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HIF-205%] 15 2T 21 336 Z2 i Ao A4
K BE CD71 41 Y GATA-1 A 152

X s TR PR BivkE EMRAE esE

(HZE] BK ﬁiﬂtﬁ’fwﬁ%l%-za(HlF-za)xa‘%‘)?éIémE@i ZAE (HAPC) A58 70 i
CD7L 4L R R R S F GATA-L RIS . T3k BEFHMEME SD KR 48 H, BEHL A AR
Xt BR A1 (g 2 250 m 473 ) A HAPC #5840 (TF 4 4 300 m 4|37 ) . 7EVEHA 4 300 m [ SR ERBE T &2 il
HAPC K R IF R F 15 B2 A 43 2845 L IR 2= S B0R M 2T A A 2B iR (EPO) Rl A T8 IE . i
FH S B Aol 1 R E W R A0 e AT 235 6 1 2 e K BV 6 CD 71741 g , Q-PCR 1l Western blot 7 46
T HIF-20, GATA-1 mRNA FIEE IR . RS COTL 4L, LU AE T-H0)F 5 HIF-20 ShRNAI3
L 96 h, Q-PCR £l Western blot #:1] HIF-20., GATA-1 mRNA ik H IR AKF, R B Radnisy
VT H L MR S HOR TS EPO & 7 I 22 45 SR 4 /m HAPC K BRS04 i 2T . HAPC A5 764 21 B
CD71"4H i HIF-2a. . GATA-1 mRNA FIEE [ (1) 3235 i FARE SO IR 4], H HIF-20.5 GATA-17£ mRNA Fll
I FE IR S AR (r=0.923,P<0.01;r=0.838,P<0.01) . HIF-20 ShRNAI3 -t HAPC #5121 -8
CD71'#H {196 h J& , HIF-20, GATA-1 mRNA FI & [ 1Y 3R X 4% T 25 X REAL R B X IRl . 258
HIF-2aX} GATA-1 323K 520 ] BE 5 HAPC [ & A= & JEAH G

[kiE] mRadnpyys 2, (KEFSHEF-2alpha; GATA-1; /MHERNA
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Influence of HIF-2a on the expression of GATA-1 in bone marrow CD71" cell of high altitude
polycythemia rat model Liu Fang’, Wei Wei, Ding Jin, Chen Ying, Feng Tingting, Ji Linhua, Shi Jiyu.
“Department of Biochemistry, Medical College, Qinghai University, Xi’ning 810000, China
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[Abstract] Objective To explore the influence of hypoxia-inducible factor-2 alpha (HIF-2a) on
the expression of erythroid-specific transcription factor GATA-1 in bone marrow CD71" cells of rat model
with high altitude polycythemia (HAPC). Methods A total of 48 male SD rats were selected and
randomly divided into normal control group and HAPC group. HAPC model was established at an altitude
of 4 300 meters in the natural environment and verified by bone marrow cell classification and counting,
hematologic parameters and serum EPO detection. Bone marrow CD71 " cells were separated by a
combination of methods with density gradient centrifugation and magnetic activated cell sorting. The
changes of expression level of HIF-20, GATA-1 mRNA and proteins were detected by Q-PCR and Western
blot. CD71" cells were cultured under hypoxia condition and transfected with selected optimal HIF-2a
shRNAI3 for 96 h. And the expression level of HIF-2a. and GATA-1 mRNA and proteins were detected by
Q-PCR and Western blot. Results The results of bone marrow cell counts, the hematologic parameters
and the serum EPO content showed that the HAPC rat model was successfully established. The expression
of HIF-2a and GATA-1 mRNA and protein in bone marrow CD71" cells of HAPC group was higher than
that in control group (P<0.05). And HIF-2a and GATA-1 of HAPC group were positively correlated at the
expression levels of mMRNA and protein, respectively (r=0.923, P<0.01; r=0.838, P<0.01). However, the
expression of HIF-2a and GATA-1 mRNA and protein in HAPC group was significantly lower than that in
control groups after interfered by HIF-2a shRNAI3 for 96 h (P<0.05). Conclusion The effect of HIF-2a
on GATA-1 expression may be correlated with the pathogenesis of HAPC.
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AL A AT R s BE . A AR,
R AR AR LA | 220 B AR AR . v IR
AT, M L gl B R P EIR AR
LA P9 BRAR Ak | e 45 R B by o DR 21 240 34 22 i
(high altitude polycythemia, HAPC) ., HAPC £ & 4=
T4k 3 000 m LA b XA J3 55 B, 2 0 & 0
i 145 AN iAe ZE SR e 1 e AT 2 A
FOC AR R B B N vy Tk DX B B0
it e i) ™ ¥ £ K o k40 3 K- 20 (hypoxia-
inducible factor-2, HIF-20) J& i i 7 #5 2 B i 5
(Y 38 Ny A 1 A A ) E R Sk 2 —
HIF-2 80 5 0 KR oA I KR B2 WA e S T
PR S U5 R, BB BB 0 R A A e
AR A5 A S R 2 of | FE 2T A A pl e o 34
FH= 2L AR il — RV 1 R e s R A
A TP i R . GATAR GRS 5 H
b S SR A B RS EER S5 A B, RE RS R
S HLZE AR S 3 F X (AIT) GATA(AIG) 751, 1
PRI A SR s M 2 58NS R RGN &
Ao GATA-L IR TS LL R AR SACAS 0] SR 5 57
K fELL R AR s k™ . I IR R W (R4
ZFF HIF-2afF ] T GATA-1 A HEAm 6 11 79 41 ffd o
2T 8 R IE", $27R HIF-2a5% 11 GATA-1 Y &
IR AT HES 5 HAPC BT 20 it 1) 2k B FH SRt 7%
TEARWESE R, AT ST HAPC K BB A 20 #r HIF-
20 %] B CD71 740 il GATA-1 ik A 520 , 12 [ 1)
FEHAPC Hh 2T 40 ol B 3458 431k i e AR B

MHRETE

1. S Eh W) « (e R SPF Rt SD Kk il 48 1, 4
#(200+20) g, H 74 % 58 38 K~ PR 2E 0 5L 40 sh i o
OREE, S YEATIES . SCXK (PR ) 2012-003, 4%
1IF5-:61001700000509 .,

2. FE BB A A B
WA [ R T U AR R A B B AT A F A
A . K EPO ELISA il 7 & A 1 B USCN 24
F . Anti-PE MicroBeads 4 H 3¢ [# Miltenyi A 7] .
i =X B v B BT A PE-CD71 . PE-19G2a I [ 2% [¥] BD
3o HIF-20 ShRNABE 5S35 1 189 w2 AR HE J
e i B E WL AR A W 52 K. StemSpan™
SFEM II ¥y [ 36 [/ STEMCELL 23 7] . /) BUBT K Bl
HIF-20 8 5 BT AR H 3£ [F Abcam 23 &, /N AT K
L GATA-1  B-actin ¥ 57 TR 1 € ¥ Santa Cruz
8] HRPARIC I 9T 19G W [ bt A2 &4
AR . TRIzol B RNA # B 7 1 [ 28 [
Invitrogen 2 ) . ReveQAid™ First Strand cDNA
Synthesis Kit 115 [ 3¢ [# Fermentas 23 #] . SYBR
Green PCR Master Mix 14 H & [E Bio-Rad A wl . JIr
519 (1) i B A T A9 TR Ay A BR2S 7
Ao

3. SLEG Y 43 2H K HAPC AR <7 o SD K
SRBE DL R IR 0T REZH AT HAPC BRI A | 4321 24
R ZMSCHR7 1751, HAPC 2K B A 752238 1k
2 E IS B HFAR 4 300 m VRS ERNESEE £ 1)
I 40 d, IR R ALK BUTE 4K 2 250 m PG 7 7T
I 5% o R i R I, 000 5 21 240 i %0 (RBC) L 1ML
LI A & (HGB) (LA L 25 (HCT) , Jf 1.5 ml
A 1ML 43 S 00 TS T ELISA B 42 21 40 j A= i £
(EPO) o 3 8y Jik 47 A5 HC i A% 300 sy Jok i, 4 1 A0 38
(Sa0.) . ‘HHEE T4 208 256 kK
DR , R 2004 47505 7 Joi [ P o Jt 1= = R IR AL
PR AF R R 2 61T 1Y 18 M R T2 W bR
(HGB>210 g/L, HCT>65% ) " H| W i ) & 75 (B A
HAPC,

4. CD7L 41 1) 43358 AN = 4l B AR A : CD71
IR T2 F AR A0 I 2LLT A0 45 43R B B

®1 31YFH
BFFAI(5 —3")
H i - - P4 1B (bp)
I T )
HIF-2a TTCCCAGCCACCATCTACCAG GCCACTCCTGACCCCTTTTG 123
GATA-1 GCTCAGCAGCCTATTCTTCC CGTTGCTCCACAGTTCACAC 89
B-actin GATTACTGCCCTGGCTCCTA TCATCGTACTCCTGCTTGCT 144
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R AR B Z—" . B K RE B
HI(MNC) , %5453 440 . Pi4143 5] 5 PE-CD71 ik
FE) X REPTAA 4 “CabESY 5N 10 min &, LA Anti-
PE MicroBeads 4 “CHEYCIFE 15 min, AL G4
Ve CD71 40, K6 41 g CD71 B A i) - X 56 i g
B (MF1) 5 55 4N 20 53 511 A PE-CD71 it {4 i1 [r] 784
X FRBTAK 4 CHE 3 30 min, K1 41 il CD71 Hi A 1
MFIL, 15 CD7L 4 5 MNC 1A 43 b . 4 14L
10 000~V |

5. SZ A ¢ % % it PCR (Q-PCR) £ Il HIF- 201,
GATA-1 mRNA ik . 25U CD71 4l il 5L RNA,, J# 5%
S cDNA J& , LA B-actin N2, 5K 2-AACt 3246
M| HIF- 20, GATA-1 mRNA %35, Q-PCR & 4 .
95 °C 15 min, 95 °C 105,60 °C 32 5,40 MEF, 14>
FEARTER 31K,

6. Western blot 75 461l HIF-2a . GATA-1 & H
5 FH RIPA 2@ HE B CD7L 4 il A 35 1, BCA B
FE 5 74T 120 g/L SDS-PAGE Hi ik , # [ HL %% &
PVDF i _I-, 50 g/L B B 2F W5 % il 35 1 2 h, —$t
HIF-2a(1:250) .GATA-1 (1:600) 4 Cit%& , — ¥t
(1:80 000) % & FWF & 1 h,ECL &G A, L
B-actin WS M, HME MY RXE=H W RH
W2 Y6 B2 (B B-actin 24 T G RE(E

7. CD71" 4t g A {IR 485 5% : HAPC A 20 K Rl
B CD71 41 Jifd F & T StemSpan™ SFEM 11 1, 33
Tl 6 fL Ak (1.5x10° /AL ) , & T 37 °C.3%0;.
929%N,.5%CO, . 1l Fl it FE AR 3% F 40 i 5% 12 h,
TG 22 RNA TS5

8. 2 ik Y AR A G IR W COTL 4 43 25 A
X B CRFG G AT A TP T 51 ) B X B A (e e
R X6 B2 51 AT HIF-200 ShRNAT 1.2 .3 40 (4
YL HIF-20 sShRNAI 1.2 3 THF51) . 4% 5
ANE L. THFES)  HIF-2a shRNAI 1:5-GCAAC-
TACCTGTTCACCAA- 3' ; HIF- 20 ShRNAi 2: 5"
GCAGCCCTGAGGATTACTA- 3’ ; HIF- 2a shRNAi
3:5-GCATGGCTCCTGATGAATT-3", B %t 5
5| . 5- TTCTCCGAACGTGTCACGT- 3 ., fil A
HIF-20 ShRNA 1895 8 % [ /4445 % (MOI1)=2],96 h
J5 9 B UBE R W ER 2k €5 96 I, i Q-PCR.
Western blot 7737l 46 il % 4% J5 HIF-20 mRNA K 2
(S SvNiBv A B B /WA e I I 237 (B S 4 E B R/ WA ]|
96 h & , MLEL 4 t0 5 1 L, Q-PCR F Western blot
Kl HIF-20. . GATA-1 mRNA J 25 153k

9. Geit2p bR . 1 SPSS13.0 #3474 4

BT, SEEBEHEAT Shapiro-Wilk #6560 , £54 IE 2843 A
AR L xes R . 41 1R] LBCR LR 2 5 220
B, P[] LR T AR 30 s AN A5 T A 0 A1 Y 52
B Do 6 8R s | 25 5 0 SR T R R 56 5 A
KM B R FH Pearson A JCAS 35 , 46 55 7K #E 4 0.05.
PhP<0.05 R 2: A git2# 2 .

H R

1. HAPC B Y 1Y) 55 5 « SRR TEE A0 HR 2H 1 - e
LTI R A TR R A, HAPC AR 2 K B
e L NS AR i DR R S T L Ol R DI
(P<0.05), b il R 4t 2 7 I it 5 L (P>0.05) ,
BIIZT Lb fH W AIK (P<0.05) (% 2.3) , RBC,HGB #l
HCT 7} & (P<0.01) , Sa0, [% 1k (P<0.01) (% 4) .
HAPC A A ZH K LI EPO /K- TR VA 6T iR 4H
[ (24.3+£1.57)ng/ml %t (12.7+0.81) ng/ml, P<0.05] .
gk BB R HAPC AR I K R AT R AN Boie 1 &
{HHESRE S TR, A HAPC AR HE ST 1)

R2 Wit SD K FUEBERL LTI R 2 PR

R RS YRR GE i
ZH R ¥
AL i (%, MGEFED ]  [%, MGEMRD ] (X+s)

fRIHRA B4 24 0.50(0~8.45) 3.20(1.00~10.20) 2.90+0.38
HAPCH#i#IZ] 24  0.00(0~5.50) 9.50(0.65~20.50) 1.30+0.65
At 0.470 -2.000 ~3.000
PlH 0.450 0.040 0.010

12 :HAPC : i3 JR 2T 4t 22

2. KB HE CD7L 4 M A% 40 B2 F 5 MNC 9 LE
i LL MFIL Ry W5 00 48 B, 43 326 J ARV 4 0T R4
HAPC B RIZH CD71 41 il 1y 4 B 25 S oSt ih=- = X
[(92.9+1.81)%%}(92.1+2.13)%, P>0.05] ; HAPC %
RIZH CD71 40 il 5 MNC (1) Eb 9 v A b % R 441
[ (53.48+3.81)%X} (25.05+3.32)%,P<0.05]

3. KBl H #E CD71" 41 }fd HIF- 20, GATA- 1
MRNA K & 14 i) 2635 : HAPC #5541 156 CD71 4
Jifd HIF-2a., GATA-1 mRNA X} &35 543 51 A AR
P Xt B 2119 2.77 . 3.73 /5 (P {E #7<0.05) , HIF- 20,1
GATA-1 1 [ ikt ¥ e TR G IR ZH (1.19+
0.09 %} 0.93+0.08, P<0.01; 1.63+0.10 % 0.97+0.08,
P<0.01) (1),

4. K BB BE CD71" 4l ig HIF- 20, GATA- 1
MRNA FIEE 1235 B AH S E AT - ISR R ZH R
Rl H 6 CD71° 41 fifl HIF-2a . GATA-1 mRNA %35 5
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&3 P SD KEUHBELLANNI R G2 R LA (%)

21 51 gk SRR AN MGED) ] R A0 (Xes) FRAZLANE (Xs) MR ANZT 240 (X+s)
APRIEEAR T B 24 0.00(0~0.50) 1.50+0.55 9.50+2.25 9.40%3.50
HAPC 12 24 0.25(0~1.00) 3.50+2.60 18.14+7.35 19.04+8.12

PIE 0.227 0.100 0.010 0.006

1 :HAPC : i LT 2 3 22 i
F 4 Pid] SD KU A S B INZE F (xs)

2051 Lk RBC(xI0%/L ) HGB(g/L) HCT(%) Sa0.(%)
R TR 2 24 8.10+0.14 181.37+7.23 55.42+2.72 96.47+1.05
HAPC B2 24 11.24+0.28 250.18+13.02 75.50 + 2.81 76.38 +2.86

PlE <0.001 <0.001 <0.001 <0.001

1 :HAPC : i3 JR T 0 3 22
1 2 Mr (x10%) 6. HIF-20 shRNAI 3 X} GATA-1 3L R F£ iAWy

HIF-2a | se— 1

Pacin. — —

1 AR G BB 2H 5 2 : HAPC #5814
1 RTINS 20 (HAPC) #ERIK B8 CD71 41 A HIF-2a
I GATA-1HE H MR

I F kS IEAH S (r=0.890, P<0.05;r = 0.924, P<
0.01) ; HAPC #i %I 2H K il HIF-20., GATA-1 mRNA FI
B8k 2 E A 36 (r=0.923, P<0.01; r = 0.838,
P<0.01),

5. HIF-2a. ShRNAi THL R0 50 E < [0 X) B 21
HIF-20 mRNA A 35 1 o 25 o0 BRAL Y 1.07 £%
(P>0.05) ; shRNAi 1. shRNAi 2. shRNAi 3 4
HIF-20 mMRNA 8 X} 32 ik & 43 51 o 25 X B2 1
0.37.0.36. 0.18 £ (P {A ¥J <0.01) . shRNAi 1,
ShRNAI 2 .shRNAI 32 HIF-2a8k [ A% 3535 4351
“}0.77+ 0.01,0.70+ 0.02,0.36+ 0.01, HJi& T~ B M %}
24 (0.89+ 0.05) (P<0.05) ([&2) . HIF-2a shRNAI
M TR ey, J5 2252 50 e 8% HIF-2a. sShRNAI 3
JPINHEA TG

1 2 3 4

Practin - G- GG

1: FIMEXTIRZH ;2 .3.4 4341 shRNAI 1.shRNAI 2 .shRNAIi 34H
2 Western blot B4 HIF-20 ShRNA T4 59058 [ #5614

ME) - ¢ Y680 B A8 T, HIF-2a sShRNAI 3 4 4% (7 75¢
Heor A TN, 565 AR T A — L EP X L,
70% LA |- 20 S s s 0.5 (81 3) o B X R 20
HIF-20., GATA-1 mRNA [1)AH X} Fe 1k & ok 25 [ 6 B
ZH 119 0.98.0.94 135 (P {H 7>0.05) , shRNAI 3 £ HIF-
20, GATA-1 mMRNA [P FH X ik & 4351 o8 25 1 6] IR
2H 1 0.17.0.38 1% (P {34<0.05) , shRNAI 34H HIF-
20, GATA-1 £ H #i5 1# (0.2140.04 ,0.45+0.02) ¥4Ik
T45 X BR41(0.93+0.09 ,1.83+0.15) FIBF 1 X AR 41
(1.01+0.07..0.92+0.01) (P<0.05) (X1 4) ,

AT B e A
3 HIF-20 ShRNA3 %414 96 h 5 117571k (x200)
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1 2 3 Mr(x10%)
HIF-2o [ 118
CATA-1 [ — 47
Fractin G 2
1: 55 FIXT AL 5 2. BHPEXT IR ZH ;3. HIF-20 ShRNAI 3 T4 4H
4 HIF-20 shRNAI 3 T4 541 % K B #6 CD71° 41 it HIF-2a 711
GATA-1 [AZRIA 5200

i

HIF- 207 E 1 425 il S8 0 0l B8 v i # 3 EL 2 1Y)
VR, JC 0 R PR 0 R B e O 2B L I A8
45 re AR LR e A R BRI A T . —
ZINFFEFRI , HIF-207E 2140 0 AE T 7 b R 45
AR OHIF-2a 16 EPO B 1, 45 Wi 76 107 i 1
EPO A Jli i I 45 H e EZAE ™ s @HIF-205 5 /)
1 2 R MAT A 2K 35 DT ) 3 s RV SRR L, %o i kg i L
BOREAR BT s QHIF-20080 1L 240 i 25 F
41¥-1 (vascular cell adhesion molecule 1, VCAM-1)
FE DA G S TRCTY 20 40 A BT T 1 3 I R B
PR PELHELT AN R . BLE AW, HIF-2007E 12 1
TRAA SR SR 0k 1, i L3 5 R4 36 1,
TR BRI ML 2T 28 A A 5 ISR 2T 22 4 4 4 43 A A
ST LT A KA A

GATA-1 7E i Il T4 i i 3% 28 734k v ke S5
AR, 755 KO- i B0% BR 8 14 EPO S
2 RS LT Y M R S L DR ) ek B 5 4 i ]
AR DG 1 Cdk6 2 4 A 34 58 AH 5 1) GATA-2 . Myc 45
AN T 2140 B o3 Ak 10 6 PR 3k o R BT T2 A
T HE R B AT RE Y, e X R PUA A PR 21 40y
31k

EPO /& H 2 AU 21 2 1 4l i i 1l X -, 38 1
Z XA SRS 5O R CBEA R RS . EPO %
HIF-2 GATA-1 55 5% P 7T, 7R B 451 TR
WA, AR, B EPO B/ UG AT 4 i
W, HLT A B VR TE B R (CFU-E) Fig X 4 & 4
TEIE LA (BFU-E) ASREHE— 2540k &5 12T 2K
P B AL 20 ), AT L EPO 7E 21 R 4K S Ak
AR T 2120 B A R B VR o DRI, A 4R S
Hik (7,19 438 , AHIE G AT B a0 i 4y 253t
B MR SO L EPO 7K 5 X% HAPC K B
PRI AT %5 . 5B R, SR IR 4 Lt
HAPC 5 B 2H SD K Bl i i v | W 4y 21 240 i Y I 1
RN R G S A AR (R R,

HGB HCT & it {5 T-18 1 = I 75 16 12 Wi s e
Sa0, ik F MK, I 7 EPO & & W] W I+ &, = W
HAPC K FUR AL i 12

AWFSE B e R IR A AR X CD71 40 ) 2
FEFN 5 MNC () F A TAs . 25 R =B, HAPC A5
RIZH ) CD71 il MFI R (i & TR 4R ) B,
ZH CD71" 4 iy 0 B 3435 51 90% LA I, $278 HAPC
HE TR 2 B B 2R X I /R 200 i 1 T R 40 B 43 A B
3 T LA M % R A 1 T LAARAS v 4l
1 CD71 "4 fifd . X A CD71° 41 fits HIF-20. 1 GATA- 1
FIB PRI TAEREE T i

H YK, Q-PCR #i1 Western blot £ il 45 5 i 755,
HAPC 7141 CD71 "4 ifl HIF-2a.,GATA-1 mRNA &
HEHRBU A, &R & RALE S & SD KR
HIF-20. . GATA-1 Rk i, sk 1 XA 2 T i A
O IO I A N T R il | A s e = N
MRNA &, HEDE CFU-E [ il 0T 41 it A 48 5
b, BUH AT AN FE R

B ot g R WY KA ST HIF-1a BT T
GATA- 1 & [ ) ik 45 )2 )i 7T 4 (hypoxia response
element, HRE) , %5 GATA-1 = %1k, {1 K562 4l
JFN CD34 * 1k i T/ A1 M ) 4L 2, 3R HIF-1oif5
T GATA-1 I8 T Be S SRS K& L0 40 Mfin i 43
LRyt 2. Forsythe 252 & B, HIF-lo HIF-2a /Y &
FER T 5047 48% 1 [R5 M , 78 N- i 2 75 A7 il 1R
Jife - #- 12 i€ (basic helix-loop-helix, bHLH ) £ ¥4 55 ,
I AL IR BUR 31 FIHRESS &, PR
F bHLH Y[R PR R A 5] 99% , & BB THY) DNAZE &
A7 AT BE— 2, 278 HIF-20 T BEVE T T GATA-1
A HRE JE5 , A7 GATA-1 335, FEMZL R AN 15
oAk o AW 45 3 3 B HAPC #5274 4 HIF- 20,
GATA-1 1y mRNA 5 H R B R IEM G, R
RNAI A I H HIF-20)5 , GATA-1 mRNA A1 FH 1Y
TR T, $E78 HAPC BRI 2 CD71 4l Jifd HIF-2a.1]
REAEH T GATA-L I H3kik , 2 5 m R A5 &
UM I A AR . (RTE AR AR T,
HIF-20u 1 ] 7 2RI A2 015 GATA-L 463K
Tt — AR .
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