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J AR 2 P 400 B BT P RS b Rl A P A 2 S g« AE T R A T
Jo6 A A8 e, P 4 o e (hepatocellular carcinoma, HCC) 5 J& %& 1 e 1
90%6 o FAIT S5 % [l 5% menin B &M I B B S0 R AE R R T
BARGRNWHETT, UEE] T menin 740 AE/N0 B BY e AR R FE L R
SB35 P9 2 FR G IR v ) S B AR ) TR B T menin (AR RS
WK R ML . FR S R REAE KR F 2 Cinsulin like growth factor 2, IGF2) J2& %
FLIR IR A P BT R R, RAEAQUR I e itk b398, T 78 BRI AL B R EUiBR.
FEFHIE N R, AT ARSI ZER M S ERERE, S — KPR, EHT
MAE, FRONEDIEESL (Loss of imprinting). BFFC & HL, o8 A& e 41 438 2 fifsg
AR AETE IGF2 ElE R R . SR ENIE R HEAE 2 . TEIRIR
FFREI ) o CAESE,  7ERTANMOIE i IGF2 S5 48 IR 180 s A2 P4 Mo sie o 2B % e B B
R MBSy T o SR, 43 M I8 A E0 1 400 S T A s A A 3o 2 v = A g A%
R, 5o AR R NS 2 . RN B R4 M R SE R, IGF2 D
O R A 4 T PR e o L A B O R4 1 2 SRR R A L
HiLE L.

AR FELUE (8D 4HH. MENL m b sh A AL L KN R B F AR 1B
1 48 i % . £E Chip-on-Chip(Chromatin Immunopreciptation) i & 2, K
ML ZHF menin 456 7F 5620 AN R s % X8, Hh menin 5 H3K4
JLE 7 3R A7 2578 4, LHE IGF2. WTL. IGF2-AS. DLK1.PEG3. ZIM.PLAGL1
230 2N FiAEE A & Real-time qPCR 45 % &or, £ PLC/PRF5.
HL-7702 J% HepG2 41l 1GF2 KA [FFEE 52 menin 135 ; FIH MENL fifR
ENPIER R, MENL S3RIA S IGF2 maRIAAEAE & W IEARDG . 7E A AT 4
MR R MENL AFEIFEE B IGF2 KiK. @A AR R+ 1IGF2-H19
Z R HEAL X (Differentially Methylatd Regions, DMR) [X15/{] DNA H 31k
RS A AN [ FHF 98 411 L 22 78 B2 147 [X 4% (Imprinting Control Region, ICR) DNA
HISLALIRZS AR HPAERT 1 7R 4 MENL X IGF2 TRFEM# T ICR [X 2k
[ F 364K, I CHIP &3, menin AT LL5 IGF2 ¥ BEENIC % X 5 ICR
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Abstract

Abstract

The malignant tumour happens in the hepatocytes or intrahepatic biliary
epithelial cells are primary hepatic carcinoma. Its mortality comes only after gastric
cancer and esophageal cancer. About 90% of hepatoma is hepatocellular carcinoma
(HCC). Our research aims to explore the relationship between how the menin
complex regulates histone methylation and disease. We found that the biological
functions of menin in HCC and maligant melanoma. And we clarified the rules and
mechanisms of menin regulating histone methylation. Insulin like growth factor 2 was
the earliest discovered endogenous imprinting gene, which only expressed on the
paternal chromosome and silence on maternal allele. Under pathological conditions,
the imprinting gene will re-express, causing a series of pathological and physiological
changes, which named loss of imprinting. Research has found that this phenomenon
existed in both tumor tissues and tumor cell lines. But the mechanism of the loss of
imprinting is still unclear. The clinical cases of hepatoma have proved that the higher
abmormal expression of IGF2 is the key issue in HCC development and transfer.
However, the analysis of genetic imprint showed that in the development of HCC
would produce genetic imprinting. The rules and mechanisms of abnormal control is
still unknow. Further clarification about the IGF2 imprinting regulation rules of HCC
Is of great theoretical value.

We carried out the research mainly onliver cancer cells, MEN1 knockout animal
models and clinical resection of HCC. Through the Chip-on-chip screening, we found
that menin can integrate with 5620 genes in transcription regulation regions. Both
Menin and H3K4 can integrate with 2578 genes, including more than 30 imprinting
genes suchas IGF2, WT1, IGF2-AS, DLK1 and so on. The results of Gene expression
profile microarray and Real-time PCR have showed that the expression level of IGF2
was different in different cells which were regulated by menin. On MEN1 knockout
animal model, we found that the expression of MEN1 and IGF2 had a significant

positive correlation. We also found that in different hepatocytes cell lines, MEN1
i



Abstract

could increase IGF2 expression on different level. By studying 1GF2-H19 DMR
region of DNA methylaton status in different cell lines, we discovered that the DNA
methylation status in the ICR area was different in various hepatocytes cell line. It
was proved that the regulation of MEN1 to IGF2 depended on DNA methylation level
of the ICR area. By Chip, we found that menin can combine with the ICR and
Enhancer, and through promoting H3K4 histone methylation could increase 1GF2
transcription.

Our study confirmed that in hepatocytes, the regulation of menin on IGF2 was
depended on the DNA methylation level in the ICR area. Meanwhile, menin could
promot H3K4 histone methylation to increase IGF2 transcription. IGF2 gene is the
hot spots in biology and medicine research. In the past, most of studies were focusing
on the mechanism of imprinting. In recent years, relations between IGF2 imprinting
disorder and diseases have attracted much attention. But seldom reaserch was carried
out on the imprinting state in human liver system and its regulatory mechanism. The
research of the complex mechanism has also encountered many problems. Our study
is the first one to put forward that in different hepatocytes cell lines, the regulation of
MEN1 on IGF2 depended on DNA methylation level of the ICR area. And we
clarified new epigenetic regulation of the traditional imprinted. By further research,
we might help human to control disease and would bring new ideas to clinical
diagnosis and treatment.

Keywords: imprinting; hepatocellular; carcinoma;menin;IGF2;DNAmethylation
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1.2 AR RMIBEFF/E

AL AT 4028 DNA FP 31 T 356 [ ) 208 % A e 4w 127 281, 3= iy
FTRAEFFUTF LA 1) DNA Fk, 2) AEABi, 3) E%iE RNAPL, %
W35 25 P B 5 G AR B A TR R kR 308, b R AT AT . B —
J7TEL, XL PR A IR AR B AR T TR, AR A IRIA T B
A Setdh X ) R iEE334,

1.2.1 DNA FEMAHNREHRET

TEW ALY, DNA FISEALRF TR 2 RS AL 22 ¥, 33
RALE DNA SIZErS (G) FIfMnE (C) MMt L, B iR CPG. frHI3&
BRI, DNA [ CG BN ER P iImsnE (C) gk F8 1 I i 2k,
TE R 5— PR 3 s 3438991 DNA AR AB 1 L2 A2 X et fA i R 518
O BEP BRI, B AT DNA JOR TR 4 BT, 5 b 2B 1 2 AL O 40 %l

DR AR AR IR o CPG X g v (1 i s e 2 356 J 2 o i g 147 480, Rt
CPG X HFRIF A A I I A0 A 78 NS g R 4 (28 491 56 DR 21 fg ke X B
CPG fRfElm T IEH %, XX B FRIE CPG & . CPG B&H i R IMAFET
ANRMEERN A, RN E S FIX P 0, CPG 12— B KT 200bp
] DNA FF5ll, H CG & E KT 50%, £10 60% L L EKEsIF&F
CPG 5P, J5) |, IEH () CPG & M T g Mk T IE IR B B 5t
WS 1 X A T8 PR A S B30 A o) TG fof 5 IR 2 159 >4

FENFFLRBNYI T, DNA HIEALH 5 %2 DNA HEH T2 (DNMTs) AL
Ji%, DNMTs FE04E: 1) HF FAEEHE (DNMT3a 1 DNMT3b): A LSE(E
H Rk, gk 4 RS %, 2) FRgkbE L EE (DNMTLD) X2
2R HE I — 2K 5E T R 1KY DNA XURE BLA 5 & (AL 1189 570 IR A 1 4%
ZH A DNA HEALKME, SUB gk i B S 1A T W3NS T
G D P RGEAEMER (MBDs) P8, 2) HEABIEE, 3) Hihnl
DL LN RIA, 40T RE AN B A 2R R g0 0l

DNA FE A I S5 2 R R A 1 — ANl Re A, 8 3007 1 R A i i 9 38

2



pull

L ]

TR N A A0, S A . 4R A 4% . DNA B8 029), 2
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f¥) P16ink4 AL, 15 ifiL 55 r (19 P15ink4BIO™), a2 faf 171sh] 16 fir o 5 R =g e %,
B B i RASSFLAE R4 s (¥ SOCS-3), K e v (1) SFRPsL. 2. 4.
SHOLH il 5 PLARIE T A APCI, 534, — Lk S [N T b S iR, s B
B i P GATA-4 1 GATA-5U2 Bl rigia . B b (1 RUNX3LA ™1,
KM FE O 42 W E 2 DR 1Y) DNA 5 B A A8 b mT AR 38 B e 1) 2 e
ST, FE L P9 AR B ST T LT A R v 2 ] e 20 U0 L 4
— AN ST R AR (R A R e S T, e S T A LN AT Rl Y
P EE AL O s g ) R Rt 00, R R B E G A BUREEIA, EAE R 2
AT BB AR — e BN g SONIXRR R R A e E N R, 0 SAM
e SEIAM SR . DNMTS 36 o4 f i 70t 81, (ER 3B AE ML 88 K
A RAR O — S, B SRR IR S A G A ) SR S 8K
T DR AN ER B P o DR B B S B e - PR RE AN 2 8 o G e R TR 2 X k) B ot
T T B IS R ML 8, 7R VR 2RI, DNA IR PR A 2 — i 2 35 (R
K W AT v ) LINELB® L, i sy ep iy Sat2l, LB v ) SATR-1199,
TE I FRGE b, 7 I Hhorss ) 2] 7 — e SRR DR MG A A AN T B E 1 {1 4k
ERFE R E EE, W SNCG. TFF3. CD147 &5, A, JEDH4HpK It
A B 5 B 5 B e PR AL R B /D, ItV A2 TR AT DA 22 B2 S A A A (1 3 [
bAe DB ORGE, A b e v 3R R 2 A AT PP A 5 e PP A2 mT AR A1
eaCit A W R VR PN EE N N S Vit o

W CUIE B, B T 5% 05 25 00 TR 2R JHT 98 005 75 1D B e o P00 88 1) R A e 1
P, SRR I, IR A AT LAAH SE DNMTs, AT VA% S A T S0@ 1 .
FA, BRETCR I BIRT 4699 8 AT LA DNMTL AT DNMT3b, S5 DNA [ H
4k, il E-cadherin. pl6INKAA S5 EERIVTER . X fgoR 7 A AL RIHEEHY
JELLE T A0 M 2 2B R o (i SR B DSSL, A2, HBx B (Z AT R%
B FEEBOE ) 1T LI L R E-cadherin, pl6INK4A. SFRP1, f{i
B RSB DNMTL. DNMT3A [RIA, X HEIR T AR Bt 2
H (i 2 A O8I,
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Gl J0 S 30 A 15 SR IR AR B e B AR ) B, — A%/ E BRHE B T e /S
AR FRAZ OO R R 32 X DNA 3404 e O BTRL L FE4E H H2A, H2B, H3
FHA %P 53R i B0 )\ S A . AN AR A L ORST¥ N i 2 A 3
{%/IMA A 1000 e JEJRE VE 245 A SR ISR A, AT 5 S0 S SR B M
HE AR R B, 2Bk, Bk, 2 %4k, sumo 1. ADP
A2 A IO 1020 7 RO R RS (HMITS) FHZH 2R 11 2 ki R Bl 3 3l v LA
SRR A M B, AEaEHENE (HDMs) FHE H £ 4Wik
fif (HDACs) W] A5G| e3[R 20 25 F 6 AL 25 2Rk 28 o0 41 7R (1 i is i 5| e 3t
PR ik RO B A IR I 2 S 2N —BeRUE, HE D Ol S5 R R 5%
WA 9%, T LR R AR U 5 R R R B4 A SO 103 10 H3K4,
H3K79 &5 HI AL 5 g i ZE R A7 5%, T H3K9 Al H3K27 I 5 2 KT ERAH G

TE T4 P e P BELAE B 22 05 T, LR A o 3 e A DGk PRI Rk b ik
AR, IR BORAE A AN A R R A B 3 S — D, AR A
R A IR (HMTs) FI4LE O OB # 8 (HDACs) kTR
B K2 H0 A0 e 5 2 BYJH 28 FOTA AL 20098 25 1 IR PRI YLT O6, — S5
W B S BT (1 R 5 4 2 A i ) S o e s A 5RO 18 fgijdn, HBx R
A (CHFRFEFAN FEIUEEAD, nfUEESAEACBEBEE &K%
CBP/p300 B #:1E M, FESEHRIANITH, MGk g m & 10,

1.2.3 JE4RES RNA BISRHE
% DNA FEAL FZH B U4, I Mt 0 17 38 = Fh LI AL A8 1
ER A E B . BB IR 28 =P s A5 B R0 9/ SRS RNA (small
non-coding RNA, miRNAs) 10811 55 # % (1) RNA 5 B2 (1 DI g2 B0 1% 5 1611
[0, 111 miRNA S A 7E A% P T RNA REH 1 5%, eyl= YN ATk miRNA
Cpre-miRNAD . 4 5% 3% J5 Sk 20 40 f 5 5 A% R P9 VI K 36 BY 11 A L
MIRNA, RGN, ] H R RNA (1740218 miRNA 2 5408 K
BERRUNZH MR ST % . A k. BB AE T L AR AR, AN
miRNA 1] AR FH 2 M58 RNA, BANT{E 8 RNA AT LB 2 A miRNA fE
IS O ST, MR R AR S E TR AR, IE e T
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U ffy 5, BOEAE AR E 1 5 S (R f LS 147 080,
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2 EPiEEE IGF2
2.1 1IGFR2 (& I

FLTE 1913 4, Carell Z57EMF 7 4 SVRI A B R A I I RE L8 4 ORI 38 B 142
HUYIRe 75 S AN )38 5E . 1963 4F, Froesch 7E A IfLTE H &I T ASRERE g 55 2= bt
A i o R0 R R B SRR AR AR IR 1, IR L RR D AR A R B B AR TR T
(Non—suppressible insulin—likeactivity, NSILA)!%l, B %] 1976 4 Rind-erknecht
A Humb G830 NSILA IR, KB T ARBAKE T, eN7Esity L SlRSER
AEHARAL, The LA AR IR, 1 B T AR A AN A I E A, B BARRAE
AT 44 J9 i By = RE A K R T (insulin—likegrowth factor, IGF)1 Al 21124,

2.2 IGF2 B ¥ ThiE

IGF2 J2& H R AT 78 LR IH ML H S B AR E KR 72—, fENEe R, R
AR RIATENE, 57— SRR R R UTEOIRES o PRSRSE A R YE T o6 A
[ A S I e M A% 2 R R X Rk, FLEMDRES BA A2 it . BN
FERFIEFH AFEE L3RS (Gain of imprinting, GOI) FIEIiZE L (Loss of
imprinting, LOD. Jrif EIL 545 A& 8 JF AN S5 214 1 3k PR [R] g 26 26 Ji [R] HH 3R
FEHUIER: BC B R ETR R E T — 2S5 An B DR AU CER AT R EIOCEE o7 32 B 1 2%
Ko FERERGY A LT X FPECHRAFAE, FELERTHAE LT, AT BICRES A JE A
WEE R RE, Sl — RPIAHE, APl pERTT R, BHERE
2 BE T E iR B ) oy T AR SRR . EE BRI IGF2 W RIE, HESH
JERG R B S B AR R AR K20 Hp R B, 8B REIAIR . 45 B
LR L St S iR R IGF2 2 Ak AR B 2 k2

2.3 IGF2 EE 1R E L

1GF2 JE AL T N Gethfk 11p15.5, 4K 8837 bp, f#E 9 MMM ET(EL~E9)
M8 ANHNET. HINBTHAE— Apal ZEMYIN . H PL. P2, P3. P4
VAN AR B WA G 80T, bl 5 AEBIRE XA [F] B s mRNA: Pl
5 E1~3. 7~9, #*iXx 5.3kb IGF2 mRNA; P2 % E4. 7~9, ik 5.0kb IGF2
mRNA; P3 % E5. 7~9, KA 6.kb0 1 2.2kb IGF2 mRNA; P4 ifj#% E6~9,

6



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



