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Biological characteristics of mesenchymal stem cell and hematopoietic
stem cell in the co-culture system

WEI Wei', XU Chao, YE Zhi-Yong, HUANG Xiao-Jun, YUAN Jia-En , MA Tian-Bao , LIN Han-Biao, CHEN Xiu-Qiong
Guangdong Cord Blood Bank, Guangzhou 510663, China

Abstract: The aim of the present study was to obtain the qualified hematopoietic stem/progenitor cells (HSC/HPC) and human
umbilical cord-mesenchymal stem cells (MSC) in vitro in the co-culture system. Cord blood mononuclear cells were separated from
umbilical cord blood by Ficoll lymphocyte separation medium, and then CD34™ HSC was collected by MACS immunomagnetic
beads. The selected CD34" HSC/HPC and MSC were transferred into culture flask. IMDM culture medium with 15% AB-type cord
plasma supplemented with interleukin-3 (IL-3), IL-6, thrombopoietin (TPO), stem cell factor (SCF) and FMS-like tyrosine
kinase 3 ligand (FIt-3L) factors were used as the co-culture system for the amplification of HSC/HPC and MSC. The cellular growth
status and proliferation on day 6 and 10 after co-culture were observed by using inverted microscope. The percentage of positive
expression of CD34 in HSC/HPC, as well as the percentages of positive expressions of CD105, CD90, CD73, CD45, CD34 and HLA-
DR in the 4" generation MSC, was tested by flow cytometry. Semisolid colony culture was used to test the HSC/HPC colony forming
ability. The osteogenic, chondrogenesis and adipogenic ability of the 4™ generation MSC were assessed. The karyotype analysis of
MSC was conducted by colchicines. The results demonstrated that the HSC/HPC of co-culture group showed higher ability of amplifi-
cation, CFU-GM and higher CD34" percentage compared with the control group. The co-cultured MSC maintained the ability to dif-
ferentiate into bone cells, fat cells and chondrocytes. And the karyotype stability of MSC remained normal. These results reveal that
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the appropriate co-culture system for MSC and HSC is developed, and via this co-culture system we could gain both two kinds of

these cells. The MSCs under the co-culture system maintain the biological characteristics. The CFU-GM ability, cell counting and the

flow cytometry results of HSC/HPC under the co-culture system are conform to the criterion, showing that the biological functions of

HSC/HPC are maintained.
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K EAT R ™ gt B R 78 5 e 5 M A2 A e-Kit
c-Mpl. Fl2/FIt3 B4+ A HSC, Urashima %
4 A+ [SCF. H4ME /3% 3 (interleukin-3, IL-
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A B SR B MBS FR R R, #i R HSC/HPC %
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Fig. 1. Morphology of MSC and HSC/HPC in inverted micro-
scope. A: HSC/HPC morphology. B: P4 MSC morphology. Scale
bar, 10 pm.
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Fig. 2. HSC/HPC amplification times. A: Compared with the control group, co-culture group shows no significant difference of total

cell amount. Mean + SD, n = 6. B: CD34" cell amount of co-culture group is significantly higher than that of control group. Mean +

SD, n=6."P < 0.05 vs control. C: Amplification times of total nuclear cells (TNC) shows no significant difference between co-culture
group and control group. Mean = SD, n = 6. D: Amplification times of CD34" cells of co-culture group is significantly higher than that

of control group. Mean = SD, n = 6. "P < 0.05 vs control.
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Fig. 3. CD34" percentage of HSC/HPC decreased gradually, whereas CD45" percentage increased gradually. 4: CD34" and CD45" ex-
pression status of HSC/HPC on day 0. B: CD34" and CD45" expression status of HSC/HPC on day 10.
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Fig. 4. CD34" expression percentage of HSC/HPC. Compared
with control group, co-culture group showed significantly higher
CD34" percentage of cells. Mean + SD, n=6. P < 0.05 vs control.

A 1. MSCsA& 47 &4 &3k Fa b % (%)
Table 2. MSCs surface marker positive rate (%)

Cell phenotype CD90 CD73

CD105

CD34 CD45 HLA-DR

P4 MSCs 94.6+1.2 94.1+3.1

93.1+34

0.6+0.1 22+13 29+0.2

Mean + SD, n=6.
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Fig. 5. HSC/HPC CFU-GM on day 10. 4: CFU-GM of co-
culture group on day 10. B: CFU-GM of control group on day
10. Scale bar, 10 pm.
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Fig. 6. CFU-GM counting of HSC/HPC. Compared with that of
control group, CFU-GM amount of co-culture group is signifi-
cantly higher on day 6 and 10. Mean = SD, n = 6. "P < 0.05 vs

control.
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Fig. 7. Osteogenic induction results of P4 MSCs. 4: Alizarin red
staining of MSCs. Co-culture group shows the orange because
of the mineralized nodule in cells. B: Control group shows no

coloring. Scale bar, 10 um.
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Fig. 8. Chondrogenesis induction results of P4 MSCs. A4: Alcian
blue staining of MSCs. Co-culture group shows the blue because
of the glycosaminoglycan in cells. B: Control group shows no

coloring. Scale bar, 10 pm.
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Fig. 9. Adipogenic induction results of P4 MSCs. 4: Oil red O
staining of MSCs. Co-culture group shows the red because of the

adipogenic object in cells. B: Control group shows no coloring.
Scale bar, 10 um.

A e "B,i, i7 & - ;
Pl — i e B MO R
- LK I CE G
PR S

Bl 10. P4 MSCHL i i A% 2 43 bt

Fig. 10. Karyotype analysis of P4 MSCs. 4: Enlarged drawing of
P4 MSCs. B: Chromosome karyotype of P4 MSCs. Karyotype
results shows no variation of P4 MSCs in co-culture goup.
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JTEA T RN TS, HMG AR A R HE T B A
(ZL201310302780.0). A %1 1% % 7 MSC 5 HSC
JREFE, BEAARN TALE W kY 1 HSC, ¥~
110 KJ5 CD34" 4l ¥ 5508 3 33 £5, UEWZ
Ik 24 . HSC/HPC 5 MSC 8535681
et HSC/HPC ¥ 3, HEZFH 2 MSC {5
ST B RA) T R IR B, A I A R R )
fE . A 35 R 58 R B, MSC fg % 75 Wb 1L-6.
SCF. M-SCF % 4f ffg 8l +, w] {2 it HSC 34 4 ;
MSC B 7 BT J WAV 15 I3 A2 1 6 20 i B8] 7 b,
HSC/HPC [1] {f) B 3242 i 52 $2 =5 HSC 97 8 250 R A

B FRAR 22 ) 78 004 553G I 40 A ) 2 R 697

AJ B R 2R s MSC R AT 22 Mokl B Rl 3Rk
41 VCAM-1. CD41/CD61, CD49d F11 CD49 4& ",
1M HSC/HPC bt AH AL Bt 43 F o fa ik . i
Kb 4> FAREAE A, 3 T 40 f w kS BT MSC L,
TP 4 A ) B4R Aok T HSC/HPC 4 1 2 R
VB, ARG R W EIR, H 5 i HSC 78
R B ok BT ZE MSCs 4l EA K, X — I 442
TN B 2 1) B B R oot T HSC/HPC 147 3 2
R L . BT T 4 R Y 5 R R
HSC 5 MSC PA-& gk (1) % 5 [ I B 78 1 78 0 B
3%, A3 T RN {E 3 HSC/HPC Fl MSC 9% 5 4E
T2 B 1 R AR, T LS B 0 T e A L ) A2 )
S OIRE AR A I PR L FH PR 25K

AW RoR, AR 7R #2 4, HSC/HPC 7£
7~10 I FRARSFE B B R I0, 177 i A 5% T2 ) (] 1 34
T AN A 12 RIS AR ER,
JiF T I CD34™ 41 f A #4718 10 K ARG Z 1T /
AN . HSC A4S 3G B T ] (1 [5] I AN iy b e B
BE & R L, BEEARIME TR EK, &R
GG HSC i ik /b . AW 70 45 S AIE 92 7 CD34”
LU 451 [ 5 35 7% I [B) B S AN W R B, 7E 6 RIS N
40% FiAa, SRIMAE 10 R PEE 29%. 25 10 Rifal
YR LE R IR, CD45 m#Kis, CD34 KA EDE
SRbE, WUl B T HSC Fifi 35 55 77 B[R] 1) ZE 4 12 18 Hh
A AR A0 A S AT B, %45 5 Park 25 1) 45
R—F. #5738 10 RJ5, HSC/HPC 495 ¥ kg J1ik
B 254 MEVE /5 x 100 M. FERE 3 5 1Y HSC/
HPC ¥ CFU-GM £ 7% 85 5% . 4 i 2 & Fn i Xk Y
P& % g bn e, HSC/HPC A% ) e W A 5% 5|
A

AW 5T HE 15 55 5 i MSC 34T 4= W0 2 4y
fr, SRERMBPHTEES, RARE (FRE
CD90. CD73 Al CD105, K % ik CD34 il CD45).,
et R % BRI ER AT A MSC 1) % e b ife, X4 gk 4T
B BRSO R TS T SR ISR ST, A B AR AR
Frfa, WREREREN ST TE KRN
MIFIRE F3, BRI MSC [ BCE . Fi i 4n i o AL )
Re I AR, PR AR 3% 57 5 1 MSC kS8 A i
R MSC £ IhRE

MG PR AN E R A, #AE [ HSCT Ak B 1%
#& H HSC A1 HPC 3t [FJ 4 iR & 44, #2148 R G
I 1% 824K 5E HPC, K 3938 1 2 7 4k 5% HSCUY. 4
SIE I EE & MSC BIBEA Hidd,  nT DAfg ok 4 B A8
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