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Research Progress in Culture Condition of Mesenchymal Stem Cells during

Long-term Subculture
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Abstract

of adult tissues. MSCs possess the capacity of self-renewal and multipotency to differentiate into adipocytes, osteo-

Mesenchymal stem cells (MSCs) are multipotent precursors derived from the stromal fraction

blasts and chondrocytes, which give rise to promising application in tissue engineering and cell therapy. The long-
term subculture to harvest high numbers of MSCs is one of the most crucial factors for the application. However,
optimal culture system has not been established so far. This paper reviewed the effect of basal medium, serum and
growth factor of culture system on MSCs during the long-term subculture respectively, aiming to provide theoreti-
cal basis to establish optimal culture system for long-term subculture of MSCs.

Keywords mesenchymal stem cells; long-term subculture; culture system; basal medium; serum; growth factor

8] 78 51 T 41 g (mesenchymal stem cells, MSCs)
FERVE T b IR 2 R 3 1 2R ) BAA T 4R . MSCsi
W2 BBl 20 B A5 B RN, H 2 B A B 5T TR,
NAR) FAB LA S b 43 25 L T MSCs, BFERT . WL
A 7 1N 1 R T s S e e O e
JT P32 (international society for cellular therapy, ISCT)
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XFTMSCs i MR T 4i— B FE: (1)MSCs
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e 1k CD90. CDI105AICD73, 1H & A id 2%
Y o BE % 2 A CD45. CD34. CDI14. CDI9FIIIAY
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W I 2 1 43 AL RE J1BY . MSCsHE Ay A K 5
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40 B, AH EE - B AR T 4f 9 (embryonic stem cells,
ESCs)A1 % 5 £ fiE T 4 fid(induced pluripotent stem
cells, iPSCs), A7 1% A 2 Ji 11 FH AN A7 76 46 35 1) 2 1)
55, N T TR AP AR e AT

TEARAMNEEFEMSCsIN, 24 1 ORAF4H M 1) 22 K AN Ty
REARFE, 5 RAUL 20 B P A A PR 855, B A T 1 iR
B pHIE. MR BRIk DL S IR 70 2 i s 97 2k
SO, BRI IR BT T AN BRI R Ah RS IR T N
FENREMSCs AN IR IR 61, 1R R
WA IR AL L IV TR B R B IR N N 4 DR 2 A
S EMIMSCs I DI REREME . LAk B 77 5L 4 g 32 4t
ARKFTFEMEIER. dEAER. TOHLER DR ER AR
WICERFERZE . R IR, Rets i 240
X E TR R (I AT SR, I35 2 40 B A4 4 18 it 43
A e PEVD TR, A 40 B A KR 7 BT 06 75 1 25 F
AR, L5 A B A/ 4 ) 2 A s A AR K
YR, XA A A ThRg = A= S i s A A
Tt B IR I —, TER; IR B P AN
TR K DR 7 BE5 75 R 341 B 438 48 R 24 RR 41 R 7 44
AN REC1 A SO M Cs AR A K B4 AR 8 55 1)
B Rk B P B RE RS JR 3L L T A1 AR K R T X MSCs
PIERZIEEAT R, B 1A IMSCsiR AN AL AR A
K foE 5 74 RS AL IR .

1 EAEEFEEXTMSCsHE KRS

MSCsH: K 1% 7% 1) JE At 55 77 3£ Dulbeccorl R
B A K% R 1% 7% 2 (Dulbecco’s modified Eagle’s me-
dium, DMEM). DMEM/F12fla-MEM, iX JLFf 2 fit
B R B AR S A MR A K T 08 RSy, (R TEE
FEPNR IR R FE A A A

DMEM /& 4l il 35 7% fe i FH I RE R 2%, & K
EMEER. 4R, TR, METER. .
BER AR RS E IR . ARHEDMEM A 4 % 4 1)
WA, 7] 43 A FEDMEM(DMEM-HG, ] % §%
EEN4.S g/L)AKFEDMEM(DMEM-LG, % %5 i &
& N1 g/L). DMEMH E 37 il o0 R B v, 228 37
BAT R D, sk D N IR . RAER . AR
I R S R LR LA S AR R R4 A BB YA
=1, DMEM/F12/&BarnesZF'" S F 12 FIDMEM#41: 1
RAT R R, FI2RZME #RIBEG I
5, Bl S A IRIRENEERR . g4 ZMIHLE, i)
#h T DMEME 7% i 73 41 > [k . o-MEM S

DMEM/F 12 3 28 5 B o KRB L, {H & a-MEM
P E IR T R B FDMEM/F 12 1 4h, a-MEM
FHEEDMEM/F 128 1 T il 5 F0 IR 7 2R o, H 2 ik
/bCuy FeMZn&E s R,

15 T 20 B s 7 B, 3 ) LR Rt 9% B 13 A
0 BBl AN K —HE, e A 40 PR AN G 77 11 2%
PR, JE Al RE 77 5L 0T 40 A 1) 5 2 32 5 B I HE R
EE LR, DMEM-LGH T4 K 2 5040 i & A
7 JE AR 1 A= K AR AUKE 77, DMEM-HGH T4 K
AR SRy Y N b A S T i P R e
TMDMEM/F 1248 5 3 P A 48 i 1) AR5 5%, (8] i ]
VE R TE ML 55 7744 & (1) SE At 5% 77 202, o-MEM'H 47
FHRBE IR E IR o> BRI 40 B, 1 2 MSCsH
R A8 P a-MEMYE Ay B il % 55 FL 03141

B 5% i v R % W R BE R MSCs I A= KR 1
AR R S o IR B2 81 265 0% ) 15 77 246 F) T-MSCs
)4 41 A A 3 ST R R R D 0 R e 8 i
MSCs3i 14 % (reactive oxygen species, ROS)f#) /= 4=,
WOEPKCBIS 5@ s, 75 FMSCsIH R 43461 Dha-
nasekaran®5E VR L, N B BiE 8] 78 )5 T 41 Bl (bone mar-
row mesenchymal stem cells, BMSCs){EDMEM-LGA#lI
o-MEM(H] % B & 1 g/L)Es 373k K A8 77 2 J5 177
REDRRRAE M 00 7 A AN % R AVRFAE . PalF5E 5T 1
AN [R] ) JE il % 7% JE 6 ABMSCs K {85 9% T 4l fg 3=
RN RE M52, BMSCSTE A 10% FBS[JDMEM-
HGH; 73 15 77 22 58 SARET, 20 I AR 5 ~F- 1R IR,
Jia 5 b A RORL TR B, 48 A KA b . TITDMEM-LG
HMIDMEM/F12( % §% 5 53.15 g/L)55 77 BMSCs)
AER 251K

Ty AL, FEhh R 7R R 0 E R ZH Rk 4 T,
XoF £ A ) A A R0 ) e R 1 4 RE A R Pal S5O
R B, ABMSCsfEDMEM-LGHIDMEM/F12%% 7%
Fr A K #2258, SR, FEDMEM-LGH; 755,
YL 210G TS BRI, L2 Mk, 3 H
FEAR G 8} (A S5 K, T AE DMEM/F 12485 35 54 mh, 20
—HEMRFFIEE IEE, I HER 7R 22505 I8 RE 1R
FF 1B IR 2 MR E B 73 AL E T . Sotiropoulou
S TR IE, fEa-MEM ARSI BT S nfa e . A
Doy il A 2 ke B AR, Re g S5 inAA A T-MSCs
FEK . # k- FDMEM, DMEM/F12Ala-MEMH
THIN T &I 4EE R ATCHLER AR E IR
FMP I, 1G85 IR B (1) B TR T 4 R D = 4
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i, A A T ARFFMSCs AR K AN Th RERF: .

I, DMEM-LG. DMEM/F12#la-MEMJ AJ
YEJUMSCs 7 Al iy 77 Fk . (HZ, fioid B L il
B R 20l e I8 5MSCs 4H 21Kk EA ¢ . Marappa-
gounderZ5 i 7T & I, DMEM-LG2& A g [ 41 g
(adipose stem cells, ASCs) K BIA& A3 77 (1) B & 5 77
B, H Ut a-MEM, MDMEM/F12%F N ASCs[ 5 7
RBOR B 7 . DMEM/F 1252 5 47 I 1] 78 5T 128 i (um-
bilical cord blood-derived mesenchymal stem cells,
UCB-MSCs) K I AR RE 77 1 i i s IR HE 0, 5T
MSCs4L ZURy 7 P IAT FE 88D, X AN [7] 4 2K
[FIMSCsidh 3 1 A I HE il 5% 77 ik 0 75 2 T R N8
o

2 MEXTMSCs& K AIS M

I3 1 3 B Rl 4 R L Fr =T, R gn e i AR K
RMBER, HisEA. TR, METTERE. B
T A AEK R E RS, Ak, S
MR T, X T 46K 2 H N A 3h ) 48 i #5244
[l N AR SRR HY, MSCs3 77 i fdt FH 1 135 — il 2 i
2 Il 15 (fetal bovine serum, FBSEY # fetal calf serum,
FCS)?!, 4R 2 Ht 5 rh, MSCsHi F= I MLIE R BEYE
N10%~20%24, Yoon %Vl inh FL4 i 4y 25 55 7%

ABMSCs, 7E 2 4 17% FBS I35 77 5 v 41 i R % K
JO) AR A B A A4 1 4 (population doubling, PD)
15140, JF HAEPD 1208 6 % £f F5 40 fu 1) v R K<
FERNZ W] 434 BE 7T Tzadpanah%5:(32IH £720% FBS
() B 77 3 6 ABMSCsHTASCs it 4T K 4% 48 15 9%,
BMSCsHIASCs 733577 2220301

R AR P 0L 75 T 200 1y 2B A AR TR K s
PalZEUJF 7T R W, 1E 2% 0k B I 375 1 5 9% 5 v,
Y AEAE AR A A SAR A, H LA A K As e . R BT
JiR BEAR SR AN RIS, 3 A2 PR A 24 037 TR P S IR B, 20
HE SR N R, 0 AE K A2 . 7E IE O I
FEE O L P, 0 R 1 A K i I35 94 R T 8 vy T
PRI, PeisterS5 2 B 78 45 SR R I, 4 H7E 520% I
T RS R 25 A B A A TR S A 5% I B TR AR 15 5
BB B @ i, H T s 5 R R 4 i
AT, v Re A0 B K 4k, AR TMSCs
T VR4S T8 10% FBSH 8 75 3L 4F o br vt 1
BrRIR L, Wiz U T MSCs A Ak R 916222728

L35 % 48 B P 2R AR 3R O il B 5. (H2,
B R EE TR I LS A AR . B e, IS
SH RS0 I VA 5 A A R, T IS R R D
433 B AR T R L R N R e Y. R, ITE Y
JR B 4 B A I 37 ) ol ZRORIHE YR AN [ 1 2 25 AN 5,

R MERFERBRMM S (RIEESE SCEK6-T11E20)

Table 1 Major components of serum (modified from references [6-7])

D%y

Component

A RRANR FEVE

Name and concentration range

Serum proteins & trans-
port proteins

Attachment & spread-

ing factors

Growth factors & cy-
tokines

Hormones

Nutrients & metabolites

Minerals & nonprotein
nitrogens

Albumin (20~50 mg/mL), globulins (1~15 mg/mL), protease inhibitor: o1-antitrypsin,
o2-macroglobulin (0.5~2.5 mg/mL), transferrin (2~4 mg/mL), transcortin, o.1-
lipoprotein, B1-lipoprotein

Fibronectin (1~10 pg/mL), laminin, serum spreading factor

Epidermal growth factor (EGF), fibroblast growth factor (FGF), nerve growth factor
(NGF), endothelial cell growth factor (ECGF), platelet~derived growth factor (PDGF),
insulin-like growth factor (IGF), interleukins, interferons, transforming growth factor
(TGF) (1~100 ng/mL)

Insulin (1~100 ng/mL), glucagon, corticosteroids, vasopressin, parathyroid hormone,
thyroid hormones (100 nmol/L), growth hormone, prostaglandins

Triglycerides, phospholipids (0.7~3.0 mg/mL), cholesterol (10 umol/L), ethanolamine,
phosphatidylethanolamine;

Vitamin A (10~100 ng/mL), B1, B12, C, E, pyridoxalphosphate, folic acid (5~20 ng/mL),
biotin, nicotinic acid;

Glucose (1.0~2.0 mg/mL), galactose, fructose, mannose, ribose, glycolytic metabolites
Urea, purines/pyrimidin, polyamines, creatinine, amino acids;

Selenium, iron, zinc, Cu, Co, Cr, I, F, Mn, Mo, V, Ni, Sn
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ANTR] it ) L35 Jo T 22 3 00 A, IfiE HoRp
REsAWNER, MO RM—LE KAk, AR T
AR AT HE AR FEMSCsR A B AR RS 72 1
TR, LI T 2 O FR) AN 5 e 2 2 T AR 2R IR TBOK,
I 2 FEMSCsHI AL A K AT g2
A Dy RE B R &5 ) @A ], T I B AR A R
R 22 M B FH T-MSCsI R 7%, e b 2F i oy
BRI G LIS 55 TRk & o R R ) 13 B o 17 2. B
I35 B AP (serum replacement, SR)RACE IfLiF,
W EERS A RO 4EFFMSCs A= K A Th Re e o

Battula=5H] 5 ML & XY FIESCsHs 77 K R
i FEMSCs, K& IIMSCs 38 58 i 11 2 75 s 5 77 2k
(14~51%, 1 HAELRE F2 2640 T, 4R RES 7] =M IR
JE VAR . T Ab, T AR IR TG IfLTE 455 7% 5 B
kit 2 Hh FH T-MSCs i $5 77, £ R IEMSCsfA 4 5 %
HUTE RE 7 B [E N, 34 B 8% DR 457 40 R %) 2 1 B0 R AN
16 I e BT, MeulemanZ5EP4UH & 2% 10 75 &
A TG L3 3 77 2 55 9% ABMSCs, AHET-115%
FBSf{ja-MEM#; 373, MSCs/E T M35 55 37 3 i A
SBR[ SEE AR

3 HKEFIIMSCsHIF T

A AR T AR WA ) 2 IR R BT, RES A
BEARM AR G TE T B LT 44 i AE G R T (basic
fibroblast growth factor, bFGF). Ifl. /) #% 2E & A 7
(platelet-derived growth factor, PDGF). % 7 2 K [A]
“F(epidermal growth factor, EGF). % 1t 4 K [K 1B
(transforming growth factor B, TGFR)AIfi#E 5 FEAE K
“F-1(insulin-like growth factor-1, IGF-1)%5 ¥ F 1
AR T, IIXTMSCs A K FIE A A (R 2k

bFGF ¢ 5 A1 B R HEMSCs It A= K, 2% A I
Y A=A K 7. bFGFRERS i i ERK 1/245 5 18 2
T2 R PR 3T T AR RF T4 2 BEERY . EGF
RE % 19 SRMSCs I A% A 58, OR 17 20 0 (1 40 40 v
HEP>. PDGFfig % 18 i INKJF 4 FIJAK3/STAT 138
K M S Cs g A2 P79, i H #2918 1 PDGF-B
POE AKCNIER K 2% R g 72 MS Cs F 385 B -1 1) 48 i
(190 4B TGF- 138 1 3 52 14 0 i 9 (1 PI3K/Akt
5T, (R EMSCs T,

Az K R AT B N B R 7 B v 2 #EMSCs
AAHES, trr UL FRVE R RP IR I ThAE . Ya-

®2 MSCsKEMERIBFIFE AR

Table 2 Long-term subculture condition system of MSCs

MSCsHK7AY e i i) IR e S 3k
MSCs type Culture condition Cell characteristics Reference
hBMSCs DMEM-LG, 10% FBS Cells didn’t differentiate spontaneously with normal chromo- [22]
somal karyotype telomerase activity in 20 passage
hBMSCs DMEM-LG, 17% FBS, 10 ng/mL  PD 140, MSCs maintained telomerase activity and multipotent  [23]
EGF, 10 ng/mL PDGF and ability during PD 120
1 000 U/mL LIF
mBMSCs a-MEM, 10% FBS, 4 ng/mL MSCs could maintain proliferation and multipotency when [41]
bFGF cells successive culture for 120 d
hUCB-MSCs  MesenCult-XF serum-free MSCs could culture for passage 25. The apoptosis and chro- [48]
medium mosomal karyotype of passage 20 cells showed no significant
difference to P3 cells. Cells maintained multipotency
hBMSCs, a-MEM, 20% FBS, 1% L-gluta- ~ MSCs could culture for PD 180~210. The proliferation and [25]
hASCs minate telomerase activity decreased in the late period
hBMSCs DMEM, 10% FBS, 2 mmol/L Cells didn’t present malignant transformation at passage 25 [28]
L-glutaminate
hBMSCs DMEM/F12, 10% FBS Cells maintained normal phenotype, chromosomal karyotype,  [16]
differentiation property at passage 25
hUCB-MSCs  DMEM/F12, 10% FBS, Cells maintained normal phenotype and chromosomal karyo- [20]
2 mmol/L L-glutaminate type, but proliferation decreased at passage 20
hBMSCs a-MEM, 10% FBS Cells could be passaged at 20 and maintained normal pheno- [17]

type, chromosomal karyotype and proliferation ability

LIFAL 3 A I3 401 K1 (leukemia inhibitor factor); B Z3hMlm4) B4R AV ELJ5 .

LIF represents leukemia inhibitor factor; prefix h and m respectively represent human and mouse.
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machika®& AT 5T & I, /) BRBMSCsTE & #7bFGF 1)
BE IR R S 95 2 24 RATY DR A 5 0 ) 38 B 7
Z a3 LRE S . Hebert®S* K I, 1~10 ng/mLIJEGF
B FbFGFYY fie 112 2 K W R /F BMSCs ) 4 K 14 5
HARFE G 70 RE 775 SRk, KK FIEGF MIbFGF
BeATEH BA SR, NgZEWhmnt 4 5 B R %
3K 43 #1073 H 5 MSCsA: K 2t AH K I3ANME 5 i
#%: TGFB. PDGFFIFGF(5 5 #% . X355 i i
XFTMSCs A K& 00 75 19, 445 5 18 2% 4% BH BT I
MSCsHfiit 7] T~ 40 L 1) 4344

TE 35 77 s 0 A K R 7 B A% B ALK IfL 3 1
W, ELMEREFERS, AKETFHEHZ
WA E] ). 3% [ B R AR AF L (American type
culture collection, ATCC)%E 37 T UCD-MSCsHIASCs
Y AR, X BT 40 B 2R P AR K YRR IR AR
I 1f 3% K5 7% 2E: 2% FBS. 5 ng/mL bFGF. 5 ng/mL
aFGF. 5 ng/mL EGFA12.4 mmol/L L-7H % Ht-L- 2%
Mt fé . Gronthos%5M4 %) B IBMSCSTE 7% A 10 ng/mL
EGF#110 ng/mL PDGFI G IG5 77 2 RE g AL K
W5 ZPD 40, K241 AF RMSCs K B % AR 5 37
FAF R R BT AT

B 7 EARES TR AL I A1 AR KR X MSCs 1)
A KRR IR B A, A0 R AR AR B R —
MEBEZERNRE R, 20000 R, K% M %4
A R T 4 A R A4 T P 4 4545 MISCs
o B LMY 2 7 A BE RO AR K H ), H R
A S B A TR B2 B 4H M7, Sotiropoulou
20515 53] PL50, 100, 250, 500, 1 000, 5 0004H fitd/cm?
)28 B AT B 27 B, SO 100410 At /cm? (1) 41 g A=
Bt . NeuhuberZ£ 4 PL2004H il /em? 25 & 55 37 & B,
b T HEH A KA IMS CsEAT AR AR, 5e A7 T4 i 1)
Ak (HRJEAR D B IMSCsE K 1 Rs 77 26 1 R 1%
R ERAK, ATRe< 5l i Mg . At K
JIT 7% BB TR K 2 2 Al i A KA B
ATCCHTUCD-MSCsFIASCss 7% H i i3 i 4% A4 55 i
&5 00041 fd/cm?,

4 HESRE

L R B L4, Btk 20 ZAMSCs ) Dy e
PR ET AL 3 N R o HH T S A5 B B P AN 2 )
AT e, MSCsH B & ARESCs M. F T 4 i v 7 A
HATREP . SR, MSCsRAME IR T2 4K R I 5T

A UNESCs R, 77 FE 5 771k R I8 75 B IR
NFIATHMIRZE . B, HaTMSCsk: F=48 F (12 i
TE SRR R, KT MSCsIIARSMK 5 77 10 Th BT
PEA ARG 2527 PR b 75 5 4K0E A MSCs I I
EE RS HOR, R F LR IR FIMSCs A7 1E AN [H]
) A= 4 R T 053 LR 3 % 9 2% 1 B M BB A7 22
5, DRLCER XA [F 41 2R TR IRIMS Cs 7 Z2 A 710 H A
[F ) BOE G 7R ks Ak, SRR . 20 AR AR
WREL AH R R AE 5 R R Y R e 2 I MS Cs R 4h A
KR ZSUS454034 [y, MISCs ) 7 15 A% 9538 75 78 1
Fefih EHHATIZS AL . B S 2, W TMSCstk MK
WAL R IR AR R AR LA G — L, I8 7 ZE N
Z A, X Rl 24 R AL, KK
PR 5 T 4HM VA T A AL 2R TR I A S
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