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B E: ZAMEA U1 (multiple endocrine neoplasia type 1, MENT)Z — i Y (/A B MER AR (O IR 2 5 4IE, A W3R
T2 VR N i 25 B IR, O FREE AR L IR S5 IR R A 08 o 1 S R Men 1 1R 58 A8 S BIMEN IR AR, gt 1) A
1 % H Fmenine Menin R DA 6045 9 12 BAH LT 4 1) PN 20 VA 440 MG T o A ST mendn il Jol 400 i 4 i 3 R 40 IMEN i
IR RENLE] . EFERLS AR, MR SR S Uy (tamoxifen) 14 dJ5 75 3 4 F s 5 Men 1 (1) /N BB & H eyclin B236 15 L
The S5 61 250 SR 71/ MEN B B IR AL ZA0) v, cyclin B2RGTE R W2 08 0. ALK IORIT ST o, 7EMen TRgRR
fgniErr, cyclin B2RiA & ETF. PASS 1067 22 2 IR BERR L 41 22 FTH3 (phospho-H3S10) 44X 41 Ml BEAT S e 5O S8, o
Men BRI 240 M b Ab T 22 0 240 A O . BAS < 10K 5 BE B i i, 7EEB20R . BRATR RN 6 IR I A 43 Tl % 4 Ji o
B, WoRMen SR A1 UG TE MR . A, FHShRNAGACAN M b (Fcyclin B2, TIZH I Hh Ak 47 2253 2410 40 o 2o /> 4
RO B IHS o Ge a5 S % 0E (chromatin immunoprecipitation, ChIP)Zr#T 75, meniniZ i T cyclin B2)H 27X 41 85 A H3 %4
7R IR 1) — FE AL KT S 21 8 FAHB I LB KT, (HAS 52 41 A T HS 28 O 461 2 IR AN 56 2 7 s 201 1) — FR ALK T 1
R RS R menin A] G 20 B S A Tl cyclin B2 254 Ay 7 MEN 1 B9 ) B 4
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The role and mechanism of high expression of cyclin B2 in MEN1 insulinoma

WU Ting", HUANG Xiao-Hua
Department of Basic Medical Sciences, Medical College, Xiamen University, Xiamen 361005, China

Abstract: Multiple endocrine neoplasia type 1 (MEN1) is a dominantly inherited tumor syndrome characterized by development of
various combinations of tumors in multiple endocrine glands, including the pituitary, parathyroid or pancreas. MENI1 results from mu-
tations in tumor suppressor gene Menl, which encodes nuclear protein menin. Menin has been shown to preferentially repress cell
proliferation in endocrine tissues including pancreatic beta cells. Herein, the present study was to explore the potential mechanisms
underlying menin in repressing cell proliferation in mice MENI insulinoma. In the Gene Set Enrichment Analysis (GSEA), Ccnb?2
(encoding cyclin B2) was up-regulated in pancreatic islets of Men/-excised mice after 14-day tamoxifen-feeding. Immunofluores-
cence with antibody against cyclin B2 revealed that the expression of cyclin B2 was greatly increased in MEN1 insulinoma. In
Menl~ cells, Menl ablation leaded to an increase in cyclin B2 expression. Immunofluorescent staining by phospho-H3S10 antibody
revealed the increasing number of Menl ™" cells in mitosis. Cells were seeded at a density of 5 x 10%, then counted on day 2, 4 and 6,
and the cell growth curve revealed Men! ablation increased the cell proliferation. In contrast, knockdown of cyclin B2 by shRNA di-
minished the number of cells in mitosis and reduced cell proliferation. Further, chromatin immunoprecipitation (ChIP) assay indicated
that menin affected the histone modification of the promoter of Ccnb2 by reducing the level of histone H3 lysine 4 tri-methylation
(H3K4me3) and histone H3 acetylation but not affecting the level of histone H3 lysine 9 tri-methylation (H3K9me3) or histone H3
lysine 27 tri-methylation (H3K27me3). Our results suggest that menin may inhibit MEN1 insulinoma by suppressing cyclin B2 ex-
pression via histone modification.
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2 RN W PR 1 %Y (multiple endocrine neo-
plasia type 1, MEN1) J& M 54 Ve 1) I Rg 55
fiE, SRR IERE, BRI 2 Rk
WIS B IR, A FE AR L FTOIR 5% R R B
R, AR R I AR N W A 2L iR 02, 51k
MEN T % i 1) 1 22 Ji DR 0988 5 DY) Mend 1R A2
RAZ () Menl 2K 27 400 il b J6d 1) Dy fig. 15wl BR
Menl [R5 6 2 R/ BUAA N AT P AR AR HDIR
55 R R 98, IXAEAR ORERE BT T A1) MEN1
PRI B, AN, Menl 4l A% & 11 menin iR IA
A B0 P Ras #2401 NIH3T3 40 it 365, 4
TS A 2R R4 P FRD e e A D R A0 o g v 9 4 i
(3G 5E 1, 3X Ui W] menin 2 PR AR 1o SR 20
T menin £ 17 1) 25 R 41 WoR LS S AL E AT
FIERIATEAE R YE, BB AIAT AT 5 #0561 s
DIREAH R B PR ST G ek, K IPTRLRXT menin 14y 411
DL e D SNV s =51 s S P s A
menin AT RE A A H TR ST RV I AR

Cyclin B s dgz L4 A 0 I 4 i J B B e AE ik
GYBEGH H HE S cyclin B () mRNA, ek oy BE41
W) s FEBORAERE T A 22 5 Z4EE D - (mitotic
promoting factor, MPF) [ %5 £ ', I cyclin B [
AL, DN O REGN 45 1 E 7 2 B, Cyclin B 5 %35
Pk T 20 M R S R R, AR RE T 4 i R e B
1E— 29 21 2L rp 1) B eyclin B2 (i 320K, Gn&h
Jp i . i U0 55 ARHIFST S 7E 45 78 menin Q1 4]
&M cyclin B2 1A 45 MENT i SR 1 2R K

1 PHRE
1.1 /MR Menl” /NG % Menl" Cre-ER /)L
KM 5% &7 V5 e WK A e 22 B SR SE R B e 1k, T
T 3 S AR il B Menl /N, BAR 7 52 ik 0y,
Menl" /NEAE Menl HIR G55 3 485 7R 8 b 5
TIIPIIAT JoxP {i 5. Cre-ER /N B Hi floxed Men!
(Menl", FVB/129Sv) /N E Fll & 45 Cre-ERT2 (129Sv/
CSTBLOI) )/ A4k«

1.2 #REEESF  Men!”"MEF 41y (menin 2% 1)
MEF 4} ), Menl* MEF 41} (menin )L %151) MEF
L), o, Menl”~ MEF 43k T MenlI* /)N
RUAACIT 9.5 K Menl™ /MU . AS549 41 LAl
293T 4 i 33948 % 10% fifs 2 I3 1 40 A 1% 77 2
Dulbecco’s modified Eagle’s medium (DMEM, Gibico),
B 100 units/mL 754 % % (GIBCO, 15140) 1775

1.3 K5 Cyclin B2 shRNA (Open Biosystems,
RMM4534) ; %9 B (45 It e ChIP 357 & (Quick-
ChIP™, IMGENEX Corporation) ; Z [t 1k 2 & 14
H3 $ifhk (17-615, Millipore) ; H3K4me3 ik (17-614,
Millipore) ; #H & 1 H3 Hi 44 (ab1791, Abcam) ; IgG
P {4 (ab46540-1, Abcam) ; H3K9me3 #i £ (ab1220,
Abcam) ; H3K27me3 i & (ab6002, Abcam) ; menin
Pt 7 (BL342; Bethyl Laboratories) ; cyclin B2 T {&
(sc-22776, Santa Cruz) ; phospho-Histone H3 (Ser 10)
P& (9701, Cell Signaling) ; goat anti-rabbit IgG (H+L)-
HRP conjugate (Bio-Rad).

14 ARYIRR@RAFEE  GHEAWD A, 4
pm J5, AT R RS FIAIK,  H 10% S 5 7R %
Ui FEHT 1 h o cyelin B2 —HUHR B 2 — 5t 4 CHE
Hid A, PBS U5 2 &, AKX S min; ] PBS Fikt 4L,
[FJ I NN DAPL, R GO RE IR By, 6 i
B 1h; 5 =9, HPBS ¥ 3K, &K 5min; H
Fluoro Gel (Electron Microscopy Sciences) #1173 /s
TEFG IMEE TSI .

1.5 BEEERSH X Menl” Cre-ER /N RIWEFFE
VLPH Y (tamoxifen)14 d J5 15 5 Menl 7E /)N iUEE 55 41
J PP AR (MenI™)o WSS IEAL Menl” /)N B
FAAT R 2 Men1™™ /) U JBE By 320 RNA,  HEAT
c¢DNA microarray 7347, 1H i FE R & 498 (GSEA)
J715 5301 eyclin B2 JE[K Cenb2 H13RIE .

1.6 K g 7E58 0 RGN, K MEF 41
JLLA 5 > 10* {13 FERL Rl AE 6 FLAR (Corning) F 41 fi
BRI, BMAFERCPATER =AY, 2 R, &
4 A 6 FIFI IS Az 3 79 I Bl (0.25% trypsin-ED-
TA, Gibco) JHALANN, T-4n g vh-Hom it 4.

1.7 Western Blotting RIPA (R0278, Sigma) %4fi#
WAL MEF 40, Wk B3 5 T 4%~12% Bis-Tris
i (NP0321, Invitrogen NuPAGE) # 17 Hi ¥k, 100 V
HiHs, 120 min ; VRS AUGHEATHEEL, SKRH] 0.2 pm
ff) PVDF Ji§ (LC2002, Invitrogen), 150 mA %% Ji 90
min ; %[5 WS IO A 20 HEAT e (01 18 B 1 801
MEH EAEREER—30 10% B8 PBST (7
0.1% Tween20 (] PBS) #E4T 2 14, =i 2 h &
MR — B, fE4 CHBELRH: F 9 M
PBST /51t 3 I, #¢X 10 min ; 5 “Hi/E =0 FiE
H 1h, PBST 5L 3 K, %K 10 min; Ji] ECL i
& (RPN2106, GE) 1, H X Ot v .
1.8 RNA 2EUH1 RT-PCR 1 mL TRIzol (Invitro-
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gen) ZLRANMD ; A 0.2 mL 547, BEHET 15 s,
FEIRWEE 3 min; £ 4 °C, PL12 000 r/min &L 5
min; WIRKAHELFRE 21 5 —AST19 1 eppendorf 45 H 5
N 1 £ AR B 70% 2B, VR4 K Qiagen
RNeasy Mini Kit (Qiagen) $#2H{ RNA ; H RNase-free
7K % % RNA 5 DL 1 pug RNA D #i4R, LL Super-
Script I1I First-Strand Synthesis System for RT-PCR [f]
X £ (18080-051, Invitrogen), Kf RNA i 4% 5% 1%,
B — 4 BEM cDNA 5 LLEE — 454 1) cDNA A 1BEhi,
KR 7 & SYBR Green PCR kit (Qiagen) 3JE47 52
7€ 7 PCR (7500 Fast Real-Time PCR System, Applied
Biosystems), BEMFEAAT E=AFE, BL GAPDH
MW Z. HIER Cyclin B2 W51 FE5 Wk« k
W54« 5°-GCTCTGCCCACCAAAGTGACAAAT-3’ ;
514 : 5°-TCGATCTTGCAGAGCAGAGCATCA-3’,
1.9 HRARERIEFEE K MEF 41/LL 1.5 x 10
(1) 55 L FE M AR TIS TN B8 (1) 24 FLASCI 40 i 5% 5%
B (Corning) ™, 7 37 CHIMET R4 T Hi 7% 48 h
We 2R3, H PBS BREeEYE 1k, WeZ: PBS;
A T ¥4 1) pH 7.4 1) PBS B il ) 4% paraformalde-

M, U 15 min s W E W, H PBS BRI IX,
X 5 min ; JIIA? 0.25% Triton X-100 [f] PBS il i%
g A, =i 10 min; PBS ¥ 3 K, &K S min; i
NG 10% “F L% ) PBST 344, 253 30 min ; ¥
—PUH B R, IOANREFERD, 4 CHEE S
Frdi—9i, H PBS PE3 Ik, HEK S5 min; H] PBS #i
BP0, BRI DAPL, BB A BOINA B FR R,
WL E 1h: 7 =90, HPBSUE3 K, kS5
min ; ] Fluoro Gel (Electron Microscopy Sciences)
HATHE R 9O RME N .

1.10 S & BRITUIE (ChIP)  fi)1] ChIP il &
(QuickChIP™, IMGENEX Corporation), %7
HUEIH P D IR AT B . ChIP S5 T HI 21 4
Xf eyelin B2 J3 3l 1 1] 51 #) /5 41 : Cyclin B2-P1 :
5-GAAATGTCAGATTTGGGCGAAGGG-3* Hl 5-AGT-
GCCAGCAGAACGACTTGAGAT-3" ; Cyclin B2-
P2 : 5>AGCCAGCCAATCAACGTGCAGAAA-3" Hl
5’TGACGCACTATTGGGTAGACGCAC-3" ; Cyclin
B2-P3 : 5>>TCTACCCAATAGTGCGTCAGC-3" #l
5" AAGTGCGGACGAGGCACA-3,

hyde (15710, Electron Microscopy Sciences) [ 2 41  1.11 Cyclin B2 B9 shRNA F%l| HARF A WL 1,
% 1. Cyclin B2#9shRNA /-7
Table 1. shRNA sequences for cyclin B2
shRNA Sequence
shl CCGGGCTTCTCAGATCCTGTATGTACTCGAGTACATACAGGATCTGAGAAGCTTTTTG
Sense Antisense
Sh2 CCGGGCGCTTCTCAGATCCTGTATGCTCGAGCATACAGGATCTGAGAAGCGCTTTTTG
Sense Antisense

1.12 Fit=a4H A 2H 7] (¥ BL e ) Student’s ¢ 16
5 s Z 4R LT one-way ANOVA 4341 ; P < 0.05
N ZESA BES T E L.

2 R
2.1 FERBEMenlty/NBERBHAMS Cenb2(4wF3
cyclin B2)RiAEN

X HEAH Menl" /)N B SRR B 4 Men ™™ /)N,
Ji#i & ¢cDNA microarray 73 #7 & 7~, 45 1 il B Menl
()78 BUBE B 40 i Cenb2 Z2ik 38 m ( Kl 1)
2.2 Cyclin B2ZE/PEMENIBE BEMARDREESE
-1

E Menl JERZR K (Menl ™) (/NS 4

N EIZ) 16 A H ORI =4 T AR, FOR
55 9 R JBE S 98 (MEENT I ), IR AEAROCRERE 1A%
LT AN MENT 9%, A SRS I T MENT 595 /)y
R 114 i 5% 988 A ORI IE /N BB 5 A0 A S D) v
cyclin B2 KIA R 1784, A cyclin B2 fifhk (4 05¢
o6 ) FUR AR (G910 ) AT S 9L R,
F DAPT e 4i Jid #% ( #5 €558 % ). 571 11 (1) GSEA
SR — AL, Menl JEIRHL R/ B BE 5 98 4121
Hr cyclin B2 1) 2214 & B OE & B4R YN B R I v
cyclin B2 A5 2R = (K 2).
2.3 4l menin AT FiXHIH T cyclin B2 FRIX
TEAN ML ZKF 9T b, A SESS F Western Blot-
ting IS ¢ 7 PCR (1) /577253 7 A I menin @Bl
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menin 1 2% 14 [¥) MEF 41 ity cyclin B2 (IS
g5 L W R {E menin i X ) MEF 41 g cyclin B2
()R KT (&l 34) F1 mRNA /K V#0525 7 83511
il (& 3B). LA pMX-menin-puro [ 57 {025 HY i
B SR 3 T3 e e AS49 AN i Sz 293T 41, R A ngt g

B Men1”
O Men1”Cre-ER

Cyclin B2 level (fold)
(e}
1

o -

P10 BRI g S W ik Men 1 1) /1> BB 5 40 i Cenb 2
ik L

Fig. 1. Cenb2 (encoding cyclin B2) is up-regulated in Meni-
excised pancreatic islets by Gene Set Enrichment Analysis.
Pancreatic islets were isolated from control MenI"” (n = 8 mice)
or MenI" Cre-ER mice (n = 6 mice) 14 d after tamoxifen (TAM)
feeding and processed for RNA isolation and cDNA microarray
analysis. Mean = SD, P < 0.01 vs Menl".

& 2. Cyclin B2 75/N fMENT 598 v s 22k

--

5 F Ik R e i 0% menin (40 L, SEIN E R
PCR 1) )7 57k menin [¥)ik F 3840 1 4 1 cy-
clin B2 [})3&i% (1#] 3C #13D).
2.4 MEFZHfaH Menl B9RIERRH T BB L5
A TSN S

Y12 1 H3 55 10 07 [ 22 %01 1Y) % 2 1k (phos-
pho-H3S10) s 7 22 5r LA M T RE A br i, &5
I H A 22 53 24 e 60 011 R 4 5 ) AH O U2,
Menin [{JkJAZH3E T cyclin B2 {13, 1M cyclin B2
A Db M A 22534, DALk, DA R 1k H3S10
PP H T 22 56K menin i 2% 1 menin i %
15 H) MEF 41 g vh kb T4 22 5> IR Al R B0 5
5. BEFLIEECT 54> 200 x SR AL 4 i
(%174 1000 /N1 ) AT VHECRI v 234, {F menin
B4 B, WERR AL H3S10 FHYEM 4R, Rp b1
ALy 24 A 2 K9 2% AiAi, T 4E menin b
IS MEF 4 i, &b-T47 22 73 240 0 40 i 44
£ 1% (B 44~G). [FINT, 4l A= i e ) 45 3 W,
Menl GG, A=K B (& 4H).
2.5 MEF4ifacyclinB2 FIR KN FI 7B £
SR E A

T 3B IAE menin 3330 cyclin B2 540
T AL 2 o R R A AR, AR S T R

Fig. 2. Cyclin B2 is up-regulated in mice MEN1 insulinoma. 4: DAPI staining for the nucleus in normal pancreatic islet from wild-

type mouse. B: Immunofluorescent staining with insulin antibody in normal pancreatic islet from wild-type mouse. C: Immunofluo-

rescent staining with cyclin B2 antibody in normal pancreatic islet from wild-type mouse. D: Merge of DAPI staining and cyclin B2

antibody staining in normal pancreatic islet from wild-type mouse. £: DAPI staining for the nucleus in mice MEN1 insulinoma. F:

Immunofluorescent staining with insulin antibody in mice MEN1 insulinoma. G: Immunofluorescent staining with cyclin B2 antibody

in mice MEN1 insulinoma. H: Merge of DAPI staining and cyclin B2 antibody staining in mice MEN1 insulinoma. Scale bar, 100 pm.
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Fig. 3. Over-expression of menin decreases the level of cyclin B2. 4: Western blotting analysis results in Menl”~and Menl"* MEFs. B:
qRT-PCR analysis in Menl™ and MenI** MEFs. C: qRT-PCR analysis results in A549 cells and A549 cells over-expressing menin. D:
gRT-PCR analysis results in 293T cells and 293T cells over-expressing menin. Mean + SD, n = 3; "P < 0.01.
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Fig. 4. Increased percentage of cells in mitosis and cell proliferation in Menl~~ MEFs as compared with Menl™* MEFs. A: DAPI
staining for the nuclear DNA in Menl/~~ MEFs. B: Immunofluorescent staining with phospho-H3S10 antibody in Men!~~ MEFs. C:
Merge of DAPI staining and phospho-H3S10 antibody staining in Men/~~ MEFs. D: DAPI staining for the nuclear DNA in Menl*"*
MEFs. E: Immunofluorescent staining with phospho-H3S10 antibody in Menl** MEFs. F: Merge of DAPI staining and phospho-
H3S10 antibody staining in Menl™* MEFs. G: The percentage of mitotic cells in Men!~~ MEFs and Menl** MEFs based on the im-
munofluorescent staining for histone H3S10 phosphorylation. H: Cell growth curve of Menl~~ MEFs and Menl** MEFs. Scale bar,

100 um. Mean + SD, n =3; "P < 0.05, “P < 0.01 vs Menl™".
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Fig. 5. Decreased percentage of cells in mitosis and cell proliferation in cyclin B2 knock-down Menl~~ MEFs. A: Western Blotting

analysis of cyclin B2 level in the cyclin B2 knock-down cells and control cells. B: The percentage of M phase cells in control cells (2.526 +
0.180) and cyclin B2 shRNA 1 (0.736 + 0.100) or 2-transduced cells (0.965 + 0.180), based on immunofluorescent staining for histone
H3S10 phosphorylation. Mean + SD, n = 5. C: Cell growth curve of the indicated cells. Mean = SD, n = 3. "P < 0.05, P < 0.01 vs shl

or sh2.

menin [] MEF 41| ffd 1 571X cyclin B2 (58348, PAH
AN ST 1) AL R E pLKO.T JIURE | (¥ sShRNA (Shl Al
Sh2) FBEN8p 8, 43l A % 4 menin fFR 1) MEF
41 il , Western Blotting #6il] cyclin B2 s RO (K]
54). Ho PR cyclin B2 @ik B 40 jg h Ak 17
224y ZABA AN BB T o b, R i AR K il A B 4
PRI AR TR . 45 R WoR, fF menin G ¥ 40 i
i T cyclin B2 [FrifiG, Ak T4 22 53 24 1% 41 Jo LL 431
NE% (B 5B), A Kt R (K 50).
2.6 FERE{Ecyclin B2BYMEFZHfE h E TS A cyclin B2
[RRRaR A R E PR £ S R L BIREI TR E

#2235 cyclin B2 [#] pCDNA3 Ji k. I I 4 4k )
cyclin B2 [ i i¥) MEF 41 g 7, Western Blotting &
W cyclin B2 *h 78 (A9 (1] 64). 41w A= i 22 A
T35 5 S 4 FLHR R 7 f A cyelin B2 [ 41 Jfa o
FUHT 3 cyclin B2 J5, 40 i 1) AF < 3 5 R0 40 i A7
225 LI TR (I 6B 1 6C). N T HERR
NJFRLAS 5 50 T 4l R B AT Bk, 2 e T
TE ik cyclin B2 [ 41 ffd b 5 N pCDNA3 7= 8 & Al
ik cyclin B2 [f) pPCDNA3 JFURE 14 41 it A4 iih 2k (
6D) FI 4 i 33t NAT 22 53 Z4 A1 L Ag] (B 6E). 5L
gi Rk —DAEW], 3 cyclin B2 Ji7 41 i i) 2B KOH
FERAN AT 22 5 24 L A5 31 TR .
2.7 Menin®M T Cenb2 B3 FREFTHHIF LT
R =PELEIEN T

Menin 7] 55 42 {8 Ji 45 & 8 (1 4E H s 41 8 1 )
A& i AN T AR 33 sl o1 56 AT 2 i S8, gE 5 R

menin 7] 5 F AL R g MLLU7- 1924 EZH2 1251 fi1 3=
LR FE NS4 F 5% 20 55 1) H3K4, H3K27 K LW
RS, TS e 56 DR (1 % 5% . SR ] ChIP [f)
J71EFSE menin X Cenb2 5 55% RSG5 B AF (1) )5 3))
T XYL (1 H3 HIEAL R ZBERAL S i 1 5w . {E
cyclin B2 Jigh+ Eiit T 3 X} PCR 514 1] T ChIP
SR, Horp LA T s ah A s B 700 F1 800
bp W47 &, P2 Fl P3 75 % sk if ri F i 100 bp
U100 bp 2 N . SRR, fERESER AN R
menin i T 418 1 H3 25 4 A7 BRI — FF 4L
(H3K4me3, 74) FH3 LAk KF- (B 7D), T
P4 H3 559 A7 Mz R (H3K9me3, [&] 7B) i
527 AL A R 1) — H S 4L (H3K27me3, K 70) 1Y
KFEA R T HRA R A EMK T
AT e fH LR (1 H3 5 G Bk b 24 5t 10 S0 i 5 |
&, N TEA RS A& T H3 1h
AT ChIP 525, sKEG 45 KB 7R, 7E menin it 2K A
menin & FKIEFI i, 45E5TE Cenb2 JH 5 L)
A E H3 RKFIFRAT S (B 7E), siAEE
BT B A T AL 85 A ARt i
(1o RIS, 7 ChIP s25erh, DL IgG Huis a2k Bk
TR, SR ILEL TF,

3 itig

JiR B 987 J& MENT v WL s o Menl 2 X 9
A1) B [ menin B8 AT R HL AT 41 1 385 5E R0 i JRg 1)
KA. G W9 ER B menin (1) 5 B AL 8 T 40 i )% 1Y)
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Fig. 6. Expression of cyclin B2 rescues the phenotype of the shRNA-expressing cells. 4: Western Blotting analysis of cyclin B2 level

in the cyclin B2 knock-down cells and control cells after Fugene-mediated transfection of cyclin B2 cDNA. B: Cell growth curve of

the indicated cells. n = 3. C: The percentage of mitotic cells of the indicated cells, based on immunofluorescent staining for histone
H3S10 phosphorylation. n = 5. D: Cell growth curve of the cyclin B2 shRNA1- or shRNA2-knockdown cells that were transfected
with either control pPCDNA3 or pCDNA3-cyclin B2 ¢cDNA. n = 3. E: The percentage of M phase cells in cells described in D, based
on immunofluorescent staining for histone H3 S10 phosphorylation. n = 5. Mean + SD, "P < 0.05, P < 0.01 vs sh1(2) + pCDNA3.
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Fig. 7. The effect of menin on the Ccnb2 locus histone modificaiton. 4: ChIP assay using antibody of trimethylated H3K4 (H3K4me3)
in Menl™~ MEFs and Menl** MEFs. B: ChIP assay using antibody of trimethylated H3K9 (H3K9me3). C: ChIP assay using antibody
of trimethylated H3K27 (H3K27me3). D: ChIP assay using antibody of acetylated-histone H3 (AC-H3). E: ChIP assay using antibody
of histone H3. F: ChIP assay using antibody of IgG as a negative control. n = 3; Mean = SD, "P < 0.05,"P < 0.01 vs Menl .

P HE T 4 B A A & A T s (CDK) 0 11 771
p]81nk4c ﬂzﬂ p27Kip1 H‘J?%Ji [22,27] *H}i, menin @ﬂ'ﬁ
2 GBI % i HDAC AH B AE A if 40 il JunD ¥4
T I s B AR 5 A8 7R menin i SR IA A T
Cenb2 521 b 402 11 H3 (1) 2 64k i H3K4 1) —
B oAk, 1% H3K9 F1 H3K27 ) — FE 3L Ak 7K °F 9F:
B M. FRATHEN menin 7] GEPHAS T L BEREHE#
filg M1 PR SR WY Cenb2 JA BN T LSS &, A8 T
YH A B KT, BETRE T 3 27 XS g 0
MIRRTERERE, (1YL e s %, M IE
I R 423 1 2 S R 7 e VA A O RN )3 3 7 X s
H) T Cenb2 1¥65% . {H menin WA 5% Cenb2 )5
B17 X 4 B IR R AL RD 2 B AR IR i K PA)
TEHE— 5 RN RATE SN ) B

Menin (13 2 25 5 8500 H8 19 By 72 N I 2 AN
Sy ULERE W o TR menin Jf] 005 IR A AR 1)
MLELIE AN EL3 4. AT R4 R T 9 & O

menin A] G818 i 520 Cenb2 5 81 X 41 £ 1 H3K4
1 = F AL AP R4l 1 H3 LB T cy-
clin B2 [R% 55, AT 4005 48 JH (1) 45 22 53 54 F0 40 Jfa 14
BE, GXBF0H MENT Mg . 31X U2 menin 1)
il IR R T BEMLR 2 —, T A1 ) B menin 15 41
JL RS A0 G 5 DL A MENT Jog & A i o
BEAE IR X607 MENL 0 S B S e e i 2
P E IR TR FAEH .

Bt - A0 B SR [ 0% A7 325 e WK A R A B AT iR
B N AT AR AL SIS /N WA ok, LA &
RASCHI SR AL T Fe A

S

1 Chandrasekharappa SC, Teh BT. Functional studies of the
MENT gene. J Intern Med 2003; 253(6): 606—615.



S 1EAE

[\

10

11

12

13

B AT

Pannett AA, Thakker RV. Multiple endocrine neoplasia type
1. Endocr Relat Cancer 1999; 6(4): 449-473.

Bertolino P, Tong WM, Galendo D, Wang ZQ, Zhang CX.
Heterozygous Menl mutant mice develop a range of endo-
crine tumors mimicking multiple endocrine neoplasia type 1.
Mol Endocrinol 2003; 17(9): 1880-1892.

Bertolino P, Tong WM, Herrera PL, Casse H, Zhang CX,
Wang ZQ. Pancreatic beta-cell-specific ablation of the multi-
ple endocrine neoplasia type 1 (MEN1) gene causes full
penetrance of insulinoma development in mice. Cancer Res
2003; 63(16): 4836-4841.

Biondi CA, Gartside MG, Waring P, Loffler KA, Stark MS,
Magnuson MA, Kay GF, Hayward NK. Conditional inacti-
vation of the MEN1 gene leads to pancreatic and pituitary
tumorigenesis but does not affect normal development of
these tissues. Mol Cell Biol 2004; 24(8): 3125-3131.

Kim YS, Burns AL, Goldsmith PK, Heppner C, Park SY,
Chandrasekharappa SC, Collins FS, Spiegel AM, Marx SJ.
Stable overexpression of MEN1 suppresses tumorigenicity
of RAS. Oncogene 1999; 18(43): 5936-5942.

Westendorf JM, Swenson KI, Ruderman JV. The role of cy-
clin B in meiosis 1. J Cell Biol 1989; 108(4): 1431-1444.
Dagle JM, Walder JA, Weeks DL. Targeted degradation of
mRNA in Xenopus oocytes and embryos directed by modi-
fied oligonucleotides: studies of An2 and cyclin in embryo-
genesis. Nucleic Acids Res 1990; 18(16): 4751-4757.

Park SH, Yu GR, Kim WH, Moon WS, Kim JH, Kim DG.
NF-Y-dependent cyclin B2 expression in colorectal adeno-
carcinoma. Clin Cancer Res 2007; 13(3): 858-867.
Hofmann HS, Hansen G, Burdach S, Bartling B, Silber RE,
Simm A. Discrimination of human lung neoplasm from nor-
mal lung by two target genes. Am J Respir Crit Care Med
2004; 170(5): 516-519.

Yang Y, Gurung B, Wu T, Wang H, Stoffers DA, Hua X. Re-
versal of preexisting hyperglycemia in diabetic mice by
acute deletion of the MenI gene. Proc Natl Acad Sci U S A
2010; 107(47): 20358-20363.

Goto H, Tomono Y, Ajiro K, Kosako H, Fujita M, Sakurai M,
Okawa K, Iwamatsu A, Okigaki T, Takahashi T, Inagaki M.
Identification of a novel phosphorylation site on histone H3
coupled with mitotic chromosome condensation. J Biol
Chem 1999; 274(36): 25543-25549.

Hendzel MJ, Wei Y, Mancini MA, Van Hooser A, Ranalli T,
Brinkley BR, Bazett-Jones DP, Allis CD. Mitosis-specific
phosphorylation of histone H3 initiates primarily within

pericentromeric heterochromatin during G2 and spreads in

MEN 1Ji# & 977 v 41 12 5 391 2 F ey clin B2 i 234 # 45 HTRIHL S

14

15

16

17

18

19

20

21

22

23

24

563

an ordered fashion coincident with mitotic chromosome con-
densation. Chromosoma 1997; 106(6): 348-360.

Preuss U, Landsberg G, Scheidtmann KH. Novel mitosis-
specific phosphorylation of histone H3 at Thr11 mediated by
DIk/ZIP kinase. Nucleic Acids Res 2003; 31(3): 878-885.
Yang Y, Hua X. In search of tumor suppressing functions of
menin. Mol Cell Endocrinol 2007; 265-266: 34—41.

La P, Desmond A, Hou Z, Silva AC, Schnepp RW, Hua X.
Tumor suppressor menin: the essential role of nuclear local-
ization signal domains in coordinating gene expression. On-
cogene 2006; 25(25): 3537-3546.

Yokoyama A, Cleary ML. Menin critically links MLL pro-
teins with LEDGF on cancer-associated target genes. Cancer
Cell 2008; 14(1): 36-46.

Jin S, Zhao H, YiY, Nakata Y, Kalota A, Gewirtz AM. c-Myb
binds MLL through menin in human leukemia cells and is an
important driver of MLL-associated leukemogenesis. J Clin
Invest 2010; 120(2): 593—-606.

Caslini C, Yang Z, EI-Osta M, Milne TA, Slany RK, Hess
JL. Interaction of MLL amino terminal sequences with
menin is required for transformation. Cancer Res 2007;
67(15): 7275-7283.

Chen YX, Yan J, Keeshan K, Tubbs AT, Wang H, Silva A,
Brown EJ, Hess JL, Pear WS, Hua X. The tumor suppressor
menin regulates hematopoiesis and myeloid transformation
by influencing Hox gene expression. Proc Natl Acad Sci U S A
2006; 103(4): 1018-1023.

Hughes CM, Rozenblatt-Rosen O, Milne TA, Copeland TD,
Levine SS, Lee JC, Hayes DN, Shanmugam KS, Bhattachar-
jee A, Biondi CA, Kay GF, Hayward NK, Hess JL, Meyer-
son M. Menin associates with a trithorax family histone
methyltransferase complex and with the hoxc8 locus. Mol
Cell 2004; 13(4): 587-597.

Milne TA, Hughes CM, Lloyd R, Yang Z, Rozenblatt-Rosen
0O, Dou Y, Schnepp RW, Krankel C, Livolsi VA, Gibbs D,
Hua X, Roeder RG, Meyerson M, Hess JL. Menin and MLL
cooperatively regulate expression of cyclin-dependent kinase
inhibitors. Proc Natl Acad Sci U S A 2005; 102(3): 749-754.
Yokoyama A, Somervaille TC, Smith KS, Rozenblatt-Rosen
O, Meyerson M, Cleary ML. The menin tumor suppressor
protein is an essential oncogenic cofactor for MLL-associat-
ed leukemogenesis. Cell 2005; 123(2): 207-218.

Yokoyama A, Wang Z, Wysocka J, Sanyal M, Aufiero DJ,
Kitabayashi I, Herr W, Cleary ML. Leukemia proto-onco-
protein MLL forms a SET1-like histone methyltransferase

complex with menin to regulate Hox gene expression. Mol



564

25

26

27

B4R Acta Physiologica Sinica, December 25, 2011, 63(6): 555-564

Cell Biol 2004; 24(13): 5639-5649.

Gao SB, Feng ZJ, Xu B, Wu Y, Yin P, Yang Y, Hua X, Jin
GH. Suppression of lung adenocarcinoma through menin
and polycomb gene-mediated repression of growth factor
pleiotrophin. Oncogene 2009; 28(46): 4095-4104.

Schnepp RW, Chen YX, Wang H, Cash T, Silva A, Diehl JA,
Brown E, Hua X. Mutation of tumor suppressor gene Menl
acutely enhances proliferation of pancreatic islet cells. Can-
cer Res 2006; 66(11): 5707-5715.

Karnik SK, Hughes CM, Gu X, Rozenblatt-Rosen O,

28

McLean GW, Xiong Y, Meyerson M, Kim SK. Menin regu-
lates pancreatic islet growth by promoting histone methyla-
tion and expression of genes encoding p27Kipl and
p18INK4c. Proc Natl Acad Sci U S A 2005; 102(41):
14659-14664.

Kim H, Lee JE, Cho EJ, Liu JO, Youn HD. Menin, a tumor
suppressor, represses JunD-mediated transcriptional activity
by association with an mSin3A-histone deacetylase com-
plex. Cancer Res 2003; 63(19): 6135-6139.



