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WG 3 1 SR I (RN o DRI, 3R N 26 s AR ) B P 00 e s e 5 v O
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1 FERRZRMEN W 18 (MEND) ZEAERCEE0RIER, HepmiLmE
H menin A] DU R B e TR BLAR S, ZEAN R AL 23 R FEAN 8] (K A2 0 2 T
RE. HATIST menin 787740 s h iR A 2 D e Ry IR I 28 JEANTE 2L .

AHIE TR T 89 {51l PR FH-24H B g o N Jifeg 2L VR 55 20 23 b menin 12635
fE 0, G2 BT R I, menin 1) 21k 590 A 1A R 195 % YJAH 5% : ChIP-on-chip
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Abstract

Liver cancer is the second most prevalent cancer, and the second most frequent
cause of cancer-related death in China. 83% of liver cancer is hepatocellular
carcinoma(HCC). HCC is one of the most malignent cancer, with fast proliferation
and poor prognosis. However, the machnism of HCC is not clear. Therefore, advanced
understanding of the key regulators and their regulating networks will be very helpful
to clinical dignosis and also provide the therapeutic targets for HCC. MENI is
responsible for the inherited tumor syndrome-multiple endocrine neoplasia type
I(MENT1). Menin, the product of MENI, interacts with many transcriptors, plays
different roles in a variety of tissues. Up till now, the functional significance and
regulating networks of menin in HCC remains obscure.

Through measuring the expression of menin in 89 patients’ primary HCCs and
the adjacent tissues, we find that menin overexpression in HCC is correlated with
poor prognosis; Using ChIP-on-chip screens we show the distribution patterns of
menin and its positive histone modifications on genome of HCC, and select the
downstream regulated network; The subsequent machanism research reveal that
menin-MLL histone methyltransferase(HMTase) complex promote proto-oncogene
Yap1 transcription through H3K4me3 modification; Heterozygous ablation of Men/
redues DEN induced liver carcinogenesis and represses the activation of the
inflammation pathway; There is a positive feedback loop between menin-Yapl axis
and IL-6 in CCl4 induced liver inflammatory microenviroment; Furthermore, the
regulation between menin and Yapl takes place in the above mice disease models;
Clinical results present Yap! is epigenetically regulated by menin and correlated with
poor prognosis in human HCC; According to the crystal structure of human menin, we
design and get a small inibitor-MMI, which could inhibit HCC cell lines proliferation
by disrupting the menin-MLL complex.

Our findings reveal that menin plays an important epigenetic role in promoting

liver tumorigenesis. Menin up-regulates Yap!/ transcription through H3K4me3 Modi-



-fication in HCC. Which support the notion that H3K4me3 regulated by menin-MLL
complex is a potential therapeutic target in hepatocelluar carcinoma.

Keywords: Hepatocellular carcinoma(HCC); menin; H3K4me3; Yapl
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1. FrémpasE

1.1 FFERERRITRE

HFAE R 2 M, 44N (Hepatocellular Carcinoma, HCC). JH
B FERAUMOR . IR RN . I PR RN b R I P R R, 4 R
3 83%, SEm WHIHFERR . FEME TG R, A R 2 R R AR 6 A,
BOLH R 3 ALAEIEIR . 15 EAEH R TR BF A =180, BEE
FIREIIEE 2 1. 70-90% [ T2 i i85 [ B A S PR g M T e o 400 M
FEM IR o3 AT b BRI, TR A 5] X35 SO0 g K AR I R R AN
(B 1.

Age-adjusted Risk factors
incidence (x100 000;
[menfwomen])

Hepatitis Cvirus  Hepatitis Bvirus  Alcohol Others

Europe - 60-70% 10-15% 20% 10%
Western 7221
Southern 9-8/3-2
MNorthern 3-8/1-6
North America 6-8/2.2 LO-60% 20% 20% =10%
Asiaand Africa - 20% 70% 10% =10%

Eastern Asia 35-5/12:6
Southern Asia 13-9/5-1
Central Africa 18-9/9.6

Data taken from references 1 and 5.

Table 1: Age-adjusted incidence and risk factors for hepatocellular carcinomaworldwide, by
geographical area

B 1 S A HCC [0 3 Kok R 1 fe s e K

E 7R R 0 e A 17 LLR (R I3 X 70% 10 BT 4H I (14 597 5 2L R BT 98 95 25
(Hepatitis B virus, HBV) &4 & 8 i 82 3 1RGO AL, BRiiAn H
A, FEERFEZZ R LT (Hepatitis C virus, HCV) Yy, [FIN s
it Z BN S] T IR R o A 2 AR T 591, SV % 5 2ot i



FoR A S

RMPPEN 2: 1 2 4 0 10, HHARERAL, SR K AE T RE 2 24
FURH RS 5 RIERE, HaREEEE A TIER. HEEEE R E80N
PRI BA YR EER, . SRR TR R 0 T o W Jas 102 175 R JHF 4 e R A
) —MRSZHER R R . HIV G IE HBV 8L HCV G B 1)
Mo WEFTIER B AT LUt HCC By A, mneEAD BEF# R HCC By AR AR 21,

HCC RAEMEZRFZFZIENE HBV IKGY, 70%/1 HCC B # K E1EM: HBV &
e, HIR HBV MR < R0 RIRE A, I K HABBUR N 3, ER# A
(I R 22 B R L B . 181 HBYY [RS8 (10 JHF 400 M i 1) R 03 2602 15 A1 100
&%, 181 HBV YA FHE A0k 0 40 e i RO 3 s v B2 LR SR 4 LY
B HBV, BUONIET#, 5 RAEFIE R GR MR R, X 51ZFEE B
PR G5 R GRS AT O o T T F 6 B 5 A8 TR G T PARAE o 2D J LB BURR G il A 485
WG LR E TR 40%. BAE NG HBV BUONIET & R R 2] 10%. AT4H
M R BE R EVEH 5 HBV (3R B R OG0, BT R I AT A 3d i e 2 1 119
J7 R BEES HBV M AT 4 kA4 E G X E T 6 £ 9 B 1)L
H AT HBV TR %, A0 20 1) & A2 A\ 1974-1984 4E 1) 0.52/100000 FEAK E
1984-1986 4111 0.13/1000001 . W12 1% HBV &4 A B + HBV & il /K-
R, PURERAMW TR (FND 0] DUA S bR, A g2 B ik
T, FL 2 AT e A4 s 1R R AR,

HCV J2& H 174 77 1 5 AR 4 faies 1) f £ 22 PR . HOV 35 S P (1 R A2
5508 P I 98 RO RE AL I Rp 2t e B U0 AE G, Tl HOV B A ROS R 2B
IR AR HOV B, ISR EEATA 1 TR A T a a7 kil hilig
YE HCV AR PRI 28 HHEE A AN 20 B e PO B FEUE S PR3 AR BRI S0 X
K, B /DRI R A AR BN, AURAE L. S PR, T
TRTT AN R R A% AL 28 41 Pfaes 2B (/R s 1,

1.2 FFARENZBIES S FIEITR

1.2.1 FFRPRERY & mHLEE

R R AETREZMEENS S, ERAED R B &R R0 =R E R
OAH ELAE R, TR B A AR R A S o3 2 AN BOBEAT , W P SR By, A
A7 R P A 0 A% 2 B RS A 2 4, BRI 2 S ik . A 2 o 2 P4 i

2
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B A B

I R A I S B A R AN Ay T R R B Bl . HBV. HCV. S A3 th 3 3%
B1 (Aflatoxin B1, AFBI1) <5 40 f (6 5 31 75 3 A M i 43, 4540 )i FO JHF T
N R A A AR I 3 A SR FERIIE IR, ORI R AT S B IE IS 1 900 . T
HIE P 98 RE B S5E A 1E 5 ol 200 Jf X1 7 % & RE B 1) i, e BB T R A2 DR 4 P T A
BN (Kuffer Cell, KC) KOS, 18V 208K N LT A4EAC Rk, LS
JIE b= RV 2R B A IR /NG T . TR, IR IR S5 K
NHAEVESENT, BT UL RN AT R, SERE RE ST, R
) IRAR B AR J g D] L VR e DRI SR R BRI, e % A R i Ao

f Telomere shortening !

Chronic liver disease Liver cirrhosis

Hepatocyte k
o HBY proliferative '
. HCVY Injury arrest ;i
® Alcohol Stellate cell .
e Aflatoxin B1 activation 4
J Extensive scarring
(collagen)
Abnormal liver
@ nodules
Well differentiated « Marked genomic @&
instability Moderate genomic @
@ l Q e Lossofps3 ©©. instability @ O. <
4—
Moderately diﬁ“eremia{ed P ©© . @@
Dysplastic ©
@ nodule Hyperplastic
Hepatocellular nodule
Poorly differentiated carcinoma

I lelomerase reactivation |

K 2 HCC HYHZm B AR I 1 S AR oo

1.2.2 HBV RAFNRT LAY 73 FH1F)

KZY 70% T 40 45 % Bl HBV DNA, 3 HAE4E U DNA AT
RAEAE - M STER K HBYV DNA T AEE 401 9 A2 99 WL A1 o 2 A
H, {HEA ) DNA R4 HA BRI AT F 5, 1w ARG H A A
A ZHEPIRASHR T DNA. 7615 DNA i, A A ZERENL, A2 —
SERERER AL, AP AR N IEE L AT RAE A DNA 11
2 U RO 0 R AL O R N SRR 1 — AR B, (BRI R AN S BT
IR S A7 s 4 P e AT o I — b AR I R

HBV ] HBx 5, H4uidiE HBX 1] LS g i) K1 ps3 A5 HAE




FoR A S

iz Kih, I TPLEE) DNA e R i, Hpr e 2 ARSI ol g
T PR 20 0 o P A e rhbe — e o A TR 53X HBY 2 i B 15 2 1 A 2 ] preS2/S
A LU NF-«kB Al AP1 SEH R 1t AT e R 2. S am 3 1 HE I DA 4% e 2
c-myc M c-fos VA RAEFH AL T~ IL-6. 3X 46 Jias ke [R] i 5 i 4 ff 2k K]
R J5 17T e A g o 20 B A A A e i i 2B R B At o

1.2. 3 {LEBEMFIRT R R 5 FHLH

H I FF R Bl R P4 R A1 5 — A R BRI R . X 8 B AT X R T
MR p53 BERIMRAZ AR I, #1249 HIREMRALR (50%). X &
SRJE AFB1 Al DNA A EAEF ATE R . 7E3E AFB1 AHSCHIR B, pS53 31
RELBEARFRI9REE . AHERIERY, HBV MR IR ps3 275,
X T] e R LI pS3 HURTE E R BN S HBX JERE S HTEI,

Tt 7 32 B TE AT 4 e (¥ R AR S R o, 2 AR AR DGR R IR 304 R, 2 L
DR R . O HIK-S-H R B o (GSTn), v -RAMFLHE (v-GT)
DA K SR IR REE (ODC) #BHf LAYERF A & A FE R il o . X B4R
T2 e R R R rh (R P MR OB s B A, I HL AT B AT DU SR AR JH-20 B g 1
R NIER

1.2.4 FrRpaEP RERE. HEEENKE

FFHE B 08 1 28 RE T i85 5 2 B A K DR 7 AR IR 7 R A R S R L,
AbA] P42 B ) b A B SR R A B ) S R G B . PR AR KT
(HGF). REAEKKET (EGF). HAEKET /B (TGFo/B) EEZE. MHEm
MAER. ANE 1 UL-1D. ANK 6 (IL-6) 5, FFYHMLE R E] ) Rk 155
() JE TS LR o-foss c-jun c-mye c-met. c-H-ras } MAGE-1, Wi 12 fo e
BB 11-13%K 00 B4 T 4Lt dh 11q13 B Cyelin DI ZE R (K3 B A ko
o AR, Rb p53 SRR HNHIEL R RIS Z 2] . AT KIL, PML-RAR-o
B 1 AR DR B S IR TR A%, 2 P Rl R DR R R 4 i 8 2k 1 A
20 HJe (¥ A FPORRAE - Ras SRR D] ¥ SRARTE AR 22 6 U7 2 30 470 (1 JET-448 g o
R, EAE NS4 e AR DRI, IF EARATTRAE A A B Ao e,
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1.2.5 FFemAaEPEEAHFREM

P 240 e v 258 PR 2B 0 AN R s A A 3 B0 88 200 MR B8 A% 2 P D58, SR e e
55 e B TR 5 20 o 00 i DR (1 R R o R 5 A ) BT R B0 %o R 0 R O
(RIRE S M B A 2 SO ORI, A FRATT AT CASE b 1 A e fr i e A%, JF BRI
PR SRS AN 75 SR 6 A I AE M dic o S iR idb AT 2 25 tbnic, et
PRI G PR G (LOHD M5 R 4 B4 AR H T i e 2 5. R C
T LA A g v e AL B A M g G AR 2 B R (R4 s 4q. 8p. 11qs 13q~ 16q Al
17p. BT R R (1 ELECRE R A A 2 0 (CGHD,  H Mg A 23RN TR & 42411
DNA ZFtebrid, SIEWEAM g ERT A5, @i Bmimbrid 58
iR PS5 R AST I G 0 AR PRI R AR RN 1 o IS CGH S 21 f FFF 200 e v e Cau R il 2 g
X4 b5 o S 07 B[R] 7 2R 43 21 V) 5 SRAR i b o, K R PR T A [X e e R 1)
O35 AT e 5 EU 4N i R 2 . [FIBSFIF CGH A5ill3) T 19+ 6p~ 8q~ 17q 1 20q
TENT A0 Mg vh 428 AR 3, 3R I G [X e m] BB A7 A Ji s ik ERl 0

1.2.6 FHEEEHEHE (ROS) FIRFLHARE

FFRFEEEG . BUEY. R, CENFEREZHER, EoaaERs
7] P 40 S8 g A P 7 5o R T X 375 R (1) — L[R]3 M 4L 1 e
(ROS) MIFERL, ROS AHIEHIME 5 75 P40 e (K & A e B S /R . 7518
P 28 024 s 28255 B P R I K P ROSI, ROS A g B2 V% 14 I B 421
Wir 2 EEMARA Sy, W DNA. REME AR, 2 HF40HE T K ROS
FHSM AR ki, AP1. FOS. JUN. STAT K PI3K Z#(. 32 T4 i 2 N 2%
i 98 A O 1 S Ak RIS B S 5 Bk S0, He 45 1 WF 7T R I AT 4 A
KK B/NF«cB it #1114k B35 S 1) STAT3 3@ B 3 1k, 75T 41 s & A 1)
SR AR A T 0 A ol

1.2.7 FFRpaE L FEERXEAIEE T

BOL JLAEIGT HCC 43 7 HLsI B 78 ) FA TR 7R 1 — Lo 40 g R A i e o
KEEMIAER T FFAZE T o (HNFa) 5 )14 micoRNAs(miRNA) JE A IE
S5 % S (R 2R 4 8 1) & 2E 20, Bard-Chapeau %53 i JIF AR 5 P il e 3
RlI/NER A DEN 1755 i R 1 AR 528, 1EBH Ptpnll &K (w6385 Shp2)
T4 L v 7R (098 3 (K22, Naugler 28 2007 4F (KR 7038 H, VR0 Lo MERT

5
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