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In vitro culture of bone marrow-derived mesenchymal stem
cells in a chemically-defined serum-free medium

Wei Wu, Yan Zhou, and Wensong Tan
State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology, Shanghai 200237, China

Abstract: This study is aimed to design a chemically-defined serum free medium (CDSFM) to support in vitro culture of bone
marrow-derived mesenchymal stem cells (BM-MSCs). BM-MSCs were isolated from the femoral bones of one month old New
Zealand Rabbits with density gradient centrifugation. We compared the proliferation capability, cell cycle, colony-forming efficiency,
osteogenic and adipogenic differentiation capabilities of BM-MSCs cultured in CDSFM with those cultured in serum-containing
medium (SCM). After 10 days culture, BM-MSCs were expanded by 50 folds in CDSFM, while only 40 folds in SCM. EGF, bFGF
and hy-drocortisone were the most important additives and significantly stimulated BM-MSCs proliferation. The percentage of cells
at GO-G1 cell cycle was 80.31% + 0.58% after CDSFM culture, with no significant difference (P>0.05) compared to 75.24% +
4.05% for SCM culture. However, the cloning efficiency of BM-MSCs cultured in CDSFM was significantly lower than that in SCM
(P<0.01). The expanded BM-MSCs in CDSFM preserved differentiation potentials into mesenchymal lineages in vitro, including
adipocytes and osteoblasts. We have designed a chemically-defined serum free medium that could support in vitro proliferation and
maintain the properties of BM-MSCs as stem cells, which could be applied to cell-based therapy and biomedical research.
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BT NG 2F 1L (Fetal bovine serum, FBS)AYH%
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AR LA 1 20t s R 4 g 1, 3k 8 1y 355 R AR 4
BB TR I, AR T3 — B et se, H&
A ARMB SRR A, R EA TR

S o S S 1 K 7 el N AN T3
(Platelet Lysates, PL){F & 4 i IfLi 2 AU ZE AR Sb
EI:k= g 1oy R A (BN R o375 R 107 N 7
HL N FH 2 2 rp A 2K a9 A0 I, JE vk i 2 KA
Py EHEE Fe i T A MR R oK o DR A VAR ST A
RE A% R it 4 38 B B ) 78 5T T 240 1 %) 1 27 140 W 1
TCIMTERE SR AL o A B T8 —Fh A7 o W
14 G I35 15 37 i, 76 S 30 ) S 5T T A M AR 1
BRI, 6% AEdr L B FRTE BN 2 ) L T B
1 MHR57%
11w

SuEr R SRR T AR A T 1 AWk e
Bl B FIEH, a-MEM K533k | DMEM K5 35 A
EFHYIE A Gibeo 2AF], M4 IMIEN H Biochrom
AG vH], BERWA W (AL = AATRCH, &
20 FEILRR, YW H Sigma), BEEIBEMSIF . 68
PR AT 4k 4= K ] 7 (bFGF) . # i 4 KR F(EGF) . 4
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MEFEMA(BSA), B H K. B-Fik LB,
HZEAKAS . AALRT AR . SITECIARER A . RS 2%
HEEN . O, 1 BIRURIRE . PUIRIMAR . H
FEAKNY . B-THMBERR G . IBMX ., JHRJE . R
MLL-0, EDTA, —H L FA(DMSO)H¥IE [ Sigma.
12 A%
1.2.1 BM-MSCs #9775, BF7RAIY 15

WEMREEDAAE 1 AR R AR, KW
BE MR, IEE 75%L IR 5 min, PBS
Uk 3~5 i, FHEEE R EERE A, RS AR
SR RE I, AT B BE A0 R, RS B
A M AR 0 I A, SRR A B B0 A LS g
AR Ficoll Ik B 4H i 43 B W (% )% 1.077 g/mL)
W b, 3000 r/min B5.0> 30 min, DAY /N
BUrp e = o g2, A PBS whieIf B0 bk £ 5k
B Ficoll, BN HAMZANNG ., & Wik Y (o UEF 71 20
THEUE S 10% 0670 35 ) a-MEM 5 35 5500 4% B
MZA MR 2 1x10° cells/mL, R 100 mm 5%
FEML(Nunc)Hr, 4110 mL, # T 37°C. 5% CO,.
TRLFIE B2 55 57 46 (REVCO) 15 3% o 24~48 h J5 2] B AH
22 I fUB (Nikon) ™ UL Z2 40 L I e, 460 94k Bk 2 8 V7 4
Ml ZJ5H3 d¥il, FeiEaRmrry)Eit BM-MSCs
K ZE 80%I- AR, FT 0.02% EDTA ) 0.25%
WWOHAE, AT FBS MR BEREIER, LA
1:3~4) AT R B 5% .
1.2.2 M85 FE 7 e D AE (C LR

JEA BM-MSCs A K 2 80%IL A5, H% 0.02%
EDTA 1Y 0.25% i v 1M A6, 10 mg/mL JBE 417 ) 551
RS M, PBS PR il %5 BM-MSCs H41 g &
W, VAR N 0.5x10% cells/mL, 4% Fh T Fii4
T IR AL IE Y 24 FLAR (Nunc)H, 4 3 d 0, &
REFE, imBRIHEOR A AL, 2 A2
TSR 3 PATREA, L T 2 LS00, R4
Tt . B IR SRR R (SCM) Ha-MEM B F# 5L
I 10% it 4 3, TG I B % 1k & (CDSFM)
o-MEM ] FE 5781 10 mg/L bFGF ., 10 mg/L EGF .
5g/LBSA. 1.5mg/L fJERIABEH AL, 0.1 mmol/L
B-#ikE L. 1% (V/V) SITE., 10 mg/L E ALl AL |
10 nmol/L iy ZEK A 12 BE R Wk 4 W - #¢ T 41 A it
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AN 10%J46 45 1L 3 () DMEM R 95 5% 4 3 d i, 75
T 14 d )5, 10%ZRHPEERE, HFHLL-O Yk Jy
o, WA TSN E CETE . 5T AE IR T
WL -0, 7E 510 nm R0 E YW Al, 2547 HRTH
ERT . BRLSCIR I 3 N ATREA
1.2.8  ZEi#ub#

BARLE RV X +s FR, KA SPSS 13.0 #ff:
HATHAT 0T, ALRIZE R HRUR t K0 F 22 53
B (&5 R LL P<0.05 AT 88 8 k24 5, P<0.01 M3
P2,

2 %

21 FEEFNRER

B 24 h J5 (1 1 a, b), JCILTEAIA MLIE R F7 10
BM-MSCs ¥ LRI /MRIE, BRI —, s
B, I JC S22 S, TG 3 A I3 4 TR Y
YifL, WREROR AR Ki R 2L AR (A e, d), T
I35 5 5% 0 A B %% B s e, A MRS /N, A I
5 35 10 2 M ) 5 A

Bl BEEFERTHMEMOAEES (x100)
Fig. 1 Morphology of BM-MSCs in CDSFM and SCM (x100).
Cultured for (a) 1 day in CDSFM; (b) 1 day in SCM; (c) 4 day
in CDSFM; (d) 4 day in SCM.
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WE 2 Fs, JCIIE 8 ar i an i d: K518,
FEMEASK:, 55 4 K AXHEA: K30, 853 EH 10 K,
AR (24.7+1.1)x 10, BRI 48 T 29 50 4%,
S AT IR] 42.6 ho AT B SR 41 A A K AE
Wik, BiIREE 8 K, AMEEEIE(20.6£0.1) x10°%
ICRERP Y T 2 40 £, SEIIAEREIT ] 35.8 he
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—&— CDSFM

25 —a— SCM
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Cell number (10 cells/well)

1(d)

2 BM-MSCs 7£ CDSFM #1 SCM 1 B9 4 < fh £
Fig. 2 Growth curve of BM-MSCs cultured in CDSFM and
SCM. n=2, Error bars represent standard deviations.

WiE 3 iR, BM-MSCs e85 3 fbp R Ed, 4
TG I3 K5 75 4R A5 1 B AN i B 3 T T B
o WRES 4 R, ZH BRI LSERFE. &
1t 5 R IES SR, BM-MSCs 757G LI 35 55 th 7 4
T 251000 %, 10%M86 4 135 B5 5243 1729 2000 £%.
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Fig. 3 Growth curve of cumulative BM-MSCs proliferation in
CDSFM and SCM through a series of passages. n=3, Error bars
represent standard deviations.
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TERT BT IR b, B8 T T I TE 1 95 2 b &% i
B4 4343 5% BM-MSCs 3 5 i it g i, Horp
bFGF . EGF . b ZE KN (Dex) A AL 7] A5 (Hyd)4
FP2l e S A AE R O B S8, FLIX 4 R 20 34 5
YEFIAR S (Bl R R o A T i — 20 3 i Je I i 45 5%
FHE v OGT £ 24N G A DT R B K P IR, HE TR
WA RS HEAEH, AR 4 N+ 2 KF
B A S, SEERZHA anER 1 s
=1 BYEFSH

Table 1 Factorial design and experimental results

bFGF EGF Dex Hyd Total cells (x10%)

4 + _ - 2.74+0.27
¥ _ + - 4.13+0.20
+ - - + 5.03+0.34
- + + - 3.92+0.56
- + - + 4.97+£0.97
- - + + 2.62+0.10
— - @ 2 1.17+0.13
+ + + + 5.13+0.97

10% FBS 5.15+£0.16

+: addition; —: no addition; n=3, results are expressed as mean
value + standard deviation.

45 E W, bFGF 8% EGF & A Ak vl A X T
N U N OR (B - T 4 B U )
(5.03+0.34)x10* F1(4.97+0.97)x10%, #¥iE T CDSFM
1 SCM 4 .
2.4 YHAEEHEALLES

Dt X200 SRS 00 40 L TSR (11 4, T Il v 85 37 10
AN Go/G, 1. Go/M 1A S WA i B 40 HE(80.31% +
0.58%. 10.00% + 0.56%. 9.68% + 1.08%)'54 I
R 0 A (75.24% + 4.05% . 9.74% + 0.99% .
15.03% =+ 4.35%) b #, 4108 ¥ JC W 8 22 5 (n=3,
P>0.05).,
25 EEEMKLLLER

WKl 5a PR, CIMLEY 145 ) BM-MSCs )4
% B B % K (12.67%+4.04%), & T A I 3% 4
(28.00%* 2.00%), —& A2 5 3 (n=3, P<0.01).
Wil 5 TG L8 K 7= AU 1S T, 240 i 1 4 7 T i B
WA TR, Wi T 248 3 V)R A i B T TR 1R 4y
B (11.00% + 2.64%) . (7.50% + 1.73%), 1A ML
I AERFTE 28% 8 A7 AR A5 i SR L A L A 7%, v
A ML TR AH AR Y BV RO L TE 5 R 41 R (B 5b)o
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Fig.4 Comparison of cell cycle of BM-MSCs expanded in CDSFM and SCM.
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Fig. 5 Colony-forming of BM-MSCs cultured in CDSFM and
SCM. a: colony-forming efficiency for 3 passages; b:
representative crystal violet staining of BM-MSCs colonies;
n=3, *P<0.05, **P<0.01. Error bars represent standard
deviations.
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Fig. 6 Osteogenesis of BM-MSCs after expanded in CDSFM
and SCM at day 14 (x100). The phase contrast images of
BM-MSCs grown in (a) CDSFM and in (d) SCM. Calcium
nodules formation in osteogenesis of BM-MSCs expanded in (b)
CDSFM and (e) SCM. Alizarin red staining of calcium nodules
in osteogenesis of BM-MSCs expanded in (¢) CDSFM and (f)
SCM.

5 R ) A B A B DT RR I 25 R DL IR 7,
I35 2H 455 75 5 (2.08+0.03) pumol/10° cells %847 IfiL 7% 2H
(2.29+0.02) umol/10° cells WAk, —H A ZEFH T
#(n=3, P<0.05).
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i Sk s SRy BRI

ML BN LL 2 SN AE U, /£ 510 nm R
FEWOGIE, X AT E B2 B (B 9). TC I TE 2H 1Y
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Fig. 7 Calcium content of BM-MSCs constructs in osteo-induced
(osteogenesis) and complete media (control) at day 14. n=3,
*P<0.05. Error bars represent standard deviations.
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d

Bl 8 BM-MSCs % CDSFM #1 SCM ¥ # J& #Y B AR B 4
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Fig. 8 Adipogenesis of BM-MSCs after expanded in CDSFM
and SCM at day 14 (x100). The phase contrast images of
BM-MSCs grown in (a) CDSFM and (d) SCM. Adipocyte
lipid-vacuole formation in adipogenesis of BM-MSCs expanded
in (b) CDSFM and (¢) SCM. Oil red-O staining of lipid-vacuole
in adipogenesis of BM-MSCs expanded in (c) CDSFM and (f)
SCM.
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Fig. 9 Adipocyte lipid-vacuole quantitative analysis of BM-
MSCs after expanded in CDSFM and SCM at day 14. n=3,
*P<0.05. Error bars represent standard deviations.
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