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ABSTRACT

Primary liver cancer is the second most common malignancy, and currently
results in 360,000 incident cases in China. The molecular mechanisms underlying
hepatocellular carcinoma and effective systemic therapies remain unclear because
of the complexity of its muti-step development process. Multiple endocrine
neoplasia typel(MENI1) is an inherited tumor syndrome characterized by
development of tumors multiple endocrine organs including the parathyroid
glands, pancreatic islets. The MEN1 gene product, menin, is expressed in many
embryonic, as well as adult tissues. Disruption of the Menl gene in mice causes
embryonic leheality at E11.5-E13.5, and livers generally displays an altered
organization of the epithelial and hematopoietic compartments associated with
enhanced apoptosis. IGF2 is located in chromosome 11 p15, there have been 67
of amino acid peptide. In the human body, IGF2 adjusts the growth and
development of embryos necessary growth factors, can stimulate DNA and
protein synthesis, and promote the role of mitosis. During the development of
liver, IGF2 genes dynamically regulates the methylation degree, imprinting and
so on. Abnormal expression of IGF2 may promote hepatocyte proliferation via a
paracrine mechanism in the pre-cancerous stage. When hepatocytes are
transformed into malignant cells, they may secrete IGF2 and promote malignant
cell proliferation by an autocrine mechanism.

Our results indicated that menin expressed in hepatocellular carcinoma
detected by immunohistochemistry. The expression of menin in tumor was
significantly high than that in adjacent tissue, and the expression of AFP was high
in this tumor, suggested that menin probably plays an important role in
hepatocellular carcinoma. We studied the molecular mechanisms of menin on
regulation of hepatocellular carcinoma in Hep G2 and HL-7702 cells using ChIP
and real-timePCR and other molecular biology techniques. These results
suggested that: menin promotes the proliferation of Hep G2 and HL-7702 cells,
furthermore, the expression of increased in DEN-induced liver tissues,suggested
that menin probably plays as a tumor promoter in hepatocellular carcinoma. In
addition, cDNA microarray and ChIP-on-chip showed that menin could combine

with the promoters of various growth factors,including Yap1. IGF2. IL-6 and so
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on.ChIP results sussgested that menin could influence the histone H3K4. H3K79
methylation of IGF2 promoters by recruiting MLL and DotlL histone-modified
enzymes.

Together, our studies conclusively revealed that menin plays a key biological
function in the development of hepatocellular carcinoma and clarify the
epigenetic regulation mechanism of IGF2 expression. This will provide a new

treatment of hepatocellular carcinoma.
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Fig 1.1 Map of liver cancer mortality for males in China



1.2 FHENBRE R

24Nk, JEUR PRI B9 DR 1 R BE 5 4z I W, (B3 B2 B0 AR T2 o
NI LHHEAE, HAF RN SRE MR IR B /N S5 R HORER s k8 12T 44123
BEA AR P AR TR AN AT IR SR BN . 70%-90% ) IR i 2B A BT AL
ket b, AR ZHOVHETR, G0 TR BTN . B I A E T PR A A
FOAMHES T . 2R EEERT 28, IR Z A ] S BRI 2O6E, W BRI R
EB R EE. BT £E P, RV RV AT 2 SRR M e v 2 00 R R T iR
FERN, OO R. WK, TRIFRSE, CPRRRA S HEr kA
WY N SR I PR 1057 5 5 R RO R 2R L, e L&
TG N TP (R R A2 2 IR AR 100 o ARIE I REE B, A A
(I35 TP BEASIN 1) Z AR BRI 95%. WL TERI TR I, AR RZ A
FFREEFIEREAL, AEBEX R 2 th LR R AT S 7 7B
UESCAE T 4R ) DNA RS Z A0 DNA (R M. 3.0k, 72057 FE 500
5T U HT 50 A2 A8 A PP AT 5B A P = B2 S BRT, i A A A i 2 B 4 M e PO
kT, 43 &R R Bl, WIERENEDT, JCHEMES. Yk
RT3 3 OV IR SR EUR Y L, B i s RN Rl e, RO
SO DL T RIS A R 1 5 AR A 480 50 . 5 BARVEAQSIION,  dnkE SR AR
T AR VERR EER MO . FIfPE . Wilson S5 n] R A AR . 6. A, 11 ikEZ:
25, AN =R OHTER . R S O AR B BUE R R

1.3 FrEERAEN

585 FURE SO B i S H At 2 SRR M R AR L, R AR
TR PR OB I 1 D T K e 0 1) B AT A5 AT 7 B IR ™ o 1 AN 20 TR AT )
EESL TN E R VERT AR DK, X T A s A T T OB ER N, ARk
ST MRS i E e, WA ReREE. BRILNSEAEAR . &
FhEh YRR Ry 5 S R S A AN, T DURSER T B B3R B sh PR A
PR AR 4R A B E A Y ) S0 DR AR T ST T F e e A
Mo R RERAEYIR AT A LA LR B AR s RS HoAth
B PR35 SR B0 I W] LS DNA S AR s S b B i i HoAt 7 ik U s A% 45 2, AR
FE ARG BORIE EEAR I ARRE S BuR I RE v 2 S A R, 15
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HRRBRSEABMBPIRKERE. H =K (DEN), —4BE &2 (N
-2-AAF) 55 CATHAL - BUR Y B ST A MRS, H AT 2 T AR iR
HIFLHIBE T . A B8 K e A G 22 S =B e 12 53N (initation)
{2 (promotion) -i#HAF (progression). DEN J[E Fregiff 7 #0414 (Internat
ional agency for research on cancer, TARC) #j& BV, XTI IR AR
A A B AR AR T T N R 1 RO e ORI R, 9RAR T I R AR AR 1
AR, Je— P AR R 78 AR I R AR s A . B DEN 5 3 2L 10/ R
FEA, RO I A RAE—~ KB4 AR 1 SR 48— JH4H
MA . BN~ R R B A B — A — TR B

1.4 R & SEALH

15 5 L RERE A0 ML A1 0 73 515 5 L AR N I P9 R RO ) — R 51 il
RS N IE S, IR IE AR ey BB T, C RO 2 I NUA
HUR AR TR, S BT 25T I AR T P (1 QB B A

1.4.1 IGF2

1.4.1.1 IGF2 B A4

IGF2 JERf7 T ANtk 11p15.5, 4= 8837 bp. IGF2 JE K 4 il W47~ 40 /2
H 156 NREERRIRILA RN 2 IkEE, 2 58— RIS, B — M
67 NEIERIIEA NN BA Z R EY D REM Z K™ . N IGF2 R EFELLTH
ARy, BP9 MR T (E1-E9) A4 ANEZNT (P1-P4). 9 MMETH 57 Imi
6 MMNET (EI1-E6) NIAERIEFFESI, E7. ES LAK E9 KIS —iR4 4wt IGF2 Fifk
B, B9 MFFIAE LK, AE2ME2E A (polyA) MINES™": 4 MAH
I E )T RHALAEKME G L HEN, EAEKKELES, 4 NMEshTFAEMiE
HA MG M, I AER B BORIEA D2 ThAE . TEMG LI P2~P4 J53h 7
AigtE, JEHEREMEREFER, B4 2 MHE, Pl EZITFREEE D,
B IR B g, BT B R Rk

1.4.1.2 IGF2 RMBEFFIE
RMEES- (epigenetics) seRIEFFRIXBLE ARIEMUZAW & DNA JF51
R4, AH AT DL sk 2 o 43 SRR G B T AR A ISR, A J DR 2H B

3



BT i

DNA Ak, AEABWHMIESIS RNA 2, IGF2 tE/NRIEIE R B it it iz
®ibs, JFHAEMRBAKE R RIEEEER " EREREKEIRN AL ER
1, IGF2 J& T ENZESE R, BISRYE TSR AR (1 2% G ik b U SQUR S5 (o 5L R 205
IGF2 B HTE/N R B m ik, 8 AR 5 3R B 2RI AR, 7ERUE/D R IGF2
B TR A TE Rk s AN . BRI S 2H 2R OSBRI SRR ™ . 7E AR R 4H
IGF2 )@ T-EpE 3[R, A 78 Rk A BB 2H 2 DA R AR JiE % 7 el i
BRI RIS . SR, FEANEN, % P1 B3 FiEVER R, IGF2 {5R3%
=,

IGF2 5 H19 @5 R B IEVEEN I B Rl 2 —, =38 B8, HILHALT
H19 JE 3T RIS T /EEAZ41 DNA o, WEEaI TR Z e —NE &
CpG HEZHFRAIX I, ZIXIEEHE & . 7EAQUR gtk rh, H19 J8 31 X H
FAGIE H R G, B IGF2 Ja 315 H19 Flietl o 145 & pis, 1GF2 Rik
B i, JFHIX R IR B R R DUIE g s 4 T ARG

FEARAN i b BRI L 4k IGF2 UiBK, (R R 31 X HF AR b 364k . BRI 7E H19
JE BT LI E DNA 253 H34LIX (differentially methylated region, DMR),
s DMR #HBR, BEFESEAEE A ) IGF2 sl BEpE " 1% — XS AB R O E I 1
X4k (imprinting control region, ICR), #F—3 &I, fE ICR XA{£7E CCCTC %
BEEEF- (CTCE), REOS DX il Ge ik b i v X 3 5 R M X 3™ . CTCF & 741
X& & CG HAZLTTR, UPHIEALE, REREH0H] CTCF 46 . Bk, 7EAQIRSENT
A L, H19 DMR/ICR X 85 HEALR, ARe4s& CTCF EAE R4S T, T
Wt 1E T IGF2 JH3h PR M3 IGF2 MRIE. SZHRMIZ, 1ERRFS AR R
I, DMR/ICR X 2K FEALIRES, CTCF 454183 F X 4%+, BHik IGF2
FAE) 75 MR T4 S, SEUIGR2 AL (W 1.2) .
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& 1.2 IGF2 5 H19 EiC 3L R R
Fig 1.2 Model of imprinted regulation at the IGF2 and H19 locus

B RN, EANRME KRGS, R R SR Y 4 IGF2 B,
ARG R Ak R 2R 3% R RER S5 A7 R R HL AR /N BR AR K2 30T - 1752 IGF2 Rk
BE H19 #mibRm ™, MiaEAK, MRERIEKE . HHIR 2 MR AR
(Wilms™ 8. FUIRRE B AR AR Bl AFR A EL e ) 2 il 4 ik
(i Bl UM FHm A& aT 5 ) T2 IGF2 Jk A 2H B 2 e iy
F1,

1.4.1.3 IGF2 HAE ¥ ThiE

1.4.1.3.1 IGF2 S4apE K Fn 534k

IGF2 AR AT 220y 2R R, LT BT IO 2 #5 20 J B A AR K A
T 1 524K (IGF-1R). 24 IGF2 5 IGF-1R 45 A0, T LA 524K s S BRI i s 12k »
SHMEF MRS ERZAR T B)EY) (insulin receptor substrate 1, IRS-1) BEERL .
PR AL IRS-1 7] LLIE Ras/Raf/MAPK and PI3-kinase/Akt 2RI S0, il i
SEFEECME (Nl 1.3) . IGF2 IR R B R B R E Rk, HAE R RIL
AN, XKW, IGF2 MR A M i e R g E KR i 2R, At
FRM, N RE R B T IGF2 R IE BB Y6, ©n MR 4
o B AR PR BG5S 0

Bl 1.3 IGF2 ST s S AE I AT (5 5 a8
Fig 1.3 IGF2 and its family members signaling at the cellular
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M R AR A K EEN R —, ERRB/NIIR R RS EFRYR
FARU e AT LUE L Y AR AT B, EEEAREE Imm’ (R, XL
R EME RigH . B RENIE S R L R 7 13RIE, DSt Bl 400
I AR . I N AR KT (Vascular endothelial growth factor, VEGF) fE
AL R TE 4 2 2R R e g A i A i, S BLTE MR A R s & BIE™ . UK
W, EfHET, HIFs AP B IGF2 ik, #EMAl IGF2 2 5 2| Mys g Ak, b
W VEGF KRk &; WHREN IGF2 L VEGF, #B4r2i@id Ll HIFs 3%
2K, KB IGF2 5 HIF A B AR T DAL R 353 VEGF H3ih . 7EIg 4T pE
PRAIAIL I 555 A LA B L7 J LA I S A v, 3 A= IS PR T At 52 ) TGF2 TR

1.4.1.3.3 IGF2 5%

Norstedt, G & &M, 7EHE AR Al IR kb, P1 R 3)7- 2k £3E 1, IGF2
523 P2-P4 Ja 3T R i RIBIRE o 15 LRIRT 56« TABIRT 9% BE M 10 BT e 26
H, IGF2 KisE B, IfH IGF2 Hyid#ix 5 AR EHIG L™ Lee, Y. 1
SR, TE LR ER G R B, ORI S R R Bl WL S ps3
1E 249 %7 (p53 mt249) KAERAE, p53 mt249 n] LUEd DNA 58 H A E
A5 E AR AR P4 5207, F3IGF2 [RiAE L™, fHmH s
H IGF2 ik & B, IGFBP3 %15 T, IGFBP3 ZEJR TR, w LAl
TR G HE BRI, FE/MHE AT W, IGF2 25RFHMERIE, FHmfi 4k
Hi5 40~100 fi: 5340 IGF2 5 HCC A AGFEEEA ¢, (K46 i v LR B PRk
it bR, IGF2 w335 5 0 8w 15 7= AR S VARG, (R E 2R N
il R — B A

1.4.2 IKK B /NF-kB
NF-«B 7£ Z A QA b )2 474, 2 BN EE KT Rel 8 H XK
Rz —, B3 5 NEHLI: Rel (cRel). RelB. p65 (RelA, NF-kB3) F1 p50
(NF-xB1). p52 (NF-xB2). P65. cRel il RelB 73 A N i Rel [{JH[X (Rel
homology domain, RHD) A C ¥ ] Je A PIE &5 #18 (transactivation domain,
TD), 5% 5 3E A AH G o 7£ RHD ) C R ¥ 4 — M % i€ Az X 3 (nuclear-localization
sequence, NLS), FEZ L5 DNA 456 . “RBMUA G M EES) ™. & I
[f) NF-xB 52 p65 5 p50 AR 7 — %Mk, kB & NF-«xB B .47,
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