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Effects of Congenital Erythrocytosis Related HIF2a Mutants on In Vitro
Erythroid Differentiation of CD34+ Hematopoietic Stem and Progenitor Cells

Zhao Huijuan, Wang Wentian, Li Yuan, Wei Xiaojing, Yang Yang, Niu Lin, Duan Yongjuan, Hu Xiao*
(State Key Laboratory of Experimental Hematology, Institute of Hematology and Blood Disease Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College, Tianjin 300020, China)

Abstract The direct effects of congenital erythrocytosis related hypoxia-inducibel factor HIF2a mutations
on erythroid differentiation of human hematopoietic stem and progenitor cells (HSPCs) is not clear yet, to investi-
gate this question, we have constructed the lentiviral vectors of human HIF20 CDS and two disease related HIF 2o
mutants, M535V and G537R, and a reported HIF 2o gain of function mutant P531A. The umbilical cord blood-de-
rived HSPCs were infected with lentivirus carrying different H/F 2o genes and induced into erythroid differentiation
under 21% O, and 5% O, culture condition respectively. The progression of erythroid differentiation was measured
by the expression of CD71 and CD235a via FACS. The results demonstrated that lentiviral vectors for H/F 2o and
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individual mutants were successfully constructed, forced expression of H/F2a and its mutants in the CD34+ HSPCs

had no detectable effect on the progression of in vitro erythroid differentiation. On the other hand, the expression of

HIF20 downstream genes, such as EPOR and VEGFA, was increased modestly. We concluded that forced expres-

sion of HIF 2o and the erythrocytosis related mutants does not directly enhancing in vitro erythroid differentiation,

the cellular and molecular mechanisms resulting in overproducing erythroid cells in the patients require further sys-

tematic research.
Keywords
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HRE), Wi T Ui Sk (8], 1 45 48 i o) 480 R 2

H20084F LAk, f£ — L JoJ4K2, PHD2, VHL
S8 IR R AR T 15 A% M 21 40 iU 3 22 9iE (congenital eryth-
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pLP2. pLP/VSVG#J M Addgene/s 7] (3 [H)l 3£ I
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AUEHE AL AR A A

PCRiA I H TaKaRa/2y & BR#IE N UIEGE. T4
HEFERGE EINEBA 7o ORI ORS00 B R T
LAEBAA IR AR i FICGTI S H OMEGA 2
Fo 4B FE G FH AR 5T Lipofectamine 2000 1% %% 5% ik
&, TRIzol. 74 ROX [ Platinum® SYBR® Green
gPCR SuperMix-UDG Alnvitrogen’/A & 7= o ity 2 1.
i~ RPMI16403%5 7% 24 1 H Gibco A H] . ACTBYL A
) FIBio-Rad A & . HIF20dt 14 I FHCST2 7. Pk
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i sk 45 A0 W I A 1] 1Y — Pt H Jackson ImmunoRe-
search Laboratories’A @) . ECL& 6 R M B 8 #% 7
W AR A R A 7. PE-Cy7hric FICD71HT4A .
APCHRICHICD235ai Kk 1E H ebioScience A A » 5 5¢
IR 519 & I RTDN AN F i 4 K 5 R 43 4 TR
I E) AR 55 . HEK 293T. K562 [ I3 4 il £k h
H ] 5 2R 2 B LR 2 00T 7 BT A e Pt o i JLIDF
7 MR SRAT M0 T TG B R s et IR R
NZEAT St [ S B IR R 23 160 0 = i A
(RO EEBE). CD34%) 1% 1 Bk E Miltenyi
NCIP
1.2 753k
12,1 BRFREBRGMERLET  MGenBank
W 158 B HIF 20/ i mRNA 5 51| (NM-001430.4), ¥ it 5%
BESIY, BRI 5 0 5] NBR I A V) B Xba T
Not TIR BT 1. 4 Primer Premier 5.08f i 4% 4 34 [X.
s T8 Ho At A R P B U0 AL A 51 B AR T SR
L SIMIF: 5'-GGG CCC TCT AGA GCC ACC ATG
ACA GCT GAC AAG GAG AA-3"; Riif5I#IR: 5'-CCC
GGG GCG GCC GCT CAG GTG GCC TGG TCC AGG
G-3'. PAHEK 293T cDNA AR HE47PCRY 1, 14
24 9: 94 °CTRAZYE] min; 94 °CZEVE] min, 60 °CiE
k40 's, 72 °CHEfH14 min, 35MEH; 72 °CLEHS min.

PCR=#) it )5 5 pCEPE A AT Xba 1/Not THL
ML . BEUIr=wnaifh 5 F T4 DNAE SRk 1T % 32
Lo IEREFE A K AT BIDHS o 32 &5 o AT
W10 TR R PCR&E 72, e B BH 4 e B 36 16 Rk R IR 17
ABRAFIE o W7 B 5 34T R R HL .

M IEHIF20 134 AE A . BETE 3 RARAL A
(IR TRl 51, 516 T 5 AR 1.

Foy 5 9 A (1 SR an VA BT 7o BAI T3 1 Al
W HIF2a)50R AR, 43 5 LAHIF 20 0¥ F i 5] PIF AN

#9875 f Inseq-R LA S HIF 2o 5 51 W A1 4% 58 A8 4
Inseq-F &5 i R A8 44 (1) b 5 > v BL(Fral HiFra2);
I FHHEMPCRY 38 H HIF2a )34 5848 ik 1 4 K,
T IR 1 W2.6 Kbir) v B, #3845 1) AR A K o
FE ZpCEPE A I, 7 H-H2 5k

122 BmREQE KBHIF20 XL REIE TR
AR P75 73002 TR L B T A FE A $190% LA 1
JHEK 293T4Hf. #%Y%8 hf5 3 ilifi i I DMEMES 77
F(510% FBS. 1% GlutamaxA11%30HT). 43 il U HX
B f524. 48, 72 hif)Ji £k 13, 4 °C. 20 000 r/min
B502 hPAk 4 28, 3+ E3E, 300~500 pL PBSH &5
£, 80 °CHRAT-

123 BymFRALEKS2mME  K56241 it FHRMI
16403 75 W (4 10% FBS. 1% GlutamaxF11%3Y $7)
F37 °C. 5% CO5 M FH57%. IEYLni6 LR,
FLANAR1x10, IIAHT i (R 4 i 25 o SR H448~72 hJ5
INZEARE N2 ng/mL I RES 25 25 (Puro) i 13 %, WiE%
25 [ 2H 40 i 4 B0 T ) 5 Puro i S AV RS, L B 4 2%
SEI62H Puro, 15 2195 75 /8 4L BH PE 41 B

124  Frdo kR 69 ik do F 78 40 0 o B B gk 5 R
Foo AT ILE B AR RSO0 3 RAT BN A AT, R
Miltenyi CD34 MicroBead Kitiji B 5 i3 17 CD34+i
I AHL 40 LB 20 B .- CD34+4H il 45 i Stemspan G IfiL
T RE IR B I TS I 2496 FE 940 ng/mLITJSCF . Flt-
SLAITPOZN L K 185 774K 5 BEAT 12 5 B B e, S
60 hJ5 N2 & N0.5 pg/mLIFPurodt 1T i ik . 4 Y
4 38 R R 5 NARANL R 3 Ak R I E NEOD, 4
23 0 BT 5% O AT AL R T k. Mk
21 2155 S B 7K N Stemspand 77 FL A8 N IA 1
SCF(20 ng/mL). FIt-3L(20 ng/mL). IL-3(5 ng/mL).
EPO(5 ng/mL).

1.2.5 qRT-PCR#& M m ek B & 3i&  TRIzoliL$2

£l =MIRTIKPCRS|HYIFT
Table 1 PCR primers of the three variants

E 7 ] s (5" —3") RS 0(5'—3")

Name Inseq-F (5'—>3") Inseq-R (5'—3")

PS31A GAC TTG GAG ACA CTG GCA GCC TATATC  CCC GTC CAT GGG GAT ATA GGC TGC CAG
CCC ATG GAC GGG : TGT CTC CAA GTC :

M535V CTG GCA CCC TAT ATC CCC GTG GAC GGG~ CTG GAA GTC TTC CCC GTC CAC GGG GAT
GAA GAC TTC CAG : ATA GGG TGC CAG :

GS37R CCC TAT ATC CCC ATG GAC AGG GAAGAC  GCT TAG CTG GAA GTC TTC CCT GTC CAT
TTC CAG CTAAGC : GGG GAT ATA GGG :

“ ABR L RO RAL B o

The bases underlined with “ A”” demonstrated the mutant points.
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U4 S RNA.  PLOligo dT N 514, M-MLV Jx % 5%

M 5 BcDNA, HPlatinum SYBR Green gPCR Super
Mix-UDGIR 7 & il i qRT-PCRY™ 18 H 19 3 K. DL
P-actinFZiBKFAE NN B2 B8, 258 R AH X 8 B
(2 T B 2% S R R AR R 3Rk A B, A R R
AN AL, BCFIME . PCRIZ N 25140 95 °CTiAE
10 min, 95 °CAZ1E15 s, 60 °CiE k1 min, 40/RK G .
PCRE| P FF AU T o N Zp-actinlf) EiE 51 ¥ 5 %1
A: 5'-CAC CCA GCA CAA TGA AGA TC-3"; T iif
S1¥F % N: 5-GTC ATA GTC CGC CTA GAA GC-
3. HIF2a B3 5194 5'-GGG AGA ACA GCA AGA
GCA G-3'; N5~ 5-GGC AGC AGG TAG
GAC TCA A-3'. TfRCLIE5IYN: 5'-GAG GTA
CAA CAG CCA ACT GCT T-3"; Rl : 5'-TCT
GGA AGT AGC ACG GAA GAA G-3'. VEGFA
W5 YN 5-TCA CCA AGG CCA GCA CAT-3"; F
W 51 W N: 5'-CGC TCC AGG ACT TAT ACC G-3'.
EPOR _L351%1M: 5'-TCA TCC TCG TGG TCA TCC
TG-3', FiF51%M: 5-GGC AGC CAT CAT TCT GGT
AC-3',

éHﬂH@JJMRIPA;&ﬁ%H@ 241, 100 °CALFES min /5 i3t
ITRAIGEBRE B K. R TR EARKE
PVDFH%O PL2% BSAEF A2 h, JHAT1:1 0005 4
L ANHIF20—t, 4 °CiF & id &, ¥EME 5 I AHRPFR
TC /N BRPTR —H0(1:2 000), FiREFHE2 he 22t/
12 RGBT A A Bt .
127 AX@mRAREN L R 5 miek & » T 47
& BN THYIRE T4 RBES MUK RFEFRE.
;IR R T, BEIA] RS 1R U K Z11x10°4H i, F)
FHCD71F1CD235a i) Hi 44 A i 20 i 371 FH 3 =X 40 g
PCHATRN - & 2H A0 A — BRI HITE 1< 10°BAPY
INPBSIE Y1, 3 Eih . IIATEA CD71/1CD235a
YU 1 uL)IPBSZ30 uL, = I #E 5% 55 B30 min.
JNPBSIEVE, FACSHEATH R4E, FIFHFlowjo 1081+
ST HERE AN M 2R IX CD7 1 RICD235a ) 15 43 Eb o

2 &R
2 1 AHIF2o CDSKE S RTIRMER S TRIEE M
Rt
M5 NHIF 20 )¢ A3 25 i 9822 CDS )T A1) [ AL AR

1.2.6  Western blotie#| & & & X K-F  KUUER B 1APUR. M GenBank ' i) HIF 20 [ mRNAJF 1]
(A) B)
Wild type M HIF2o
N\ bp
;_F. R j Iegt RS,
5! —_—
| !
% Fnl Fra2 F
N
e =
T
£
3 —— 5 .
5 —3 Annealing
R
—————%&— Mutant
C M P531A MS535V G537R D
© (D)
5000
3000 Query 842 GACTTGGAGACACTGGCﬁCTATATCCCCATGGACGGGGA»\GACTTCCAGCTAAGCCCC 901 PS31A
2 .
000 Sbjct 2 083 GACTTGCAGACACTGGCAECTATATCCCCATGGACGGGGAAGACTTCCAGCTAAGCCCC 2 142
1000
750 Query 798  GTACCCAGACGGATTTCAATGAGCTGGACTTGGAGACACTGGCACCCTATATCCCqRGe 857 3
M535V
300 Sbjct 2 057 GTACCCAGACGGATTTCAATGAGCTGGACTTGGAGACACTGGCACCCTATATCCCAYIGG 2 116
250
100 Query 914 cccaT66AQRBGGAAGACTTCCAGCTAAGCCCCATCTGCCCCGAGGAGCGGCTCTTGOCG 973 G53TR
Sbjct 2 110 cCCAT66AQEGCAAGACTTCCAGCTAAGCCCCATCTGCCCCGAGGAGCGGCTCTTGGCG 2 169

A: ¥EMPCREAS
AR R IE AR 745 R OTHER IR RAZL D)

FEARR A K IFE B B: PCRY™HY H 19 BLHIF2a ¢cDNA; C: #5HFPCRIRTFIRAEFRPS31A. MS35VAIGS3TRIGAK B D: 58

A: the strategy of constructing the HIF2a mutants through overlap extension PCR (the triangles demonstrate the mutant points); B: PCR result of
amplification HIF2a CDS from cDNA library of 293T cell; C: successfully annealed full length fragments of three variants (P531A, M535V and
G537R); D: sequence alignments between each variant and the standard sequence (the boxes demonstrate the mutation points of the variants).

Ell AHIF2a CDSKERREFEHRFREH FA0HE

Fig.1 Construction of the lentiviral vectors for HIF2a and the three variants
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(NM-001430.4), #]FHPCR#AR MHEK 293 T4 fflcDNA
H A K, 2 RS 5 TR —30402.6
KbIDNA 7 Bt (FE1B), ¥4 4 J5 FIDNA F Bt [ml e It
0 [ B 18955 15 R ik B Ak pCEP_E. P45 R EoR, 1
A FIDNAJF 5] 5NCBIYY 5% FIHIF 202 [ CDSJF 41
SE4 8. DA EERIN I pCEP-HIF20 1A, 4 F
FHPCREZ ARG 5 AR I 5 Tl — S )9 38 v Bt
Fral f1Fra2; 5 #) F 5 MFPCRY™ 14 B HIF 20 #1345
AR 4K R By (B 1C). I 45 R R, SAR Rl
5 SLig it 64— (Kl 1D).
2.2 EFHIF2a R HRTRIEHREHAAIIE

W ¥4 2 UF I HIF 200 % 98 75 4 Al 25 3 pCEP 43 5l
GBS 5, YK S6241 i, N2 pg/mLffFEmS 25
FO I AR e RIBSMEEE R 4 . 7 A $EERNA
M. HqRT-PCR A Western blotf ] 5% 1 HIF2a
mRNAFI 2 [ /K FHIRIE. 4RER, SRk
HIF20 mRNAFIE (7K - 14 BH $2 5 156 HR 4L (2).
2.3 HIF20 R HRTRITCD34-+E I F4A LRARLT
RERD IR

Y L FE 10 43 T CD71M1CD235aff) i 7 11 5 72
RIEA R WHFEM EEL 7. FACSE R IR, 18
A (EB3B)FI5% O(EI3C) &1, &4t
BH I X015 AR 8 S A 0 48 4 TR A Sl A e
FATAE I T S840 A R 25 21 18] R e B R 3Rk, 45
H B IR, EPOR K VEGFA R I5 50 B4 A AT Tt v,
TRCHIFRIE T B2 (EI3D).

3 1Wig

RSB TEWF I HIF 204 K] i 9825 1) 3% 1+

(A) B)

154

Realtive expression level

0-

PR
QO @ QQ) @gé‘; C;;‘)

A MU (HSPCs) H AL R LD RE = 7 2 52, @
Tt A R 455 Y HIF 200 S 38 A% 4 2140 PR G 22 91 AH 5% 1) R
AR )18 B R IA B, SR If KR FTHSPC, £
W 5% ORI AR 251 T 35 5 AR AN AL 2R 00
b, R ILHIF 204 5 58248 X 38 10 #H 40 B 19 4k o1 21
FOHCIERETC BRI 4 T HIF I B R 45 16 T e AH
FKIEH K I, EPOR . VEGFARI 3 N F ik B B4
Fir it im, TIRCH) R R ik ol A8k . Horr, VEGFA
FImRNAZK & F 5 5 SC#R H FHELISAKS 5 A 40
FAH 0 M AR A5G 77 B HVEGFAR I+ 45 R — 8
TRCHIZRIE AT Be H TR 0 5= Bt S 48 bR (TR A Az DU
AIAEMETIRO) A [ 45 5K — € Z 70 RAK 5]
[FJEPORSE A FImRNA A T i A& 1 ORI, HEAE IR
PRI N AR S MG 15 4 Ja BT TSR

H 20084 AR, Fifi S 7 18t 4% 11 21 20 i 38 22 0k
NHARIEHIF 201 78§ X AFLE 2 Bl i R A . 20134F,
Frank [ BABSH) 8 7 /N BT HIF2a G536W missense
mutation(human G537W)¥ i A 84, J /I BRI 2%
2. MOEE. AHMEE. m/MRES EE S,
/N B I A G 22 RGEAR, UESE | HIF 20/ RS
CLAN I 2 E R AEAFAE BB R o IUAE B AU
RMEENCN, HIF200f¥3 40 2 04 3 Bl id X EPO &
RS FRATTAOI T 45 SRR B, 5 HIF 205,
DRI R R AR 1 3 I T HH 40 i B B 72 21 R 0 AL e T 9F:
KRR R EVER R, (BHE T HIF 20 R FT 3 81 5
2L A A A S I 5 K AN EPORF VEGFAZS () 3R
I5 S H AT e 5 At R S8 R 7 (W EPO) L [ H
X LT A S T A T [F] D) RE

HIFfE MR A T 56 P E R 1, B

pCEP  HIF2a P531A MS535V G537R

A: qQRT-PCR} 7 I8 G 85 HIF 2008 Fo SR ARSI 25 Bk A4 40 M P HTF 209 R 3655 B: Western blot7) 7 18 G 5 HIF 200 % e 5325 V18975 25 2 A 4 fif o

HIF2a8 [ 3R1X .

A: qRT-PCR quantification of the expression level of HIF2a and the variants; B: Western blot quantification of the expression level of HIF2a and the variants.
E2 K5624088H HIF20 % B3R RS R E A A RIALIE
Fig.2 Verification of gene expression from lentiviral vectors of HIF2a and its mutants in K562 cells
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(A)
SCF, Flt-3L, TPO SCF, Flt-3L, IL-3, EPO
Expansion and ] Al 2 L.
| transfection | Pruo selection | Erythroid differentiation |
DO D6 D8/EOD E6-E10D
(B) pCEP HIF2a P5S31A MS535V G537R
L0 383% 358% 104 390% 34.6% 10 {45.5%  29.4% Lo J929% 29.0% 10 36.0% 81%
10° 101 10° 10° 10'
|1o} 10° ‘ 10° 10° 1 10°
10° = 10° - 10° {5 10° D 10° -
o 23.6% 01 236% 0 4222% 04 253% 04 229%
8 0 10010 109 0 10010 109 0 100104 109 0 10010 109 0 100104 109
CD235a =—————s
(C) pCEP HIF2a PS31A MS535V GS537R
10° 19.2%  70.6% 10(]"’1‘5.7%768’.'9%7 ) 108 15.9%  69.7% 10° T 19.5%  64.8% 108 {,’26.’0%*5,9;9}[
4 107 3 10° ! ‘ 10°1
10°7 10°7 % 10° 1
10° 10°
0 0
[SE 100 10* 108 0 100 10¢ 108 0 100 10° 108 0 100 10¢ 108 0 100 10¢ 108
CD235a=——>
(D)
EPOR VEGFA TRC
25 25 1.57
° ) ©
> > >
220 = 2.0 2
g g £ 107
&V; 1.54 § 1.54 §
& & &
5 1.04 5 1.0 o 051
2 2 2
£ 0s 05 =
[~2 ~ o~
07 07 ’ ST N S
N PN A O AT S &
S oS S A AT LS & F K5
FHEE S S S CE LSS

A: 18I ERYHSPC AN 4 A 7 LA ;B

WA IR T IR SR T AL R T 21 & 20 5 CD71/CD235a 13RI, C: 5% (%A

FA T S RIRR 43 HT4L 5 2 CD71/CD235a 3 3% ; D: qRT-PCRA:HTHIF i T A K JE R 3k (4 S8 2% A1) «
A: the flowchart of HSPC induced differenation towards erythropoiesis; B: FACS analysis of erythroid marker CD71/CD235a expression on ESD under

normoxia; C: FACS analysis of erythroid marker CD71/CD235a expression on E5D under 5% O,; D: qRT-PCR analysis of downstream genes in differ-

ent groups (normoxia).

B3 SRAHIF2eHEREHREICDI4+EM T MBI R E A5 1L R HIFEE £ E A 54
Fig.3 In vitro erythroid differentiation and HIF targeted erythoid gene expression in CD34+ HSPCs

overexpressing HIF2a or its mutants

B2 NN . XN S B AT
TSNS, T AR R R AR A
RRAESZAEEAMRIEELRE, X TGk,
TE 5 (1) 32 i B 58 A B A7 AR AR S 23 A DA S i A
¥y, 5% A SRS HERE . I AR DL Ak L 45 1
FAEMRE S B X o AR, HIFZE 1E % A9 2 i i o
IVE R A B . EI20104F DLk, BESEH £ 1A 5
{RIEHIF 108X HIF20/E HSC T 14 4 3 1 (/6 I, H |7
XU M T — SR IH, Ritk, HIF 5% B
i I A7 TR % VB RIS, infECMLHY, BCR-ABLR &
SN ] 53 FHIFLo R R iE 2 R VEGFI 3215,

ALL S B Bl 5 A% 20 M HIF- 1o Rk, 7l Rl
ST 245 S SR SRR, FEJAK 2-STAT 53 I +f
SRS 1) BN LA NS 29 (PV) B3 T, HIF2afE R
STATS [ 5 [K121, 7EPV R 73 WL v 16 1 P B 75 32t
— IR NIR I, HIF 20689 {747 AML N 4 fi 3kt 40
F P IR 7 SR SR R T2, A4 R | IR AR
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