0.001, 325
HE =3, E 1(a) FE 1(b) 535 R EHER K K 1
mol/ L AN [F] 18 35 1 AR T P 47 790 ( bl | ) 2 AR A
L-I 2R ) A 33k 7K 5 WA AR iR LA S Tl o 5 ) 4
T, 7E NN A S 37 PHEARIR PR AP0 5 24 ) IR
FHAS A5 5 W, ASOULEE 1) 7K B 45 e B oK i 1) 1k
U | ELAR B3 PEARIR OR300 A A AT DL 25 B AR 45
W AR, T 1(e) (B 1(d) M 1 (e) 235 4 AR 3R
K 1 mol/L AN [RIHE 2 7 AR I R 47 790 A B ER 7K 7
WHZE IR T T, SRR AH ISR AR &, W
WELH 2 LR Ll 2 IR 4 1) 45 T B AT, 400l
J9(=27.45+2.27)°C  (=31.12£2.44)°C FI (-26.93 =
2.53)C  AHHAE B ER KA (-12. 19£2. 16) °C 45 /i i
JE T (P<0.05) I 308 2H 09 98 Bk
(182.04£1.91))/g, BEM T HIHIHELL (212. 24 )/ g+
3.47 J/g,P<0.05) Fll L-JfiZ MR 41 (234. 12 J/g+2. 23
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A 4 B AK T AR B R /K 4 (308. 35 J/g+4.38 J/g, %
P<0.05), WA MREKSTEN 7.23% + : : A , . .
0.50% , & TR HEL (6. 43%+0. 32% ) FI L-Jfi & 2 0 : IOE&EL,E]/SN 230
2H(5.70%+0.92% ) (BT FE 257 (P>0.05), (b) UK S AE K TR
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LELER BN AE 3 FEEB BRI,
VA TR K YA YR P R UK et 2 R R A 1 A [ st
() P K AR TR /N iR SR B 25 2R S DSC U i 4
SRAHEDUE . 256468 B AR IR AR 3 7] A B R K TR
(AR AR AT A RN B S I 5 45 28 T e AR B
BRI e e
2.3 WAERTF R

1) A P 45 AL o3 Tk B B AR A

3 (a) (b)) 4353k 40 B2 A7 A fb 52 56 Hh 20
MIAETE R R, SR HSH R L KT A
ARG FREE FoR M 25 5 0 3 (P< 0.05) 45 A
FRING S0 5 Fon gl i) 25 5 A8 8.3 (P> 0.05) , 5
B n=3, LELEE LR, LKA 1.4.6 40IEL
TR AN ORI 45 =, U B ek 2 I e AN 2L
THAEH B ERCAT IEA ] Me,SO B9 45 1F T 845 1
PRI AR S S AR A A, 2 — 2553 M 2% TR R0k 4 i
FETE R0 (8 3 (e)), ATRAR I, & ZFEW)
BB R EE N 1. 25 mol/L, FLIE & H i e Lo
VR 10 o/L, U BEOME I 5 A0 W I R R
0. 10 mol/L, PR MR A7 v 2% 21 70 R B e 40 e
1.25 mol/L Z % + 10 g/L FLIEHE 1+ 0. 10 mol/L
T

2) HHME R AR AR AL

JE T AR 28 1E AR 56 T A R 1) A R AT T e £
e, VPR TR B B A v I ER A B R R (A
PRER K T SR B R SV AR ST B K ) A TE ST
Normosol-R {3 4§ ) VE M 4l B R A7 0 AR v . T
4(a) (b)) 5351 A 20 M VR A7 R 28 A T VARG AL 52 36 vh
AT R AR, I 1.2.3 .4 5 A B8
KA B PR A AN TE SR A B K ) A T B R A
Normosol-R {1 5 {41, X B4~ 10% Me,SO + 10%
FBS URAFUR . [T s s s S 3R R 2H 5 4 2 ()
M FEEZS P<0.05 .P<0.01 .P<0.001,ns £/~
T FNEERE SR AR n=3, HIE4(a)mTH,LL
24 1940 M AE TG R 92.42% 0. 28% , 5 %t B 40
(92.65%+0.97% ,P>0.05) Jo i M2 5 Wi sL i
1,23 020 B A7 15 R 40 N 89.63% + 0. 60% |
89. 33%=0. 35% 1 87. 83%+2. 12% , ¥4 i FHAK T X} 1R
ZH(P<0.05), M 4(b)vIH,SLER4L 3 F1 4 HI40
IR 5] 84. 40% +2. 70% FiI 87. 80% +4. 22% , 1)
5%t R 4H (87. 70% +4. 24% , P>0.05) TG b 3 1t 25 5 .
TSEEZH 1N 2 A A D23 500 R 73. 08% 2. 36%
F176. 47%£1. 97% , 34 8 FAL T XT L (P<0.05) .
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Fig.3 Optimization of the concentration of each

component in the cryopreservation solution
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AUMIAD PR G (235 He TR BB | i BTk R 4 ) .
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2. 4 MRS RSB TE RE SR T

5 (a) FL(b) 43 31 A VR A 2 R 85 55 i 1Y) 44t 25
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