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Abstract

This paper firstly deals with a mathematical model describing the growth

of an avascular tumor with different chemotaxis responses and random mo-
" tions for various cell types. The model was initially proposed by Tindall
and Please in [16] and Mahmood et al. in [33]. Tumor cells are assumed
to consist of two cell types: the proliferative cells and the quiescent non-
dividing cells, which might have different chemotactic responses to gradients
of extracellular nutrients (oxygen, glucose, etc.). The model is a free boun-
dary problem for a coupled system of nonlinear convection-diffusion-reaction
equations, where the diffusion rates of the two cell types might be different
and the free boundary is the outer boundary of the tumor. We prove the
global solvability of this model t;y a ﬁked point argument and some a priori
estimate techniques. This work extends a recent result by Taol®! on a model
with the same diffusion rate for two cell types to a new one on a model with
different cell diffusion rates. The local existence and uniqueness of solutions
to the model is proved by the contraction mapping principle, along with the
methods of sup- and sub-solutions and parabolic L? theory. Based on the
continuation method and a priori estimate technique, we obtain the global

existence and uniqueness of solutions.

This paper further considers a parabolic-parabolic repulsion chemotaxis
model with two species, which interact with a repulsive chemical signal.
Chemotaxis is referred to the directed movement of cells in response to a
concentration gradient of chemical signals. Chemoattractant means that
the cell movement is directed toward the increasing concentration, whereas
chemorepellent represents that cells move away from the increasing con-
centration. By the fixed point augument and a priori estimate technique,
we prove that the model admits a unique global classical solution which is

uniformly-in-time bounded in two-dimensional case, provided initial data is
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sufficiently smooth. Moreover, based on a Lyapunov functional, we show
that the global solution converges to stationary solution as time goes to
infinity.

Finally, this paper is concerned with a nonlocal model for cell-cell adhe-
sion and cell-matrix adhesion in cancer cell invasion of surrounding of tissue.
This model was originally established by Chaplain et al. in [28], in which
the two nonlocal flux terms are used to reflect the cell-cells adhesion and
cell-matrix adhesion, and the model is actually a nonlocal reaction-diffusion-
advection system. We prove that it has a unique global smooth solution.
Furthermore, we study the asymptotic behavior of the the solution to the
model.
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B AV SCIR BB A RS, MR Z L SEREARBRT, XK
EHE B AT AN B G S ] SR TR . AR R N B K D R
WECEYDIERE P R 5 R B AR h A R G S N- 9 RS Bh I 2%, %K
FHATR R N3 HOT FER AR R AW BA R P i ). PRI, S -9
7 RE A T 53 T3 R AT A B — AN BT 7 1), 7 R AR A TR T BT
FA B TR RGN RERE . KBRS T —A MR 40 o A K i s
B — AP Y PSP HE Sr R AR R LR — A A0 3R i A R
2t _ -

fiye (tumor) EHUALE S FHBUE R R T, JRiBAL L 0 5ELE 40 o7 5
B EREMIAERKMIER W, SEILRERAETR IR £, XH
B ML T AR TR IER ERE K, BEAREFSERMEER, 6
WA EH e BAL G K, HRIERKRERRIIGR. AREELEB IR
fFBAL, S A e iR 04 R LR R R, SRR — A K EER
M, ENEBKER MM F, REWIRBUEIRYIT (. WA 1
S EREETTARNEE B4, WeARE, RIUEMEARSSIER
AHAREL, BAERARING, S ARKEMRA LW, B2, FrEHEEKR
P A S e B 2 TR AEAE RS R B, B R RI B — A K, SRR
JICEAE R . PR R AT B AOREEE (cancer), FEAMMERERRIC . B

VARIT B ER T, 10 EL, R 0T LA R rR A Y, BEN MOVBOR B R
Gt R FEE G AN Js A 1 A 28 LAt 25 TR BB O R, XA AR R A
JREIE R o '

A E ST T MR A A K OB PRI R A A, 2R
AMAEE TRV ORI KA R 7, el RS MERR, @il
70 B A 5 M R K 40 M R 44, TRIAR 387 (proliferation), MR BI T
AL 7> RETEAWH AR R . TR 5 40 A AR OB T A R A
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{E IR 40 o v AR AR D H 2 58 WA A KBTI T, REFHRFEEIGTE Y
Ae 7, IXULEA, IE W40 MR A KT RS AR 40 e D8 R R E IR
FEH, MM — IR RERB| N — IR REREL T — N IGE A M. 556,
WA — SO0 w] DL I 25 RS 5E R A, B AR IR A R e ), b TIXFE
— G IR 40 MR AR b % L S M . 1E R 4 MY e R 40 S T
SN P, AN B LR R R AT, AT LA R L U g N3G 5
WATF O 5 5E, Kb T 54 T 0 00 40 Mk 24 sk, T e L U A0 P 25 ) AN UK,
Bt LA L 300 0 i A2 e R R AR O o 0 e T e e A P ) A AR, AT DU
B F AT R A A i, AT AT DAR 2142 i b 88 A=A it bR A= Kk
SRR L AVECFE T, RTLASR 3 AR T Aok e 98 440 1100 T S0 R . P
AN, BRTE—LHaIT k.

HR, KPR T — AR ELHE R Bt (chemotaxis) J&
8 40 Jf S0 A Xt T BT B A 2 400 5 P AR R R 7 A ) G 1 W Y )
TR, RN T IENIERWEA K — Rt XX 40 el & 40 S5 &
Y G AR T EZE, MR N DUEE TAERES ST
WRPER M T, B I B A BRI 7T o G SR TR B R 1) A S R B R PR b T T
%, FRIXFhREE A5 (chemoattractant) ; 1M 21 5 40 B 840 A ) A6 27
WREAR 7 T8, WIRRX TR bt b HE Rtk (chemorepulsion) . i
=N BB BB 7. GARESE— b R AR R, WX — B4 1 9 40 A 2
e BRI hn . A ) KA 0 R R AR R B, R BT R R AR Y ]
file Tk O ) S A T T ERAVIAE S AR RS L AR P AR AR L M — 1k S LA R,
RBRFEAEY)F B 22, BRI TR AEW I A AL B el 13 AE A
PLRE R R F V47, (015 DA RE I FrELi e K. MR A EERE ST, 2
EHRMTEE R, FERERR. IR RAE Y F B Lk R E R F &
Xt RGEREATIE S 3 )LAER, AR IS 40 i B T s A v % i oK
R, BRI Z ) NTERF T 40 OB R, PR X e B e % R
e EENE L. _

BJa, ABWR T —/NMEHRREAS AR, B, WA
IR, A A A 0 T A R S LR 2k W T T S KR e A LB T AR KRS
E2RERNEEIERARERE HAENIER RS ERE S 2 54K
FOADER 43 o T 0E 40 O B A G 5 4 g o A B 2 e AU B — T AESG, R
T8 A 4 A 55 2 A5 Y PR 9t AR ) 2 P I — KA R RE R AR A
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TEVFZ A 21 R bl B EERAE A, AT DABSRUS 6 S e 4 i iE 3, LR
BB O35 . BAE R =W KAV AL R BCEE R — AN E 20
2, BERYEE T —P R, JEAE 40 M0 RS s —FRER Ik (O BRBE, IXFRER I (3R
BixEH AR AR RE FN, YUXMHREEH—ENEEE, iaS
FUEFEHALRIZET, 1 1EF N E AL MGET, A e 40 i i 4k 4= KR )
AR NZ IR T 2300, BUEFREAEGI Mgk A, fa &8 B RA LR, 7
A B AU, S VR T AR Y O R R R RE 40 L S ELE H 4R (ECMs)
DA K 4 A Bl (MIDESs) = 18] i) 30 25 10 40 L4 PR A — RS . AH B4 3
FAUHE: 5B, KM Cadhesion) . [0 40 AR B T 1A 980 40 2 208 B I
40 (ECMs) IfE S AT 2 ma HAR N RIUEE RS o ol B AE 35 108 et v i 38 XU R
PERT: 8 40 i a0 200 s AN JER 5 RO RS B 3B A7 06 5 4 R R 32, 50K B T ZE 41
Ry TR AE s 55— J7 T, IR0 M ST EERLB A RE R B, IR 4 A
TG FCURG PR TR BRRG E h IR 3 4251 1, W SRRSO ZE, efi1Et
AREE BT 2h, K, #8420 MR AN RS (0l 72 & S8 R B i3S B i 2.
B, FEAR. iR AN 2 oy W R KRB (MDEs), fivgi g il id kS
JE AR AL 2R (ECMs) kB e AVRE 5 HE & Fofr B 1 7K AR I Sk o e 2 o ok
g%, kIR A0 PR RS B T BGOE IE o ik TR PR R R A A A K T 8 440 PRLER R
TEZ ALK iRt Bl 55 P DR 30 S 0 AH ELAE o XS AH WY 1) B T 2 R 0 0 4
ALK B L, AR TR0, B Eh A 408 PR I 40 M o i A B A9
) 2 B T e A P R SR B LA I 2 [P Y 5 R FE AR B A
£t A M 2R S B (A (A e DR SE . 1T ELIX L A4
RENE PELIT 41 i AN 2R B it — D WA X Sl 2 S L . =, B
). B T A0 5 R A9 A0 1 2 ) i R B B e . SR AR REXT £
AN 5] R ) SR BT R 3, 3 i 4H ML A 5 23 s (¥ LT (MDEs) K& JA
fRRAL (ECMs) IRk /55, 5 40MLiEshal LB HLZE S, thar L2
{t. (chemotaxis) &3l . Ak, IR 40 Maid BE7E & A vl R 5 1T, BLE )
077 2 ) AN R R B R BN, BRA “Eafiltk” (haptotaxis). BB, fif
8 A0 L REAE AN [R) 155 0 v X 22 R s Ik R 2 S B, X 488 s A ek 988 4 7
R I AN IR BT AN [R) B PR 55 o B9F 28 RE 40 0 K% LA A 0 3 58 2 1] AR
B AR O AE B FE A AR B R . Bl JLAER, R 2 A
W2 FAECE F FORIE R R, R T R SRR B (B2
R [1,2]) .
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—ROR U, RAERCARRAL AT LS 4 2K TORALEY (LA T RI4E M AE N
RN %, 2 WK [2,3]), EMBLEY (LA FIN SR, 2 WICHR [4~6)),
HEIER (AL SR, 2 030K [7,8]) AR Z R Ci#A
REFBINTRE NTREMEAARKNER, 2 WK 2,39D. Ak
3] 475 i ek 88 40 P AR BVRYT T, BRATTB A T R e AT R AR AR, ST
REA 221 ] A R ) R A BT o TR A B I 2 3 S A
AT, FTEAS IS AATTERN T ARt b 988 40 B () T Fe R A Fe s AR LB . PRIk, i oed
0 o 2B AR (0 R T R LB o) BT © 4 B AR ) TR A R B AR ) A AR
) — AR VE RO R UR A . B W), AT B Bk T R R R ST R A AR
RY, 496 4 ) AR RN, I AR Y T DAAR fe s fe IR Tk R 40 B ) A
FUHE, (ER e N T e o ) S MR S5 A . O T RE RS 22 R 1 A T R A
AAT13Z F P 5k 2 77 R R 2 S e A K B B 22 AR Y . Greenspan i i 2% J& i
Jo B TR A ) R - ORN Bl e B SO 40 B i AT S T e T —
AT 7> 75 R B e S ) R A A R A KR (S LK 6] 2,
AATR XA R Wr e, R T — R 5 LWt 75 12 B il 5 108 ) 7
2R 1 b B A AR, NS T ) 00 o of ok g8 AR A HLBE REAT #R0 (S X
#k [9~16]) . Jackson 7ESCHR [4] HHESL T —N 5 LI E VI KM Wi 2> 75 7
FEAY, WESY T IR 0 B2 & WL Tindall 1 Please 7£3CHR [16] AR T —A4 %
24 P P98 v R o L0 PR 40 P38 B O B R, TR AR b e
oy TR E I RS, e AE R A M A IS HITEAE I (proliferating
cells) Flli 1EAN23 2440 il (quiescent non-dividing cells) . 7E 2.l 41 Bl LY
RO S OL T, BUE B A T 8 40 o A2 K KPR . Tao 7E3CHK [5]-
2 18 T ZAS Y A B A BE ALY s B, R B R A0 I A A R R BE AL
#, QRE D, = Dy, UEH] T B HEAKAR ) AFAEVERIME — P . APAERF T
AR BER , fE—P RSSO [5) AR A RS e M, (HIRATIB R
GEL AR FROR 50 1 AN 20 340 M T B RS RI 047 B R, BB D, # Do

HR, Fafuth = 40 i f 1m) 32 3l b — R AR IR 07 3K, @tk 2 1 4
L S AE 0% T A B A 2 ) A R PR 7 A ) B 1 B K AT A
R IR T8 IR EE AR A BAT 1 — FbRe o SR A0 R s e A S R B
(2 RS, FRXFPREAME W5 A, T A SR A0 T B 40 1 A 2 R REAR
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(3 7 IR, WIARX PRt D HE R #ath . AR B 40 M i T s a4k
MHEEVIRRR, BREE NN ISR RGOSR, &R
& Keller-Segel #5%) (2 WLICHR [17)), 1245 B3 i 40 M Xl 4k 2240 R ) S0 sk o
FE R BOR R 7R 2 RO 40 R IR 5 RO HE S . fERE DU+ B4R L, $iot
Z Xt Keller-Segel #AIHHAT TR ANIBFR IR H TIREZ EEK R (B3 WX
R [18~22]): E—4ETE L F AR AR R BAATEAER), FE ik A e 2
V¥ PR () A A T RE AR . Keller-Segel 5% % 58 T AN 41 iy 49y o of — o
CAEEY TP A I BE AR R BT, AR SCHR (23] ST 6 U E
14 F AL, Tao F1 Wang 7E3C#R [24] H# %% T B Painter #1 Hillen 7E 3
R [25]) AR A — ARG |-HE R RS, B —Fh Al A A R R M R ik
PB4k 20 A ELAE F PO BOE AR o 76 X WG S FIAR B S50 1) 38 OB
N, SR [24] FERR T IZERR A RARE B . A B0 e th i
W 8 T P AN R 40 B ) e %o 5] — b A 2 7= A R AL HE e 0 Bl A A
WG, EAEREMRE — N EEE RN, e G AN, XT
FOARBERIAR T, 1)L HEER, ZERCEMPR UG R T AN Z 2. &
SV ] I PR RE 4 ST R I 4140 (ECMs) LUK 40 Jf 4% (MDEs)
Z V8 (B A (0 AH ELAE FH 0 — RS Y o 1 A9 40 B 0 2 ) KR B
A0 H S5 40 AN R4 (ECMs) Z [RIIRGFE . AN 58 A B (5 .
SUE 240 LT 7 A ) O o Tl 4 L 356 R ) PR AR 5 o 3K LA B4 R E S RE VR
R EE TR KMPER, b, 4005 40 M (e foRE B 40 e 5 40 e o 3k IR
Z B ARG B LA B AR 0 B e R S e R P U B E (S TR [26~30))
BT LA, TERSIER MR (1 SCmk [31,32)) 1, B T % 8 R ¥ 1 fb- fuh i
REBIE AR LLSL, A BT AE SR H0RG B I R AE R A AL . Armstrong
SENTESCHR [27) o AR T3 SR 50 i A 7 S 37 3 40 R 4 22 T R
P DA B 0 A0 40 B A/ 5 T 2 [ R RG B o BT DA R B (B LSCR [27))
AR E 20 ML FH — A BT S B R e 2 A R R D P BRI, AN IBR A 2 4% AT DA
18740 5 40 P D FRORG B 40 5 40 B AN R RGBT S B4 B 3 .
4k Armstrong 5F7E3CHR [27) H ) TAE, Gerisch ! Chaplain £ 3Ci#ik [29]
B T SCHR [27) ARSI R AN R T SR 3R s 40 RN 4 B 18] PR B
DA B 40 R 40 S 35 S5 2 (8] RO RG B o BT, Painter 576 3CHR [26] ST T
—AMEERE VR I K B /N R AR A, 0558 40 PR 0 P TR RS B, 4 R 4 P 4k
FE T [A) ORGP AAT TR i o V2 e R W i (1) 3 2 LA B3 10 2 T ) P AR AT
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B2 R RG LA L 7 itk . AT T Chaplain 76 3CHR [28] St
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SN LA 5 M) IR B o

1.3 Frffry TIE

KB T — NI AEKECERR . — AR Y- HE ot
AR RS LA — N7 B JR R BRI 34 Ji i 93 1 L SR B 2 A Y

ABE WA T — A% T PR A R 28 5 (4 40 g EL A A [R) F0 e 4 i 12 0
BE LY B I R AR R B A, XA AL W] J2 i Tindall A1 Please £ 3C
K [16] LA & Mahmood % A 7ESCHR [33] "4 (. iR, filRg 4n
FLELFE PR AN [ 28 280 . 358 40 R A% B A 7 AN B, 40 R A A K B2 B ALY B
EEHFBEAIE SR, Bl T8 R EE A R RN, XA
BERUA T o — AR X -9 8- N 7 R 4L B il e, H s
Do BRIRE RS IA T, R AR T e A0 L A R B IR R P B AR A A
Blo 5 REEISNA T “RIXT IR n SRR B b 4l i A AR R B ok, BIME
% D, = D, i, Tao 7E3CH#R [5] ., CLIUEW T HBAAMRIAELEME . AH
T — R BB D, # D, ZF, XA K B RIT T 702
PEA T DUF R %A BRF 9 T A%

(1) BATESC T T BB 72 00 IR A K H a8 T — AN ERGHRR
JUT {r|r' < R(t)} C R®, 4 T Wb R0 40 i 25 B 1 i 25 A8 40 A, FH40
TERIDREM FEMR E LR r = R(t) EERARAMERNM L) g
VIR BT PR L T8 =) A AR A s N, AT DR SR
PSS 7Y 40 Jf0 32 2 e v SR AR PR A5 o I FLAB U SR A4 AR Py 195 o 4 M P
BHHEE (p+q=N, N hIEZTEH, p HIHEMMAEE, ¢ hEIERS
L0 MO (B BE ) H A AT LUKE B AN [ 248 284 40 B 2 i f st 23 AR Ak R A T A
HEA MBI M B 28 5 #2 . [FIFE R AT AR B — AN H B i
# d—}i—t) MARMAEE p CHEAMAERE M— AN e =2a R
LN

(2) AT S HTER], BATTRHSERUM T Hr H AR e, KB X K {r < R(2)}
B I e DR, o, r R R — R B R O R BE B, R(E) AR I
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4t
(3) RAVHTH X p WAL, SHH7 T 422458 p= 0 WY, A,p =
;f +2. % wpn, mRnTER Ap=20+2. 2, 2 iz

ﬁ;ﬁszWﬁm%ﬁ%,é&M%Eﬁ%?i@&apm—ﬁM%ﬁﬁ
B, X F p BFE (2.1.17), TATEENAH LP 38, AT LSS =418
FILABARR (Z WICHR [34]) FT—265600 14 H 475 (L ﬁﬂ232ﬂ24¥)
© SRARGRIX — 3

(4) FI| FH Hs 45 WS A 2y i i BEIE A A8 ) 3 35 47 £EME— 1, AT 17E Banach
206 LI PEAE B A, IEFESR AT AR BRI T ASE s R
R R AR Lr B, UEWH T MR R AR R AR M — . 3
—3, FAERAATE I RER K %, B3 T A —.

R, RBFRT — PR IY)- I HE 7R . 2R 5 DA
RUMA R Z A LE T+ ZAREA T B AR F o R —Fh b 229 B A HE +
AR . AR Eh 7 BN BUZ Sh A IZ 3. RARIE =T
TR A 1 5 T e 25 BB 245 25 A 10 S -7 B 0 e O B 03
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