2025 %2 H
$35% 2l

A —+=
%7]‘}51&\

T He
CHINESE JOURNAL OF COMPARATIVE MEDICINE

February, 2025
Vol. 35 No. 2

XUZE RVLR BR05, %, IRl TR A s s b e (1], P E i R 224, 2025, 35(2) : 165-174.

Liu Q, Zhu YL, Chen F, et al. Progress in cryopreservation protocols for adipose-derived stem cells [ J]. Chin J Comp Med,

2025, 35(2) : 165-174.
doi: 10.3969/].issn.1671-7856. 2025. 02. 018

i 5 1 240 AR IR AR A7 5 iR T 58 o e

FE RUR,K 7,

oo, WA K HT

(PR DR B PR 7 PR B b O 2B s P 3, iU 430070)

€EED

s T 240 L R AR A I 3, S 2 2 TR ST PR R T2 2 — o 4R PRAR B0 R 07 T 4

MR AR IT LR SEE A — 5 I FAR . 325081k & FIEN T A M R IR AT L e 2 e 2, A3
LRI T HERR AR A Yy~ R I+ A AR IR PR AT B9 7 35  JF X HRRAITFE 7 1 #EAT T/ EE
[REEiA]  ALUTFE Bl 140 ; 4 AT AR IRLAR 75

[F+ES%S] R-33 [ STERERIRAS] A

[ XEHS] 1671-7856 (2025) 02-0165-10
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[ Abstract ]

Adipose-derived stem cells ( ASCs) have become important seed cells in tissue engineering,

because of their unique advantages. Extensive research has been conducted to determine the ideal method of

cryopreservation for ASCs. In this review, we summarize the basic cryobiology and cryopreservation protocols for

ASCs, and look forward to future research into cryopreservation protocols for ASCs.
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PVP AR IR R A7 OB AE AN KT, SR, RAY
SENOSCHAE S PVP [ URAF IR AS G I 1L 35 7T 75
SRR R AFROR , 7 75 2 SR AT R LR
FRIBECHI A 2 DMEM X5 5% 5 0 AL B, b
T 10% PVP [BERR EL 22 il T - 80 C Ik
PR-AFE N ASCs 48 h, & 75 J5 H A0 L% 718 55% , B
TR (& 10% DMSO RUBERREh 2 MR ) o



P PL R 2R ARk 2025 4F 2 A5 35 5 2] Chin J Comp Med, February 2025, Vol. 35,No. 2 167

BERRER 5% vh W 1 2 B A 43 AL B R A
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100,200,300 mmol JEHE Fil b BE 22 10% fifs 25 1ML 7
(fetal bovine serum, FBS)/10% A Ifil. /) Hit 224 it
KEFRI N ASCs 24 h,#:35 H+#% 100,200,300 mmol
FEWE B RAERARAT:, 5 95 I 2 B0 R TRE 0 0 Ak 3 N
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AT RG> A BE 7Y L AR A B IR R He
TG E AR B HLAR I AT 71N, 3R A5 9 N ASCs ik i
PRAT 5 00 4 B 15 A8 e ) T AE e ) | IR 411k RE

FIE U, B4R ASCs B BE Wi FS AL 9 A9 BT R
T,
2.2.3 gtk

DMSO IIRARAE ASCs J5 x5 m % 7 48 v
IR SR NEREIREZ, —REHAB P
P — 2 B9 R 48 IR IR IR A7 S ASCs B A2
R UNTE S DMSO VR AFC AT, A ] L 5ok
PEBEHTI T HE A bel-2 A9 23k M T $2 i IR IR AR A7
Je/INEL ASCs FUAFIE 3R 76 DMSO HRAFI
HOMA SR IR 125 7 b R BUAF e H kY -27632 AT LA
R E IR TR S 18 ASCs AR IR 1 ) s
DMSO FYZAFIB A G0 K S A A 2805, 7T LR
ERIRRAT IS N ASCs 436 7, FRARF 10 R 1
IR, 30 BEIE A o 35 A% A A 5 4H 2 I A A R
REARG S E IV K 2 e B MG M 4 A R
TRAEAR IR ARAT BT A AR ASCs HEAT BUK T Ab
AT DL B DMSO IR IR PR A7 3 S, A%
10% DMSO 40% Il 75 1Y VR A7 W AR A7 28 13 b 3
MR ASCs B AT, KR FEAR T 1M i /Y i F v
JERO =R R AR R BN ASCs B 5 TRAE
(2% 0,) M T ARE KM IR & R A7 A A
ASCs A FRIIE R 2 )& DMSO 5 &%
PE CPA HIIEE N . DMSO Hil PEG 4 4 H% A7
W 0. 9% AL 5% DMSO 5% PEG 2% AL
A, A R E A ASCs, 5% 0. 9% %
1b4h  10% DMSO 2% N LT F 8 F ) A7 R
e, &2 5 5 I A0 M A e TR, R
L TE PR A 40 B 25 DR, 4N 3R R AR R
CD73.CD90 F1 CD105 ik /K 2 0 &, br 42/
G VAT R A TG R

3 Z2iEM CPA FIiEZ2EY CPA B
B&MNA

PRI RSB B CPA {547 ASCs IR AR
RIAR, M ff P (R B K8 0B M CPA FIEE B 3
PE CPA BA N R T iR iR 22—

3.1 R¥EZHFHES DMSO WAS

IOEAZ 2R R — IR ik &, feil
PR h— AR AT RIS A9 CPA ik i, F &
10% K822 ZF 0 1%/2% DMSO (4% N\ A 1K 1lL1F
HIEAFIRPRAE N ASCs, 57 10% DMSO 4% A\ H
PR L35 O R AR B, R 3 4B 35 F138° 90% 2



P PL R 2R ARk 2025 4F 2 A5 35 5 2] Chin J Comp Med, February 2025, Vol. 35,No. 2 169

A7 WABERE 1 FUSR BUEE orLRE A Y, B
SRBEZ DMSO e BEIREAREZ M T ASCs 4] T 21
B e J1, (H U /> DMSO JH 2 1) £8 B S it
FEZ DMSO W 10% F8 2 1% , It Fh & 1otk
T2 SERE AL A VR A TRAE S AP AR B b mT DAAE S —
TG 250 HL B PERAR I A ASCs ARIRARAF 711
3.2 HEBESZENE CPANEAS
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FRERAE T 16 B B 32 B9 N ASCs Y20 M 1% 1 .41
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FBS MR ARAE R T H 2L, -80 C A7 3 d
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e G 4 215K W ASCs M LG, YR FE IR T
HAURIE ASCs BT R T 430 RE T BEAIG, Wk 4
I/ BB AT R HE 5 A7 B 7 40 21K R ASCs 1%
P E S g 5 LS — g 220

5 Bl EFER

SR GRAF IR T AR, SE R
INTFRY B, BT DLk 43 o — 25, NutriFreez ®
D10 40 VRAAI , — PR T LI V2 R IRAE AT,
A MC,10% DMSO FlH: b & 2 FF 19 A% 43,
CryoStore ® CS10 iﬂiﬂ@/ﬁcxﬁ{&, —FhAS 5 B R
IS HIRAFAN T, & A 10% DMSO FilH:A A 24
TERL Ay, A W 5T 3 43 500 3 V9 o 40 ik O A7 TR
RIRIRAE 5 B AL A ASCs, 57 0.9% S Ak 4N .
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b Ak 20 BB A VYR VR DR A T 20 A S8 O T
FRLR 4 L 3 T, s o R A A A
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CD105 Fih/K P P, HEREA S, AR5
REVETIG TR B T R,

6 BN B EMEBARERELRRT
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A SR R4S A1 P A B B A e
PG A AT REVEAR B R, AT 2 240 A ok B vk
AT 37 CoKI A2 H AL FH A S Tk
XA SR R AT R, 78 S R AR AR )
LUK, . HE— 203 R CPA (MR AT LU ] oK
A I A8, L[] A 448 i 52 3 A R A T AS i1
BARBEE RN, B CPA FIEINAN & bRl F
e, AUAA S B il B AR 2 AR DR A K
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CPA ¥, EE =S R AR CPA MR RTHE T, 75 .
S H A B — 22 i B e B G R IR G R T
SRR A IS 2 2B IR Hod, wh A
B IR AE ASCs IRIRARAF P IR SE LR £

R AV S T B sz B 35 A T T 5 S B0 A
R, CPA i FH A% B #8135 6~ 8 mol/L”Y , LIU
K CPA I FIVR FEREAR E 2 mol/L, IF45 &
Fe, O, B TR F00Rr 4 110 1 52 3R 1 ot FH F
¥ ASCs T35 TR 3 7K B e 1) 8 W 1) 52 3k, SR T
3 ASCs T 3R SR 7K 58 Je 44 22 ) 1) B 33 £k AR A7 1
PRSI

7T BESRE

FRBNGIE M ASCs R 7k —EH R
RENSSIB T HEr, HT ASCs i) CPA %L
HAEBBEEMBEEW RIS, BB BN CPA 15

PERESR BB CPA (X, AT RAF RO R LEAR
BN CPA 13 DMSO, DMSO 152055 &
MR ] 12 14 ASCs CPA  {H ] f5 A B 1
FEAIRTEXT ASCs MYEE PR FNB B P 7 & — K
MERE, AR IR T 5 AR IR PR A T TR
IR Y R, BB CPA H5AEEM: CPA Bk
ML fER RS R PR A R 6 SR —
s Z WP R X BRI R AT T VR A A LT
m=E 1w, EAREEARE, BT T ASCs ik
IR ORAF 7 125 B ST A7 AR — BB R) R, — o SOk
HH R R A AR, X TR R ) 4 i S A R
HA — MR R , ASCs 1 e R IR R
MFFEERATRVT 02 Rl Ty 1 0 2 AR 4l S 5
TSR 1Y I R I R Y O A R
JPHRAER N T 568, R 2805000 = 6 =2 18 )7 BRI
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F 1 ASCs IR B m e 5

Table 1 Advantages and disadvantages of cryopreservation protocols for ASCs

ATk

Cryopreservation protocols

CPA/YHEEA
CPA/physical technology

Hori

Advantages

B

Disadvantages

AR TIEdE R W B A 8 &
PSR AR AR A vk A 4

BB CPA FH L2 2 R It is beneficial for promoting
Nonpermeable CPA MC solution vitrification,  stabilizing
proteins and cell membranes, and
inhibiting ice crystal growth'®’
] FHBERRER 2 v W 1 A T
BN o R Phosphate buffer solution can be
pPVP used to prepare the
cryopreservation solution
o e
Sucrose Low toxicity
W Z —, R T Z Mt
N 1% 2 2 L A Y SR
One of the research hotspots,
Trehalose

various  strategies have  been

developed to deliver it into cells

ARG 1A 46% ) AT i R 5 40 i )
(i
Cell viability is only 46%'°",

which is lower

than the threshold for cell viability after thawing

ML 1 BARIBF] 70% ~ 80% , (EABAK T b
HEARAF AR (R A R

Although the cell viability has reached 70% ~
80%, it is still lower than the cryopreservation

effect of standard freezing solution

HHTE SIACH 45% " AT U 20 T
.

Cell viability is only 45% ",
than the threshold for cell viability after thawing
VR AN FLAT T 25 P, T M L ) B 1
PRI B H 19

Trehalose does not have

which is lower

membrane
penetrability, making it difficult to achieve the
goal of preventing ice crystal formation

B T IR AE ASCs B 40 T 16 2RI
10% Ze A7

Cell survival rate of ASCs is about 10%, when

. 14-15]
it is used alone' :
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gR1

RAF i

Cryopreservation protocols

CPA/ W REE AR

CPA/physical technology

(W5

Advantages

Disadvantages

BB CPA
Permeable CPA

BB CPA FIEB
B CPA BYBRS ]
Combination of permeable

CPA and nonpermeable CPA

FRAFNE N AR

Frozen adipose tissue

Rl AL R AR
Commercial cryopreservation

solution

S AN
Sound, light, electricity

and magnetism

TR
DMSO

KR EFER S
DMSO B4 A

Combination of
pentaisomaltose

and DMSO

AR S N
ZEHE
Combination of
trehalose and
glycerol or

propylene glycol

1 % B 5 DMSO
SR
Combination of
trehalose

and DMSO

DMSO/ SN EE
DMSO or

isopropanol

WA ARAF
Undisclosed

ingredients

AR R
Magnetic

rewarming

% 10% DMS0.,90% FBS f 4517
B IN R R bR R A
i jy )

A solution containing 10% DMSO
and 90% FBS is considered the
standard formula for

; ion 23]
cryopreservation solution

IS 5 R )2 B CPA

It is the most widely used CPA
PR AT R A BOCR 19 i A
Rz

There are many ways to improve

its cryopreservation effect

AlKE DMSO H fff R 10%
M2 19 A% DMSO HREIE
Concentration of DMSO can be
reduced from 10% to 1% | the
toxicity of DMSO is decreased

T T RAF W 7 A S B

AL FBS
Research ideas for
cryopreservation  solution  are

expanded, and FBS is not used
B4 e T 1 (PR PR AT IR
Cryopreservation effect of trehalose
is improved

AEAZ I DMSO A9 1]

Concentration of DMSO can

be reduced
ANMEH FBS
FBS is not used

BT ASCs MYBRAFTr %
Cryopreservation

ASCs are added

protocols  for

TR B 3 o

Serum or animal components is not
contained

IR A RO S

Cryopreservation effect is ideal
FEAIR CPA RYLE VR BE

Concentration of CPA is reduced

SRR A
Rewarming is  more  precise
and safer

KT EX ASCs IR BRAT I B 40 ML 35 ) L
SN R B AR R I — Bk
No consensus on its impact on the biological
characteristics of ASCs after cryopreservation,
except for cell viability

25 DMSO ()% 4 F2 SR AFE—Se ik
Some challenges in the safe removal of DMSO

after recovery

WL 5 (9 VR AF I BTN AR L
N ASCs #l T 4R s R S
This cryopreservation solution requires the use

of human autologous serum, which affects the

ability of human ASCs to inhibit T
cell proliferation'*!

H RIS Bt e

Currently, the available research data
is limited

ASCs fHif %K AK, HA 42%

Survival rate of ASCs is low,

only 429"

too

SRR EENE D 20 AR LE, VR AR U7 2H 28k i
ASCs [HETERES) 3 FERE FT AR

Proliferation and differentiation ability of ASCs
derived from frozen tissue

adipose are

reduced, which are compared with fresh

. . (49
adipose tissue'*’]

HE T RALR, &HRATFHI RS
Invention patent has been applied, and it

contains undisclosed ingredients

AL BRI AR I

Process is somewhat complex
BORFFIR A B

Special ~ equipments  and  technologies

are required
JRA
Cost is high
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