, 30 10 AppledM athen atics and M echanics
2009 10 15 Vol 30 Ne 10, Oct 15 2009

: 1000-0887 (2009) 10-1165-08 © , ISSN 1000-0887

Endostantin

# B, R B, & M. k#E— 4R,
. B R AT

(L s 200433
2 ; , )
(BRI 5 )
Endo sta tin s
s (EC) (ECM) , Endostatin
Angstatin s . An
glostatin Endostatin s >
R318 0L TB115 A

DO1 10 3879/j issn 1000-0887. 2009. 10. 004

43 2 [13 ”» R FO]k—
[
man ’
[2]

, Endostatin( ES) ,
, 0’ Reilly ' 1997 . Endostati
, . Angbpsta

* T 2009 01- 06 © 2009 08-19
(10372026 10772751);
(B112)
(1984—), . .
( . Tel +862F 65643813 E-mail xusx@ homail can).

1165



th(AS) 38KD ,

30 .
; ( )
, (
)
. Anderson  Chap-
lain * Angiostatin ( secondary tumor)
. Levine ' Pericy tes TAF F bronectn
Angiostatn ,
(8] _
[9]
(extra-celblarm atrix ECM ) . ,
Endostatin Angiostatn ( endothela
cel] EC)
1
EaM
( TAF ) ( [ F bronectin
FN | ). Angpstatn,
, . Endostatin
, TAFs HSP TAFs
ES , ES
11
n TAF ¢ FN [ AS a ES e
[8]
(TAFs ang iostan tin)
~ N (N,
—=Doy2n—y'[ ny}-y'(%anya)—y'(l%nyf)+
at 1+ Oc¢

\¢ __endoslantin

a{l_lj,ﬂ(c)[l_e&j, (1)
n 60 +

O _

g = Ane (2
I _ o

py wn nf, (3)
%(ZZDM}”ZG_YZ(L (4)

1166



Endostantin

’ UI ex

de
e (=Cee+ Uyey) /V,.
() .Do % & K TAF
. Q; » 1o s 8nax ES
es0 50 ES .H (c) TAF
< *
H(c) :{Q ) 0\0*7
(c—c )co, c> ¢,
TAF c o, .
o BD, Y, (5 C. ES
5Vp
(ECM) , ECM EC
(n ECM J=— (oulot)n
ECM ECM
T
(UI&+ l“]261 - | 8+ + In2 :iut’
1+ an P
(6) ECM
poisson , My, I s E=(yu+vyu)l2
., Ue=T"I=5 a U
ECM R Q, EQM
( K irchhoff ), (7), P
(D) ~(7) , T=L'D., L
,D. TAFs
n = ﬂ? C = _c7 f = i’ (l* = i? g = _67
co fo ao ey
P w s x c_y L
ﬁ - poo u - L: x = L’ y - L’ = "L'
on , 2 , X , , , , ,
—_ =Dn — ° — ° — . (1)
o ¥y n- 7§ {1+6€ny% ye(&any a) -y (dnyf)+
Enax e , Ju
B.(1 nH | -y =
(1-n) (c){ 650+63J y [aj
= - QNng
= Bn - vnf

.2
:Day a — Yaaa

=—- Y.e+ YuUIt')e

(3)

u(x, t)
[9]

(8)

(10)

(11)

(12)

1167



P g - g (13)

ot 1- v~
, ’ ' / du
o (e + WLOT) + (&+ VOI) + —2 =2 14
y{(]& )+ ( ) a2 0 o (14)
Do %@ co &ao K, fo al’ Mol
Dn:D: X= Dp’ 8: o’ g: DCJ lb: Dr»’ Br: Dc’ rl: Dc ”
onol.” ol D oL’ c.L’ 12
B= , Y= . D, = 7 Y. = , Y. = L Y, = :
foD . D. D. D. D.V D.aV,
: (1+ VY 2(1+ vk, 1 , )
b= » b= - V=T"5p @ =t
< *
H (e ={Q B
c— ¢, c> c .
12
ECM ,
Q ECM A(x, 0) = 1.
TAF N AS 81
1 0<r<03
c(x, y, 0) = _ 2 15
(%, 5% 0) (V- Q 3) 03< s (15)
V- 04771
Flny 0) = k'« &7, (16)
a(xy 0) = %%, (17)
Vk & ¢ & cr= J(x- 1)+ (y-Q5).
ES e= 2e— 9mol/L. 6d 20mg/(kg* d)
13
(8)~ (12) Eular , (13) ~ ( 14),
ADI : [0, 1] x[Q 1], h k.
n(ﬁn] = nzlmp()-l' n;ﬂerPI + nZImPZ-I' nZnHlei + n;]mf 1P4> (18)
Im , q , x=Ilhy=mh t= gk.
Po ~ P4 5 y Py (Po)
(P1) (P>) (Ps) (Ps)
7PIZ
[10].
2
21
[Q 1] x[Q 1], 2mm X2 mm. ,
Qs (1 0. 5). , , )

1168



Endostantin

3 U T:(03<r<05) T,(0 1<r< Q 3) T5(0

<r<01). 200 x 200 , L=20mmD. =2 9x10"
an’s T=1L'D., 15dX=0 y , 5
[1F13]

D,=0000625 6=035 X=038 £E=01¢=022 B =135
€w=10MN=01LB=005 Yy=01D,=01 v,=60 v.=280Q

Y, = 15QUu=01 v=107 {4 =002 KL =01 s= 2000.
3 : 1 ; 2
R AS ; 3 , AS
ES 1 3
0 0
40 40
80 80
y y
120 120
160 160
=
200 - 2
2005 50 100 150 200 00
(a)
40 40 40
80 80 80
y y y
120 120 120
160 160 ] 160
200 200 - 200 e
40 80 120 160 200 0 40 80 120 160 200 0 40 80 120 160 200
X X X
(b) AS
0 0 0
t=12d // t=18d
40 40 ‘
80 80
v v
120 120
160 160
200 200
0 50 100 150 200 0
X
(¢
1
1 , 3 s 6d

, “ bush border” ( ) , ,
1169



1(a) 1(b) ) AS
) . AS
AS ) )
, 6d 20mg/(kg* d)
Endostatn. 1( b) 1(c) 12 d
18d , )
22
W u [ 14]
2 (HDM ECs) e
( fiboblast grow h factor FGF) . FGF ,
. AS ES ,
, AS ES

RUHRE Jo AR o AR
2 AS, ES ( yLel
AS ES )
MVD (M icoovessel density ). W einer' " MVD ,
MVD . 49 ,
, , 200 MVD.

1170



Endostantin

i) MVD;
i) 6d , , 754d
MVD ;
iii) . 3
50 MVD.
1 MVD .
1 MVD
[16] + AS + AS+ ES
49 50 50 50
MVD (u imm?) 21 ~ 293 305~ 731 128~ 344 12~ 138
MVD (u fam?) 157" 518 236 75
( " 0. 74 mm?, 1 mm?)
, MVD MVD.
AS MVD R
, AS
MVD MVD . R ( 6 d)
ES . MVD ( 6%% ),
3
, AS ,
ES ,
ES
; ( ) ,
[ ]
[1] Folkman J Tum or angiogenesis therapeutic implication [ J]. N Engl JMed, 1971, 285(17):
1182-1186
[2] , . [J]. , 2006 33(7): 290~
294

[3] O’ ReillyM S Boehm T, ShingY, etal. Endostatin an endogenous inhibitor of angiogeness
and tum or growth [J]. Cell, 1997 88(2): 277283

[4] O ReilyM S Holngren I, ShingY et al Angiostatit a novel angiogenesis inhbitor thatm edi-
ates the suppression of metastases by a Lewis hing carcinana [J]. Cell 1994 M(2) 315328

[5] ZHU Jun-dong YU Xiao-ping MIMan-tian Genistein inhibits expression of vascuhr endo-
thelial grow th factor in her-2/neu transfected hun an breast cancer MCF-7 cells [ J]. Chinese
Journal of Cancer Research, 2006 18(2): 83-87

1171



[6]

(7]

(8]

(9]

[ 10]
[11]

[12]

[13]

[ 14]

[ 15]

[16]

Anderson AR A ChaplanM A J Garcia-reimbert G et al A gradient-drivenmathen aticalmodel
of antiangibgenesis[ J]. Ma then atical and Can puter Modelng, 2000 32(10): 114-1132
Levine HA Pamuk § SkemanBD, etal Mathematicalm odeling of capilbry fom ation and
development in tum or angibgenesis penetration into the strana[ J]. BullM ath Biol 2001,
63(5): 801863
R R , . Angiostatn  Endostatin
[ J]. , 2006 21(4): 272279

, , , - [J].

, 2008 23(6): 434-440

, , , . [J]. , 2005 26(3): 468471
Anderson AR A, ChaplaihM A J Continuous and discrete m athem aticalm odels of ttm or-in-
duced angiogenesis [ J]. BullM ath Biol, 199§ 60(5): 857900
Mdougall SR Anderson AR A ChaplanM A J Mathem atical modelling of flow through
vascular networks inplications for tumour-induced angiogeness and chemo therapy strategies
[J]. BullMath Biol 2002 64(4): 673702
HolmesM J Sleeman B D. A m athem aticalmodel of tumour angiogeness incorporating cellw
lar traction and viscoelastic effects [ J]. J Theor Biol 2000 202(2): 95-112
WU Jie LONG Quan XU Shixiong etal Study of timor bbod perfusion and its variation
due to vascular nom alzation by anti-angiogenic therapy based on 3D angiogenic m icrovascu-
lature [J]. J B iom echan ics, 2009, 42(6): 712-721
Eriksson K, Magnusson P, Dixelius J et al. Angiostatin and endostatih inhbit endothelil
cellmigration n response to FGF and VEGF w ithout interfering w ith specific intracellular sig-
nal transduction pathways [J]. FEBS Letters, 2003 536(1): 19-24
Weidner N Intratum or m icrovessel density as a prognostic factor in cancer [ J]. Am J
Pathol, 1995 147(1): 919

Num erical Sinulation of Solid Tum or AngiogenesisW ith

Endostatin Treatment a Combined Analysis of Ant#

Angiogenic Factor Inhibiting E ffect and Ex tra-C ell1 lar

Matrix M icro M echan ical Environm ent

CAIYan, WU Ji¢, KalkabayGuhar, ZHANG Hongyl,
CAO Jin-feng, XU Shixiong, QuanLong, M W. Collins’

(LDeparim ent of M echan ics and Engineerin g Science, Fudan Un iversity, Shan ghai 200433 China;

2 Brun el In stitute for Bioengin eerin g Brunel Un iversity, Uxbridge, M idd lesex, UK )

Abstract To nvestigate the influence of anti-angiogenesis drug Endostatin to solid tumor an-
gibgenesi amathem aticalm odel of tumor angiogenesis was developed w ith combined inflr
ences of local extra-ce llular m atrix m echanical environment and the nhbiting effects of An-
giostatin and Endostatin The sim ulation results show that Angiostatin and Endostatin can effec-
tively inhibit the process of tun or angiogenes and decrease the num ber of blood vessels in
the tim or The presentmodel could be used as a valid theoreticalm ethod in the investigation of
anti-ang bgenic therapy of tum ors

Key words tunor angiogenesis antiangiogenesis mechanical envirormenf m athem atical
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