goooboooogn

0 1598 0 2008 0 29-35 29

BRFHBEOBEET L . HZEROEEND

Mathematical Modeling for the Prevention and Control of Cancer:
A Dynamical System Approach

BHER, IMBEEAR", FITEFET, RBEE"
HILERKRERERER X P2 2 MEEH, RRE A AR BT
TN K EREFRGREEN, T EREMER AR AMEAN 2T R

.Yoshitaka Fukui', Yuta Kojima', Hiroshi Haeno™" and Yoshimi Naruo™*"

Graduate School of International Management, Aoyama Gakuin University
. Tokyo 150-8366, JAPAN
* Graduate School of Environment and Information Sciences, Yokohama National University
Yokohama 240-8501, JAPAN
- Department of Biology, Kyushu University
Fukuoka 812-8581, JAPAN
**** Biomedical Science Ph. D. Program, Tokyo Medical and Dental University
Tokyo 113-8510, JAPAN

Recent evidence suggests that B-catenin, a member of proteins, plays an important role in
pathogenesis of cancer, and accordingly is considered crucial for the prevention and
control of cancer. Although quite a few mathematical models have been proposed to
uncover its interacting mechanism with other proteins, all of them have too many
parameters to infer a robust conclusion. In this paper, using a simple dynamical system
model instead of large-scale simulations, we examine a qualitative nature of the interaction
between B-catenin and other proteins.
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MR ISR I & 30 R L RER I ¥ VO BBFET D, ZOM
G OWRELEESF 2R E LTHIT LN 3D -catenin T 5, P-catenin IXEDTMER
RREIZBIDD Wit VP AERRICBON TR L PO EE R R L TCWAEERY
RIETHB],

p-catenin DUNEDHDEHIL, WREFOEELEMITE L THBR2], BREFD
BEENREESNS LHREMSICORNREDT, ZOMEiIBEENLIELS - LN TE
Do L L, Wnt VT FNRERDB| & & L RB LT FAYFRMRIIER L TORVREE
T, B-catenin IKBRDF LRI B L BAGBEHB LOMEIND =8, FANE RRE
RAES RN TV B, 3,4], 7=, B-catenin REEEEZTEMAL L= Z L 2 BBRHF 47 -
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ST oD DHEENZ, a-catenin R E-cadherin & VN o 7o flod 7 237 R & &AL CTHIRIM okE
EERET 2EERE TH 5. BBIEOEMIATIL, B-catenin 28 D7 2 & OMIjaMER
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B-catenin R B-catenin DEICHEBEE 2 B 7 L I RIIMES —4 v P LTHRBFINT
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WA 7-9[14, 15, 16, 17], B-catenin I[ZEBE E X 2 ELHMA L, P-catenin DB & FWEI(R
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72 DM H R
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ERELR, 727170, 52— RUOBEKIZSWTIE,
A>0, >0, ¢>0, >0

>0 (X#0), f(X=0)=0, f, >0
g>0, g, <0
}‘j_rgf(X)Y</1
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YR7RDOBE (Y) ML, #E o THROT D, & HIZ, B-catenin UHDF 7T (D)
iX B-catenin (X) T2 L\ 5 RERRICESE, XOFAF I 7 RITY OMENET
HWEIE AT X BB TR L2 ME -, RERIZ, B-catenin iIXHBIRNICSH B Z >3
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gNT Y WM 2R EMZ2 =, ZIZT, AT X OB, giX Y ORVBEMKTH
LT LDBEREL, BEFIIEE L2V,
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5 LT&F#&JB@&%%E%#‘WE&BE D —ERETERL LI SWT, REH

BNROT ALY 7 74 VEEZROVT, REAOREN L EOMIEICOVTEERRIZT
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L%, MOTHIK (detM) EXTAER (traceM) TENEFH

detM =—(u+ fyY)(-0+g,X)+(f + f,Y)(g+ g, X)
traceM =-yu-ow—-f,Y+g,X

ROT, f,>0, g, <ODREND, BEOEIZHIDLT,

detJ =—(u+ fyY)(~0+g,X)+ fg>0
traceJ =—u-w-f,Y+g,X <0
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DT, FHaRiE—ML25,

IHLT, PEANK—-MCRAEETHD I EBbhott, TIIRIEMIREM ITZLY S
RBEOTHAID (D)LY, X,V BHHRELARBE, X, Y BAICRBZDT, 0<X,Y <o
BREY Lo, LiedioT, MPLESAROBIRICHEEL, FHAIVO LU, 2%
VHE—DORETVHMEBEFET S, TRbb, ReVFBITICHANWEETT V)OO FH/EIT
KB RETHDZ L Bbhol,
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RYEDRBENETA VI FAVETRLEONRK 2 Thd, THIZEEFICE-T
HEEND X, YOFAFTITRERLTWD, SBRTRRELETA VIS4 THHHE
TN Y =0 L HBBABE X =0 DR AAM—DRELHATHY, AEEILEI
BREZWDIZK Sy LIEFEIROWTRANICH D, EFNENORBIERE 2T L0 ER
THd, ETORPEIHE—DOEHFHRITES 2 EBHML bbb B,

4. BE

4L B-catenin LMD F LRI BEDZHOILER LB EHEEeFT VAN CRESLH
iz, BEORER, B-catenin LANAD F 2 E (V) X B-catenin (X) ZHHIT 5 L\ S5BHE
&, B-catenin IIMRBEANIZH BMDF U NI BEEHELTEILEVWOIDERSPEET S &,
p-catenin & MDD F 27 HOEMRBICH T D MEIIKRIFICRETH D LV I RKRLE
7o TDT kT, Bcatenin DMENEHRREICRINTWB I LE2TMT 5, £/, BIZH
2 TEBRIT B-cstenin DIEEH T 20, EBOWRMBIZI2S & B-catenin DWEIMEL 725 L1
IERERICIR T BRIEIE, RMERIC X 3REHFEKOELT, FHRBIZKT 3MENEL
FTHIZLRE->TRIDEMRLABD Z EBHLMITRS T,

Z Z X T, B-catenin & B-catenin LASAD Z L7 BIZHWT, BMiFBBREPRELE
BHEETNEME LT, Pcatenin IIBAREHERTZ L RALNTWEDT, 3, 4], £
LIZZEHETNVDELRL, BEGHRARLMALLKBEEIALHEETS (®3),

B3 BERFHEE T NVICEAGHARERE 2 BA L ST 7L OERK

BEBHERBRELEATE L, BROFAF I 7 AT 4 KTOFRTEMRS FERR
X=2-pX - f(XW
Y=¢-of +g(V)X -kYZ+ W
Z=n-6Z-kYZ+ W
| W =kYZ- W
L%, L, )DBE LR,
A>0, u>0, ¢>0, >0, >0, §>0

£>0 (X%0), f(X=0)=0, f,>0
£>0, g, <0

@

b
ZIT, W, ZRUY X, B-catenin UADENETNER o7 F I ROBMERL T,
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P, OEHEAEELD, Z=0,W=0LV, FHEALATIE, @R

kn
A-wX -=Lf(X)Y=0
¢ ﬂéf() -
¢-wY +g()X =0

CRETB, ST %&ii’&“@&;é@'@, (S = BT A1) & EHEICF LT B

ZEMRFNB, LLELY, Bcatenin L EOBMRICHBBHAER L RA LT NI, Vi
REETIE, BM—SFETVICRETCE A2 L 8bholz, LEXNST, X 2RiET I
BEHRHERRA Y = A 1 ITRPENE R ST LTH, TEROEZEBMULEEFMIZSTFET
WVICBBETHZ LN TEHAREMEEH D, 7L, KIENEERIIRBIROMBETH S,
p-catenin IXBA AT LA T, HEEIHIE MV 7 0 BRERIZH N0 T3 L v S RIBE
EBEmoh TS, ZORBELESDBR/IROETFLEMEL, BIBORE O EW,
B-catenin FWDRIBLEIZEZ ZKBEALNIZL TV ZENRSHOBETH B,
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