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JF R R WA BE R A AR R 2 R0 e T4, A FE
JB8 AH G 2T 4B 4 g ( tumor-associated fibroblasts) 7§
I P9 G 22/ 0K L2 200 i R DL Py ) 5 o 400 Y If.
B/ IR T TN B 20 i S b X S 20 i 7 A 1 A AR
PR A A A A PR ARAE A o 4 i IF 5 B A A
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o AWFIEIRIR X L 53 0 A S B B[] 0 5[] 43
i AR A 2 52 i RIR YT ROR , 5 B E FUS A %
VISCE, HCAn AT & B 6 20 A B B 43 b B35 )
FEl & T 200 it 73 10 22 b A PR 20 i IR - (dan TL-1 (11
6 TNF-o) DL Je Z Rl fb il 7 R HAZ AR [ ania e A
%2 4 ( chemokine receptor 4, CXCR4) ., C-C #&fkH
T2 7(C-C chemokine receptor 7,CCR7) &% ], M
TR IERIRE (12 28 H B . RIF g MI s M2 3%
T ) 0 A P A A1 g J 0 B2 B v R AN )
VEFT , RT3 00 e = 28 ML RS AN [R) 25 =) , Dd I A
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2 oAb TR R AEUIRAS R AR I IR A . RSk
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inducible factor 1, HIF-1) 2 ] A 7% Ak ok 38 4 24
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X FE G B OB AT 0, 2 R E A TR R
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BB ) — L6 40 i, G- R IR A% 1) 38 5T 40 i
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BESE™ WOTE 1, A T R B0 90 i) 5 #8982 I ) A 3%
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1.3 8/ ik ELAE AR G b IR 40 I ) e i S A A

HT I/ IR L 48 28 8 v S 2 A e A A9 7
e, BRI E AR ST U] 7 A VR R, A5 48 R A3 AL
B/ A R GE 0 IR AN M B IR S R R A
R AT LhsE s B IR AR B AT B 1R 1) A
AT AT R , A7 5200 Bcdh 2 W], B i il A% B
240 Y AT 14 e B 2 ) TR e RS

i IER S A o K B R A B e A ]
HEFR R AE 2 B 983 40 ifE ( circulating tumor cells, CTC)
R BRI EE 40 i ( disseminated tumor cells, DTC) , ¥{
TEC 0] LA i 22 b 7 ¥ I, TE AR 18 I PR A
fiivie G O R/ e RS |l DR T Ak M T B AR
f'" o CTC/DTC FEfE EMT 8 BT, [Fl iy A5 iR
T A AR T A 4 A b T

2 ATP EAFBREEBZEETHLXI

B _E A g AT B DA RN 52 19 A P41 i )
FRAEKHE TN, MHE AR Z M AR AT E
SOEFETRAWFSE 0 73 F FEAE T M o 5 vh (245
Ji A IR B R JE AN ) | 5 e 25 e 8 () 2 . Bl
LhATP SRR AT/ AT BRI ) B A I Tl A B
HE SR (A5 K . EH LR E VR EIN,
ATP [ ELAT — 5 A0 g 20 a7V FR AR 2
A AT LA AR i A M e AR R T ARl g
MR ) — R E B R R T
2.1 X ATP AEFRINBERYIAR

ATP FE S fE AR N A R EE T fig? | 1929 4%
Lohmann &3 ATP 43 Lok , ATP [ HAH G 4% 4
PR ALE VAT BTG P 2 I E T RE RE RS AR
BCH A E R8s . BEE BFSE IR A, A
TR PR A0 M A i) ATP b HAT 22 Fh 8 5 4 J/
JRELTIRE . ATP EHEZN(E 50T, fE& P AN E 4
SURIR X2 R 487 AL AN [ RN, B4 S 5 P
Bt 3 kT , 2 5 FERS Wroe A
R DRE, 2 5 TG0 BN B O I 1 R A Il
IR EEER T LIS A/ T 5K B i O, 185 i A
O A IHAE, VA BRI AN L AR IR & B,
ATP .2 5K AEY2#A T R, A Mg 58 o
b R LA R AET
2.2 4N ATP Bk I8 K A%

IEFIE LN 4 Ah ATP ¥ ((umol/L) ZE I /)N
THIMIAN (3 ~5 mmol/L), F4EH¢—Fl-F MRS
FESL LG O T, QN ARAE | i AR i 4 2 90 A

AR, A ATP 2 R R ik 21 40 i b,
5 RS0 AR PRI e ATP i J32 i 2 i 1 o, kg
SN, VFZ AN A SR AR BLBE/ A~ 0wl e i e |
/INFEZ 177 R ATP i A7 P2XT 244 m]
HES 5N ATP BirdiE " . B s g s
(1) ATP 775 i [A] 50, 30 0 23 78 A% B BR T ( ecto-
nucleotidase) i /F i T L 3 K fif o — 0 IR R 1
(adenosine diphosphate, ADP) | — i iz I 1F ( adeno-
sine monophosphate , AMP) X It 1 ( adenosine ) , #MM%
VIR Wl Hh Ay S = Bl B2 A% 1 — Wl R K A% 1§ ( ecto-
nucleoside triphosphate diphosphohydrolases, 3= %% &
CD39) 7% Tt £5 % 1% 1§ ( ecto-nucleotide pyrophos-
phatase ) FI#5HR s g /K i ATP Sy ADP 1 AMP, J5
B CDT3 g — 2B i o MR RS b,
TR VL | R A S ol 0 M 453 475 LA % e g 4 2 1
LGN, (F ATP i S BL7E 40 A 21 ) Bt o, Hok
JE (29 100 pmol/L) % 5 F 1E ¥ 41 fd 4b ATP ¥
S Gt v BE 4 AT XoF i IR8 (o 55 1) 5% 1
G TS
2.3 ATP Z{k

NS ATP 3= BE58 ik 20 MR b AR N 1 52 44
PR, IX B0 52 AR B FR 2 RS 52 A ( purinergic re-
ceptor 1Y, purinoceptor) , Burnstock ' 7 Yk 2 G i i
TR SZ RT3 PLAL P2 A2 AR R

P12 H 32 B0 R AR IC A4 2 I, SO i
ZAR, 51 A1 A2A (A2B F A3 PUANIERY, 35 G &
SR

P2 2k FHOE ATP 24K, Tk —20 70y P2X
FIP2Y PIRZE. (1) P2X SZ R WL 15 A s 3
i (ligand-gated ion channel , LGIC) Z{&, B2 7 F
B 7 (P2X1 ~ P2X7), P2X 52 & 4 Na®™ K™ |
Ca®" 3% , — FLYL WIS, B 5| 40 M 1 25 4% 1k B 2%
fito P2X ZAREZXN) ATP &I, (2)P2Y Z{K)E
F G & {8 BE Z & ( G protein-coupled receptor,
GPCR), LARA MBI 7 Y5 BRE45 46 D R Ak, 124
CF 8 FA Thae iy i 3L sh ¥ P2Y 2 & (P2YL,
P2Y2 . P2Y4  P2Y6 . P2Y11 P2Y12 P2Y13 P2Y14)
WrekE . P2Y SARFI R Z P /AL BRI , 45
ATP . ADP . —#§ % JR & (uridinediphosphate , UDP) J%
UDP %0, W25 BL2= R P 7 TR , P2Y A2 KA 1
iE— 20 X 03 O« BRI A% 1 IR 52 18 P2Y1 (P2Y11
P2Y12 P2Y13, F Ly ATP 375 ; IR W5 WER H IR %
A& P2Y4 P2Y6 \P2Y14, % =B R JK # (uridine
triphosphate,, UTP) \UDP B3 UDP %2 i G . 5
Hh,P2Y2 SZARGE [ Mg ATP UTP 3% . MRS 457
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FUN S5 AR S Im B I A, P2Y SRS P IE
FG . DOP2Y1 G, 145 P2Y1 . P2Y2 . P2Y4 P2Y6
P2Y11, H R EM R 35% ~52% , Horf P2Y11 5 H
il 4 Sz AR [FEPEAC 28% ~30% , e AT T3k R4
KT Gq, Z 53E#RME C(phospholipase C,PLC) .
@P2Y12 Fi%E, 4045 P2Y12 . P2Y13  P2Y14, H 3}t
REAL T YR 3 B — IR, H R PR
45% ~55% ABHE T Gi/o, Z: 5 il Bf 17 B2 F 1L i
R
2.4 P2Y ZRBEIE G 51 S
P2Y Z KB A GPCR AySLrE, B 52 (A3 5 e

IR G HE KRB VI, 24 P2Y 24k 5 40 i
SMNEENR GG E S G EEREE — R IE
S, R SN E R G A AR 2 i
26 .P2Y1 P2Y2 P2Y4 P2Y6 I P2Y11 Z{K 5 Gq 1
e i0E PLCB; I P2Y12  P2Y13 F1 P2Y14 Z K5
Gi fEI5C, 41 IR PR R
2.4.1 5 1,4,5- =M URE O 3% , 9405 PLC

R H R A BURRY G E G/l BTG
PLCR, (g EE 4,5-—#F f2 LI ( phosphatidylinosi-
tol 4, 5-bisphosphate , PIP2) 734 1,4 ,5-=#5 2 L
fi% (inositol-1 , 4, 5-trisphospate , IP3 ) 1 — [t & H jilf
(diacyl glycerol, DAG) ., TP3 i fuff Ay J5T %9 4715 4 ¢ Jik
Ca®" AP Ca®* ¥ Ji TH e , 28 1 0E 26 1 ity
C(protein kinase C,PKC) ;DAG 7] LLi#7% PKC,
2.4.2  JREERIMEEG AP A/ BB s E
H %3 R BUER G H 1 Givo Z 50 I 1 IR L B
FR A0 IR , DT 98 775 PR B R i 1 ( eyclic adeno-
sine monophosphate , cAMP) fJ7K -, 5| 25 H B A
(protein kinase A ,PKA) Bt FIELTS o
2.4.3 PIE 223U AE B @A BeE AR
T TR i S 52 2 F TR (4 Sre ) 52 A TR R I D
(receptor tyrosine protein kinase, RTK) , DA f i i
Ras i 1Y) . Ras AN YT Raf {481 1 PKA [ PKC
SEIRARIOG 22 2455 A0 2 1 U ( mitogen-activated
protein kinase , MAPK) 18 [
2.4.4 GES AEMEIE T HARREA IS E P2Y 2
AT 0 508 AR I AT DLy At — SE i A 5 M,
BENREE A2 \—S LA A B 5E , 2 i 52 ) 2 R
Sr 1WA, AT 8 R R ( prostaglandin 12,
PGI2) PN Jz 1B 447 7 1 ( endothelium derived rela-
xing factor, EDRF) DA & NO 4§, 35 LRI RE,
5T N Ca® 5EIE M K383 Ca” KA C1°
I AT Ca® " A A K™ 3838 4 8, (8 X 2 7

TE R AL 0 AT A o R B 3 A i o 4
Py Ca® " JHT Y, RIIE, AN B Ca " THE T 4>
VG ZARA TIP3 {553 B 5 55 3l E i O IR
Ak (HFEVFZ i 2 Nl 22 4 i, P2Y 32445
K 3838 iR SO B Ty, o T REAE T G
AR B Ay WA P2Y A2 KBTS 1 R RS
S BRI T P2Y SZ A AY 1 R 4 i S T Y
AT S X S E S 2 5 2RI Reny Ry,
I AR SR b Bz 40 A g 3 1 )T 4 B Y
AN RN I
2.5 ATP 5/
2.5.1 SEISiYIMARNPIPIMIEBESE X T ATP X)
PR e F B SE BR T L 40 80 4E 4L, Rapaport™ '
T SETER N S5 kB ATP /T DL 30 4 v 20
MR AR, /DN BRI 4 ) B H 45 T R IS 15
ATP, 255 R 30 ATP HAT Sl rbiig A= A< il 45988 3
PRE T IR SRR I ROR . s 2 15HT
FAEA R AR pRA A EA5 0 TR EE R . MiE
(AR BRI PN S 35t TE S AT A8 00 i) A i 988 48 14
AR, A 2 T FIBUINE T AR A S T
g va T HA D RO, bt Mg E 3 2]z
HESE
2.5.2  PUMWIRESON ARINSEERS  ATP Je HE )
TEJLT i 222 A NS b6 40 B 2 (an KM il
IESEIN IS SIS N IE A SR RN
S SN N R R H e i D2 SR S P A
SN E B, ATP SO0 B S0 0 14 g 4 it R A AR
SR AR R (H R I B A M JLF e B
i, AT 20 G e ATP Gt I o 400 ) Ak e = R
HAAE AT 5 B8 40 L & (PC-3 \DU145 PC-3M) 11y
AR AR Al 33 2R PR T 47 i 8 A i &R (LN-
CaP) HI¥EA W B
2.5.3 ARIGIRIAL: BT ATP RIH R AP 4T
i ge v P T A RIS, 28 1 L 10 L D 3= 24 %
A /It it e e i PRI B, BRI 25 T ATP IR
FECT I M R (L S5 AT DL o e AR T R
TAE R EB 43 il g e ( E 22 B #) 19 2E 771,
B HATA L AR B SRS IS 2 2 Bl ] ATP
RN, 5 HADBU R T RS A A —
ERTEE
2.6 ATP HA{EME =22 M1E

AHFFL G Hi a8, ATP 7] LUAE 3F i 47 B 9 40
ik A 22 6 3R ATP Ak 3 ET 51 B 98 40 i
(PC-3 .DU145 . PC-3-1E8  PC-3-2B4) J5 % B} [a] [N 5l
A LA 84k« 22 Gt £8 Ho i 2 G 5L B i s 78 )L
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et A O 2 W 8 22,6 h AT ] B B
4 J@ 55 1l ( matrix metalloproteinase, MMP ) & 3K B
A5 ;s Matrigel (ASMZZ2 9250 7R , BN A 20 i =2 78
REJIH] AR, SLn 25 R A Z B T LA, it
HA S Y fidg , i AS49 (i)  LoVo ( K ) |
WM983a (R4 2K )  Hela (‘5 #1088 ) . MCF-7 ( FL i
g ) 5%, ATP 43 1 B I ) A 22 R g T, 1 B
ATP e {2280 il Bl v, 5 &3] ATP 72 Mg
SRR EE R A TR, PG, 45 R ATP 78
IR S B 5 v AT B — 1 1 AR A, (AR T AR A
AHEEEHRRZEN T

3 ATP REZEIERNHHTFR

i Je 240 B 18 26 B 0 00 i — 20 T R iz BRI Y
K A0 B R A L A B B RE ) AR R R AR BN A H
RZRRE S B, A AT — i 00 1) & A
TR AN iR R AL RS I AT RE . IRATHY LIRS R B
7, ATP 2] L b Je 1k 75 A 28 T e 400 e
1R RIS, R HE 40 M 1)z 3l 38 5 18 Jon 40 g
MMP ) BoR S s FL P A M AN S SR G g
3.1 ATP Zm4nfliz glfig

20 e Dh A S B R AR A S A i B IR A
5 R, Dy R B R 2 R RS S e s 4 iz
RESIHIE R 22 R P WA D S AN A fik T, T
PUBFIANAHE 5 g 1z sl 0y s R ph 2 2 i iz
SRR, i sh Al iz 3. P65 SCHRiRE, Cded2 FiI
Racl F¥TE 53315 40 i 0 22 4R O 2 F R R0 L T
A

Racl 1 Cdc42 ZIRBEEMI P Rho C EHFR
JRREL DY, 5 31X AN GG A A 51—, o e
MR, —F 25 =# 1 2 1 ( guanosine triphos-
phate ,GTP) 255 (G L, 5 —Fl2 5 ZHEIR 5
F ( guanosinediphosphate, GDP ) %5 & it 2% 1 T (.
BABNANTIABY Rho 2 ARG RLA 20 24, 7]
PLor R 6 28, EATRBOE RS 20 3 KiEEHED
AT, B Rho = iR 25 2[R 7 ( guanine nucleotide
exchange factor, GEF) . RhoGTP [if#% 7% & H ( GTPase-
activating protein, GAP) 1 Rho =315 4355 1 ] K T
( guanine nucleotide dissociation inhibitor, GDI) , H.
GEF fig ik Rho & 0 , 107 J 795 A DU 36 400 10 4 1 o
XA F IR 2 W 5 RS 5 W 22 FIARE i 22 DA
KA I

Racl FlI Cde42 J& Rho #1405 P #5815 L
BRI 20, 6 T30 2 X 40 b sk 22 - 2R ) 0 L
Fes0 4 LAY is Bl ARcME RER S G 3. SOk

3B, Cded2 T2 5T AR M (38 bR Y
WA 32 Bl AR R 20 B 73 SR AR P ) | R 4 A Gk
22 F IR AL RS | 22ROl 2 RNl 5% R A T LSS T
Racl [ FZEIRESE A 15 7 RO0 2 A e o 22 | 28
(O 2E %5 AN B s g A

MFRATTAY S 00 45 S AT LAE 2, ATP 3138400 75 1if
B i A L R R 22 AR PR 2 AR B DA K BE R dn
Bt BRI ATP BTG B9 Rho G 4> T-HIA
AATR], AR IR T I 40 i st e 1 s R R
ZREPE . AN 4 M 2 Y (G IR 55 A R4 e oS A
SIS ) Y e 2 T R R A TR s gy =X
R ] — 385 B R AEAUROR BT 28l AR 5342
WE T 22070, 78 DU-145 4, 5o Rl 3] 5 2B4
FHIFIAY Racl il Cded2 B AU , (HILHT R 1 Oh 2
T2 AR i el A2 48 7 AT e A AR S Y Rho 2R
R4 F (40 Rif \RhoD 28) 2 55 — b F
3.2 ATP JH75EB MMP & 3Rk

AT JEL 0, T Ie 20 R A 5 A 2o i v T R A A A
AR, X — it BRI T 2 Rl iKBE N DT 2 5
1fii MMP 5 2 i gl i 52 15 e 2 10—, A BFSE R
I, ATP A] DL | 7 PR TE) 5T 40 . MMP 3R 5K 11
Hahn, T LUAR A 3 Sl BT L2 R0 B 240 e
it MMP, 2535 50 5E58 ATP X7 %1 59 20 i MMP 35
PER S, & B ATP AN 52 i B 8 UL [ MMP-2 Al
MMP-9 {35 4 , A ] Li3gs5s MMP-3 il MMP-13 3%
55 7E 2B4 F1 1E8 4ilfify, ATP F 225 MMP-3 3%
IR VR, T DU-145 40, ) %) MMP-3 1 MMP-
13 fyF R A R HEFE T o X — 25 5T DL g
R FH AN [ B 40 i =2 1) 40 P9 sl B 45 118 S ] o
FE T AR ) A 2 AR R ], DA T 5 28 5 BUAS T
IHERE N

PE—20F 55 ATP ZEJT MMP 3k i K (115
AL T K, &I PI3K/AKT F4H i 41845 & A 3%
fifi ( extracellular regulated protein kinases, ERK1/2)
B AN ) T 37 88 400 P 1 R AR 22 R
TE 2B4 1 1E8 4fififl, ATP {2 % 28 1/F F 3% i PI3K/
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Identification of a new pro-invasion factor in tumor microenvironment: progress in
function and mechanism of extracellular ATP

FANG Wei-gang” , TIAN Xin-xia
( Department of Pathology, Peking University School of Basic Medical Sciences, Beijing 100191, China)

SUMMARY Up to 90% of all cancer related morbidity and mortality can be attributed to metastasis. In
recent years the study of tumor microenvironment, its cellular and molecular components, and how they
can affect neoplastic progression toward metastasis, has become a hot focus in cancer research. Accumu-
lated evidence shows that the formation of metastasis is a multi-step sequential process, in which, the
tumor cells continuously interact with the host microenvironment. Host derived factors, i.e. growth fac-
tors/inhibitors, angiogenic factors, chemokines, etc. together with different types of host cells, play im-
portant roles in the tumor progression towards metastasis. The interaction between the tumor cells and host
microenvironment determines the fate of metastasis. The reveal of this interaction mechanism provides us
an opportunity to find effective mode of interference and develop novel anti-metastasis drugs. In this re-
view, we have summarized our work on a new pro-invasion factor identified in tumor microenvironment
and how it affects tumor invasion and metastass. Adenosine triphosphate ( ATP) , the key intracellular
energy currency, accumulates within the tumor microenvironment and is closely involved in cancer cell
metabolism and in antitumor immunity. The established role of ATP as a growth modulator and a proin-
flammatory mediator endues ATP and other purines with potential players in host-tumor interaction. Our
study demonstrated that extracellular ATP stimulated human cancer invasion in in vitro tests. Increased
migration and invasive ability across Matrigel was observed in some human carcinoma cell lines, including
the prostate, breast, colon, melanoma and lung, when stimulated with ATP or its analogues. ATP en-
hanced the motility of cancer cells via increasing the amount and length of lamellipodia and filopodia,
which were necessary for the cell motility. Significant increase in Racl and Cdc42 activities was ob-
served. Using ¢cDNA microarray we found that the expression of a panel of invasion/metastasis-related
genes was significantly changed, including the increased expression of interleukin (1L )-8 and matrix
metalloproteinase-3 ( MMP-3 ) after ATP treatment. Changes of some epithelial-mesenchymal transition
(EMT) -related factors were also observed, including the increase of snail, decrease of E-cadherin and
claudin-1. Multiple P2Y receptors subtypes were expressed on tumor cells, but P2Y2 and P2X7 receptors
were found to be mainly responsible for the pro-invasive effect of ATP. Down-regulation of either P2Y2 or
P2X7 abolished ATP effect on cancer invasion and expression of EMT/invasion-related genes. Further,
we found that P2Y2 receptor trans-activated with epidermal growth factor receptor (EGFR) and co-activa-
ted extracellular regulated protein kinases (ERK1/2) signaling pathway, which was involved in regula-
ting expression of EMT and other related genes. In nude mice experiment, the pro-invasive effect of ATP
was further confirmed. In summary, our results reveal that ATP is a potential pro-invasive factor in tumor
microenvironment. P2Y2/P2X7 receptors act as a mediator in the regulation of ATP-induced EMT and
invasion of cancer cells. Given that tumor microenvironment is rich in ATP and other purines, we hypo-
thesize that ATP might be a potential invasion stimulator in tumor microenvironment. Blocking ATP
receptor might be a therapeutic target on cancer.

KEY WORDS Adenosine triphosphate ; Tumor microenvironment; Neoplasm invasiveness; Neoplasm me-
tastasis



