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2.1 KIGHR

NBEYE 155 40 M R K562 W B L& i A= PRk
AIRAF, RPMIL640 1570 H % [ Gibeo A7 i
A MiEMW EH REAR, MWL (F. #% %), CCK-8W
b5 Solarbio 24 7], CD235a#if& . Trizol 2 VK W
H 3& [ Invitrogen 22 ], 20 B T il il 77 &0 5 55 16
BD 2 A, ¢DNA J ¥ 56X 71 &% H 3% [E Thermo Sci-
entific A %], 2xSYRB Green PCR Master Mix i H 3¢
ABI A7), qPCR 514 UK — T AR RHE A 7]
ARG BRI E REEE, 30% S AW H Big)
W, PEREFEAMIEE Bigh R, IKCRWE REE T,
Sk 21 =W H b 5T Solarbio A F], 3-MA W H K
HEECNAF
2.2 SEIYEE

X SR AR IR A (X-RAD225, PXIA# ). ik
Y1 X (Aminis, 7% E Merck Millipore /2 7] )+ B f5 X
(Epoch, 3 [ Biotech AH]). %6 IEE ©HsE (BX-53,
5 [H Olympus A Al ). %€ & PCRAX (StepOnePlus,
% [H Applied Biosystems A ] ).
2.3 WERRIES O

K562 4 i i K85 7748 F AR AR 40 208 10% I 2F i ik
H RPMI1640 ¥ 72 585 5%, TR0 BN 5% CO, #5557
R 37 C Y AR IR N B IR . Ab T B KO Y
K562 /NG AL 840 2 (40 umol /L) % S E N R
IR DLIEAT J5 8585

2.4 SLIRAMIE

AR SRR FH 240 B B A 25 R AU g, FL TR
AR TE ML Bl R AME Hh Sk Pl A1 i i, & M EE
TR 1S B AR, RS E SR
5o IR IR A 3em, KA # 30r/min. SLHK
F X S 2k PR AT AR ], IR O 1.15 Gy /min. S
BN s B AMBA (Ctrél); 1.0Gy R4 4
(R41); EE /IR (M4L); 1.0 Gy 48 & 41 1 Bk
A A4 (RHM4A); 3-MA(PI3K #0141 71 )+1.0 Gy #&
M+ E DA A (R+M43-MAAH). Cr AA A
AR TR SR R R ) b T R A2 1.0 Gy HR S b2
M AACHEAT Sh i E Ty a3 R+M 4 S B0 i i ) ik
M 3hJE, ¥Z1.0CGyHEME. PI3K#HI7) 3-MA 1254
AbFEYK 22 5 mmol /L.

2.5 CCK-8

WA A, B50Fr B, KT i % 5L 300 pL
HE, FT 96t 3L, AL 100uL, BFLFEMA
CCK8 AW 30uL, 37°C 4k4LiFH 4h, Z1b¥sE7E, Rl
FRASCREI - FL AT 490 nm WO RE, LA 1 FL (AR,
HRBE-B)WME, WIAATEE %=SCI0H A ¥{E /)
P41 A $491E % 100% -

2.6 BEARRREE

WEMEE, FO0EHFEE, E& T 250ul PBS
L, IINBEZE OB 14 L, 30% A LA 1uL, #6
B H 2min, SN 1 pL WEFALH, 9 F 10min. =
2, F L, mAlouL PBSEE, TEME NIRRT
500 ANGHAE, VRN F A LA 4 Y BH M 4,
ANE BTSN, BH 40 R Y%= P04 40 p %/ 40
M H < 100% o
2.7 CD235a &2

WCEE AN M, THA I PBSTRE M Ik, HE T 90uL
PBSH , M 10pL — 52 bk 5 # B 4F (1 1 /& CD235a
(1:500), ¥ E 30min. PBSYE4ifL 3k, HET
100uL PBS, N4l M e L5t , F IDEAS ¥ A4
i s -

2.8  HHRRAT

e 55 40 B, TRA B PBSUWE 29k, EOEY T
100 pL P T2l & b 1) U Jekh g & G2 b, AR v
A 5uL AnnexinV-FITC Al 5 L il b 75 e 4, ¥R 21,
FiREE M E 15min, TR TR . H
IDEAS A 53 Hrim A -
2.9 K562 B8 RNA$REL, FREFMERNFERS

FACPRH A AE 24 0 B, B0 JE S BIE, 8 Tri-
zol ZHERIMANNIL. FE 10min. AT, Ei%15s,
#E 5min. 4°C, 12000g 0> 10min, 3% % LiFH,
53 RNAVIIE. I RNASe KK il 4 1 75% 2 FE %
WP RNAVIE, 4°C, 12000g B0 5min, 7 EiE,
JHN 30~50 ul f1 JE RNASe 17K o« Tllumina HiSeQ-4000
AR T & T . SLERIZIEFRE Protocol BT,
KMORNA RS St A7 R P, SR 5 AT SCER 2
SC PR 5T B A DN RN SR DT

% FE i Clean Data 375 5.78 G LA b, Q30582 H
oy Lb e A #1) 92.34%. HISAT2 43 5 ¥ % FE 5 11
Clean Reads 55 % £ R HMATF VXL M EE X245
Gl kR E, Ff5h 1 Reads 522 5 R 41 (1) Lb X 3R AE
94.98%~96.05% 8], Ui B I /7 45 SR v {5 . A H FP-
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KM(Fragments Per Kilobase of transcript per Million
fragments mapped) 1E 7 3 K K 1A K F I febr . 18 H
DESeq2 #F 4T P F 4% L /41 1) 2 = K18 40 B, K Fold
Change > 1.5 H FDR(False Discovery Rate)<0.051E~
i 72 S RIS FE R AR v
210 SERPPSEEE PCR
Xt GATA-1. EPOR. PIKSR25:IR FRIEMAT Lt
PG E B PCRAM, SIMF RN AL 1. W 2ug &
RNA Hl T 52 cDNA Jo ¥ 5%, cDNA & Rl JIf 100 4 5%
R & B AT . BAIRAS I cDNA R, i
Qiagen SYRB Green ¢ . i€ £ PCR i 7 & Ut B kAT
LI 986 E B PCR. T 45 REA Actin NS KR IE, H
ANCT T HRIE G

HERIH
AR NI B AR HE 7, R B BTE B2k ¢
fage, SPSS it Al GraphPad Prism8 £ KK .

2.11

R M
All All
1000 CD235a+ 1000 } CD235a+
_. 800} ' _
=1 =}
=, 600 =
8 5
g 400 z
200
0 11 ~ ul ol 0 vl vl
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K1

| 10° 10°
Intensity MC_Ch02

# 1 qRT-PCREIWHIE

FER R 519 5%1(5-3")
Actin F: GGACTTCGAGCAAGAGATGG
R: CTGTACGCCAACACAGTGCT
GATA-1 F: CCAAGCTTCGTGGAACTCTC
R: ATTGTCAGTAAACGGGCAGG
EPOR F: GAGCATGCCCA GGATACCTA
R: TCTGCTGCCAGCTTTGAGTA
PIK3R? F: CCTGGCACCTATGTGGAGTT
R: CAGTTCTCCCCACCTGATGT

3 4L£R

3.1 XEH&IER. EUME DMK K562 44 R

SARE )
TDE R o e e RGN K562 41 At Hh af 21 8 1 R IA T Dl
AN TA] AL 3 ZH 1 24 h ) K562 20 ff BE 4% R g 0 45 R 4n
Bl 1(a) Fion, R4, M4, R+M 4. Ctr HIBRZ

B *ok e

W
(=]

Benzidine positive cells/%
[\ o) S
S S S

—_
S
T

R+M Ctr

(2)

ok

o |

kk

—> S 0] '

CD235a+/%

R+M Ctr

(b)

(FELR ) X ARG IR Bl 70 208 J5 K562 4RI 40 R 7 Az ik

(a) HAEFHAH 24 h (UBEZRIE G PSR (b) - A0BE4 24 h () CD235a Kik; ** P <0.01, * P <0.05.
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YLt BT YRR VUCN: (26.844-0.11)%, (29.62+1.15)%,
(19.9441.52)%, (44.27+1.38)%. % Ab FH 4 (1) 2R e e
RS S Cor A R EMEZE R (P<0.01), R+M4H
FOPH M R B E T RALAI M 41, X sesk
LA S PR A RIS B K, HoFBA D

EH(RER

N T RAEBOR Rt a5 5L, RN 1AL &R oA
TR bR &5 2K [ CD235a [ A 10 L B 1(b)]. 455
EoR, RA. M4, R+M4. Ctr 411 CD235a BH 41
MIbEBIKUCH: (13.00+£1.57)%, (13.77+0.87)%, (10.20+
0.43)%, (14.4540.21)%. &ALERZK) CD235a & H KA

Rutw], HwE

R, HEREEMEZESR (P>0.05). WE2(b)Fir, R4,
M. RAMAL . Ctr4l K56240 f8 i 1T F KK N
(10.74+£1.55)%, (8.37+1.55)%, (10.81+£1.19)%, (7.19+
1.45)%; HRIEFRMKUCN (12.9741.08)%, (9.00+1.34)%,
(15.404-2.85)%, (8.4140.31)%; & T+ HE40 g Eb 514

WON (23.9342.57)%, (17.3745.39)%, (26.2147.76)%,

3.2

TiH; REMAMEB T RAL MY, CD23saEHKIA
. PAEgERULE, R AR SRS ] K562

ML Z A, B L R R R B OR T E A

K562 4 {F AR v (40 R AL BT AR M, g
M2 RIS R . S4B
H24h ) CCKSZE K 2(a) fin: 5 Ctr M L,
R+M 25 11 201 i 3 5 400 1) B O 2. 3% (P<<0.001), R4
5 H0 R 2 (P<0.05), M40 — 5 i A 40 )

INN=A
He 52

VENIRE ANESEI 4]

(a) (b) R M
s All All
10° 4 Dead 106 Dead
10°F o 105 i
* P
150 10 10*
N *% ok ok 5" 10y 10°
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<
E I RM Ctr
= 2 Al Al
3 50t 2 10 Dead 10
g A
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104 10 b
"R M RiM Cur 10 10}
106 Live Apoptotic 10(; I 1.\L_. - Apoptotic
010? 10° 10* 10° 10° 010* 10° 10* 10° 10°
Intensity MC_Ch02
K2 (ELREE)XFHEmE. BGRE I8N A5 K562 40858 1T KL R
(a) HALFRAL 24 h (RIMFIENE: (b) RALFRAL6 h KIVE T BARFERIL. *F* P <0.001,** P <0.01, * P <0.05.
CTR v.s. RtM R v.s. R*M
Volcano plot Volcano plot
300 Significant Significant
=Up 150 w©up
EDown EDown
a? = Normal Q =Normal
200 ¢
@/ @ 100
& &
T 100 | T 50}
ot u - - ok - - S W -
0 4 8 -6 -3 0 3
log,(FC) log,(FC)
K 3

E—
Fik 2 T REER .

(15.6046.29)%. 5 Ctr 41FHE, RZ1. M41K% R+M41
OV S BB T AL L5 R AR P . 6 5 L
W1, XS R BT T A R A 5 5 S K562 41
TN T IR, HL T B P R AR

X SRR I E DN K562 4R R 4E
RARSURXEFHERRIEFNT

3 ST AL E TS B 1A% AL 22 S R BT

v

Cell number/%
o

N
S

~log,(FDR)

W
(=} (=] (=]

(=]

(K3), 5 Ctr4IMtL, R+MALKI ZE 7 RIAF
9 3514( B 1957, R 1557). R4S R+M AR £
EHEECH15( R T, TER), m/hTMAER+MA
() 72 e Bk [R50 & 236( F 1 46, T 190). 45 R UL,
TR ) RS Je X5 5 BRI VR IR K562 41 & 43
PSR G i P B R 2 i = AR RO, HL R B2 XU

| = Apoptotic cells
Dead cells
- W Apoptotic&dead cells 4,

Q‘%@G‘ %%@O& %%@Q\&

M v.s. RtM
Volcano plot

Significant
L ©Up

EDown

' Normal

n

2

0
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LR AR IR AL F R

N T E B ) RN X 2 R A R 4y
WAH KR FRIE RIS, HE— DX T b4 24 h 41
AR Z IR EPOR ML R MU KT GATA-1
MR FRIEKT, SRME 4R R4, M4l R+M
. Ctr 4L EPOR ) FPKM BN 6.608940.3273,
6.347740.8320, 6.744140.199 3, 12.57454+0.876 3, R 4.
M 4 % R+M AT Ctr 4L EPOR [ 5 R R 1A B3 1B
F N (P<0.001), R4l. MA K R+MAZ AL EFH
PEZESRE (P>0.05). GATA-1HFPKM HIKIXHA62.957 3+
1.9620, 78.9515+4.5264, 60.071341.0468, 128.0182+
0.6819, R4 . M4 K R+MAME T Ctr 4l GATA-1
[ R R IA B B 2% TR (P<0.001), RAMZAK T
BEKXKTRA, MA: R+MASRHALEEMEZER,
HMAH BE %R (0.001<P<0.01).

DA b5 S, RSSO AR ) 28 R X5 4 B R T
it T EPOR B GATA-1 {3k R LB MH 20 201k,
o X SRR IR N GATA-1/ 2 FEEA/EH .

EPOR

koksk kkok koksk

0 ] I
R M R+M Ctr

W

Rt e s A A5 BT IRAL, ] QRT-PCR LB T
FAFRAAN T Ctr 4 GATA-1. EPORE RN FIEEN
Z5, SRWES PR, RT-PCR IS R 5554
& HRIEAA— B, ULB T SA I e 4 SR N o) i 2
R AT FEME

3.3 PBKX XH%&iER, RUMENMNALIERN
K562 ZAa4I 2 5 1L RS20

AR EoR: R4, M4, R+M 4. Ctr API3K
P B R $5 W % PIK3R2 i) FPKM 1R 4 YK A 11.254 34
0.0441, 11.9680+1.4448, 0.272640.0829, 0.4436+
0.0038. 5 CtrZHAHEL, RZHM M4 PIKSR2FENF
ik E EFH(P<0.001), 1 R+M 4/ PIKSR2E: R &
KR R (P<0.001) (K 6). PISK /£ 48 & E kb
MG RIER A, N T IAIE PISK 7848 18 Mt E /4t
K562 4 M 40 R /- e B g sz op R IEAEF, 1
R+M 4 7 0 PISK #1751 3-MA #1 ] PISK 36 14,
075 T 2040 S5 1 K562 G5 4. JH T2, IRFE K
LR, 48h I, RAM+3-MA 45 & R+M

GATA-1
sk sk sk
150 I | |
3
100 |
=
N
[y
=
50
0
R M R+M Ctr

Kl 4 (TELBE)X FERER. BIGE SN A S 240 B R GE T EPOR. GATA-1 BRI R A ZEL
% P(.001, ** P<0.01,

EPOR

0.5

Relative quantification (Fold)

0.0

R M RiM  Cur
K5 (FELRIE) S 5O E B PCR LR SR ALER (GATA-1 H R+M AL 7))
% P20.001, * P<0.05.

GATA-1

1.5+
=)
= *kk *kk kK
& |
=
.2
s 1.0
Q
h=
g
=] okok okok
&
o
5 0.5F
5
2]
~

0.

0 R M R+M Ctr
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I 40.13%, RFEZFHIH] (P<0.01). CtrH. Ctr+3-
MA 4. R+MZ . R+M-+3-MA ZH {98 T 24 i bt 451 4
WoN (5.9740.14)%, (7.3240.11)%, (9.37+2.14)%,
(16.87+3.09)%; YK FE 41 Jifd Eb 451 4K IR 9 (6.52+0.02)%,
(9.4940.22)%, (7.43+1.19)%, (21.084+2.65)%; 1=+
IRFE AT A L5 4K VR A (12.5040.12) % (16.814£0.16)%,
(16.80+0.70)%, (37.954-0.21)%. R-+M 41 CD235a [

£ 40 g b B A (21.17+£1.00)%, RAM+3-MA 4 A
(12.804:1.47) %> RAM+3-MA AHE:T R+M 41 % Ctr+3-
MA T2 IR BEAN i Ee ] 2 2 58, AR T R+M
HIPET IR FE R IR T Ctr+-3-MA 4% Ctr ZHIH T
FIRFEAR A L 5 . 3-MA 1E T R+-M 4141 i J 40
ROWHERBEC. DL RS RUH], 8 0| PISK 2
K562 42 525040 (B 7)o

sk sekosk sekosk
15 05F Lsr ‘ | \
ok . * seokok
2 |
KKk 04r1 é
10 ok g107
031 3
=) = ooal %
St £
01} ol
[=2
0 0.0 0.0
R M Ctr R+M Ctr R M RtM  Ctr
Bl 6 (TELBE)XSTEME. BRE 8 A5 24h i PIKSR2 3 R FRIE &2 & RT-qPCR BiiF
Ik P<0.001, ** P<0.01, * P<0.05.
(a) (b) Ctr Ctr+3-MA
All All
10° Delxd 10° _L)_e:}_dl_‘
105} | 108 -
150 | EES £ 104 104
50
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I I ;
- =101 | 1 100k, [ ‘ 40 Dead cells
< 100 O o L L_Apopioi 0() LSRN WA LICh § BE Apoptotic&dead cells
% o LZJ 010* 10° 10* 10° 10° 010> 10®° 10* 10° 10° 230t Hk ok
= I ReM R+M+3-MA —> T -
= Z Al All S207
> 2 10° 10° o] Hkk
3 50t 2 Pead Sl
S =10} 10°
0
104} 10 S D P oS (O S e
. O O (@
10° 103 ) X’EQ@X&}Q x’b&x’\"ﬁ\ ><”"§\<g<><ﬂ'>’®YV
0 Cq——y 4 - SR I O
@Y’ X & 2 5 F : < < <
> < 100 [Live a8 - “Apopiofic 10 [Live -t Apoptotic
Qgﬁ\ 010> 10* 10* 10° 10° 010> 10° 10* 10° 10°
Intensity MC_Ch02
(© 25
R+M R+M+3-MA
All All
1200 F €D23sa 1200 F -[cp23sa
— 900 _ 900t - s
= = —>
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Researches on the Synergistic Effect of X-ray Radiation and Simulated
Microgravity on Erythroid Differentiation of K562
Cells and Its Mechanism

TANG Zihan'2, WEI Wei'?!, WANG Zhuanzi'?, LI Wenjian'2, ZHOU Libin!?

(1. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In this study, using K562 cells induced by hemin as erythroid differentiation models, the synergistic ef-
fects and mechanisms of radiation and simulated microgravity on erythroid differentiation were investigated. Res-
ults showed that the positive rates of benzidine staining and the expression of CD235a were down-regulated after
treatment with X-ray radiation and simulated microgravity, meanwhile, cell proliferation was inhibited and the
rates of apoptosis and necrosis were increased. The expressions of transcription factors related to erythroid differen-
tiation EPOR and GATA-1 were down-regulated. The synergistic effects of X-ray irradiation and simulated micro-
gravity were much stronger than those of the two alone. After irradiation and microgravity combined treatment,
PIK3R2 gene expression was down-regulated. After adding PI3K inhibitor 3-MA, the apoptosis and necrosis rate of
cells increased, and the erythroid differentiation rates decreased. These results indicate that X-ray irradiation and
simulated microgravity treatment have synergistic inhibitory effects on erythroid differentiation, and the mechan-
ism is related to erythroid related transcription factors EPOR, GATA-1 and damage repair pathway factor PI3K.
Key words: X-ray; simulated microgravity effects; erythroid differentiation; damage repair
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