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Effect of Simulated Microgravity on the Differentiation of Hematopoietic
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Abstract This paper aims to determinate the impact of the RCCS (rotate cell culture system) on
granulopoiesis of hematopoietic stem/progenitor cells and evaluate the efficiency of functionally mature neutrophil
generation. CD34" cells enriched from umbilical cord blood were cultured in StemSpan SFEM containing SCF

(stem cell factor), FlIt3 (Fms-related tyrosine kinase 3 ligand), IL-3 (interleukin-3) and TPO (thrombopoietin). After
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7 days, cells were cultured in medium containing SCF, FIt3, IL-3, IL-6 and G-CSF (granulocyte colony stimulating
factor). After 7 days of expansion, those cells were divided into 2 groups, SC (static culture) group and RCCS
group, and separately cultured for next 9 days inducing granulocyte differentiation. To evaluate the differentiate
efficiency, the expression of surface markers, such as CD34, CD38, CD11b, CD16b and CD66b were detected
by flow cytometry. On day 16, cells were harvested and numerical expansion, cell morphology, chemotaxis,
phagocytosis and ROS production were used for evaluating the quality and quantity of neutrophils from the two
groups. Both groups could successfully induce functionally mature neutrophils, while the percentage of CD16b"
cells in RCCS group was higher than that in SC group (29.82%+2.48% vs 15.01+£0.62%, P<0.01). Compared to the
SC group, RCCS could increase the efficiency of neutrophil ROS production and chemotaxis (P<0.05). Altogether,
these results indicated that the RCCS significantly promoted the efficiency of generation of functionally mature

neutrophil from hematopoietic stem and progenitor cells.
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Fig.1 The process and efficiency of granulopoisis of hematopoietic stem and progenitor cell in SC and RCCS
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Fig.2 The variation of morphology and surface markers during the culture
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Table 1 The percentage of each subpopulation in the process of differentiation of hematopoietic stem
and progenitor cell into neutrophil (%)
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AT wak R BIOR 16K

Day 10 Day 13 Day 16
Cell type Day 4 Day7 sC RCCS sC RCCS  SC RCCS
Myeloblasts 92.7 72.0 15.0 11.4 42 2.5 - -
Promyelocytes 24 24.0 30.0 29.5 13.9 225 156 167
Myelocytes - - 25.0 31.8 30.6 325 222 23.8
Metamyelocytes - 17.5 18.2 375 27.5 356 333

Mature neutrophils - - 75 6.8 9.7 12.5 222 21.4




886

RSN 8

AR . R TSCRURI B AR OSSR K #5245 B AE
DRI b, FRAVTR FH 3RS 40 1 23 A 5V (B K TR AL 22 K
FeVEAL I EMLP B /E H FROSIFRE. TAXIScan
AT AL A 2R GoAsr I Hp 1 Rz 20 i 1 s A A DL
F e TR 5l R 5% v M R T 5 W T R R
W BE 77) 2 530 E 3 T AEL A A 43 A0 R B R
Kian ittt AR AR ROSRE /1. W4 R 2
7N, SCHIRCCSHYH I 7E L FAILTBAMIMER T, ¥ H I
JE TR IE ), RCCSAAIMIS min/e 47 iE# it B
130 pmidiis, 1fjSCA 7 2 5 K 1 (Al (I3 A), BaL
196 B P13 A HR R AR T RS T 200 e A 22 240 o 1) 32 B 2T,
B FE i, SCALARCCSAL 40 i K A 3 7 1 41 il e
1153531 34.000%+0.700%F150.430%+3.275%, iEF2£ ik
4399179 5.850£0.050 um/min A118.100+0.404 pm/min,
PEon SR IE T RCCSHAL 7t 4l B 7E B A a1tk RE 1 (1)
21 6 5 RITE A Jek 22 T ThT 35 B 4 v T SCH.(P<0.05,
3B). Grademoch Tracking Tool ™4 & 14 7 Hr4H ffu
BN JT PR R 45 AR, 2 A e (e E P B E R
(P>0.05, F3C), HLEAEEMBIHIMEL RER, 2
HAN I BHEThAE, HRCCSYL M4 4b 20 i 7 73 b
H 35 FRIE 35 T SCH(SCH FIRCCSAH
BWE R E057 71 869.0£2.0/F178.5+3.5, 14 s 41 Jfd 1)
BWE 50 25 7N 12.25%40.08%F116.43%+3.93%),
HP #2722 33 R geit- 5 L (P>0.05, EI3DFIE]
3E). {EfMLPHIIEL T, SCHL 5RCCSALE T/ th4H
38 7] 77 AEROS, fH J5 # ROSTE 3= 7 7 4 5 I 2
= (P<0.05, EI3F).

3 itig

TARTT A& 4 HT 6 T I e 1 T B, T8
S B H B L 4 gk 2 S S R H I B,
Gy RAERG AN R B, BT, A B A PUAE 2 E
ARAF BN G2 RS, (H 2 4 R0 ) I 838 B A 2R 9T
RACRANE IR, RL 4 B RS2 a0 3 U 8 kg — A o 7 R
(R EEL 7 5, (H I SR AFAE — SE PR, k4 ik s
AN R B e P YR 9 ) R, A v M L 3 f 4 48 A
TV Ry e P mh s 40 B P 205 2 Bl 3 i b M s 4 B 2
Re RN AR R DA bl LK B A [ B b O
AP O s 35 TR EOR)BEAT 2 M4 i Bl 2H 2 1) 55 57 DA
J 3 I AE 200 B 1] I /N AR ) 434k, R 3 AR B0
T JUAE R, S T0CEE 77 %A FH T 40 B 53 A R i 9 ek ok
2%, Ramaswamy%5C % B, R T IPE R A&

PN R AE 40 B 2 AT B P9 R R S B S B A e e
M FH B2 31— 52 BOFMEI/E F « L ONIESE T 465 (72 h)
TCEE ) S A 3 1 78 o T4 B ) P 2 L AR e RN
I 240 1 A, AEL R R 8 A B D0 4 2 I 3 ) 78 i
Fam A s A . B 2 A SR S U T
TSI LT R 0 M AR 1 (E R, i
S o 3 0 200 B e e b R 4 0 DA R FE AR 3t R
AL 4 L ) B A T FRIIT 9830 R WARAE . T 2L
AT S, FRATTIT R T R TR A A M B TRk R IR
N FE A0 R ) 46 538 1 40 B 1) 5 2R 404k 2 T )
K F, LI [R]85 e e 20 PR % 5% R 75 1 3 g 1 T 40 e
IF1) R B2 Ak, DA R A TR BRI v e 4 i
AR AR . SRz i = SCR 2 R e 4n i
BE IR R 23 O E 464, HEMIATR 020 28 5 % &R
G2 B RERS IR .

L% A 285 NS A 3 I T 40 A 4 A S 4y
Ak, 3 A 40 M 1 G N, IX A AT R i I T4 b
51 TH P iR 3 LT KL 40 B T S 4 A R
a4k, AV 2 B A A I 2 10 0T T B . 3 i
S 1) AT S P 4 248 28 A 3 st 56 11 i 52 43 A
TR T T 285 R0 24 16 2 T A 75 T 5 1 mh Mk 4 B, iE
ST AR R AT AT

rH R 2 A PR 2 1 el R R R BROTR 7 T M 5
7 020 0 2 TR b 0 PR AR I . FRATT 2 Rk 2
J o34k By N R AR R A . B 4Rign i, bk
FIAHM . BRI FFRAZ Hh PR 20 R A 23 %
R AT 6 AN B BET. FRATTIE I TR A 2 A 22 3
TR IR R T R A R R S R o —
i, 1 H40 M K 1H & (1)5iCD34. CD11b. CD16b.
CD66b 12t 5 1A A 1 R 185 502 A [F) g™ 431
U1, CD11b7E -4k i B3 ki 4T i o L ) 4 R0,
T8 2 20 H I 3 1 B R I8 T 3 22190 e % 1o 7R
LR BLAN I R THCD11bAY L B4R 5. CD16bAE A
% T A% R VR 4 B 491 o 5% TR — A B B e e Bk B
FeiZ Ak, 25 7 v Mk 40 it 1 B A S0 A
SRR HUSS A UK I, TR IR
PERLAH AICD16b I P4 L 71 BA Sty T B 55 77 3R 1 1,
FEZRRCCSZH A5 21 (1) H MR 4H ff (1) Ty B ] Bg 5 T-SC
Ho EXTFEMRFE T 2GRS A R TICD16b
LA F R R, H RTEANG 2, 2 DU dE— A
Fio HURBGCIRA T, BT RN RIBUE ), $
PERLZH MK A A AE L, FEIT R IR AR BB LA,



F A S B SR AR AR d T AE A 3P D9 D R SR A KL L A S 887

(A)

0 min

RCCS

3 min

(LTB4)

6 min

72

Low concentration gradient high

9 min
(B) SC RCCS
Number of cells: 20 Up: 100% Down: 0% Number of cells: 20 Up: 100% Down: 0%
210 150.
140 100-
70 _. 50
g g
=0 =
-4 2
5 -70 5 50
ol >~
—140 ~100
210. 150
210 120 70 0 70 140 210 ~150 =100 =50 0 50 100 150
-axi X-axis [pm
C Grademoch Tracking Tool™ X-axis [pm] Grademoch Tracking Tool™ fum]
© 107 1.0 601 %
o —~ —~
=8 0.8 S
g L — =
= o o 407
E6 0.6 28
2 z 2o
s .8
> B =35
£ 4 g 047 8 s
3 = 5 2207
|51 3]
N : <3
A 02 5
0 0 0°
S S ¢ S
‘50 GC/ %Q QC/ S OQ
< <

37 °C 600x 37°C 1000x

37 °C 200x

(D)

RCCS

%) .

(E) () 15 000 *
25 100 16 000
14 000
20 12000
100005 4
15

v

8000 1

6 000

4000
200073

Phagocytotic index
(%] B (=) =)
(=1 =3 =] >

Percentage of phagocytotic cells (%)
—_ 5] o B W
=3 =] =1 =1 =1 =]

Percentage of phagocytotic Neu ('
S

0 o 00 200 400 600 800 1000 1200
& & & Qc% & & —+—SC+PBS  —e—RCCS+PBS
S & ~o~SCHMLP RCCS+MLP

A: Bl id #E; B: B issh Bl C: ZRMMB ISR . T PRI %53 T, #P<0.05; D: A% BRI ZOCE v, B Hi ks
RbFATCD66b H A MR A, B: MR E 2036 AW IR VAL A 5 20 A S B0 L Ag) Bt W48 020 B7; F: ROSHIRRIIL *P<0.05, 5SCHMLPZ LL
L3S

A: the movement process of chemotaxis; B: the pathways of cell migration; C: the velocity, directionality and chemotaxis rate analyse of neutrophil
chemotaxis, *P<0.05; D: the fluorescence pictures of neutrophil phagocytosis of FITC-Zymosan. The phagocyte labeling CD66b indicates by yellow
arrows; E: the percentage of phagocytosis cells, the percentenge of phagocytosis CD66b" neutrophil, and phagocytosis index; F: the release of ROS of
neutrophils in the presence of fMLP, *P<0.05 compared with SC+fMLP group.

E3 &Em-FHEREIN (R BB R 4B T REAL
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