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HIpHEZwie . BT KOD Hot Start DNA Polymerase
PCR X7 £ | EMD Millipore A%]; BglIl « Xho |
I T4 BB H TAKARA 2 A 358 I U6 i
DNA [BIWiR7 & Bkl 7 &% H TIANGEN
vdls LTX B4k . Puromycin 4 H Invitrogen 23
m s kR A R & W A Sigma 2 F
a-tubulin, Oct4. Nanog. STAT3 BRI A Flag %5
PURIGH Santa Cruz. Sigma F1 CST %54 ]
1.2 mESCs HitEF5%K

mESCs I 15 7=k & 5: DMEM(Hyclone).
10% fifi 4+ Il ¥& (Hyclone); 1 xMEM (Invitrogen)-
0.1 mmol/L B- #i2& £ % (Sigma) LA & 1 000 U/ml LIF
(Millipore). 7E 4% Fh 40 B 17, #5FF MLA 0.1% 1
Gelatin (Sigma) #f 17 6 #% . 24 40 fg 4 K % & &
60%~70%It}, IR i (Invitrogen) 74 14 B 24 41 g
BEAT AR IR
1.3 1d BEEAHRKMEE. FRFTHIE

SRE 1d2 F 1d3 R 9 il X T =5 21 51 41
NJ: Id2-Forward, aagatctatgaaagccttcagtceggtg; [d2-
Reverse, cctcgagttagccacagagtactttgctatcaaa; /d3-Forward,
atctaacatgaaggcgctgageeceg; Id3-Reverse, cectegag -
tcagtggcaaaagctectettgtec.  1E b N UiF 51 40 N Uit 43 )
7N Bl T AN Xho T AUBRSIE A VIBEAL i3, FFEN
#547 Flag #r 2% 25 [ 1 PiggyBac(PB) & 4t. Fl A
LTX JE AR Je it mESCs, 2 RJGMANZIKE N

2 mg/L [1J Puromycin #4754 ik .
14 BREHNERSRE

P its 89 H OB KL 5 R B BURL VSVG BL K&
PSPAX2 V& 4 J& I H] Lipfectamin2000 ¥ L #% 4 5|
293FT AiMur, 2 KW It i 2y 0 25 i)
12 m . KRR BN R S B R A 2
mESCs H1. 2 KJa 73 5 &K E N 2 mgL )
Puromycin 8¢ 8 mg/L ] Blasticidin S HCI 4T 254
i,

1.5 EARENEEN

WetR & A, RS I T B e A A 7 E
RIPA %R AA M, BCA ¥R & &8 A Bk
J¥. H1 10%[) SDS-PAGE i /r &5 % B A4 5. F
IR R0 | A #%#% 2 PVDF JE b, Zad i,
—HiiEE . TBST Pl . HRP ARid i) —HiiF & .
TBST Byt 5P B)s, M BCL (L3Rt & X
TR, REANERALIE, RISIEM %K.
1.6 KHIXKAZEE PCR (qQRT-PCR)

H Trizol £ #2412 RNA, S TransScript
All-in-One First-Strand cDNA Synthesis SuperMix for
qPCR (TransGen) 275 &5 1 B 5 1447 56 — BF cDNA
K14 R, Z & TransStart Tip Green qPCR SuperMix
(TransGen) 2 71 & i B 3 47 2% 6 SE IS %€ & PCR.
B-actin R RIBIKTAERANZ. 5IFFIIE 1.

Table 1 Primers for qRT-PCR

Genes Forward(5'—3") Reverse(5'—3")
B-actin TGTTACCAACTGGGACGACA GGGGTGTTGAAGGTCTCAAA

c-Myc ATGCCCCTCAACGTGAACTTC CGCAACATAGGATGGAGAGCA
n-Myc ACCATGCCGGGGATGATCT ATCTCCGTAGCCCAATTCGAG

1d2 GACCACCCTGAACACGGAC TGCTATCATTCGACATAAGCTCAGA
Socs3 ATTCACCCAGGTGGCTACAG GCCAATGTCTTCCCAGTGTT
Axin2 GGGGGAAAACACAGCTTACA TTGACTGGGTCGCTTCTCTT

Egrl CCACAACAACAGGGAGACCT ACTGAGTGGCGAAGGCTTTA

1.7 WMEHEEEsLE

Fr A f & B 70% 45 A7 I, F7 4w 06t I8 41 RS2 56
HAMEW, TN 4% 2 R F =R E 2 min.
i R e Tl 2 g e ) 6 v 0 50 P g P P e VR
IR 24 01 ELBR A, RIGFHEZ R, N
NIRE YW, =I5 30 min 5 ] PBS {3k IE1E
A LS.

1.8 RIFEWRA

Fra A B 70% A A B3R5, NN 4% 2 K
FH % 25 35 [ 52 20 min. PBS ¥ ¥k 5 0N B W (&
5% BSA, 0.2% Triton X-100 [ PBS), 37°C i f8 %
B LhEMAEE — MR, 4Cdi. kH
F PBS 8t 3 XIFIIN A 7GR B = Hi b &
Hoechst (1 : 5 000, Invitrogen) 4%k} (1) 5 B WK ,
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37°CHEEIFE 1 h J5, F PBS Bk )5 75 2% it
NS,
1.9 %3R4HNF (RNA-sequencing)

7 X I ZH (PB) i R Ik 142 FE DR 1) 5 56 240
(PB-flag-1d2) ] 46C mESCs F] Trizol Wi 4 4 /iR J 1%
Z B ShReAEY A, FIH Tllumina HiSeq4000 -
BT RS AN T, T 45RO L% NCBI 1)
GEO ##5%E, %i'5N: GSE98759.

1.10 FitFEabE

S 86 B PE Pl mean + SD Ro~, A SPSS 15.0
Gt M A AT G R S, A LR 56
P<0.05 Y RAMEAREZER, P<0.01 KA
NHMAEFIEFREER, GRAAIHEE L.
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Fig. 1 Overexpression of 1d2 or 1d3 is able to promote mESC self-renewal

(a) Western blotting analysis of Flag tagged Id2 and Id3 in 46C mESCs cultured in LIF/serum media. a-Tubulin is a loading control. (b, ¢) Morphology
and alkaline phosphatase (AP) staining of PB, PB-Flag-Id2 and PB-Flag-Id3 mESCs cultured in serum medium in absence of LIF for 8 days. (d)

Quantification of AP positive colonies. Data represent mean + SD from triplicate experiments. (¢) Immunostaining for Nanog and Oct4 expression.

Nuclear were stained by Hoechst. (f) gRT-PCR analysis of the expression levels of Oct4, Id2 and Id3 in mESCs. Data represent mean + SD of three

biological replicates. **P <0.01 vs Oct4.
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Fig. 2 Knockdown of 1d2 induces mESC differentiation
(a) QRT-PCR analysis of /d2 expression in sh Control and Id2 knockdown mESCs cultured in LIF/serum condition. Data represent mean + SD of three
biological replicates. **P < 0.01 vs sh Control. (b) Morphology and AP staining of sh Control and Id2 knockdown mESCs.

23 12X EREHIES BRI #, qRT-PCR Al 7R : 142 I K 503 LIF/
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Fig. 3 Effects of 1d2 on the mESCs self-renewal pathways
(a) Western blotting analysis of the indicated genes in the PB and PB-flag-Id2 mESCs cultured in LIF/serum media. (b) qRT-PCR analysis of the
expression levels of Axin2, Socs3 and Egrl in PB and PB-Flag-1d2 transfectants. Data represent mean + SD of three biological replicates.
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2.4 FEFREANFFE 12IBEBER GRGEFHNTE R —B(HE 40). FFE,

AT E 1d2 (3 mESCs B 5 H i) R i Western blotting % ilF 45 R th 2 /x it K 15 142 1
FIN, FATF A illumina HiSeq 4000 “*F-&%f PB & mESCs H1, C-MYC HIZEHA/KFAEHE, N-MYC
PB-Flag-Id2 mESCs # 17 ¥ 5 A /7 (GEO number: & AR A K553 & (K 4d). R 7E mESCs
GSE98759), 4 i/~ PB Fl PB-Flag-Id2 mESCs ™', c-Myc Fl n-Myc ZER /& 142 ) RUf2E A . {H2
1R 2 22 etk B R IA (] 4a). FIH GO 4381, c-Myc Rl n-Myc B35 A1E 1d2 shRNA 1 JE 354 H
RIAE Iy Hds B 5 22 ge e 2R A OC B B DY e-Miye IR (B 4e), VLB c-Mye A1 n-Myc FJHEAS
H n-Myc HIFRIEKF L (B 4b), qRT-PCR BiE 2% 142 EHRE.
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Fig. 4 Identification of downstream targets of 1d2 associated with pluripotency
(a, b) The heat map shows the expression levels of total gene expression differences, c-Myc and n-Myc levels in PB and PB-flag-Id2 mESCs cultured in
LIF/serum media. (c) qRT-PCR was used to confirm the expression of c-Myc and n-Myc in PB and PB-flag-Id2 mESCs. (d) Western blotting analysis of
the indicated genes in the PB and PB-flag-Id2. Data represent mean + SD of three biological replicates. *P < 0.05, **P < 0.01 »s PB. (e) qRT-PCR

analysis of the expression levels of c-Myc and n-Myc in Id2 shRNA cells. Data represent mean + SD of three biological replicates.

2.5 c¢-Myc 1 n-Myc 7% 1d2 {€i# mESCs B ¥E c-Myc 1 n-Myc HZRIEKKZIED e, FATEL Fik
FrEYThRE 1d2 1) mESCs 15305l T c-Myc (sh c#1, sh c#2)H
T BAE 1d2 /£ mESCs 2 BB Fl n-Myc (sh n#l, sh n#2)ZER A, KIL mESCs



2017; 44 (11) MR, F: 102 55 My RiZ RN R THREBHRERN ©995.
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Fig. 5 1d2 depends on c-Myc and n-Myc to promote mESCs self-renewal

(a) gRT-PCR analysis of the expression levels of c-Myc and n-Myc in c-Myc (sh c#1, sh c#2) and n-Myc (sh n#l, sh n#2) shRNA cells overexpressed
PB-flag-1d2 cultured in LIF/serum condition. Data represent mean+SD of three biological replicates. **P < 0.01 »s Control. (b) AP staining of c-Myc or
n-Myc knockdown mESCs overexpressed PB-flag-Id2 cultured in serum medium without LIF for 3 passages. (c) Quantification of AP positive colonies
in Figure 5b. (d) qRT-PCR analysis of the expression levels of ¢c-Myc and n-Myc in ¢-Myc and n-Myc double knockdown mESCs overexpressed
PB-flag-1d2. Data represent mean+SD of three biological replicates. **P < 0.01 ps Control. (¢) AP staining of ¢-Myc and n-Myc double knockdown
mESCs overexpressed PB-flag-Id2 cultured in serum medium without LIF for 2 passages. (f) Quantification of AP-positive colonies in Figure Se.
(g) Western blotting analysis of HA tagged ¢-Myc or n-Myc in Id2 shRNA mESCs cultured in LIF/serum media o-Tubulin is a loading control. (h) AP
staining of empty vector, c-Myc or n-Myc transgenes mESCs infected with /d2 shRNA lentivirus cultured in LIF/serum for 2 passages.
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1d2 13K mESCs H L T 040 (B Se, ). #F
Ko N TR e-Mye 1 n-Myc 72 15 7] LLBH 1k 1d2
shRNA 7 B4 734k, FATLE 1d2 shRNA 4il
H o i RIS e-Mye T n-Myc (B 5g), 45 R KW
c-Mye 1 n-Myc 3501 LAFB 43 #0142 FE PR 8 51
HI20 434 (B shy. DA g5 Sk B c-Mye 1 n-Myc
FEYERF mESCs TVE 5 1 B HAME, A 3R W]
1d2 PB4 5 R EEHUA c-Myc 1 n-Myc.

3 #

AR R T 1d2 {23 mESCs H 3 5B
THUR. 142 FEMIE G TR 6T, T RAB A B AR
LIF [{ 3R 4EFF mESCs MR IR ES s 142 FF3%

WM LIF/STAT3. WNT/B-catenin F1 FGF/MEK/
ERK 15 5@ M PE: R HEFHANFHEA, 7F
T 1d2 2215 % Mye KRR D e-Mye F1 n-Mye
MIZRIE; e DR tESEEE ] 1 c-Mye M1 n-Myc 1
YERFT- 47 R AT BAME, B2 142 RIETERI
MU CHEEER . AT R K T AT ESCs H
P 2 A

JR G40 M SR A B BE R N Al A, A
HMEE R IR R R e KPR KR T 1A 2 e
P, BRG0P E4ERR 0 o AL 2 Fe 2 4
L AT SEAEERRY. HAT BAR D et 7 24
DA i mESCs H & 5 115 5 18 B8 A 3% s 5 1
Ul LIF/STAT3. WNT/B-catenin. FGF/MEK/ERK
H1 BMP/SMAD 4645 ‘5 id#%, LAKX Tfep2ll< Esrrb
Nanog 1 Gbx2 5555 5 R 1051 {H 2 X} 1% 26 3 2 1
FERE I 2 T AL Sz B b . 1d B R KR R
4 helix-loop-helix (HLH)45 #45, g % 3 A
) Al 2R AT AR AH (1 2 Ak SESRANARAET . ek 4n i
JEMHAIERE S5, DR G TE T 40 M 2 4 R i 8 A= i 5 1
Fe b B EE R A, 57 28 R 7E L g
N2B27 M B: 32 %0, Idl 1d2 I 1d3 2
BMP4/SMAD {5 S IB % (1) F L IE R, i Rk —
ANERH] E AR BMP4 4k £ mESCs & 20 bR &0,
1d1 £ mESCs 1AM A LA F i Nanog HI3RIE, &
S R IR ZE bR E LR T B mRNA KF BLK A
JIR J2 AH 5 3 DR ) 3Rk 023, (H & 1d2 A 1d3 A )
T FHLEE AR IE. S RIEK TS
mESCs 7ML BEAT, SEPEI0EIBW RS, £WE
ATRT REAECEAM I AL I D BRI, FRATAHIE Fe 45 %
W, A MG FRAAE T, Bl 1d2 rRE S
A DAZERF mESCs It . HedE @ id 3% s 4L 7 1

AR, GEFERKEREMFIEAR, FATRKI Myc
B K F IR B e-Myc F1 n-Mye 7] LA 5 1d2 {2 3
mESCs [ 3 5 %7 89 2 BE . Myc K A c-Mye-
n-Mye F I-Myc =A%, {HAEAHT 70 b R M 5 3
I-Mye 7KV EFU9. e-Mye, {EJ4 LIF/STAT3 (42
B, KRB BE% mESCs #7061 5 4
Ja Tt ERRIEI AR AR & LIS B 3 7R 2 A h
A LIF SR 4E+5 mESCs () H JHH ", BKE Ocid-
Sox2 FV KIf4 30 v] LA f 21 4 240 o 76 2 A2 (2] 21 18 i
TR, n-Mye FIFEH AT LA #E mESCs +
PR GERFUS 1700 AR AR B o-Mye 1 n-Mye 1E
mESCs W EH BA BAME, BB c-Mye
B n-Myc JEA 2254 mESCs MR IRSE, RA
R FICEARRIE A & S BT AR, 45
RERPTE—2. LBr b, c-Myc Fl n-Myc fEEH
JREEH P AN AN BTy T AR H AR, A2/ B R
RS RES, n-Mye ALBERE TE K A B AQ
c-Myc FIVERRY, FEARANE W] LAEAR c-Mye 25 B 4
PR R = AR 5 M 2 Re P T4l . R c-Myc
M n-Myc "I REFFANRZ 142 W EH LR (1 4e), N
Z 12 3 BAT HAR A R I RE, BT ERE
1d2 TR AR Myc BEAT A0 i i) HE g 2.

Zr ERTIR, ASHEFCE KR T 142 /£ mESCs
AR K B, T IR AN 2T
ESCs B A2 M 2% BoA HE . {H [d2 KR
B AT A% 2 A 2 BN o A R R ik 7
SRS c-Mye F1 n-Myc WIZRIE? th— FR 51 ]
AR DR 2 IR AATTOx T 4 1 42 190 2% E AR
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1d2 Promotes Mouse Embryonic Stem Cell Self-renewal Through Induction
of The Expression Levels of Myc Family Members"

GUO Meng-Meng", YING Qi-Long?, YE Shou-Dong"™”
(" Center for Stem Cell and Translational Medicine, Anhui University, Hefei 230601, China;
? Department of Stem Cell Biology and Regenerative Medicine, Keck School of Medicine,
University of Southern California, Los Angeles, CA 90033, USA)

Abstract Mouse embryonic stem cells (mESCs) are isolated from the inner cell mass (ICM) of the
pre-implantation embryos. They can be maintained indefinitely as self-renewing populations while retaining the
pluripotency to differentiate into the cells of all three primary germ layers when cultured under appropriate
conditions in vitro. The transcriptional factor inhibitor of DNA binding 1 (I/d/) can promote mESC self-renewal in
serum condition without LIF. However, whether the other Id family members, such as /d2 and /d3, have similar
function in mESCs is still unclear. In this study, we overexpressed /d2 and Id3 in 46C mESCs respectively, and
found that both factors are able to support mESC self-renewal in the absence of LIF, while the
self-renewal-promoting effect of /d2 is stronger than /d3. RNA-sequence approach revealed that /d2 is capable of
upregulating ¢-Myc and n-Myc expression levels. Functional studies demonstrated that knockdown of ¢-Myc and
n-Myc together could greatly reduce the function of /d2 in sustaining the undifferentiated state of mESCs,
indicating that Myc family members have functional redundancy and can mediate the self-renewal-promoting
effect of Id2 in mESCs. Our results will expand the current understanding of the pluripotency regulation network of

embryonic stem cells.
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