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[ Abstract] Neovascularization plays an important role in the processes of growth, invasion and
metastasis in tumors. Solid tumors rely on neovascularization to get oxygen and other nutrients supply,
otherwise they are not able to expand over 1 ~2mm®. Meanwhile angiogenesis offers the pathway for
metastasis. Hence, inhibitors of angiogenesis become the promise in the therapeutic research. Plasminogen
kringle 5 is a proteolytic fragment of plasminogen. Inhibit proliferating vascular endothelial cells but also can
induce apoptosis. These results suggest that the anti-angiogenic activity of kringle 5 shows its promising
future in cancer therapy. The certain radiopharmaceuticals can be used to perform both imaging and internal

radiotherapy in many kinds of carcinomas, in both original and metastatic sites. This unique method will
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catch our eyes dramatically.

[Key words] Plasminogen; Angiogenesis inhibitors; Neoadjuvant therapy

1 AABEEE kringle 5 (KS) B4 T4

NGRS FRERN 92x10°, H 791 4~
FEMBREARMEED, G- M 2EREAR
SERIIAN 5 AN T R T e T AL P TR B 5 4 3R
(kringle) , 43914 K1, K2, K3, K4 f1 K5, A£F
RS KS R 5 M EMRAENS A
REMI, &34 6% (Cys461-Cys540,
Cys482-Cys523., Cys511-Cys535), AR E,
SFRELNR 14x10°, HXFH AR M AN K 40 LR
BRI HS A AR R T

2 ANSFBAEE KS fEYFRERSFIH

2.1 PevE i T A
I3 = WBLA B K BB E B4 ER

e G 200025, EWCEREMBRHEERZESR
BIRVEL . 2 (E-mail: biaoli63@hotmail.com)

R, MEEREEBEERMANFASHAEE
WL, EREERT, IR MERAS . B
A KA S P R LA —, BES R
AN, FA M T R N B E A A IR
S, A R E A E 2 R AR
BAER, M42HEE. K pH E. RAHEHER
R RTMEME R AN, BBl RPIERER
BB, ZHZRIREERATRE, (R T IE R
AR,
22 ANSEBIEKS UM IS £ KER

B

N IR KS R HEADAE R MHLEIE R &
B, (BAGEE KS 55 s A i
W ST MIERC M E. ARE
R, RWEERE (8 mol/L) ¥ ALTIAEEIR KS A AL
HE, ANFHERE KSRGS, RPALEBR
KS FPRL B RAREEM R YRR AE YA AT TR s AR



70

E RSt E G E S ZeE 2008430 £32% 22# Int J Radiat Med Nucl Med, March 2008, Vol.32, No.2

AL KS S5HRFIE A B 1 fr s i
ANGERR KS B GEREAEE: KS mutl
(Cys461-Cys540) Fil K5 mut2 (Cys482-Cys535) , I
B KS mutl DBk A SRR KS 454 N i 10
ANEEFRM C 3 1 MEEBR TR kringle AL
Fas A 3 > B (Cysd61-Cys540 ., Cys482-Cys523.,
Cys511-Cys535) , K5 mut2 J4TFF kringle 35, H{R
B2 4~ B R4 kringle 45 #3 (Cys482-
Cys523. CysS11-CysS35), i id % A K o0 i 1 457 P9
AR A EAIE A B KS mut] FE50H R0H
B0 35 nmol/L, MHITEHER T8 AL i
JBKS BEM 245, MARMEKREGE, K5 mul
HAMH F DK FEREAM, XHEH K5 mutl £33
A 5 A L P R AN A 5 KS mue2 EEXTA
00 o FRE T A P B TG S D RIAE A, DGR SRR
38 3 WY kringle 251 R 4EFF N5 R
K5 I P8 B 4R B 3 A TR M AT R, A TP
kringle Z5 34N N A0 C s AR FH AR HAE
MR T ;s B—HENUCH, NmEREREHhEAF
B B SRR Y S R T S A (4
W, 5 kringle MEAERFME T ASFERE KS 5
P B A E Y, BAME, BAGEEERKS
oS A EEREAKE, "THEBREY A
P, IR HI7E M R,

NEFREEIR K5 X8 A R AR B BRI
B PN B2 AR MR B I PN B AR A S
YEF, Xt If s eI 40 . P340 B AN OE ST AR
R4 & NIH3T3 . AP 40M . B gif
Z THP-1. HEhi 4 Mo Fn A\ 45 7 98 41 i & HCT116
MRS R A HIVER, AT, AZFREEE KS Xt
AR I PR A R IR IRSME RIS
BE~, EMEREEKREFRSEA AR KE
FAEAERT, EAAFERIR K5 Bl mE s 8
H RGN &SRO R, X5EHAAGHE
Bl I KS S M i A i B PN R A s i — B,

AUSE IR 2 AR R R 7= A =Rl B A K
% K1-3, K4 M K1-4, PRIEGMGEH LSBT H BRI
TE Y BIVE I SRS 561~562 i ERMmAL, BN
SN TARIE K5 4, FILE =4 —fmE LK
ME K45, HAFEAEEE K1-4 WEEHH 80% A
AYEER KS MEERITH (Lys78~Arg529) ¥, fl
EHERKIME K4.5 i B4 15 1R T i A4 K

& K13 5 K14, ATRER M TEA S ALFHEMIT
KS BERFSH, HHA¥ENY, MEEKME
K1-4 Z5F3 04943 35 T RERRRR T Xt ALF VB JE KS 19
FERAER, N SF IR KS T LUK HE SR (4 A4 4
ZEMEY, Wang H0 BB, LFEEEEIEML SRR
LIS PC-3 iR EIN B-AlEhEAL S, HENR
WKW (377128 B HHCH 140 nmol/L), 2N &
H5EH K5 45H, & 588 Ki-4 1 80%K5 G5 1Y
M A KA E K45 WL F] 40 pmol/L BHIAR 5
B-NEhEH4E 4, WM T 5248 M KS S5H X 41 1
BEMLFERESS & Z AR E B-LshE LB,
IR T I A R R L AR
S BRIE; FrdaAs T ARERE B-IahED
rh Lys61 il Lys68 765 41 i B R AT TR B 45 5 B Y
BERL,

RN, FEABEKANEAMA, NSRS
JBKS 5 H 3 1 A2 A L e Ak M A 38 B AR LA
RJa, FHT Ca Wk XMW pH M, HMMEAER
fb, BRNEMMERET, [EE I N R 4
HEFE S,

WHBGERR, AFHEBREKS 5MmE 4 K
Zfa), B]fER s R 2 1 pd2/pd4
A 4R R R AR HOR TR E N A K
HF s, MA@ e N A K E Tk
i pa2/pad 154, TRIESHR D PO VR4 I 1 A
RFFEE, XFPETAER TSR E 4
BRE IR R, B /R I RIS A R 2 (6]
WIBE RS, Tarui 209 AN, ALHEER KS ATRER
T 40 AP R R N F e A R TR AE
R, HNBERREYERA 2 3RS E B
PR o

Davidson &1 &P, 0% P9 R 40 i P 2 T
HAEREATERA 78 2 AL EIIR K5 £ 714
Afis, NFEMEKS SHERATER 8 5
MEESTT, UM A TE P A HT A T 4 B AT R B
Wk, FEBRESMT, BEAANGHEHIEKS iES
AP NAE HT1080 FAPRMAB R AT, HIRHE
TREAE: SRS S i 40 L 2 T A R A
FEE 78 Fikm, EHALBHEKS 5i%&
HEGE, a4 caspase-7 R, BF
AT,

Nguyen ¥ $fi8, EHALFHEIE K5 AMEFE



EFF S EEEEYRE 2008434 £32% $28 Int ] Radiat Med Nucl Med, March 2008, Vol.32, No.2 71

R ME A ARIE T, FERSEM S s
i, R caspase B R E T HENREEE LN
RERRABER C HBMmMSEHR, JEEfE
1.5 mg/L (I EH AL BEIR KS 78 10906 4 11
B TR 10 P B Lk kA, BT,
B AL )R KS @3 T AL Beclin 1 F1 Bel-2 2
(V815 S B RSN, HAE Beclin 1 BRI
HAMIIN caspase-3 Fll caspase-7 {EPER D EIEIR, I
DN B R B AR WA PR e R A\ LR B
KS SR T-IMEM. Nguyen iR4RH, BEWEH
WEA 78 IR EHAAEE KS 458,
AR MM B S FE B A A R 1T R 94t
SEAANFRHE K SA0WENEA.

3 AEFREBR KS xmE A AR Hina T

P AP BEIR YT IR VIR AR . BUT REsT
S E AT X IEIRYT . FURTEIRSMAE R FE IR 4t B
WA 40 M B 1k 2 R A R AR 28, R AT
EEFAGE . QT EEE, ER G
Jo8 £ M B[R] s o BILIR IE 3 40 B o A AR SR R VR A
@ ME e B e E AR EYE, XY
REREMZ . MBI —Fp R PR
SRS, MHIFI AR A S AT SR B iR,
AR AS F A MAE AR, 2k X R AR
BN, BRI K EE MBI i, X
HEME A O e sEER MR RITRY, Fh
B Sl A KA I AR 5 @ &% 6 fieh e
A MmN AR ERE, SRS
FEAEm; @ IER ME L FAREKRE, —&IE
BT AUE 0.019%K) L N B 40T 0 3, TR
20 S NS FECIR AR 1 I PN B 0 AR IE LR 2~3
MNEER, FINPUE A MERITI IEEHEHEE
il B B IATR N

AN, RAR M A RIS T4 Al
FIRGSEH R, KPR KS F2 X, A4
WEEIR KS 1 B S AP T HAE MR T s
I EHAEEERPTZON AR O AFERH
B KS RIEFEN THUASA WAMEF, Barw
REBARREN; @ AFEER KS A4
EHNEAREEREE; @ @AXERFIE, 4W
BE, RBEREE, £PEEs; @FBSFHEL
BN K LR AT © A

VAL 2 P P A 3 T I A A R R0 S A
o FRREECN ARG K5 N AR 0
TR, A B R KR SRR
RO T B .

Yang 551" Xt A AU BEIR K5 ZE 4R/ WU
AL HepA FIAJHE A 2 Bel7402 MR RAE R
FHEREA TR R, ALFERIF KS 4R mFE
RPN R IREAIG, R R g, Tk
Bt R/, HHLHI AT RE R AL RS KS R T
P A WA A S M N A AR R, B
b, ASFEERRIR KS HA N TSR T
TEM B

T A I A RS AT ) R A A S e e R A 1
B, BT EL R A K R B AR R 1) B R AR
KERIMMHIR AR, AT IE AT i hhiE
MEFED, FHitt, FHBGMEERRCE SR
I T R BARFNAYT, AT LA IR R AR
Wz WIERHSAFEEERRRG. By,
BRI HIR #Te bric N E MR A 21
PR E KM E AT, ITERMAS
HXF L EERGIR KS TG R L BT Hpid
RIS, ZRBRtRICE KRB NS E IR KS
A s 4, Xt AU IR KS ZE MR R
SHER R BIERNETT . MW BT SO EEE T
i, AFHERE KS MEFFRE S HEnERN
FeAMARZE S, T ELARN P4 B 40 R0 2R A i 4 A <
MEG L HMM A, I ALTERIR KS BREHBEH
Ve BT IS RIA TR T e &, B
HEHAE, B AFHE KS B8AmN S
HABT FBRIRARLA, WA ME 2 AaTT
PAEEA T B,

& % X M

[ 1] LuH, Dhanabal M, Volk R, et al. Kringle 5 causes cell cycle arrest
and apoptosis of endothelial cells[J]. Biochem Biophys Res
Commun, 1999, 258(3): 668-673.

[ 2] Cai W, Ma J, Li C, et al. Enhanced anti-angiogenic effect of a
deletion mutant of plasminogen kringle 5 on neovascularization[J].
J Cell Biochem, 2005, 96(6): 1254-1261.

[ 3] Léger R, Benquet C, Huang X, et al. Kringle 5 peptide-albumin
conjugates with anti-migratory activity[J]. Bioorg Med Chem Lett,
2004, 14(4): 841-845.

(T#F 78 1)



78 E R A S E 2 E 2 e 200843 #£324 %£2% Int ] Radiat Med Nucl Med, March 2008, Vol.32, No.2

H 24 h 8 21 REREZ PTHEAR R RFEBA,
APIEER, FRRGTEW TR, R
HATHE N W RIRmmiaaReEz, HiE "T8EH
%, BEET STRERTRA KT RS
B BRIRELSTREE, NIk PLRE.,
ARG RINA, FTs. FT,. sTSH, TgAb K
TMADb KX AR I 4 B X, SRS
ERIRE—B, AR, AT PR ATD &
o MRBCRMARCERES, B TR, i
TE PTIRYTRIN B/ME A ATD —JH 29, FAHE P
BT R ER A=A ATD KMz 2 A, H
e, %4F “TRTIRA ATD BT RH LS #E L.
SHBRHGE, PIAERCEEYERK, BER
A (3 F ) R TR o8, Hy FREF 1
WITEYNITERE, SRR, THICE
BRCETES, BTES HRAGHHE.

4 #it

AT ORI, NRBUMEARIRE TR,
SFEBRA . BURE 24 h 8 YR, FRIRE

BRMALTHES, 84580 RS
AR EERE FAT ZWIRTT . Rz, RO P
B, YO REARER.

5 £ X W
[1] k2 BEXM. . AR R, 2005: 355, 189,

393.

(2] RMW,EXH, EL{, %. "1AIT Graves HITITREWE
ZEWIER). ERES R, 2003, 23(5): 291-293.

[3] Zp—F, LR, BER, . 2 VAT FARIR 88T HUR
BFIEREE A B AE, 2004, 23(3): 248-250.

(4] mER{E W, Bt 2. "1IE7 225 BIF TR ERYTRS
Hil]. ARE S St ER, 2006, 13(1): 57-58.

[5] 7%, X8I, ii-, % “RIFRITE 61 Bl F K& FAREEZ)
BRI BT, SRAE R 22, 2004, 29(2): 168-169.

[6] g, EANM, Bh. "1IAT Graves 7 AUH W H ZE ()],
kg BE 2R, 2003, 23(6): 337-338.

[ 7] Veéliz ], Plineda G, Arancibia P, et al. Treatment of diffuse hyper-
thyroid goiter with radioiodine:influence of propylthiouracil
pretreatment[J]. Rev Med Chil, 2000, 128(8): 609-612.

[ 8] WkE, BRI, 12630, 4. “1AYT Graves 7 320 BT E
ZH(I]. \WTEER T EE 242 4R, 2005, 15(1): 16-18.

( YR B3 2007-11-27 )

(LBFE7T1TR)

[ 4] Nguyen TM, Subramanian [V, Kelekar A, et al. Kringle 5 of human
plasminogen, an angiogenesis inhibitor, induces both autophagy
and apoptotic death in endothelial cells(J]. Blood, 2007, 109(11):
4793-4802.

[ 5] Wang H, Schultz R, Hong Y, et al. Cell surface-dependent gener-
ation of angiostatind.5[J]. Cancer Res, 2004, 64(1): 162—-168.

[ 6] Griffioen AW, Molema G. Angiogenesis: potentials for pharmacol-
ogic intervention in the treatment of cancer, cardiovascular
diseases, and chronic inflammation [J]. Pharmacol Rev, 2000, 52
(2): 237-268.

[ 7] Wang H, Doll JA, Jiang K, et al. Differential binding of plasmin-
ogen, plasmin, and angiostatind.5 to cell surface beta-actin:
implications for cancer-mediated angiogenesisf]J]. Cancer Res,
2006, 66(14): 7211-7215.

[ 8] Gonzalez-Gronow M, Kalfa T, Johnson CE, et al. The voltagedepen-
dent anion channel is a receptor for plasminogen kringle 5 on
human endothelial cells[J]. J Biol Chem, 2003, 278 (29): 27312~
27318.

[9] GaoG,LiY, GeesS, et al. Down-regulation of vascular endothelial
growth factor and up-regulation of pigment epithelium-derived
factor: a possible mechanism for the anti-angiogenic activity of

plasminogen kringle5[J]. J Biol Chem, 2002, 277(11): 9492-9497.

[10] Tarui T, Miles LA, Takada Y. Specific interaction of angiostatin
with integrin alpha(v)beta(3)in endothelial cells[J]. J Biol Chem,
2001, 276(43): 39562-39568.

[11] Davidson DJ, Haskell C, Majest S, et al. Kringle 5 of human

" plasminogen induces apoptosis of endothelial and tumor cells
through surface-expressed glucose-regulated protein 78[J]. Cancer
Res, 2005, 65(11): 4663-4672.

[12] Yang X, Cheng R, Li C, et al. Kringle 5 of human plasminogen
suppresses hepatocellular carcinoma growth both in grafted and
xenografted mice by anti-angiogenic activity [J]. Cancer Biol Ther,
2006, 5(4): 399-405.

[13] Wachsberger P, Burd R, Dicker AP. Tumor response to ionizing
radiation combined with antiangiogenesis or vascular targeting
agents:exploring mechanisms of interaction [J]. Clin Cancer Res,
2003, 9(6): 1957-1971.

(14) 2, &, %W, % BHNTERE KringleS FATIL R
HME BRI BES S ERKEER, 2005, 25(12):
1218-1220.

[15] FHEZ, 2%, AR, % EAALERIE Kringle 5 8 ™1
FRCR IR, BT EERE, 2007,30(1): 51-53.

(ks F 3 2007-09-16 )





