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Abstract

Abstract

Slits are a family of secreted glycoprotein conserved in evolution. Early research
of Slits was focused on their effects in neuronal guidance. Binding with a
transmembrane receptor family of Roundabout (Robo), the ligand Slit plays a critical
role in the central nervous system (CNS) axonal guidance. Recent studies showed that
both Slits and Robos were abnormally expressed in some cancers, indicating that the
Slit/Robo signal may play an important role in cancer occurrence and progression.

According to the Oncomine database, the expression of Robol in hepatocellular
carcinoma was significantly increased compared with the normal tissue, while the
expression of Slit2 was down regulated in most cases and up regulated in some other
cases. Inconsistencies between the expression of Slits and Robos, and some
controversial reports regarding to promoting or inhibiting tumor invasion and
metastasis implied that the action mechanism of the Slit/Robo signaling maybe
complex in liver cancer development. The present study is to explore the effects and
mechanisms of Slit2 in hepatocellular carcinoma cells.

To this end, we established Slit2 silencing cell line and over-expression of Slit2
in two cell lines from hepatocellular carcinoma to examine the cancerous properties of
the cells including cell proliferation, adhesion, migration and invasion. We also used
Slit2 protein to treat the cells in comparison with the in-cell over-expression to
evaluate the autocrine and paracrine signaling. Furthermore, we examined possible
epigenetic impacts of Slit2 expression in the two cell lines by treatment with a
demethylation agent 5-aza-2’-deoxycytidine (5-Aza). Finally, we examined how Slit2
could affect the Epithelial-Mesenchymal Transition (EMT) of those cells in regarding
to their capacity of metastasis.

The results showed that Slit2-downregulated cell lines had significant
alternations of capabilities with reduced cell adhesion, enhanced cell proliferation,

migration and invasion; Slit2-overexpression enhanced cell adhesion, and inhibited



Abstract

cell proliferation, migration and invasion. Treatment of the cells by adding Slit2
protein had effects similar to but less strong than the in cell expression. We also found
that demethylation agent could down-regulated the Slit2 promoter methylation level
via MSP and up-regulated the expression of Slit2. Then we detected the expression of
effector molecules related to cell adhesion and metastasis.Slit2-downregulation
reduced expression of E-cadherin and increased expressions of N-cadherin and
vimentin. Moreover, transcription of MMP2 and MMP10 were down-regulated and
that of TIMP2 was up-regulated in the Slit2 over-expression cell lines, which was
match with the inhibition of cell migration and invasion of hepatocellular carcinoma.

Taken together, we concluded that Slit2 plays a role as a suppressor in the
development of hepatocellular carcinoma with multiple mechanisms; Slit2 was
usually down-regulated in hepatocellular carcinoma cells and methylation of its
promoter could be at least in part responsible for the down-regulation. The study
provides some new insights on Slit2/Robol signaling in the progression of
hepatocellular carcinoma.

Key words: Slit2; Hepatocellular carcinoma; Metastasis; Methylation Regulation
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1.1 BL{k Slits 554Kk Robos 9 F &4t

1.1.1 BC{F Slits

Niisslein-Volhard 25 U #E 1984 4 ffi ik 5 £ w0 2 8 3 4 (Drosophila
melanogaster) %) 3% 57 T X R A AR R RIS B ORI T slit FE1H . 1988 4,
Rothberg 28 Vo [ H LR K stit JEIR, % JEIRE 54 K i (Rl 22408211 6 A
28 Je S5 240 i R R RSP e v T L R i B DR 54 i e g e RAS 2 ot
w28 (1 R DL R RE 1 7 s N T e 045 BRTE th R AL, R stir FEPRIZE PR 2 R
ST RS 2 E B A1 F o Ttoh Z5PI7E 1998 4 b [ HY 5 Uit siie 3 DR [RIVR AN
¥y S1it2 JEE, [R] I 13 5 B H 53 A0 A 55 AR BB RV 1 slit R, 4 RRAE Slitl
A1 Slit3

b 5 A FC IR N, slit & R 20k H Al OG22 7E R i . £k L (Caenorhabditis
elegans)*. BLff(Danio rerio)™. /)Nl (Mus musculus)“F1 A (Homo sapiens)™/4%
/b 30 SRR IETIN . H AT R A 1R slit BEFEAEE T E MY,
T E G HE S AT 3 R slit L[, S48 B slitl slit2 A slit3!),

Slit & /& — RN 2 T i 2 200kDa [ W R/ B R . B
EERMIANT G, EER B AA XA 1A N-KiifE 5 K(ss)s 4 M@ s
££[X ( leucine-rich repeat, LRR)~ 7-9 />3 J7 4= K [K] ¥ (epidermal growth factor, EGF)
FEEHE 4. 1 ALPS (Agrin-Laminin-Perlecan-Slit)Z5 ¥/ 1 4 C- K i & &
B[t Z R 1 B (cystein knot)™® '),

slit JE RIZEAR FE R sy, £k du Slit 5 Fi Slit (155 [ RN 41%, &
HESHPIH 3 Ffr Slit 5 SR u AL d Slit (1) F 51 [FRE 73 71 0 41%~44%H1 39%~41%,
S A Slit 2B 7 N 9 A EGF BEFA(BE 1.0, A3 slit2 &
A 37T AR T, HE H LRR-1 % LRR-4 45 #3801 2 LR VR BL 36 [l 73 0l 9 27~258
271~479. 505~713 H1 726~908; 5w Slit S HAHEL, AZK Slit2 ] LRR-3 45
(3 S N
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Slit [f158 AN SRR BR E E X (Slit2 D2) & — AN EEMF R4 A IReX, AT
Slit ({3, Slit JEIHRER L BEF 20X Fha i AL R SR g &1 scik
A HRGE, SIit2 B N s SLit2 2 C B SIit3 #5 AT LLS 3 A R
L E IR sk g AU, Slit 2R VR IR LI 22 2 18] (KA FLAE FH AN Slit
B SN R 25 A R BB, [Nt AT LA R Slit BiK 5 Robo SZAAMISE
AL, Z X AT LA 5 Slit 5 Robo M EAEF ek, i H5 Slit 45 & e
fif5 %, & Slit-Robo 15518 {06 B 643 . —U'), Slit i) EGF [X 45k AE 1538
L8 FKARAE RS — MK SN S A — AN Slit-C i, Slit-C I %A A=
PR TE, T SLtN S EAEBIE I 5 Robo M4SN Slit2 28 & /KR K
Slit2-N S (FHXF 4> 75 B4 140KDa)Fl Slit-C di(FXT 2> 7 i B2 55KDa), Hb
SIit2-N 3 54N i S M13%E, 1M SIit2-C S w3 B, SanM R mf 45 & b
WAL, RS ARSI A T DS I B e A7 e . Horp Slit2 D2CGE R A R
SO FIbREFR X 5 Tba FEEE A HIMAMX . Nogo 24k K i Slit £ (A28 =55
SRR E S DXAHALL,  BEDXHR A IR B\ A B EZE AL, 7% N Ui B-hairpin FH5EE
BRI /N AP ATHE 1T o™ T U Pl e 2 VR M O B PRI AR, HL STie2D2 FA N i
C i ffI#B & A WA — i

Vertebraie Drosophila C. elegans Vertebrate
Slit-1 dSlit Silit Slit-1
Slit-2 Slit-2
i Slit-3 Slit-3
- - -_— M - r:
LRR-1 = . _—
- — ; -—
st o s —_— —
— — e — —
e — = e > ; >
— | — . s fp—
_— M- e A% e 3941%
— < > - > > - - —
LRR3 =g _— = — 2K =
LRR-4 -q—: | — 4— "‘_,
:"i ; :Pi —) o—— =
EGF1-6 i ; ;
N;.PE =3
97 ) N ) LY ) LA
EGF7-9 z ] L
cysteine knot @ L ]

B 1.1 Slit Z% K 53 1A) 45 K AR LS 51 Brose et al.(1999))
1.1.2 5{K Robos
1993 4, Seeger %5 POVAE K HI R 67 i TR i 5 AR 3 [A I 8 Yk M BB B SR e

(Drosophila melanogaster) T 55l 5] robo (robol) 3K . 1998 4, Kidd ZEPU7E ik
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9% 1) SR RGN A R TR B P OGRAFIZ R IR, R0 JL AT T YR AL, R
22 R T S 2 e R[] S8F/S9A AL, RIAF“H) Robol & H &AM
KiiBft 43T (neural cell adhesion molecule, NCAM)Z i & iR 2 —; B )5 Rajagopalan
S22 B ORI T Robo KR BB, Robo2 Al Robo3. &L 1
Jt R BUAE £ L (Caenorhabditis elegans)™ . B T 4 (Danio rerio)** . /N6 (Mus
musculus)®. K (Rattus norvegicus)fI \(Homo sapiens)? V&R vp 34 4 iR
[ 2w h5 Robo &5 H L, E41143 74 49 robol/DUTTI  robo2. robo3/Rig-1 Fl
robo4/MRB, HHESIYIH] Robol Al Robo2 5 454 5 5l Robol JEH ML, &
IITEMIN X & 4 AMESE R Robo #5714 7 41 CCo~374,

Robo S22 B I 11, EMFLAYh F B 4 A0, 430752 Robol .
Robo2. Robo3 Fll Robo4. H:A1 Robol. Robo2 Fl Robo3 45 #4 b AHAL, EEAH
=GN MIAR X, A HE 5 AN R IR A MR 3 AR IR A A5 R I
PSR MEIX, 4 1 Robo #FFMHERF CCO~3 AR, i Robod 45K EL
BURFER, E AN X R AT 2 AN S BRE I RESS R AN 2 SRR IR A A I
A X AL A B CCO Fll CC2 ™. Robo (%5 1 MIEE 2 AN akiE H 45
Flk(Igl. 1g2)5 Slit2 F1%8 2 /> LRR X454 . Robol. Robo2 1 Robo3 jHil Igl
etk 5 Slit 454, 1M Robod A XKL Slit2 45 &t r s,

1.2 EL{F Slits 55244 Robos BIFRIA KT

1.2.1 Slits 7EIE BLALA KR MEPRIRIE

Slit 7E & P AEMH L Tz K1k, R (floor plate). %2 )5 (thombic lip). [
iZ ) 2 # (facial motor nucleus, FMN)Z5 2 Fhh 2 4141057 I R AELAL. I
OS2 PP AR 2 H PR A Slit fIRIA

Slit] WAFETHE RGP Shit2. Slit3 35 0] LIZERHE R G LA T %
&, e E, SR Sl AR W B REL R EE &L Tr]
CATERG L B A op 22350, [ i AT CAEE RN B AR, Lok A B T (T
L GYRE AR P,

Wang SR, (RGO R ERE RN . (2280 LR sk
R B e S MR, S EMR AN BT b E R . ARYE BRI S5 R HENT St
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SRS DR AT R R i IR, B AT g ) e o g (1) R AR R BLAT (R A
H, B, raeRA M a7 M ER .. MBEZMIREH SR, BT B3
F AL AN R 2 AT S IR R, Slit] . Sit2. Slit3 F KK 7E B e filifis . (=228
PRI R LA e B 2 0 PV DL R P I RIA N . 1 RIA Slit2 T DL
FANGI R A R R, AL Slit2 AEfs MR AR AR 281, R Slit2 FR
LM A B I

1.2.2 Slits FFRIE BT

WL AE . ARV FIAN R TR AT R I, 7E FL R AR T A A R 1 2R
YR [E] I AEE Single-minded. Fish-hook A1 Drifter =AM 1 1L FI KA,
CAERM slit JER e ie 0 T Hh RE A Britkz 4k, BTB ST
Lola 1 1] LLINGE LR slit (F123812 . el mT 50 R L. 7E 5L 1Y) midline S48 4
R R GG 2R BI040 A 19 slit (1 mRNA K Ekb, 8 T-box F5%[H
F Midline RJ G4 i) L -p 285 40 L) slit (% 510,

H T PR B e i) a5 R, Al slit 25 DF 259 A H IR 20 ) 5 A7 1469 1 1480
MR EWMAFE S, &N XHE T &G —A EGF #5511 C-AK i AH
% 11 ANEIERRFRIES . AR Slit2 WAFLE Slit2A. Slit2B 1 Slit2C =FhAS[H]
BT ARLE 1.2, Sl fAEARF B WA, SOk 2R oE 12
A = BT slnA Bo1529 A & R M B (ENSEMBL  protein 1D :
ENSP00000422591), Slit2B H 1521 /™2 % & #) % (ENSEMBL protein ID:

ENSP00000427548).
SLIT2A gene
v
 mmssssscccssssEEssssssssssssssssssssssssssEEEEEssssssssssEssssssssssannnnn. >
LRR1 LRR2 LRR3 LRR4 EGF 1-6 LamG EGF 7-9 /
Cysteine
knot
SLIT2B gene
LRR1 LRR2 LRR3 LRR4 EGF 1-6 LamG EGF 7-9 /
Cysteine
Y SLITZC gene knot
......................................................................... >
LRR1 LRR2 LRR3 LRR4 EGF1l-6 LamG EGF7-9/
Cysteine
knot

B 1.2 A2 Sli2 i =MAFEB R 51 E Little et al.(2002)*



G

S1it2CH1 15254 & FE iR #4 Il (ENSEMBL protein ID ENSP00000422261). SIit2 ATE /%,
NEBERIE, WA ERILIAE PIOKFRERED, SlieBaf DEH A B Ak
AR AR AP R GE DUAME I 23X, STiCre K RARIG R B a3 b Rk
U, HseiRBL, 2R AR RIARSltI &R A, REC-AR NG kB4
SRSt aF 5 DR 7 A S5 A B, SR AE AR SRR P 8 A R
it B e LR 1 20 g 5 S 1 B HE PR AR FYT, AN IR B A S A 1) T R R SR AR

>
D

A
XE o

i

1.2.3 Robos ZE IE LR KX MIE Ay FRIL

robo FERAEALP LW, W, A OIS 2 B QI RIL, (H2
HHESIIN robo3 RATEMGHLRIEPY, robod th HIE I L 4niRRIAPY.

Tto 2PV 1 X AT 9895 A I ZH VRIS 7 Robol (¥ mRNA FE [ 5 I KT
RRTIN A Robol TEMFHA ARz Fem, HERBES MR EBA —
SEARDGHE, BRIk Robol A AT AR HHE 12 I k4 1A T #E 2. Robol
1 Robod K& [l (1215 7K1 [RIFE 22 76 B W g B B, H2 3 /R0 Y
SENLA BTN, Robol FEL A ATLE4H LT 1, 177 Robo4 I 5E {7 7E ML P B 240 Mt
B2, SR W IT R Robol B[R R/ BUAT W8 B S S s AR, o
R A BRI AN Y, Robol AT AE R — R HEIR o IX U7 Ji5 [R50 45 SR 3%
Slit/Robo 155 DRI A, A RR N B TT .

1.2.4 Robos R FIXEIE

SOBT I 78 & B — e 5 IR 7 0] LU [ 5 (3R 1K 4% Robo FMETE %K
PRI AN B Tox 1 RS R 8 5% 3 K1~ Gbx2 7E 5 I 1WA 5 2y ik (pharyngeal
arch arteries, PAA)R EMER, [RIFRKILAE Tox1 Al Gbx2 AL/ 1A [X 35
robol Ml slit2 WiFhFE R I FIAHAE TP, 78/ B b PR EE LR T Nkx2.9 [k
K435 Robo2 [f) mRNA FlIE [ RIA &1 T BEP) Yuan %5057 P 58 R AR RS
BEZ1 18 25 19 (retinoblastoma protein, RB)F: K 7] LA robo3 1 51 M ki
ikl robo3 (IThfE. BRMEIBEH AT Siml A1 Sim2 #5845 2 58 Robo3 & [
FIEIRK10 L, AT A L S bR Bty 28 S A 1] P 2R 88 05 1707 Wilson 5 OVRfF 72
W] LIM-HD £ [/ Robo3 ¥ G I M 7R B sox #H kKT 1EBE
L L AL K EIEFE S Robod FERIA, #—DHE A LI sox7 Fl sox18
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