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Wdr82 Regulates the Proliferation and Differentiation of mESCs
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(‘School of Life Sciences, Shanghai University, Shanghai 200444, China;
*Institut Pasteur of Shanghai, Chinese Academy of Sciences, Shanghai 200031, China)

Abstract Setdla complex and Setd1b complex (Setdla/b) are evolutionarily conserved histone-modifying

enzymes that play critical roles in transcriptional activation by promoting methylation of histone H3 on Lysine
4 (H3K4). Setdla/b complex includes Setdla/b, Wdr82, Wdr5, Rbbp5, Ash2L, Dpy-30, Hcf-1. Wdr82 is a

conserved non-catalytic subunit of Setdla/b complex, however, the role of the Wdr82 during embryonic stem cells

differentiation remains poorly understood. In this study, by moue embryonic stem cells (mESCs) cell culture and

differentiation in vitro system, we found that Wdr§2 mRNA level was decreased during mESCs differentiation.

Wdr82 knockdown inhibited proliferation but not pluripotency of mESCs. Wdr82 knockdown slowed down

embryoid body formation rate and contractile activity. Therefore, our results uncovered a vital role of Wdr82 in

mESCs proliferation and differentiation.
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T, i EEEEORSE, H i3 & —NSET
SERISE, M ALHIKAM H AL, X 32 (R % SR S s 1
H o Trithorax X & A 75 AN 51: ML, MI12. MII3,
MIl4. SetdlaFlSetd1b®, ‘&A1 75 2 F & 1 BK
LAY, 250 E AHIKAM P AL AR
M, Setd1a/bE GV HIKAT AL, f2mmIkfG
R BC. Wdrs2 & Setdla/bE &) 45 A 1 E
AL 3, ZE b FE P BB AR S, ST EER
WD40ZE 16 3k . WDA40ZE 14 35k FH 404> e A 1) 2 224 1
BRIEH A, A IR R R AR IR = R
MR 5, Wdr82il it 5RNA K A BEIR # K
Uity £5 A S B AL ) SerS 45 4, K Setd1a/b B AW 55
Z BLDR e Sk an A A, AR AR AZ /MR A B (T H3K 4
1) = FRE A, 3E— D B0E A B (R ) SR, 7R AR T
T T, FRATTRIFH /N BROVE G 41 B 1 1k 40 15 77 R0 4y
RGN, Wdr82Z: 5 i#EmESCsR4M i, A2
SR RG T4 H 2 RE PR 4E KR, R SO A4 2 Ak R
PATVR I, Wdr2 £ 2 2 5 i 4% v Ik 2 48 i 1) 7 4k
R Bz, ARTUHEFL R I T Wdr827E IR I 41 il
PRAMAIG I S o A R E AR, Rt — IR
TR T4 M 14 58 734 1) 28 L ast A% T a3 AL 1R

1 MRI5E%
L1 #H

/N BV 41 (mESCs)E 1440 Ml £R 5256 % {7
. BB : GMEM(GIBCOA ] ). FITC-
BrdU Flow Kit(BDA 7] ). Alkaline Phosphatase
Detection Kit(Millipore/A ®] ). Anti-H3K4me3
antibody(ab8580, Abcam/~ F] ). Anti-B-Actin
antibody(A5316, Sigma/A 7))+ Anti-Oct4 antibody(2840,
Cell Signaling’A 7] ). Anti-Nanog antibody(ab80892,
Abcam/A F] ). Anti-H3 antibody(ab1791, Abcam
F] ). Anti-p53 antibody(ab26, Abcam’/A 7] ). Anti-
p21 antibody(ab109199, Abcam/A &) ). Anti-Wdr82
antibody(A 1212, Santa Cruz Biotechnology A 7).
1.2 /NRAERR TR E1448M RAIEEF DL

PR /N FH0.1% W Jie 0, 48 15 77 1L, E1448 Jif2
K95 T GMEME £ 5577 5£(20% FBS- 1% NEAA. 1%
X Pis 1% Glutamine. 74% GMEM. 0.02% -3 &
L. 10 ng/mL LIF)H . ML LIFHMA2 pmol/L
RAIERR, E1443 € MAEME k. a8l

DLW T 41 i 58 58 i AU IR (embryoid body, EB), fif H:
HH 1k, BRI NE6RITLR, Mkl ne Mg
FIEBII#H B

1.3 ShRNARJHIE RN

FATAEExon2 L 3" UTR L # it 7 2%fshRNA
FE3, 43514 sh-Wdr82-Exon2-s: CCG GTG CAG
CCA ACA CAG TCG TTT AGG ATC CTA AAC GAC
TGT GTT GGC TGC ATT TTT G, sh-Wdr82-Exon2-
as: AAT TCA AAA ATG CAG CCA ACA CAG TCG
TTT AGG ATC CTA AAC GAC TGT GTT GGC TGC
A; sh-Wdr82-3' UTR-s: CCG GCT GAT GCT GCT
GGG CTA TTT AGG ATC CTA AAT AGC CCA GCA
GCA TCA GTT TTT G, sh-Wdr82-3' UTR-as: AAT
TCA AAA ACT GAT GCT GCT GGG CTA TTT AGG
ATC CTA AAT AGC CCA GCA GCA TCA G. #|
EcoR T#lAge 1§ 1)pLKO.1-purofii ki, % 2shRNAFF
HIl, W P45 58 I, B Z R 5 pMD2.G FlpSPAX 2 Jii ki
L4 THEK293T, 48 h/5 AR 4R i 7% 1iE, 0.45 um
JENET S, WA, B 1440 M. 2 pg/mLF M
WO B R IEAT A0, BELLARS RS, A T 5 82k
i
1.4 B ERER L B UG

44 0001~E 1420 35 )6 T F10.1% BH IR A 43 11
6FLAR H, i 8 A IR R, B FRAR, FEs
TR, IxPBSYE IR, Bl f5 {0 FH B 14 ol 18 1 k71 A
i
1.5 ‘AAIEE SRR

FERBE3x 10740 Ha 32 21 8l T B R Ak (1 6 FL AR,
2R SIS T hEE 48 6 (E1458 A B IR Ak, Bl S
IIABrdU, #7520 min/5 1k, &0 WEHME. H
FITC-BrdU Flow Kit(559619, BD Pharmingen ] )iz
) 3RS 00 24 e 1 4 5
1.6 RNARHIR, REFRNIMNKXEE
PCR(qRT-PCR)

FH Trizol(15596026, Invitrogen2y &])$¢ HL 41 Ji
MRNA, B2 pg RNAJMN Noligo dT, 70 °CiE ‘K, I
M-MLV Jx # 5 ##(2641Q, TaKaRa /A &) ) HIdNTPs mix
SR AT B IcDNA, JRBZ5AHH: 42 °C 1 h, 70 °C
15 min, qRT-PCR f}iTaq™ Universal SYBR" Green
supermix(1725121, Bio-Rad A A )& R 1t ABI
7900HT(Applied Biosystems2 #)){ &% 47, #4
ZAFH: 95 °CHAEYES min; 95 °CAE 110 s, 60 °CiE
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KIEA# T min, FL40MEER
1.7 Western blot

FH2XER (5 AR A4, 95 “CEAES min,
13 000 r/min%; /0»5 min. J10% SDS-PAGEJ 73 &
B, MR 2 S TR AT 4 F M, 5% i R Wk = 5 5 17
1 h, —$i4 °CiF B L7, IIAHRPERIC I —HU= iR 0¥
A1 h, ECL{L RO R sz kil .
1.8 HERA

s AETE Fr b, i B 9% 5, PBSPE2E, 4%
)% 5% S [ %€ 15 min, 0.1% Triton X-100f% %, 1%
BSAH A, —$i. ZHiiEE, DAPIE 5 A BLE
KFFH e, R .
1.9 ZiFE9HH

€ B s H F Y {EE )7 % (meantS.D.)EK IR, T
ZH [R] ) 55 25 1 4 BT 8 i Student’s f-test5E i . P<0.05
NERE G

2 H#HR
2.1 Wdr823RiIAKFEEMESCs 3 L1t #2 B ZEPE(R
41 g #1] [A] 7 (leukemia inhibitory factor, LIF)
X T 4E FFESCs I £ e 1t ko = Z I /E H, LIFAE
P I BORE G T 4 A 0 xR B 7R FE ORI
LIF, E14 %8 4. thah, ilid By sy ik,
ESCsHUA AT LA 2 AR 2 H B0 . FoAT 1R FH X
F oAb 7 A I W dr82 3 ik /K - AR AL K I, Wdrs2
mRNA /K /EmESCs 7 fh i F2 7 55 3 T F (& 1AFI

(A)

1.0

0.5

Relative mRNA level

0=
Q Vv b‘ © )
& & P P

Differentiation through EB formation

K| 1B), #&/xWdr82 7] § 2 5 RIEESCs I /b 74
2.2 WdrS2BI5K S B mESCsE7E IR & 7 18

S HE— 2 WF 7T WdrS2AE mESCs¥ 5 i F2 v 1)
YEH, BATAEWrS2 I Exon2 A &3" UTRZ3 kit T
ShRNA1. SshRNA2XS Wdr82{(JmRNAHE 4T i fik. ™
2k shRNAH AT LA 2RI mESCs HH Wdr82 1 3Rk (K
2AFIE2E), BT Y0 B S T AR A TR I, WdrS2
i I I mESCs 3 5 38 5 0 35 i 12 (12B) . FRAl 1tk —
2 3 1 BrdU45 A 72 %F Wdr82 i A% J5 10 400 it J&) 34 32
ATRE I R B, WdrS2mi ik ImESCs G 3 (1) bb 7] &2t 3%
T, SHR LL 2 T PR (B12C) . FRATTIE T Al 2
55 41 B JE J R 45 00 3 I WiRbI2 Lats2. Cdknlalt)
FIE R, EAEWArS2@UK 5 B & i (E2D).
(A IS FRATT A, FEWdr82 1K Iy 40 Al v, 240 e s A A4
S PR A o) R p2 L FH 41 ik R B 1 pS3 R IA BH B
U, TR AR H3K 4me3 H AR AL 7K I8 2 BEAR (BI2E)
DA &5 SR8, Wdr82mi K5, 18 mESCsiii ¥ 7EG,
WS SN R A R AR . Ik Ak, Wdr82riAK S, 41
Jif S AR H3K 4me3 F 40 K1 B BRI, 2R 7 Wdr82
X Setl A/BE G R i (L H3K 4 FH BL A0 211 D) R
KEIEL,
2.3 Wdr82XImESCs% 8 4 FI 4 2 IE LT/

5% K -FNanog. Oct4fEESCsH K H. £ it
PER YR R R 2O E B MEH, ZESCsZ fe
PRI EZARER, FAFH Western blot S 5% %
SEU R I, TEWdAr82i Ik JmESCsH, Oct4. Nanog

/\
™
~

1.5 =

1.0 -

0.5

Relative mRNA level

0 -

Q Vv ™ © &)
& & & & P

Differentiation through LIF withdrawal

A: SN 5E EPCRAGI Wdrs 2{E BB i 12 HmRNAR I AEAL, B: S %€ EPCRAG I Wdr824E AIILIF 2 A T E1441 L 73 AL 1L 5 - mRNAZRIA AL

., Gapdh NN %, iR E L AES EM..

A: gqRT-PCR analysis of Wdr82 mRNA level in mESCs during the EBs formation; B: qRT-PCR analysis of Wdr82 mRNA level in mESCs wihout LIF,

results normalized to Gapdh, data A, B are means+S.E.M..

E1 Wdr82H3RiEKFEEMESCsH) 73 L i3 12 h BEFE(T
Fig.1 Decreased Wdr82 mRNA level during mESCs differentiation
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1.5+ 200 8n
E -® Sh-scramble 5 = S;ramble
> £ O Sh-RNAI 5 | HH Sh-RNAI
< = 1507 A sh-rNA2 < Sh-RNA2
=4 et z
§ 2 1004 £ 4-
3 . 2o
qu) 8 504 &
0- 0-
S > \ & e > 0 o Vv S
5 2 5 S 5 ™ N N 3 N
P F I TS T &
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© (E) & o
ol QSX ‘1§
Sh-scramble Sh-RNA1 Sh-RNA2 N SN S\
Wdr82
pS3
p21
6.25
5(;1( l(JIOK 15:)1( 20;)[( 25[;K (; 5(;1( 10:)1( lS(I)K ZO(I)K 25()'1( = | — — H3K4me3
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H3
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A: qQRT-PCRAT I Wdr82 shRNAR A& 3% %5 B: Wdr82 K J, 40 i 1 15 5 ith 2&; C: Brd Ut =X 23 20 B 390; D: 40 B FA 399 AH O 266 BRI A ; B

Western blotfillp53. p21. H3K4me3f)3KiA, H3. Actin NN S,

A: qRT-PCR analysis of Wdr82 mRNA level after shRNA mediated knockdown in E14 cell line; B: proliferation curves of control and Wdr82-
knockdown mESCs; C: flow cytometry analysis of BrdU incorporation in Wdr82-knockdown cells; D: qRT-PCR analysis of genes related to cell cycle; E:
Western blot analysis of p53, p21, H3K4me3 in Wdr82-knockdown mESCs. H3 and Actin were used as loading control.
E2 WdrS2HIRR S EmESCsIE7E IR E R 18
Fig.2 Wdr82 knockdown leads to proliferation deficiency of mESCs

18 A K RH 3 AR (BIBARNE3B), Bl T
Wdr82 Xt mESCs % R I 4EFF /2 FE A T 1. B
P g 75 A 73 A TS Cs 4t i Hh =i 3R 0K, Bl A 73 1k,
FIEK T B AR, R, 2K MESCs 2 4k f) 8 2
FaART BT B 1 R g 4 € S B R, R
Wdr82 & K ImESCs b [ £ 4% /D> H v B 5/, {H B
P Tl IR g % €2 B B0 IR, 1T HmESCs o FE A H'&E A
SEARER, Tt I WdrS2 i A% AN 52 1 [RImESCs (1) 2 B 14
Y FF(EI3C). Y85 77k A fUSLIF, IE % mESCsHT
46734k, WdrS2F % FImES Cs 7344, 13 15 B S5 ik 18 (&
3D). DL 45 REN, W24 5 54 FrmESCsHI £
BedE, (H AT AEEMESCs /b FE e ] .
2.4 Wdr82BIRKPERE T mESCsHI 531t
ESCstR#MEFR M T, Reifs FINAK (embryoid
body, EB)ITEK, B sMNRE. FIRE. WIRES
1, IXFE— MR RBLAL TR N G R E AR

FATF) FH AR 51k R GE, B 5T Wdr827EmESCs 4y
A B ep AR R B, WdrS2R ik I mESCs T i EB
(A4 AR B L A5 /N (B14A) . EBIW R & (A B Sl s 22,
H R #sh M 2 I 5 (E4B). FATIWIEEOR . 28
2R B4R, FeR. H8K. 10K MEBFE i,
RS = R J2 119 43 A0 155 150 R IR, WdrS2 R I AN 52 i A
IR 2 5 i FE (U0 Gata4 . Foxal)F1 4 IE |2 Fr i F&
Rl (WFgf5) ik, SR, o E bR id 5 a0
Brachyury(T) MixII|WFRIEAEFAREE BT, M
IR 2 W5 ST FR A0 JE R (AN SMA) ) 22 TK A 6~10 K K 3 3%
FEAR(EI4C) . iR SE TR B, Wdr27EH ik JZ 704k it
A HERIREER

3 1Wig
3K P A0 (2 390 355 R 110 6 S 0, 7 R S T
L 889 52 3L R VR i 2 e R 7 3o R b B R
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(A)

(B) Sh-scramble Sh-RNA1 Sh-RNA2

Oct4

DAPI

Nanog

DAPI

Sh-scramble Sh-RNA1 Sh-RNA2

Sh-RNA2

Sh-scramble

Sh-RNA1

LIF

A. B: Western blot(A)F1 454 9 Y (B)K M Oct4 MM Nanog 2 75484k, C: mESCs 7 [ Bl 1 i % g 7% 12k % £1,(40%); D: MILIFELE A MILIFE; 774645 T,

mESCs 5 [ 07 P 5 R i 7% 14 U4 £4.(40%)

A, B: Western blot (A) and immunofluorescence (B) analysis of Oct4 and Nanog expression in control and Wdr82-knockdown mESCs; C:

representative images of alkaline phosphatase (AP) staining of control and Wdr82-knockdown mESCs; D: representative morphologies of control and

Wdr82-knockdown mESCs colonies with or without LIF.

E3 Wdr823ImESCs% RE M U4 FF BIELTHHY
Fig.3 Wdr82 is dispensable for maintenance of pluripotency in mESCs

IR o TR LS04 HHH3K 4 B 3 3 RS A0 35 ML
MII2. MII3. Mll4. SetdlafliSetd1b!" ¥ & 114K &
LR AR R EIER . Setdla/b i FL 8 4+
i EERTH3KAH R B, Setd1aBi# Setd1b5E
2 4 DR e B 1 /N BRI B8, 15 W Setdla. Setd1b
TEMR G & B T AR bk 45 A B E /R Y. Wdrs2
seSetdlabE AV HRA K e E 5L | HAEH3K4
Ak i 45 I IR iR R & I 72 R AR 2w R LA
WE9T. AR FE B, WdrS2mi ik imESCs H3K4me3
KPR 2N B, 1 B Wdr825Y MTH3K4me3 ) F %
K, BEAb, 3 B Wdr82 %) Setd 1a/b 5 & 4 F ik
RS W D) RE M 15 2 0 75 1. H3K4me3 T B& /2 i
T-Setd1aif & Setd1bi I it 7 1 5| A2, 75 2 3RATH
— DI UE . Wdr82m {k FImESCs /3 44 nI LA A Wl
FIH3K4me3, AJ g s HAth B 2L 5 5% iEMILL. M2,
MII3. MI4EE AR EEAE F, U BAMILL &5 H D 3% 75
AR HAETUR

Wdr82 ¢ Ik FImESCs K & 15 i /£ G} T 2 4
VL RS, RIS FRATT A B, 2 ] A4 g I T
) PR p2 VAN e 25k R 2 pS3 3k B 2 B, it
W dr82 i IS Jim #10 fill 248 e Jil 1 & 38 it p53-p2 138 %
SEHLAT . SR, W82 R £ p21. pS3adk iy i %
mESCs 1) 41 i J& #1475 58 75 23k — 2P i 8. Wdr5
JESetdla/b = &9 (1) 53 4 — FhAEfE 4L 7 2, Wdr5
EWdr82 45 #2ALL, #l /2 FHWD404E M3k 4 il ity . 2
I A4 R I, WdrStRR S5, ESCsH H 8 5 3 fE
Az ggliel, A, Wdr825WdrS#E i #5ESCs ) 1 5,
TR T Setdla/bE G0N I mESCs ¥ 4 HE BT 4 75 -

A SCHRIRIE, Setdla/b® &4 5 #h— A~ T3k
Ash2l, Z 5 TESCs% fg M (1) #5 . Ash2Ik K )5,
mESCsH'Nanog. Octd#% g K1 [ 8 HRIL B E T
BT, FEAR T SR BRATTR I, Wdr82FE: A2 HESCs
ZHReMEMI4ERF . T Wdr822Setdla/bE & W 1 F;
FHIHE, FEMI-MIAE SR AAFLE. TAsh2I/E R
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A: representative images of EB formation from control and Wdr82-knockdown mESCs on day 3 and day 6; B: EB contractile activity detection at
indicated time; C: qRT-CPR analysis of lineage-specific markers in control and Wdr82-knockdown EB, results normalized to Gapdh.
El4 WdrS2H9R{RFAS T mESCsHI 731t
Fig.4 Wdr82 knockdown hinder lineage differentiation of mESCs

P, R AEAE T AT A H3KA R R R i 2 &
dr, [ ik, MI-MI4E & 9 AT (e 7E 7 #mESCs[1)
LR AR R D, e Setdla/b = AWK HE T K
o

TEARTU A, TATIE 3 — 20 50 1 7 Wdr82i
1 J5 STESCs L IR 521 ﬂuﬁT 12!%% R, R
1738 5 qQRT-PCR ) J7 326 I 45 2 A AR e M i 22
KA. 4R EIR, EWArS2RHK G, JMNEE 5 Wik
EHRBERAEZEEW. 5IHA R, WdS2R K5,
R E R B R AN I E R bR id
[N Brachyury(T). MixII1H] 5 1R 4R 2% LIt
T HF S J2 6 AR 10 356 DR (A SMA) ) 32 58 ) 55 35 PRI,
S IR Wdr821) G 2 3 AN 52 ESCs 4y 4k 1#E N\ 2| v iR
=, AR g | A e I Z B N A AH R
H, AT, Wdr82mi K J&5 FImESCsT¥ i UL {4
AR /N, T B AR P AR 3 B B R R 2 R
., LB FUE A o0 URE SR B IR A 2 B0 . b

& g5 BB, Wdr82 A4 £ 5 | ##mESCs M MMk |2 5
WIRE I3k, (B 5 T [ IR E 534k

g5 LR, AR TR, BATE KIE T Wdr82
EmESCsiR /M EFE A At FE P I B EAEH . 54t
R M 5 00 M w8235 IR Rl B3 /N SRR AR DL K38
ik 20 2 75 VA A ST W 8211 T i R T SR R, KA BT
FEIVR NS 7T WdrS2 4k A A= FE T B .
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