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Effects of Mesenchymal Stem Cells Feeder Layer, Culture Sera and
Freeze-thaw Lysates on Expansion and Differentiation of Cord Blood CD34* Cells in Vitro

ZHOU Dun-hua, HUANG Ke, WU Yan-feng, SHEN Ting, HUANG Shao-liang
(Department of Pediatrics, The Second Affiliated Hospital, Sun Yat-sen University, Guangzhou 510120, China)

Abstract: [Objective] To investigate the effects of mesenchymal stem cells (MSC) feeder layer, culture sera and freeze-
thaw lysates on expansion and differentiation of cord blood CD34* cells in vitro. [Methods] MSC were isolated from human bone
marrow and cultured until the third passage. Sera were obtained from the cultured MSC, and freeze-thaw lysates were obtained by
repeated freeze-thaw procedures. Cord blood CD34* cells were isolated by magnetic cell separation system, and were co-cultured
with the MSC feeder layer, culture sera, freeze-thaw lysates and hematopoietic growth factors (HGFs), respectively. The nucleated
cells, CD34* cells, CD34*CD38" cells, CD41* cells and CD3* cells in the above culture system were detected by flow cytometry
on day 6 and day 12. [Results] (DMSC feeder layer had a strong effect on nucleated cells, CD34*,CD34* CD38" cells expansion.
The MSC sera and freeze-thaw lysates had similar effect on cell expansion, but the effect was weaker than that of feeder layer (P <
0.05). @Both MSC sera and feeder layer inhibited cord blood CD34* cells differentiation toward CD3* cells or CD19* cells, and
no significant differences were found between these two groups (P > 0.05). @Both MSC sera and feeder layer promoted cord blood
CD34* cells differentiation toward CD41* cells, and the effect was stronger in the feeder layer than that of the sera (P < 0.05).
@ Freeze-thaw lysates had no effect on cell expansion and differentiation, and were similar with that of HGFs (P > 0.05).
[Conclusions] The MSC sera have positive effects on expansion of cord blood CD34* and CD34*CD38" cells, moreover they have
the ability of promoting cord blood CD34* cells differentiation toward CD41* cells.
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AR BFSE 2RI, 18] 58 51 240 A (mesenchymal
stem cells, MSC ) ANEL ] JjiT 3 1% il Tt | 34l 4] T
4 i Y 3 A, ek 2D A A W P e 9 (graft versus
host disease, GVHD) 1 & A=1310 IF IMLRSAH 5 38 1L
G PE K A W SR | SO AR AR G IE T35
e, MSC 5 Ji5 it 8 1L 240 i B8 A AT fi 2 fife o BT
M FS AR 0 | SRR B fIE R A O k2 —, BT
MSC HYEK S FAHE , Y2k HITE 4R A v i v, T
S A2 R Y A L ) R s A A A 0 M 1 )
L, 25 MSC Il PRI A SRl KA 5, AR S5
R 38 o & MSC #5712 MSC 15 9% [l & MSC
SR WA R HE AR =X B I CD34* 241 JfL 1Y)
P ISR T 0 A 2R MSC K ARG )
XiF I CD34 20 1 58 K o AR 2 e, AT —
A5 B B MSC O i i 2 g A2 GVHD & A= 1)
B2 MSC A He il it B 77558 197 FH 3 1l PR 4 it
S FEAl

1 #tAe Ty ik

1.1 FRASRIE

B LA A B B P T e B B B fdt o A ) 4
YRy U 2 e JL I bk ot , PR A ASk I A 1 — IR
KM AR R I N 80 ~ 100 mL, 3t 8 7,
B8 kR TR E RS S L, e 5y, iy 5 ~
10 mL, Hrr 55 2 4] % 3 451], 4F4% 16 ~ 30 %,
1.2 CD34* A4 1%

K G BE G R A8 1 | 433 I i =X At A S
AT CD34* 4RI 2E1E , ASSEES 8 3 JiF i >
1% 4 43 36 T 4R CD34+ 2 Jf 1) 46 BE S (98.27 +
0.65)% , [MCRIT 75% , & ARG 100 1%,

1.3 BiEEFERTHENESR

LS s =R I s~ S i - R R B
(MNC), #%M MNC 2 x 10°/mL %5 B4 Fh T 25
em® BYYRLRE IR, DA L-DMEM [ 5¢ & K5 5
BT 37 C, RS E 5% CO,, AR R 1y 5+
FE,3 ~ 5 dEemER, KBRAENGRELN L, L
JEHE 3 d I 1 IR,

1.4 MSC 7 LB

FESE =48 MSC fil & & 80% ~ 90%HT , i A 5%
F% L3, 20 CUKFEP-ATA
1.5 MSC #FEMEIL

B P2 ~ P4 fRAYEBE MSC 2 1 mL, A

24 LI R, AU 1 x 10°/mL, MSC 4
WFLIE I 722424 % 2% C AL FEW 2 h 30 min, PBS
ek 3 K, INA L-DMEM 58 & R8G50 2 K
W2y L-DMEM, 4280 A% 1 CD34* 20 A, >k H
IMDM £ 77 BB A M 40 HE 9 3R & |

1.6 MSC HIRLZ =4

5 =AR MSC, 4 N 1 x 107/mL, A U
17 R 3 RS,

1.7 o CD34* ARy 11z 5%

e ALARTR N 1 mL, & 2 x 10° 4~ CD34*
Ui M AN TR R SRR R R T 24 LR, Bl LA
Pl 6 fL, 2SR TR RR E—3, AA
. IL-6 + SCF + TPO, &k & 435l by . 1L-6 20
ng/mL SCF 50 ng/mL TPO 20 ng/mL, %37 . MSC
WFRE NEVREE MSC 3535 E 5 MSC Rl 7 1)
B RR IS Al A R T X BRI R g ik
PR R E 37 CHANEE 5% CO, B 3548 th 1%
7,5 3 d BB 1 IR, MSC % 7724018 P2-
4 48, MSC 35 5% il 4 R IS ) MSC 1557 L
JFW
1.8 ¥ 5 B 4 B S B 46 )

RN MSC % 57 )2 3 20 e, BB ey
BT GRS MSC 552 B9 40 s ok
FL A A R I RE A R S S, B 0.259% 1% g 5 4L
3 min, it 22 J0RE I IR AT BB 2% 20 L2, IMDM
SERRFREVERE , BIET L-DMEM Sk,
JEET 25 em® MIEFEMT 37 CHRANEE | CO,
BEFRA v RR SR 1 h 0k 2R AR BEAN A, BLAE
Sk A R U B 20 A2 R ) A D R A0 5 TR &R
ARG BE AR AR A, B RS S AR, T
HI, PR 6 KA 12 RaBICR4i i, it
AN A B B RN 3 =84 B €D34+ CD34* CD38 -,
CD3*.CD19* CD41* 78k,

1.9 Sit=FabE

K] SPSS 13.0 MUAS B4, S50 45 48 LA I %L
+ bifE2ESRN, AT Z A B one-way ANOVA
Test, K 367K #EH o = 0.05.
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JEl e A 1) ST T AR B T 3R T S R R B I CD34+ AR T L2 oA A 41

s, B S T E AL, T MSC B3R BiEd Y
HARE S I R T HE 3 41, MSC Rz 2 Al
SR Z BTG F 25 SR 1,
22 AREYEEEN CDI AL EREH
¥

AL I CD34+ 48 (98.27 + 0.65)% , 4
PRI B J5 CD34* 4 & /B 0 R R, Rl Bt
] ZE A, T R I R I A 4 K, MSC % 7R 2 L N 2R
6.12 K[ CD34* 4iffg & w i s T HE 3 41, 1
X CD34* 20 iy 4™ 38 A% A B I v e 3 4
1M MSC #5535 FIG 45 6,12 K1Y CD34* A% &
Je CD34* 40 L () B A5 B0 S v T Rl v 7 A 2EL A
XTHRZH . MSC BlR = 4l A0 X BR 20 2 (B JC St 1124

F1 AEIFBERIF DEZHEM (NC) T EEH
Table 1 Expansion multiples of umbilical cord blood

nuclear cells in different culture systems (x +s)

Day of expansion

Group

d6 d12
Controlling group 11.6+1.9 13.6 +3.9
Feeder layer group 21.6 £ 3.0V 22.8 £3.5Y
Culture sera group 17.1 3.1V 182 +2.6V?
Freeze-thaw lysates group 11.0x14 124+1.3
F 12.6 14.2
P 0.02 0.03

1) VS all groups, P < 0.05; 2) VS MSC feeder layer group, P
< 0.05

S R 2,

xR2 FREFEEZREP CD3M4* S8 (%) CD34* 154k

Table 2 Percentage and expansion multiples of umbilical cord blood CD34" cells in different culture systems (x+s)

d6 d12
Group Percentage of CD34* Multiples of CD34* Percentage of CD34* Multiples of CD34*

Controlling 9.8+6.1 20+03 5.8+45 1.9+ 0.6
Feeder layer 36.4 £25.7Y 9.5+3.0" 16.2 £9.7Y 49+2.5"
Culture sera 24.1 +13.392 6.4+ 1.8V 11.2 £529% 3.8+2.0Y2
Freeze-thaw lysates 8.1+4.7 22+0.6 55+2.6 1.8 £0.7

F 27.8 15.6 11.3

P 0.001 0.01 0.03

1) VS all groups, P < 0.05; 2) VS MSC feeder layer group, P < 0.05

2.3 AEFIEEZRIT CD34*CD3S M S ERIE
B3

4l AL 1l CD34+ 41 g CD34+ CD38- 41 fifg
FH N (3.63 + 2.16) %, BEDY G A 1E K | 5 %t
CD34* P B 45 AR T], CD34+ CD38~ 9 14 5 4L
B TR, CD34+ CD38- 41 i & -t A BT s i
PUZH Y IR RA L, MSC #7225 6,12 KA

CD34* CD38" M & Pl iy T 3 4, HoXt
CD34* CD38" 4 i i MG A5 Bt W i i T HE 3
ZH, 1M MSC FIS4H%E 6 .12 KA CD34* CD38- 4 fifd
i S CD34* CD38™ 2 i (1) 47 14 A5 B0 B i v
DRy R BRZH . MSC RliZR r= W 20 FTx) B 2H 22
TG 2E 2 5 AR 3,

£3 AEYHEEKRET CD34'CD38 S E(%)F CD34* CD38 # 1 {Z %
Table 3 Percentage and expansion multiples of umbilical cord blood CD34* CD38" cells in different culture systems (x=+s)

dé d12
Group Percentage of Multiples of Percentage of Multiples of
CD34+CD38- CD34+CD38- CD34+CD38" CD34+CD38-
Controlling group 43+12 142 +4.0 1.9+0.8 7.8+34
Feeder layer group 9.8+ 1.4V 47.2 + 8.6 6.5+ 1.4V 44.6 + 9.8V
Culture sera group 7.9 +£2.497 39.8 + 14.8V% 4.8 £2.0"? 30.0 = 12.492
Freeze-thaw lysates group 54+22 193 +7.7 23+0.8 8.8+33
F 8.6 18.4 12.6 48.2
P 0.04 0.01 0.02 0.001

1)VS all groups, P < 0.05; 2) VS MSC feeder layer group, P < 0.05
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2.4 AEYHEEKEZEXT CD3+F1 CD19* AP &
={pAl

Wi E Y B R AR, Fr A R &R H CD3RI
CD19* 21 L% L35 A i R, DUZH 34 ik = AR
b, MSC #3720 MSC EiE 4 AE%E 6,12 K1

CD3* Fl CD19* 4iffd & 42t W] AR T He 94l , H
MSC i FR 2L A MSC E T4 22 ] 22 SR IE S T2

B X, MSC Bl =) Aot B 20 22 8] 2% S0 i &1k
gER LR 4,

*4 ARERIFBEZRE$ CD3*F1 CD1Y AESE (HF 1EE NC HEI %)
Table 4 Percentages of CD3* and CD19" in different culture systems (x+s)

Group d6 di2
CD3* CD19* CD3* CD19*

Controlling group 24.0 £ 14.0 2.5+1.66 202+ 145 23+14
Feeder layer group 19.2 £12.9Y 2.0+1.6Y 16.1 £9.1 1.6 £ 0.9V
Culture sera group 20.8 £ 12.0" 20«11 15.5 £ 10.0Y 1.4+£0.9Y
Freeze-thaw lysates group 24.0+12.1 22+22 19.8+7.1 29+19

F 8.5 6.8 13.1 7.3

P 0.01 0.02 0.001 0.01

1) VS all groups, P < 0.05

x5 AEFEERITEFL CDA+MARY G EH
Table 5 Expansion multiples of umbilical cord blood

CD41* cells in different culture systems (x=+s)

Day of expansion

Group dé d12
Controlling group 6.1+2.2 55+35
Feeder layer group 10.2 £0.9V 84 +29Y
Culture sera group 8.2 £24M 74 £2.6Y7
Freeze-thaw lysates group 5.6 +3.0 50+3.1

F 9.2 8.4

P 0.01 0.01

1) VS all groups, P < 0.05; 2) VS MSC feeder layer group, P
< 0.05

2.5 AE K ZESNT CD41 By A0

MSC % 37 )2 415 B Il CDAL+ 40 i /9 47 184 6
Jifik B ETHE 34, M MSC _FiH
K RE 77 MBS R TR R ) A O BR 2 MSC
AR = RO R 2 (R TCGe i 2k 22 5%, 45 S I
%5,

3 i #
P TSN 3 I P 522 1) 3 38 5 3/ A oy Ak

P SR S 1L B 5 7 R R A DA O
T L 40 M T B T T O RO

41 BB X I SR B X HSC A AR A K 3 LK 2
AAEWIEZRE L), 54 MSC 28 hE 5L i
S B %) A 200 B, EL AT 3 s 3 I A B A A
[F) - i 2 ot 4 BfL — A B A7 A2 iF CD34+ 4f fifg 3
B AR B RE ST, RO AR ST B IR S, & MSC
106 A5 4 i R 7 20 4 2R 00 ek ot T A0 B 1 B 48 4
FH o8

AR MSC 5B i A5 8 e, E A E
LA T N MSC 5 1 240 A LB AT 4 11 R iz
FHRIFSE , 34k sh Wi il K i IRAFE & B8R, MSC 5
T 1L 240 K RS A T M i it B G E R AR
/B GVHDY-1=1, H R MSC # FH 3 5% O 2 i
B 5, T MSC I 4 v R A 2o b
Ko S FE PR MSC A FH A48 B3 [n) 05 | 25 I PR I FH e
KARKBA T, HEIHFTR 1E MSC il i i
MRS K AME GVHD IBLEI A 48 KL, 55k
MSC B4 Ry, Flan MSC 1 & MSC Y £ ik
A R 4 4 A EASRESE
3.1 MSC RH EFEFHEH M CD34*,CD34*
CD38- i 1ER

BTG K B, MSC 3% & A MSC Fr4rih
A e F, HA DL IL-6  SCF Al FLT-3L = Fh4jl
JL R 18 A i KA Aa o . PR P3 AR A e H
TIIKEZE TS, = P3 ~ P10 fR/KF3E0T , &
A0 HA KT MSC E3E & MSC 4l 7y £



AR JE St A TR ST BT A0 S 3R L3 R R O B I CD34+ A0 A 3 Je A VR 43

JREE P 4 6 68 I T A L 38 A VR, 2 DA
KB, T MSC 9 Z IKER PR A | AR SE 50
e T8 =AM MSC e 2 2 I 1 PR AR R
MSC Z ik H LLACE =48 MSC _FiEBK & HGFs &
WIPRANY B i D34 40, MR T fif MSC
AN TR A3 %5 1M CD34+ 41 B (19 3 14 Kz 434k 1) 5%
Wi, FRATA 45 5 7R MSC 124357 J2 4H W 1f A 2% 4
T FNXT B I CD34+ . CD34* CD38~ 41 il iy 47 14 fig 7
Hm, MSC B5 3% I FI MSC i 3% 2 A0 L B 2540
FIVEF , (EHAE SR BERS 55 . MSC A= E 524
P& I CD34+ 241 L4 3 A oAb Ve F G 2
XFR, MSC %37 2 1 55 SRk R HLAG A6 S i) a) 7y
Ky R mAH A, FF AR HOA e BE
1,3 5 E N A SOk GE — 20 AR,
MSC i % CD34* .CD34* CD38- 4 Jifd & i 1y 4k 15
R4 44 FH IR S w8 T ok R ZEL AN MSC filZs r= 4
PR MSC 175 - 09 A i i AR A B A 9 3 A —
ERVER, X ATRE S MSC _Eif b, & 2 5h i 1
AREFA G, ALERHM MSC i R4 348
MSC 1557 3 d BT o by L3 , A HEA 79k 4 ol
BB S N MSC & IIFE T, 7R MSC 43k
A a1 A K PR X o I /AR R T R —
HIAE . MSC fill ¥k 7 ) 21 & 3 2k X CD34+ K&
CD34* CD38 AL 14 Ve T, #2278 MSC IR,
A0 A P Ay %o 3 I /A 40 AN T B 1
MSC #5572 AE A SR UL R, MSC S i /41
YA 1 5 H AR 431 22 s i A 4 R B Al
JL S 20 e ) ) LR R o, R RN ELEEE R T
I+ /A g e,
3.2 MSC K H EiFEXRF M CD34*[@ T.B ik B 48
R 434k B 22 M
IEAEMFFCIESE , MSC B EA S HERE I, {2 i1k
N I EEERA, X (R P S AR G S oy LA I
YER . SRR A 9 32 380 TR R S5 PE T 4 )
KEBAFAETT &2 GVHD, MSC 7EHR &M% T 4 fitg
BEAEAIHER, GBS GVHD Y & A ™ B AR
B FER NSNS EIESE , MSC HATE T GVHD
BIGI7, (HE AT A 1k, MSC 4| GVHD fI1E
PLEITIAR A . B TR 280 E AN, MSC &
1E SR WIS PE R T 4H MG A . MSC 4t
JIT 53 b ) AT M R AR A TR R B, B4
MSC b 2 75 [ EAT S E . A SE 5 o 3
S 45 3% IR R R B B I CD34* 4B 3 5 1)

CD3*(T 4HAf1) .CD19+(B 41fs) ZRA 0 & H 281k,
R MSC #5520 M MSC 40 CD3* .CD19* 4
W A O AR T 2R e gL R R4, H MSC
WFRIZIM MSC EVEHZ B 225, X R EN
il % 1 CD34+ 240 A [ 3k T 40 B 7 o34k o # v
MSC i BAF MSC #7322 R ER, BAEH
BE S —2, EAMLA U HRIE , Tse KB
BM-MSC 5 & Ja] i 54~ 2 41 i FH 2 375 BH 5 53 B
J5, UBSRASEE BRI SR T AR Pm 6, T I,
MSC XF T 28 M i 4 il 4 FH A AT g 32 2258 i MSC
A3 U AT -, N T S o A0 ] 1)
B, $RR B MSC L3 Sk BB 8 G 9T
GVHD , [E15#F— 80T,

3.3 MSC KRE EFEXM CD34* @ E#Z RS
Eap=A1o|

B o 5 100K A2 118 0E 3R A S 186 RS AT A DG B
2%, SLEBFEIETH—A B E R EZRK
2 FER BT Hh I, PRI, el AR A% A e e
A, OB F AR G — A (B G [P , Hff ke
A BRGEAR 22 — e 1) A 3 o+ 40 P AR AT ) i
Sor b RSN R B A% R AN, PR R TR B
AR Il 4 R, DAk & /M i 8k B
FIDIRE, 7 SRS RBAY Hh ELUESE MSC Al i+
YR A AL A v LA B A R A, (R /MR
FIPRAZ DS ARSI A T AR R P48 14 25 56
I CD34* Al [m) CD41* (B R ) e o4k, KB
MSC #7724 RCR Feft: {3 MSC 35557 35 X
I CD34* ] F A A0 ML) o A IR A R HEVE T, EAE
A MSC #5724 55 . U] MSC 15 40 X 2 2 15F
1l CD34* ] 4% & Ak 94 F Be s, MSC L3t
A —E AEH ,MSC FlZs 7= %t B 1 CD34* [ 5
BRI AL TE R, $E7s MSC 4336 11 40 Jifd (5 1
ELA TR BE I I CD34 40 M ) B A% &R Ak
Tike,

B AHIFSE B MSC i 40 AT % I3 i
/AR % 0 AT A% 20 SRR BT I CD4 1+ 4 A 4™
BEVE B, (BT T B 2R b T 20 B A 3 S A 1
5 MSC _E#EHL , MSC gl v 7= W A AT DL B AR
FH o $RRAERTHI I CD347 1] T B itk EV 40 i 4k i
PIIVE 7 1H , MSC L35 A 7 RESE 2408 MSC i
MR TIRE, (HILAEXT Y I CD34* B33 FME f
JB% 1 CD34+ 248 i 1] 4% 2 434k b ACA] 38 4340
MSC A Xt it— 478 , MSC 4E ] 3 253
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WHAAE R HEAYE L, MSC Rl VR 2L IS 1 20
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