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Effect of APS on recoverable ability from cryopreservation damage
of UCB hematopoietic cells
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Abstract: Objective

To study the effect of angelica polysaccharides (APS) on recoverable ability

from cryopreservation damage of umbilical cord blood (UCB) hematopoietic cells and APS with

hematopoietic growth factors (HGFs) on in vitro expansion of UCB mononuclear cells (MNC) after

thawing. Methods

Thawed UCB MNC were cultured 24 h or 14 d with various concentration of APS (0,

50, 100, 200, and 400 pg/mL) or with APS and HGFs. The MNC counting assay, typan blue exclusion
assay, colorimetric MTT assay for cell proliferation, CFU-Mix colong-forming assay, and flow cytometry
for CD34* cell rate were detected. Results After adding certain concentration APS in thawed UCB cells,
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the number of MNC, the rate of trypan blue exclusion, the proliferation of MNC, and the colony
production of CFU-Mix were significantly enhanced (P<0.05). The percentage of CD34" cells in UCB
was markedly higher than that of control group (P<(0. 05). The certain concentration APS combined with
HGFs could significantly raise the expansion fold and the colony production of CFU-Mix of thawed UCB
hematopoietic cells (P<C0. 05). There is no dose-response relation. Conclusion APS could raise the post-
freezing recoverable ability of UCB hematopoietic cells. And APS combined with HGFs could promote the

in vitro expansion of hematopoietic cells after thawed.

Key words: angelica polysaccharides (APS); umbilical cord blood (UCB); hematopoietic cells;

cryopreservation
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EMHRLREZIHEARBKRBRENERFEA S
B, EI R0 e 5 R 4 B R, X
T BB ma JBF I 0 AR MR AE AR PE R LR M BB
AN, REHEEH Y HSH (angelica polysac-
charides, APS) & X419 {2 2t 3& M 49 A B R 5>
APS ZEfRW S RE R T /AR (HSPC) B
WEAMLE, ERSFEEENEKET (HGFs)
FEMEZMBGT,APS TR#AKF M A TEA R
(MNC) B .CFU-GM.CFU-E £#% ¥ Bi¥%£,.H
AR M AR R KR AR, &
ZRREAMKAERHE RGBT I MNC Ffm A
APS R B RE(R#72 VR 51 15 09 15 40 fia 19 & 97 . 1
M EREOHABLERGOTHEE UBN
APS fE7E I 40 Y8 R AR T R B L AT R BE S AR I
1 #H
1.1 ERFE.FELBREAFLRRETFERKESR
KE¥EMBE_EEASR. ROKREBENIESSH
Thierry %48 6945 HEN,
1.2 #HRE5RNAPS, BRER KELEHNE
A BRE. AG(EREIBE>90%). HEARSE
B, L BEEEYEREARAR =R, WR.L-&
EBR . FEAER. B ETR (DMSO) . MTT,
% [ Sigma AR 8. RPMI-1640 EHxH, X H
Gibco 4B ™., GME. K4 mF (FBS), £ H
Hyclone AR =&, 2-HE LB, LBFARRY
BrRisHEO . EAARN-EWARELNMETF
GhGM-CSF), A& BBkt ™. EAAAA
A3 GhIL-3D . EHAARNABREZENHKE T
(rhG-CSF) . T4 A KB F (SCP), #EEH K ¥
BERREMARFTEL. a4BERE (EPO)
Amgen A8 =&, FITC #7i2#/hBH A CD34 #
& .FITC #RiC# /MR 1gG2a (BRI H), 2 H BD
AHEFER,

2 AE '

2.1 Bt MNC (4B . i B F AR A ERE
6h WAoH. B FENHKRE WREFKFL)E A
PBS (1: 1) ®W%,537 C3% AEABRELRE,
EHRTHE 30 min, FEMEE, L 2 000 r/min B
L 10min, FEERSHPBS BE&. #1:1 MKk
P B MBS W RE, RS L 2 000 r/min
Bl 25 min, BLERRRBPEAREE, BA
RPMI-1640 ¥ £ M ¥k % 2 K, EHi B B8 B M
MNC B .

2.2 Wil MNC 8% FRARTE  nfe b I B B 3 ¥ O
B W (v DMSO K FBS K& B 445K
5% 1 20%) K HAEA MNC BHME HRP W
SNEANFZRE R, BKAR TR FRETLE
EHERERPREEMASRER P  AREHE
EARBRHEED,E 4 C kAP EH 30 min, £
KEA —20 C kA . BAGHFRIHSHSET
".BEBRABRE (—196 C) HRFE.

2.3 Bfifit MNC WG SEH . HBIHF 30d @
MNC MR HEE,BREEBTF 40 C KBHFHERE
2%t (3 min REHR), A& 10% FBS i
RPMI-1640 358 (A AR R EKREN APS (&
R4 BN 50.100,200,400 pug/mL) B E#H
# 10 /5,1 500 r/min B0 10 min, F F . A
RPMI-1640 ¥Rk % 2 WAL .

2.4 LIRS K5I I ER A5 O B A B Bk A0 B A R
I MNC (I, 2.1 ), % 2. 2 ¥ HARTER I MNC
30d,

2.4.1 #¥% 30d MAFIL MNC &35 5 FENL A 8L
541 :APS 50.100.200.400 pg/mL N RA ., &
& 10% FBS #9 RPMI-1640 FFHWF 4 FIMAR
R Bk B 49 APS, X 4 il A% &% RPMI-1640
BEBLETF 37 C.5% CO. . AREMIEFRAH
B3 24 h, MEH LB EH MNC H, £ B B 1E
R EBEESH MTT R, RS EXEERAR
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(CFU-Mix) £#77% RS LEEEHE) M
CD34 MR (MAAMA) . NTIME APS £ #
BB RE L ARKENES.

2.4.2 HRHEFFHF ML MNC VLS5 4
APS 50 pg/mL + HGFs 4. APS 100 pg/mL +
HGFs 4. APS 200 pg/mL + HGFs 4 .APS 400
pg/mL+HGFs A% B4 (HGFs #);HGFs &g
# :SCF.IL-3.GM-CSF.G-CSF.EPO, [F &t Z£ § 4
B AK R 8B APS, X B4 A
HGFs, A it APS. % & 30% FBS 9 RPMI-1640 1%
FWBP,BTF 37 C.5% CO, HFIE & &4 i 1% 5%
PRI 14 d, W E I K 4 MNC 3. CFU-
Mix %= (Pksh B A E %) M CD34* 4
Z (RAPHEAR) AT T4 APS B4 HGF 34 i i1
HmARKY HEES.

2.5 Bt MNC %0 B % 85 % #47 BF . MNC
¥,

2.6 ABMEERLE. LRI B MNC BREBAND
BOBR. FMALIR 0.4% SMERH.ES.E
3 min P A BRI HOR 4 Bl BOE SR A FE 4 A
BTMESEARELRER, MSARERHHEE
MBEERE (FHRR) (AR BEERE=F4K
B/ (EHRBE+HFEHEEH) X100% 1.

2.7 MTT WeaRB . EFEWH ML MNC A¥
10% FBS #) RPMI-1640 EFW (FARERWKE
# APS) Bc &40 a2, B o sr x4 R A, LB AL
1X10°~1 X 10*/™ BB F F 96 LG FHR P, B
B 200 pL, AR 3 L. HITFHRBBA 37 C.
5% CO, MMBEMIEHRAPIEHR 24 h, EBLF
BHEBEMAXILENERBE, BALMA MTT &
W (5 mg/mL) 20 puL,37 C HEWHF 4 h, &K%
%,1 000 r/min .0 5 min, SR EANEHRAE. B
A A 150 pL DMSO,®¥% 10 min, #%# 490 nm
EK AR ENESILREE (A F.

2.8 CFU-Mix M 5HBCRER T ERE
M, PEAEREKRPEKMA 2-ME 1X107*
mol/L.3% L-# & Bk, 5 I #%.EPO.IL-3.GM-
CSF.2X10* B it MNC.,0.9% FHEAER, Bi&
2oL, AF BB EHT 96 LK. E 0.2
mL, B F 37 C.5% CO, G KM IFFA PSR
MdE, FTEHESME TiHHE7 CFU-Mix £
EH.

2.9 FAMEAKRN MM CO3M R E 2 R
A BB MNC B2 R E,— % FITC 45
iC i) CD34 Hitk, B —E M A FITC #HRic /MR
IgG2a (B X HD, AW A 4RI R KW CD34*
HRENE.

2.10 BrmEmBAREIT M- BERERIEH
30% FBS i RPMI-1640 ¥ 3% # ; HGFs & R 2
¥ & 4 9% SCF:100 ng/mL, IL-3: 2 ng/mL,
GM-CSF: 40 ng/mL, G-CSF: 20 ng/mL, EPO: 2
U/ml; & APS N AR R B ER APS (50,
100,200,400 pg/mL), &3 X AR APS, R
HGFs, MNC ¥ 2X10°/mL, B F 24 FLEEHR
F,8A 1mL, EfM3F.,F 37 C.5% CO,. afig
BREHADESE Wd.SREXBHA.HT4HR
AR REN .,

2.11 B EHE FHEBESL SAS 8.2 Gt i
HOTFESTR : KB,

3 £R

3.1 APS MHKHFE BN MNC & . EAK
RAHHB AR BRFEFEFERF L MNC
MR ERREMYHRE S, 4R B :APS 100,
200 pg/mL AR MNC & . S EEREM
AESHEARE . ZRERITFEX (P<0.05),
EERXHBBHXERE (RD.

3.2 APS MHFEFH M CFU-Mix %=X
MCD34 R FEMNE W . KW EFEHF BB M

B1 APS MAFE KD MNC 3R FEAIEE WA S .CFU-Mix RHETE.CD3* AREHKW GLs, n=9)
Table 1 Effect of APS on number, viability, and reproductive activity, plating efficiency of CFU-Mix,

and pencentage of CD34* cell of UCB MNC after cryopreservated (xts, n=9

A5l p/(ug+mL™1)  MNC % (X10%) ESBEERE/N AfE CFU-Mix/fl.  CD34*41fi%/%

B - 7.53£0.35 84.48:+1. 87 0. 45:£0. 09 42.80+3. 39 0.88+0. 09

APS 50 7.81£0.73 86.07+2.27 0.45+0. 03 42.00£5. 87 0.90+0. 14
100 12.2740. 80" 92.39+1.29" 0.92+0.08* 59.90+8.74°  1.13+0.17°
200 10. 84+0. 89° 90.10+1. 86" 0.90+£0. 09* 56.80+9.37°  0.86+0.05

400

7.2910.97

85. 62+ 2. 51

0.40+0. 05

47.2014.92

0.91+0. 09

SxtRAmE.: *P<0.05
* P<0. 05 vs control group
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CFU-Mix %™ %M CD34* H%E, &R 8K APS
100 pg/mL SRR CD34+ GHHIZREA 8.5 T xf M4
(P<0.05); APS 100,200 pg/mL 48 CFU-
Mix S#%R8 B 5 FrH4 (P<0.05), B&1.
3.3 APS BX& HGFs % Uk & 7 6 B Il & of 40 A
PR oh 8 B B W - X3 8 R L9 B B9 B I 3% I 4 A 7E
oy 1%,14 d 53 % MNC $.CFU-Mix ¥(#
CD34* i %K, 458 B :APS 100 pg/mL+HGFs
#HF1 APS 200 pg/mL-+HGFs 4 MNC ¥ # CFU-
Mix BT HEH B FXRHA (P<0.05);APS
400 pg/mL+HGFs 4 CFU-Mix B BEF X B
4 (P<0.05);APS &4 Xt M4 L CD34* 41
RERTBER (P>0.05), %2,
22 APS 3% Fk 8 H 60 I 1 i85 i 40 AR 4 S0 B o I R
(xts, n=5)
Table 2 Effects of APS on in vitro expansion
of UCB hematopolietic cells after
cryopreservated (x+s, n=>5)

a9 MNC & (x10%) CFU-Mix/f, CD34* gilR%/%
130.5042.18  122.0043.74  1.7040.14
132.7245.18  114.60£6.35  1.8430.21

# M (HGFs)
APS (50 g » mL 1)+ HGFs

APS (100 ug+ mL=)+HGFs 185.36+5.40° 186.60+5.94*  2.0010.19
APS (200 pge mL=1)+HGFs 152.5245.95" 142.2043.11*  1.8540.09
APS (400 pg» mL~1)+HGFs 130.0242.02  10.6045.13*  1L.8740.17

H5xRALH. - P<0.05
* P<<0. 05 vs control group

4 g

& 37 B G PR 5K BR UE B , B i 5 o T 40 B R 39T
Bl BERE ERRPERALSESHERNE
By BAFLTARGFERENOEKENZEE
BEHRAEENRKEN . BERBREFHER
B BB R KRR, 0 FA R P I R A48 8 R 7F IR
B . URAGREA,  REFKFRP A BB ENA
EYHEAN, B EREARER R, RE
Wik, ZRIE 24 h WA Y B8 UK 4 L E
L. ARRR BRRGELIBPESRERNIER
T AR B R 8 FE IR Nat K+ -ATP B8
NHIBETFRAEELE, YT SBAROBG.

REBREFAREERDELBEEF SRR
BHEFER, ARIERBNFERNEMN L EH#—
B A B T o (R AR AR E B O R RE BT RCIE
HIRE. BEE R G KR M MNC, 37 BV Il AR &
BEER) APS LR 3E 24 h FR BBl MNC &
BB EAETHEAPS BEFRBAFEERNKF L
MNC BBHEE., XRERBA—ERBEEN
APS BEEURFFE R G BB I MNC $om B g8 im .

AENEEA . OEARAFERMARIBTEES
T4 B B 0 R, 4 TS B X TR IR B R B Y U
EHEZIMEBRGH EERM. ERELIE S H
FHRIIMEROESE AL TF—- P RBEERS,
HHBEFE-CHHFREER BN HEEHK
EXHNBER AREIFIRP B2 5B GFSR
HEHEL AEARBREEDAEEBEENS
HARSNKIAREARER I EHN. BEEN
AEHLYBP AL BALBEBT4A S
AP-0,AP-1,AP-2 AP-3, 4 HIME T HAL+
MEE EER.EARNBRESE4HSARETR
BRI APS T EHHEE . FHLAK. S B
BEALR . #0570 72 v ik A 5 5% o A — 52 U BE

AR, DR B B K 5 U —

EEB. S ESEHEER NS HWERS, 6
BERFEPANTHBBROFN EERHFERRER
Rk RERRE D AR ERIERP A
ARIERBREN APS, I B ARFREY #— 2R
PEBEARBEATGRFTHAR.ORENHHER
ZiFELAPS AIRHEANLA R BERZRRRBREREM
L0 B S T A4 . SO APS Y8 O L 75 U3 B
MNC #i B me R EREt 5 APS {2 T
MNC HHBEAE X, SHEERERERER APS
WA MNC ER R, BERETHARGF
EE. MTT LRERB-KIEHEHEEKER APS
BB RN TR R MNC ISt eE Sy .
CFU-Mix Bl— I EZHEHBT/HAKREET LR
MERBRER AEENTHARNBITIE. B
BRRKEmTAamRER SR, BAfammiR
¥ B89 CFU-Mix #9% %0 8] 82 [ Bk 40 1 B b 239
HSPC B R EAY#E 4, oh K ER 3K % 5 %
K d HSPC R4t T 4 &, Fad A ME HSPC B R
EFALmMLEhRE TR, AHTRAK
4t CFU-Mix SE#LEEEF RMAERKHERE,
SEEPINA APS 3t [ 55 5% i b i 5 i 4% B < HSPC
WBBREYEEE. GRIESTEELRREEN
APS B3 i B L MNC B 480K, 1 B
i B 9 i sk 4K BB i MNC b i i F /2 40 M 9 3K
BREE EER EESHXARABFR APS
ZHERZE CDM MBI B, LRGSR KXY APS &
W RE FH R I MNC BB M543 2 B Rk
H R, wE CD4  ARBARRE. ¥ Fhm
BT HSPC WEBARHEAD. —RHEERE
Ao, HERENSAEE, TERZH.OL
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B B2H i HSPC fE K, AT 8 28 & 69 75 I
BE; A—FREREEZARGHRPNG S, AL
HRPATARTES - EBENRER. 0L
BB ERGR PR MRS S APS S350
B AERSEREMBAREBNORD, BRER
CD34* SR B . #UIA N IR BT SE 28 AR 5 ) 3F
RSB ERRIKEN APS R K, T ES
FFEMMEE.

WO HERR D TARKERE BREIH
MAMEERED ), KE LM HGFs B ETH
BRFGRY HEE, TUAERBT HEKEY
FBHRIER TR, APS B85 f HGFs RIEth Rk
P 36 55 B 00 3 O A0 RO V4 TR JS R T O B L (A8 i —

$Fit. AERUBHEFOM I MNC £ 555

HR I 4 , AR R R B 9 FE 19 APS B4 HGFs
44 (SCF+IL-34GM-CSF+G-CSF+EPO) i
IRy ¥ KRER U E LR BKEL APS 8
5 HGFs H & REH R RHW HE K5 BB
1 3% i 40 f8 iy (A S 43 . {8 CD34* 48 B 36 3% fn A B
8. Gilmore %A %, A SCF B 4 IL-3.1IL-6,
GM-CSF % 1 il CD34 4R, FE S B &M F
BMERES TR RME;APS ELR A REM
UEHBREAFRET hEER 2# CD34* H %
A B 5 R 5 T3 T OB, T B CD34 4 i
EENMABEBATRER COM " HBM T MM
MNC ¥y AR L, R T CD34* WA E MNC
MBI RET ARI% 82, AT &4 CD34* 4
REAAHE.

L LFTR, APS BE{R ¥ VR Y M i 40 B B
o 7, 4 5 JBF L 3 I 0 O % U 45 5 Y T B A
E 885 HGFs th1R . 42 5 % ¥k 5 75 &9 1% i 5 1 40 A
WS . EEAERNMEFE—SHE.
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