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GEE BES EEE Tk IXe EARE
(8] = 2 22 a5 I e+ D12 2 R 2 o IS S T 9 ), 2 1 7 27 R K S =5,
B S (M 2 Fe e e RS 2 70 ty, Kt 300020)

HE HOXBOENERG X B T2 KA T BAR R, A2 L ANEJEG T ta e A E oA & 6948 A %
KRR, ZARAR AL T e e B AR 45 S RNA-seq - #7 2 I, HOXB6AE F FE 54,
FA2 P B Eif, SEHOXB6W) R A7 | ANE 6T 4o iR 6 7 IR B 48, 3R FHOXBOAE F I B 54X,
WA P K Ee, BT T HOXB6 T R A 69 AJERS T 40 ioAk & 3N, HOXBG6iE & A 37 4| A e
T it % fettAnE o Fe9kik, AR F LAV IEERE S THRZA. 2R LY, HOXB6%
AT R R AL NS B A APERE Tl e b IR Bk, A IRBAK T K G AnIE T ARERST fm L & BA
FOAUIR R R T B IRIE.

FEE  ABRRST mie; AR E 40, HOXB6

HOXBS6 Initiates Differentiation of Human Embryonic Stem
Cells into Mesoderm

CHEN Xiaoyuan, WEN Yugqi, XIA Meijuan, WANG Hongtao, WANG Mengge, ZHOU Jiaxi*

(Institute of Hematology & Blood Diseases Hospital, Chinese Academy of Medical Sciences & Peking Union Medical College, State
Key Laboratory of Experimental Hematology, National Clinical Research Center for Blood Diseases, Tianjin 300020, China)

Abstract  Although HOXB6 plays an important role in embryonic development, its function in the mesoderm
differentiation of hESCs (human embryonic stem cells) remains unclear. In this study, by taking advantage of hESC
mesoderm differentiation model and RNA-seq analysis, HOXB6 was found to be significantly up-regulated during the
mesoderm differentiation of hESCs. In addition, HOXB6 depletion inhibited the mesoderm differentiation of hESCs,
implying that HOXB6 was implicated in mesoderm differentiation. Through establishing a DOX (doxcycline) induc-
ible HOXB6-overexpressed hESC lines, this study found that the enforced expression of HOXB6 leaded to a signifi-
cant downregulation of pluripotency markers, while dramatically increased the expression of mesoderm markers. This
study reveals that HOXB6 over-expression suffices to induce mesoderm differentiation in hESCs, providing a theoreti-
cal basis for understanding human early development and establishing an efficient differentiation system of hESCs.
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TR AR S, NN . s A=A IRE
WS Rl R Y O s A o M N T D K 7
B S, ODIE RE. SRS, HEESTZE
R AR R T A F AR A B ZH 2340 Bt SR,
TR B AV G 40 B 5 3 i 0 B A6 1R 237 A)L
FREN 2 Hob, AR R FE BRI 7 NV IG 48 i 7= 2804y
A= A P A 2R T4 B AN 2R A A At

N W i =28 i 1) i )2 90 A0 32 BIME - 38 2% A
e R HOFS AE AR . AF SR U], BMPAS 53l 28 %)
THRES R 2 S E L, Activin A5 5 18 % A
i P I BMPE 5 38 % 4% TP IR 2 A AP SHIFETR
I, BMP/5 5 38 I 1) 30T 3 175 F: SNAIL 2 (snail fam-
ily transcriptional repressor 2)3 ik b, FUfICSNAIL2
e (LD e R Y O e S = o P X (R
o H A TR B, WU [R)R 6 2 A [F) #4272 (msh ho-
meobox 2, MSX2)7t i ik )2 11155 F i 72 b R AE % 0
VAR, st 1A MSX2 0] PLJE 5 ARG T-40 i
) o VR 2 A, e — 2 o A A T R 52 3 1 TR) 78
JR AT DR, A T I R R R AR R R T
A By T B v R Z 1 0 A R, T B AR A FE
A IR ERIE A R AL T B TR

[R]85 7 1 5 3L K (homeobox gene, HOX) B H) /& 1E
SR B L) — SIS AE A I R v R ORI R AT
gt E, SRR — LT
VAR LR B, H FT D& %8 Y 475 HOXEEA -
35 HOXA. HOXB., HOXC. HOXD, A 1R ek
FIEEAF G R b, SRR T O~ 11N BE R OO, A
FLRIN, HOXZKIRHE RITE IR & & A iiied A A vh k4%
FHHEIE IR, eI B R IR, A
SEIRALI R B U, HOXBGJE T HOXBHE K #% 1 1
— 01, FE NSRRI A AL T 175 Gtk |, gwhid224
ZHER . DENGEE IFE /) BT IG 40 1) i 78 b Ok
i, Hoxb {7 5 AH % i) lincRNA-HoxBline RNAE N A
HoxbJE D] (1) sk i i 428 oV e/ TR v A IR 2 A,
K HoxbF R RE R E K B K EZ/EN .
LOWEZE UK F Hoxb6-cref% 5L R /N ORI, Hoxb61E
AN E A B R IE, 3208 Hoxb6R] RELE IR
BRI RIEDIRE. SR10, HOXBOLEH IR E 534k
HHRE FH M ANTE 2E

AHIE T F S S A N VR BG4 i 1 v
AT R E BT e Al i RNA-seq T & 3,
HOXB6AE N a4 iR 2= o0 A i F Rk i 25

EA, FbE HOXBGOT K RENS $0 I AR T4 17
HR 24k, 378 HOXBG 2 45 NG 12 i iR
B ACH) B> 1. BEE RATESL T HOXB6
ViR S e DN el w110k 7 SRR T MR SO S
HOXBGRENS 7 2 N AR T-4H A 1A iR = 73 4E

1 MR5E%
11 #R

NIERGT41 1 2 H1W E Wicell i 75T ; 293 T2
KIH ATCC; 5773 mTeSR. Custom mTeSRI%IE H
Stem Cell Technologies’ 7] ; RPMI/B2714 H Gibco /A Fl;
TH AL B Dispasefl Accutaset?) 1 H Stem Cell Technologies
~H]; MatrigelZ£)ii. Growth Factor Reduced MatrigelZ&
JRIAIME F BDA ] ; K575 DMEM/F 1206 F Gibeo A Al ;
KA ActivinA. BMP4J [ Peprotech /A 7] ; Y27632
1§ SELLECK /A 7] ; TRIzol™ ReagentllJ H Invitrogen
27 ; DAPIH H SolarbioZA 7] ; Triton X-100/ H Solar-
bio/A 7] ; L-glutamin. KnockOut™ serum replacement.
Non-Essential Amino Acids Solution, 100X H GibcoZA
7] ; PowerUp SYBR™ Green Master MixJJ H Applied
Biosystems /A 7]

1.2 ABERs FHRAEIE T KRR

NIWERGT40 35 75 1 NG 140 i R H 1M
2 O 2B i Matrigel 3 B BE TR, BE RN
mTeSR, 159251437 °C. 5% CO,, &24 h¥H #f:—
REEFRHE . 3~5K G, wBEK R IR,

N W Ji6 48 i A% A0 A% 60 465 B0 40 A% A AN
LA B AL AR K NV iR 40 i v B
1 mg/mL Accutasefi§ i 1k 5% 5N 41 fg, FHHIDMEM/
F1285 72 B A B DL 28 1B IR, 50 f5 Fd mTeSR
B3R +Y27632(5 pumol/mL) B & 4 il iE , it
BUE R 4 i DL — 8 % B4R & A4 1T Matrigel
BT B A0 B B R AR R . e REAR AR NIRRT
g0 P e % H 2 U/mL 2R A /K i il (Dispase) 1L 2
s fEAE, I DMEM/F 128 B DL B I B, i
FHBY 1 mL ) FE 2 W B 5 2 40 i ve B, B0 S
F mTeSR¥; 77 ik H 240 B UTIE , KLl — 8 %
JE 2R 2 O 4 5l I Matrigel 36 5 10 40 B 55 77 FLAR
W
1.3 FS AR THEEEFIEES L

755 NG 40 i 1) o 1R JZ 234k 1) BAR R4
W NJWRJG 48 i 5 B2 A 1 mg/mL Accutaseli i
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BRI -

1k 5 B AN 41 B, FIDMEM/F128% 5% 3 7 Bk 22 1L 1
KNS, 1930 r/min 025 min, J FImTeSRES 77 3
+Y27632(5 pmol/mL)H 41 ML YL, 4L TH% )5 PA
3373 AL LR I 4% B 45 Fh 22 © 4l 4 Growth
Factor Reduced MatrigelZ& Jii (11241 #% H, 24 h)5 4H
JO D B b B B % 77 IS NG 50 ng/mL Activin
AFH40 ng/mL BMP44: K [A -] Custom mTeSR L%
TNV BG4 7] v T2 73 A48 hRITRTET,
1.4 FS AR TFAEREINEE DL

755 NIRRT 40 M ) S0 2 240 1) 2 A A dn
o ARG T4 7B 1 mg/mL Accutaseliff 1 14 %
NN, I DMEM/F 12355 9% SR B 4K 1L i B )i
B0 I FHmTeSRIEE 75 3+Y27632(5 pmol/mL) E £k 4 iy
DUGE, AT EUS LA 1094 o 1Y) 2 B e Fih 25 L2040
U Matrigel &5 (40 AES F= A, 24 hJS 4 ARG EE il
6] Y-27632 45 24 h5 # mTeSRE% 773 25 ARG T4
J % PR 31 70%~80%. B J5 FH 2 A 20% KnockOut™
serum replacement( IfiL75 & AX47)~ | mmol L-glutamin. 1%
e TR LB A0.1 mmol B-37 3 £ FE I DMEM/F 1255
FRIAE mTeSRIG TR H B IR Z 404K, 524 Wi
Hetr IR 2 RS R,
1.5 FS AR THRENEER S

N WERG 40 i 72 B 1 mg/mL Accutaselif§ 5 14
BN S, FHDMEM/F 1235 77 5 6 B 4% 1B 1 S B
Jei, B0 FimTeSRES #7 #+Y27632(5 pumol/mL)H
R YTE, A0 TS B33 TN AL 24 LR I
FE el 2 e fl i AR K R N T AR5 (Growth Factor
Reduced Matrigel) I12FL4R 71, 24 hji 48 i U B, okt
IS} B 4% 97 3K R 100 ng/mL Activin A2 KK 7
FIRPMI/B27 A5 5 ARG 40 i 1a) 9 IR )= 404672 h
B my07,
1.6 RNA-seq#fr

LA 21094 AN G20 B A ) 2 434K, 48 h
JE AN, B0 5 F 1 mL Trizol AR 40 HITTTE H4

URAFAE-80 °CUKAE H AR INRNA . A TRNATZHUT,
AR B 2 IR, SR R RO A JE B
HIA200 pLEA7, BIZURZ A L 78 73 A0, T4 °C,
12 000 r/min®5.Cr15 min/i=, 7T A4 HILEH 53 =, 4K
U FE—B—RNAZE. FAE—Hf—
wHE. TE—4at—FaIWE. MK RNAZ
Tt FIEREA E I EPE T, B INANS -iEREE
PRI S N, WA B R EE LR, F RS E 10 min)E,
F4°C. 12000 r/mini 210 min, JE#S ] LRNAGTIEHT
o FE B3, I mL 75% LB R A B WA, T
4°C. 12000 r/minf-0>5 min. & _E3f, FHRINAT5%Z
R, 7£4 °C. 12 000 v/mins& 4~ B5.05 min. F BIF, 7
G TR AR, SRS N 15 pLCHE/K , 53—
PAEEE [l RNAV#. ] Nanodropill & RNAJKE . fif
F Bioanalyzerf il it RNAF) i &, #F RNATEREE R
(RNA integrity number, RIN) K T-8IRNAFEAIE AR
S AT RSN o FE DRI AP ) HemI B 1425 T
BES IR T [PAR N R0 B log2 41«
1.7 HOXBoR ¥ \FERs T 4HREtkBA03E R oL
#HOXB6 shRNAJEH% 5 PLKO-Tet-On /i Fi % 14
b, ¥ PLKO-Tet-On-shRNA G, F-i47 10 - Hff {5
JRRLR R T o K TR T 18 FE L3 S IR A IR
T2, Y24 hG, FNERS 2R (1 pg/mL)HEA T i
i, Bl 51524 hEE s IR I R TG A B R IR
23 pg/mL, FRAIMIANFEAE T IR HT KRG AT 40 %
R, T G852 . HAPshRNARIFF AR TR
HOXBG6i B NG ik 1) o R 2 204k i 2
1.3” Tk, I IIBMP4RI Activin A5 S T IR 201k,
HAE ML FE I 2 ng/mLIK B 1) 2 7535 2 (doxy-
cycline, DOX)%5 S HOXBG6 )5 b -
1.8 pLVX-tight-HOXB6-p2A-GFP-PuroFthI A #3E
MKV AEIR A BR 2 7] 18 453 2| HOXBG-
Teasy ki, Wit 5] #)i@it PCRIG 2| HOXB6 v B, 344
BamH TR Xba 18§ V)7 i 1 PCRIEREAE F BM v

#*1 HOXB6 shRNAF-5]
Table 1 The sequences of HOXB6 shRNAs

fi R IJERNA
shRNA

FPA(5'—3")
Sequences (5'—3")

HOXB6 shRNA-1 F
HOXB6 shRNA-1 R
HOXB6 shRNA-2 F
HOXB6 shRNA-2 R

CCG GCG GAG AGG CAG ATC AAG ATATCT CGA GAT ATC TTG ATC TGC CTC TCC GTTTTT G
AAT TCAAAAACG GAG AGG CAG ATC AAG ATATCT CGA GAT ATC TTG ATC TGC CTC TCC G
CCG GTT TGC CACTTC CTC CTATTA CCT CGA GGT AAT AGG AGG AAG TGG CAAATTTIT G
AAT TCAAAAATT TGC CACTTC CTC CTATTA CCT CGA GGT AAT AGG AGG AAG TGG CAAA
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pLVX-Tight-p2A-GFP-Puro R 45 3K 5 ki FH BamH 1A
Xba TEEY) g [ A (L A BamH TR Xba TBEDIA A4
T pLVX-Tightfl p2 AZ [f]), B> 1 B T4 DNAE#:
B HEAT R 8 pLV X -tight-HOXB6-p2A-GFP-Puro
kL. Al JEHRHCRA BT SO R T I T4 08 , 28
ST B AT DA, SR BRI AT 5 25208
1.9 FSMHOXB6IE F1E A\ RERG T 4HBEtKkAIaE

W K6 8 I 1) pLV X -tight-HOXB6-p2 A-GFP-
PuroJ5i ¥ 55 Tet-on e 2 EE K 132 BRI (sin-EF 1a-
rtTA) 73l HEAT 1205 85 e, FH P oo 2 3 [m] J 4
NIERE T4k HI . 24 hig, PS8 3 (1 pg/mL)
F1G418(300 ng/mL)HATHL[F] ik, B )5 &F 24 h¥E
BRIk BB G N A R B IR 2R 3 pg/mL, G
G418 % £ 400 ng/mL. H4H ARG PR 7
BESEATE TR, B BERK K — 7 AT AL
R, — I RAF RPN TRk 3G, — A2 pg/mL
DOXHHATIAIE, JEHUGR I DOX G FIA LRI 7
BEREAT I 18 DAL 3 A5 A2 5 A bk
1.10 SRIIDOXIFS AR F4mAnid RIAHOXB6

E & @ MHOXB6 G ik NG T
Y RPR R, E4E R 4H M B R T I mTeSRES 77 &
N2 ng/mLIK E DOX LS S HOXB6) it ik .
1.11 SRZEpEAR

H4 U5 BE 41 Mg FH 1 mg/mL Accutaseliff 75 44 5 B>
Y, FHPBSHRE 2 1Ll S S5, H 4 W H R B 4
M B EEPE T, T1 930 r/min 05 min. #_HiF,
FH100 puL 0.2% BSAE 240y ie AR EAL. |
HLHT10 minfE 40 i 2% 4 i ADAPILA bR ic 46 48 i,
B J5 fEFACSCanto™ 113 =X 4 e £ (BD Biosciences)
A SR 2.7 ) 2R 1 (green fluorescent protein, GFP)
MIZRIE . M Flowlo-V 108430479 =B 747 o
1.12 qRT-PCRS'#R

K H PowerUp™ SYBR™ Green Master Mixijf)
Ei(Invitrogen, A25742)i#1T qQRT-PCR R I, [ B A4  4nl
I: 5 pL 2x PowerUp SYBR Green Master Mix. 0.5 pL
IERG)(10 pmol)s 0.5 uL 54 (10 pmol). 1 pg
cDNA. ddH,O%MEZE10 pL. SMNFEFUITR: 50 °CF
UDGHFHEE 2 min; 95 °CHIZEE 2 min; 95 °CAEH: 1 s,
60 °CiE K /AEAH130 s, A PE AR K /AE(H D BRIE IR 401K o
qRT-PCR 5 W 7 QuantStudio™ 652 %% ;5 & PCRAY
AT, VA S-actin y NS HEATEAETHE . qQRT-PCRAT
S B3 51 W3R 2.

1.13 FEORSEE

KRR A BR80T B, 15293 T4 MufE A 5210
em4IfLEE FR LA, F 45 10% 0625 ML7E O DMEME; 77 5
FE 7%, 17293 TAH A A A BT 211 70%~80% N B4 T i 5
%, DL—# 293 T4 A, AE 30 pL fugene HD
F1450 pL Opti-MEM7E & 5 5B S min, BE MA3.75 pg
%G FURIPSPAX2. 125 pgfl2E FURiPMD2G LA K5 g
H B F K5 150 pL Opti-MEMIE &)%) ¥ A. B
BB A1 fa TN B R 70% 11 293 T4,
GBS EE T 37 CCHIEE TR A . 12 hfE S s
FEUON T 30%H5 4 I35 () DMEMES; 77 3 |, 547748 h/,
F-20 000 r/min i 2002 hUSEEES FRIE I, RIS
e

I B B SRAT IR EE I N VR G 40
HR, FEES N polybrene(3 ng/mL) LS LA | By
J& 2124 W Ui 15 7758, T-48 hg AT 250 ik .
1.14 ApaRERNIRE

FH 4%2H 23 41 i [ 5 ¥ 2 3k ] 7€ 48 20 minj=,
FHPBSYEIA 31K, #I10.2% TritonX-100F % I8 iEE4H
M215 min/5 FHPBSHE31K. 2% BSAT = A4
11 his, F0.2% BSALL 1:200 L5 Faf— i k4740
Jbsdi, 724 CCOKF TR E LR . K HHPBSHESL3IX
J&, 2EZHLAL:1 000F4FE L1 FH0.2% BSAR RS J5 it
AT AR BT (RS — LR R R SRS B0 B 12 —
Pr), T =R E 50 minj5 LA1:1 000LL I ADAPI, T
iR 10 min/5 H PBSPEE: 31X R AT H UltraVIEW
Vox i it AT A ARSI B A IS .
115 ZuitEonth

AHEFEHI ] GraphPad Prism S3A/FHEAT B 224
FEAR Gert 220 Mo SIS AR AT 3R B3 IR A |
MATE S, DAME +hRAEZE (ots) B, KA S 50T
ZRE . P<0.0SEREBAGII#ES.

2 &
2.1 HOXBG6TE A\FERsT4HAar=) R iR S itz
RirRELA

ASHIE T LR IR I BMP4 AT Activin AR S | &
O N IEFG T-4i e IR 2 5 5 e ik R (B 1A).
BB, i T 25 W %2 v] WLAE NV G 48 Jfd 1) o iR
JE5 S 2R A M DY A B R sl R . N
TWRICR IR E R AR S, AR AT
Ji6 4 B 1) R IR 2 55 0 A R O R B N R i T 48 il
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%2 qRT-PCR3|#57
Table 2 Primer sequences for qRT-PCR

519 FHI(5'—3"

Primer Sequence (5'—3")

NANOG-F TTT GTG GGC CTG AAG AAAACT
NANOG-R AGG GCT GTC CTG AAT AAG CAG
POUSFI-F CTT GAA TCC CGA ATG GAAAGG G
POUSFI-R GTG TAT ATC CCAGGG TGATCCTC
T gene-F CTG GGT ACT CCC AAT GGG G

T gene-R GGT TGG AGA ATT GTT CCG ATG A
MIXLI-F TTT GGC TAG GCC GGA GAT TAT
MIXLI-R GGG CTT CAGACATTT CGTTTC AG
PAX6-F ATG TGT GAG TAA AAT TCT GGG CA
PAX6-R GCTTACAAC TTC TGG AGT CGC TA
GATA6-F CTC AGT TCC TAC GCT TCG CAT
GATA6-R GTC GAG GTC AGT GAA CAG CA
HOXBG6-F AGC AGC CCC CGTTCC A

HOXB6-R AAA GGA GGAACT GTT GCA CGA AT
HOXB2-F TCC TTG GCC GTC TAC TGG AA
HOXB2-R AGT GGA TTA AAC GCT AAT TCA GTA ATA CC
HOXBY-F AGG CCG TGC TGT CTAATC AAA
HOXBY9-R CGA GCGTGCAGC CAGTT

ACTIN-F CTC TTC CAG CCT TCC TTC CT
ACTIN-R AGC ACT GTG TGT TGG CGT ACA G

ANEB2R 73 A0 2 v IR 2 B B 48 32 AT RN A-seq( &
1A). WEI1CHE 1D, RNA-seqr BT &K I, 54k
SHMEHAREE, 5SS R A0 2 Retibr 6 5
[AINANOG [F]JFHE(nanog homeobox, NANOG)F1IPOU
#5525 [A] Y& HE1(POU class 5 homeobox 1, POUSFI)
AR IA 35 I, T IR 2 AR A PR T-box e 3¢ Bl
T(T-box transcription factor T, 7). MESPI(mesoderm
posterior bHLH transcription factor 1)~ it #' it &5 [
(eomesodermin, EOMES){] &1k W% L, #—
I3 B I, HOXBZ AL R R IE A IR =75 3 704k
e R A BB S((EILE).

B f5 . FATTE I qRT-PCRGF RNA-seq % i i3
7RI IAE, &5 R B TP IRE R Tt
1 2 B It b G R TR 0 TR TR AT o R JE bR 3 R R |
W F). K 1GHs, HOXBS %R HOXBG .
HOXB2. HOXBIWZRIEAE T IRE S el i
B B, o HOXB6RE Ll AR E. N T
I HOXBOAE IR 2 3 AL R RO HT, JRATTA
HI shRNAFE N A 41 Ml H sk HOXB 6 X 1) 4
X5, Y IIBMP4 I Activin A T IR 2 401k, JHH6
M ERHOXBOXS H IR Z 0 AL 20 o Ui B TH R,

AN &6 HOXBG61 shRNA ¥ g5 %40 ) HOXB6
Rk, W 1w, FIRE 5 Day2 HOXB6F#
JH R ERREIER T, MIXLI(Mix paired-like
homeobox). EOMESI)ZRIAAKT X HRZH , i BH i %
HOXBG6RE N ] N FEJG 40 i 17 7 R J2 21k, 42
NEANTHOXBOAE N WG48 f 1) A 2 53 Ak 72
R EREER .
2.2 FEINMEHOXBG6FE 5141 Rk AL T 44
Batk

HI A RN A-seq#k 95 70 AT Fl HOXBG6 R [ 5% 56
SRR, HOXBOAEH N2 KA R R IEHET)
At N T E— SR ITTHOXBORIAE H, AR H Tet-
on DOX%E S ARG M i T HOXB6E S EE FRIEH A
JVR 6 40 PR AR

WE2AFTR, BATE & 7 pLVX-tight-
HOXB6-p2A-GFP-Puroiitfi, 4 I K7 & Tet-on & 30K
T IRl 7- 235 i KE (Psin-EF 1a-rtTA) 70 il #E 471895 2560,
B, K M EE 3L AR e NG T 4H bR H, 20531
o 25 2 A G4 18147 IL R I 1%t 5 HEAT B4 AL AR, ik
BN I DOX Ji5 FRIA G B0 1 B e B AT 4 1 3R 13
FoE Mok . Wk 22BN, ¥ IN DOX AT &3 75 340
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(A) . ©) (E)
Day0 Day2
®e
HOXB
\L Mesoderm SOXx2 OXB6
> ActivinA+BMP4 _
H 4 HOXB2
HOXBY
POUSFI
HOXBS
HOXB5
(B) (D)
(F) _ NANOG POUSFI _
o [3]
5 5 1S ok
v<—:< ok = }rl
z Z 10!
2 :
2 2 05
g ]
= = 0
S 0 0 ]
~ o ™ =3 o = 2 - Q
z z z z e 2 =
a a a a EE oz
® G G
(&) HOXB6 HOXB2 MIXLI EOMES
2 ]
> >
2 ow . oq RREL I (R s — L5q
Z |_| = sk * Hk
=2 2 10 1.0 1.0
E 2 5 &
z ERN 0.5 0.5
= =
2 0 0 2 0 0 0
=S S =S 58 ESSY 2 7 9 £ 3 2 z - o
£
g & g & g & = 2 % EZ 2 E 2
g g
a g g A G G A % E:i

Ar NJEFEFEAIE i IR 2 2o S8 B ARG i IR 2 23 A TE SR C: RNA-seq 73 T VG4 ) v I J2 3 ARt 75 22 RE Itk 1R 7Y
FAAAL; D: RNA-seq AT A T4 ) 7 IR J2 23 A0 i e o U 2 35 IR A B A5 484k E: RNA-seq 3 Bt AR IR 410 ffd 10 o IR J2 434K i F2HOXB
FRHEF AR F: qRT-PCRAG IV 541 M 1) o 92 23 A 72 22 BB ME AR B R R((VANOG . POUSFI). H R 2 bR & RI(T MIXLI
EOMES){14%35; G: qRT-PCRAG I G F-40 i i) v I )2 40 At AR HOXB6 . HOXB2. HOXB9HR:R K61k ; H: qRT-PCRKG It B HOXBG6HI N IR
JIEAHIRAR S o I 4340 J5 HOXBOI A T L, 1. qRT-PCRAG I ik FE HOXBO) N J R4 I Ak 15 5 i IR 243 A S T MIXLIFIEOMES(Y) 31k
Do *P<0.05, **P<0.01, ***P<0.001.

A: schematic diagram of the mesoderm differentiation of hESCs; B: morphology of the mesoderm differentiation of hESCs; C: RNA-seq analysis of
the dynamic changes of pluripotent genes during the mesoderm differentiation of hESCs; D: RNA-seq analysis of the dynamic changes of germ layer
genes during the mesoderm differentiation of hESCs; E: RNA-seq analysis of the dynamic changes of HOXB family genes during the mesoderm dif-
ferentiation of hESCs; F: qRT-PCR was used to detect the expression of pluripotency marker genes (VANOG, POUSF 1) and mesoderm marker genes
(T, MIXL1, EOMES) during the mesoderm differentiation of hESCs; G: qRT-PCR was used to detect the expression of HOXB6, HOXB2 and HOXB9
genes during the mesoderm differentiation of hESCs; H: qRT-PCR was used to detect the expression of HOXB6 during the mesoderm differentiation of
HOXB6 knockdown human embryonic stem cell line; I: qRT-PCR was used to detect the expression of 7, MIXL1 and EOMES during the mesoderm dif-
ferentiation of HOXB6 knockdown human embryonic stem cell line. *P<0.05, **P<0.01, ***P<0.001.

Ell HOXB6ENFERRTHMaEPEES I IRPRIEEE L
Fig.1 HOXBG6 expression is significantly up-regulated during the mesoderm differentiation of hESCs
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A: schematic diagram of the construction of inducible HOXB6-overexpressed hESC lines; B: flow cytometry detection of GFP expression in inducible
HOXB6-overexpressed hESC lines after adding DOX; C: qRT-PCR was used to detect HOXB6 expression in inducible HOXB6-overexpressed hESC
lines after adding DOX; D: immunofluorescence was used to detect the expression of NANOG and OCT4 in inducible HOXB6-overexpressed hESC
lines; E: qRT-PCR was used to detect the expression of mesoderm-specific genes 7, MIXLI and EOMES during the mesoderm differentiation of induc-
ible HOXB6-overexpressed hESC lines; F: qRT-PCR was used to detect the expression of ectoderm-specific genes NEUROD1 and PAX6 during the
ectoderm differentiation of inducible HOXB6-overexpressed hESC lines; G: qRT-PCR was used to detect the expression of endoderm-specific genes
GATA6 and SOX17 during the endoderm differentiation of inducible HOXB6-overexpressed hESC lines. The white bars in Fig.E~Fig.G represent the
gene expression before differentiation, and the black bars represent the gene expression after differentiation. *P<0.05, **P<0.01, ***P<0.001.
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Fig.2 Construction of inducible HOXB6-overexpressed hESC lines
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**P<0.01, ***P<0.001.

A: cell morphology changes of inducible HOXB6-overexpressed hESC lines after adding DOX to induce HOXB6 overexpression; B: qRT-PCR was
used to detect HOXB6 expression in inducible HOXB6-overexpressed hESC lines after adding DOX for 72 h; C: qRT-PCR was used to detect the ex-
pression of pluripotency marker genes in inducible /OXB6-overexpressed hESC lines after adding DOX for 72 h; D: qRT-PCR was used to detect the
expression of mesoderm-specific genes T, MIXL1, EOMES, ectoderm-specific genes NEUORD1, PAX6 and endoderm-specific genes GATA6, SOX17 in
inducible HOXB6-overexpressed hESC lines after adding DOX for 72 h; E: the expression of pluripotency genes NANOG and OCT4 protein decreased
in inducible HOXB6-overexpressed hESC lines after adding DOX to induce /OXB6 overexpression; F: the protein expression of mesoderm-specific
genes T and MIXL1 was up-regulated in inducible HOXB6-overexpressed hESC lines after adding DOX to induce HOXB6 overexpression. **P<0.01,

**%P<0.001.
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Fig.3 HOXB6 overexpression promotes hESCs to withdraw from pluripotency and initiate mesoderm differentiation
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