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2.研究テーマ

肝細胞がん肝内転移抑制剤候補化合物としての新規ヒ。ロリジン誘導体の評価

3.成果の概要(10()';.ニ佳昭)

肝細胞がんの治療において外科的切除は有効的な方法であるが、術後の再発
率は6割を超えており、血管侵襲や周囲への増殖などの肝内進展がその最大の
原因と考えられている。本研究は、肝がんの肝内転移を抑制する新規ピロリジ
ン誘導体に着目し、肝がんの肝内転移を抑制する化学療法剤の開発を目指して
一連の研究を行った。
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一日中医学協会助成事業一

肝細胞がん肝内転移抑制剤候補化合物としての新規ピロリジン誘導体の評価

一一NovelPyrrolidine Derivatives as Candidates for Inhibitors against Intrahepatic Metastasis of 
Hepato偲 IIularCarcinoma 

研究代表者名:唐子尭
日本研究機関名:東京大学医学部附属病院
中国側共同研究代表者名:曲顕俊

中国所属機関名:山東大学薬学院
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日本側共同研究者名:稲垣善則(東海大・工)，中田宗宏(東海大・工)，幕内雅敏(東大・医)

Abstract. L Y52 is a caffeoyl p戸TOlidinederivative designed to fit S' 1 active pocket of gelatinases也atact in 

tumor invasion and metastasis. Here we examined the effect of L Y52 on angiogenesis and the subsequent 

invasion and metastasis of human hepatocellu1ar carcinoma (HCC). Anti-met出t出isability of L Y52 w出量st

evaluated血也ep叫mon釘yme旬stasisofB16F10 murine melanoma cells in C57厄L6mice. Grow也inhibitionof 

LY520n加morcells was assayed in the human HCC SMMC・7721加morxenografts in nude mice. Vascu1ar 

endothelial grow也白.ctor(VEGF) and vascu1ar endothelial cell marker CD34 expression were also evaluated 

immunohistochemica11y白血eSMMC・7721加morxenografts in nude mice. Tumor microvessel d叩 sity(MVD) 

wasqu組 tifiedaccording to immunohistochemical s旬iningfor CD34血加morxenografts. Fur也ermore，effect of 

LY52 on angiogenesis in vitro w出 testedin the chicken chorioa11antoic membrane (CAM) mode1. L Y52 showed 

an inhibit01y effect on p叫mon紅ymetastasis of B 16F 1 0 murine melanoma cells血 C57/BL6mice without 

significant to泊ceffects. The growth ofSMMC-7721 cel1s in nude mice was sig国五cantlyinhibited after回 a回 ent

wi血LY52for 4 con出uousweeks. Immunohistochemical study showed血atVEGF組 dCD34 expression in the 

加morxenografts were suppressed白血epresence ofL Y52. Accordingly， MVD w.出 significant1ydecreased血血e

LY52屯eatedgroup compared wi血 thecontrol group. A dose-dependent inhibition on angiogenesis was 

demons回 tedin the chicken CAM after incubation with LY52 for 72 hour.百lUS，LY52， a ca宜eoylp戸rolidine

derivative， wou1d be a lead compound to suppress intrahepatic invasion and metastasis of hepatocellu1ar 

carcinoma via inhibiting proteolytic activities ofMMP-2組 dl¥品0・9.

Key words: Ca宜eoylp戸主olid血ed町ivative，LY52， human hepatocellular carcinoma， invasion， metastasis， 

SMMC・7721cellline， angiogenesis， ma仕ixmeta110proteinase 

Introduction 

Hepatocellular carcinoma 但CC)is one of the most common forms of mali伊antcancer， especially in Asian 

coun出es.Recent progress in the diagnosis and出 a回 .entmodalities has improved the prognosis of patients wi也

HCC. However，血elong-term prognosis remains disappoin也19because of the企equentrec田renceand the 

development of in位ahepaticmetastasis of HCCs血 16%・65%of patients. The 祖国hepaticmetastasis is mostly 

caused by the portal vein invasion σVI) of HCC， which eventua11y results in the spread of cancer cells担to也e

liv町~ PVI，也e宣rstand the key step of intrahepatic metastasis ofHCCs， is initiated by extracellular ma出x(ECM)

degradation and determines the prognosis of patients wi血 HCCs.As HCC is a high1y vascular tumor， the 
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progression ofHCC is great1y related to active neovascularization， which helps in也enu出entand oxygen supplテ

Angiogenesis，也eprocess of forming new blood vessels企ome泊s也19ones， requires degradation of the v出 C叫ar

basement membrane and remodeling of血eECM in order to a110w endothelia1 cells to migrate and invade into 

也.esurrounding tissue.百lUS，degrdation of bas回 lentmembranes and ECM might closely correlate wi也

angiogenesis and in住ahepaticmetastasis of HCCs. 

Gela也lases，inc1uding matrix meta110proteinase (MMP)ー2and ]¥品0・9，play an important role in 

degradation of basement membrane collagen type 1V， which is associated with tumor invasion and metastasis. 

Active MMP-2 and MMP-9 were proven to be也.em司orenzymes re叩onsiblefor也ehigh gelatinolytic activiy at 

the invasive front of HCCs.百lerefore，regulation of MMP・2and MMP-9 is important血thedevelopment of 

novel也.erapeuticstrategies against angiogenesis and in凶 hepaticmetastasis ofHCCs. 

τbree・dimensiona1struc卸reana1ysis of MMP molecu1es showed也atthe S' 1 active pocket in 1'.仏I1P-2and 

MMP・9is deeper血anthat of the other旬peof MMPs such as MMP-3.τ1us has provided helpfu1 c1ues when 

using structure-based design s位ategiesto discover novel MMP inhibitors that selectively block the activity of 

MMP-2組 dMMP -9. We have previously reported也atsome ca宜eoylpyrrolid血ederivatives， which were 

designed based on a lead MMP inhibitor CGS27023A， wぽepotentia1 gela也1笛einhibitors and suggested也at

LY52グoneof血eseca島 oylpyrrolidine derivatives， might suppress加morinvasion and metastasis via selectively 

blocking proteolytic activities of MMP-2血 dMMP-9. But也.ee:ffect of LY52 on加morangiogenesis h鎚 not

been studied. In也epresent study， we examined the e宜ectofLY52 on angiogenesis and grow也andmetastasis of 

hu血租HCCSMMC・7721cel1s. 

Materials 

Reagents. Ca:ffeoyl pyrrolidine derivative LY52 (Fig. 1)， white power， 

insoluble in water， was designed and s戸lthesized出 describedpreviously. 

百lecompound was dissolved in dimethylsulfoxide for in vi仕oassay and in 

5% amylum for in vivo s佃dy.Monoclona1 antibody against vascu1ar 

endothelia1 grow也factor(VEGF)， monoclona1 antibody against CD34 and 

〈ぴユ九
Fig.l Chemical s仰 cture01 LY52. 

peroxidase-conjugated affinipure goat anti-rabbit IgG were purch出ed企om

Santa Cmz Biotechnology (S佃 taCruz， CA， USA). White chicken eggs were provided by Institute of Anima1 

Sciences， Shandong Academy of Agricultura1 Sciences (Jinan， China). 

Cells and animals. Human HCC SMMC・7721ce111ine， which simultaneously expresses both MMP・2

and MMP-9， w出 providedby Sh釦 ghaiInsti加teof Cell Biology， Chinese Academy of Sciences (Sh組 ghai，

China). B16FI0 murine melanoma cell line w出 p田chased企om也eInstitute of Materia Medica， Chinese 

Acad阻 lyof Medica1 Sciences (Beijing， China). Fema1e C57厄L6mice， 5・6weeks of age， and fema1e Ba1b/c 

a也戸国c(nu+/nu+) mice， 19・22g， were purchぉed企omthe Institute of Experlmenta1 Anima1， Chinese Academy 

ofMedica1 Science. 

Results 

Inhibition of pulmonary metastasis of B16F10 melanoma cells in C57BU6 mice. 
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Anti・met出抱sisability ofLY52 wぉ evaluatedin the puhnonary metastasis model 'Of B 16F 1 0 murine melanoma 

cells血 C57厄L6mice. As sh'Own in Table 1， LY52 significantly reduced也enumber 'Of puhn'Onary metastatic 

n'Odu1es 'OfB16F10 melanoma cells in C57BU6 mice aft釘 c'Ont血u'Oustreatment f'Or 3 weeks. 

Table 1. E偽ctof L Y52 on pulmonary me加旬sisof
B16Fl0 melanoma cells in C57BL/6 mice. 
MIce Mlcewe旬htLung welg批 向州ung Inhlbltlon 
(n) (g) (ω(n)  (%) 

0 
25 
50 

1∞ 
Carboxyfates 

24.4 
435 
ω2 
22.6 

88.6土11.7
65.0土12.3*
49.1土11.3*
353:1:10.2* 
ω.6士14.伊

0.13土O目。ョ
0.12:1:0.01 
O.ロ土0.01
0.12土0.02
O.臼土0.02

22.5土2.8
23.1:1:3.1 
21.7土2.1
213土3.6
18.2土4.1

ω
9
m
m
7
 

Dωage 
(mg絢)

Inhibition of the growth of SMMC.・7721cells in nude 

百lenude mice inocu1ated wi血 SMMC・7721cells were 

住'eatedwith LY52 for 4 c'Ontinu'Ous weeks. Tum'Or weights 'Of 

each group were sh'Own in Table 2.τb.e inhibiti'On rates by 50 

and 100 mglkg 'Of LY52 were 23.6 and 34.1 %， respectively. 

Inhibition of VEGF expression in SMMC.・7721tumor 

expresslOn m 

mlce. 

Table 2. EfI'ect of L Y 52 on首legrowth of SMMC・7721
umorxe四ograftsin nude mice. 

D田勾e 何回 Mice附句ht 刊 m町隅明ht

(mgfkg) (n) (，ω {冒}

o 6 23.1土3.2 2.34土0.63
50 6 23.1土3.1 1.76土0.81事
100 6 21.7土2.1 1.45:l:0.96* 
ca巾回ylat田 6 23.2土4.1 1.回土1.12*
白巾開向凶，1∞咽/匂*〆0.05時間刷group

InhibRion 
{悦}

23.6 
34.1 
22.6 

tum'Or 

xen'Ogra:fts w出 immunohist'Ochemica11yexamined. As sh'Own in 

Fig.2A也einhibiti'On rates by 25 and 100 mglkg 'OfLY52 were 

32.3 and 52.3%， respectively. 

of MVD-CD34 

SMMC-7721 VEGF xenografts. 

tumor 

xenografts. Tumor MVD w出 eva1uatedby immun'Ostaining 

f'Or CD34 expressi'On in SMMC・7721加m'Orxen'Ogra:fts. LY52 

SMMC-7721 in Inhibition 

Fig. 2. Immunohistochemicαrl sω'ining of VEGF 
(Fig. 2A) in the品1MC-7721tumor xenogr，αrfts in 
nude mice and CD34(Fig. 2B) in the v，αsω1αr 

cells of the SlI必vfC-7721 匂umor
x400) with 
OOmg/kg. 
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significant1y inhibited也eCD34 expressi'On in 

加皿'Orxen'Ogra:fts血 nudemice. As shown in Fig. 2B at the d'Oses 

'Of 0， 50 and 100 mglkg 'Of LY52， CD34 expressi'On rates wぽe

42.1土6.1， 34.9土2.8*and 28.5::1:3.1*， respectively (*p<0.05 vs 

SMMC-7721 

:、寸B-21
t:ヲ:》j
?dfDt5 

c'On住01).

of angiogenesis 

sh'Own in Fig. 3A， dramatic vascu1ature with intact s住uc加rewas 

visible in the CAMs of也ec'Ontr'Ol gr'Oup. LY52 significant1y 

inhibited the angi'Ogenesis血 theCAMs a:fter incubating for 72 

As CAM. chicken in Inhibition 

A 

h'Ours. ln the d'Oses of 1 and 10μg/0.5cm2， LY52 slight1y 

inhibi旬dthe bl'O'Od-vessels gr'Owth and br組 ching(Fig. 3B and 

Fig. 3 E.ffect of LY52 on the angiogenesis
o的

chickenCAAゐ'.C品1swere exposedω0.5 cmJ. of 
filter papers con加加ing10μ1 of d!炉問ntdoses 
01 LY52. Eggs were sealed and inωbated under 
constant huinidity for 72 h incubation. CAMs 
were collected and the vessels were counted as 
described in the method. 

3C， p>0.05). In由edose of 100μg/0.5cm2， vasculature density 

was signi宣cantlyreduced and vessel s回 C佃redis'Ordered wi也

the main vesse1 branches int，町vening，t'O武u'Ousand attenuated 

(Fig. 3D). At the doses of 1， 10 and 100μg/0.5cm2 'OfLY52， VI 

was 92.8::!:l.9， 74.2土2.1組d59.1土1.3%(p<0.05)， respectively. 

Discussion 

cells possessed gelatinolytic activity， 

signi宣cant1yand c1'Osely ass'Ociated wi也 C組 cerinvasion t'O白ecaps凶eand a1s'O t'O血.ep'Orta1 ve也s.Gelatinases 

especia11y MMP-2 and MMP・9pl可 animp'Ortant r'Ole in regu1ating pr'Ocesses 'Of加mor加 gi'Ogenesis，血.vasi'On

andme飽stasis.LY52 h部組 inhibit'Oryeffect 'On也epr'Ote'Olytic activity 'Of MMP・2and MMP-9 in carcinoma 

cells.百lUS，也epresent s胞dyf'Ocused on e能 cts'OfLY52 'On angiogenesis， growth and metastasis 'OfHCCs. First， 

was which 

62 
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examination for anti-metastatic ability of LY52 in vivo was performed wi也 p叫mon紅ymetastatic model of 

B 16F 10 melanoma cells血 C57BL/6mice.臼aladm泊is住ationofLY52 si伊i:fic組.t1yprevented血ep叫mon釘y

metastasis of B16FI0 cells in mice devoid of toxic e:ffects (Table 1).τnen， Human HCC 1¥仏t1C・7721cells， 

simutaneously express MMP-2 and MMP-9， were selected to inoculate to nude mice to form加morxenografts， 

and也.ee:ffect of LY52 on由.egrowth and angiogenesis也知morxenografts w出 ex創出ned.LY52 si伊i宣C祖 tly

inhibited the grow也ofMMC・7721卸morxenografts (Table 2).τne angiogenetic activity is reflected血 the

development of novel microvessels in加mortissue血atis.qu釦 tifiedby the in仕atumora1MVD. Previous studies 

showed也athigh tumor MVD-CD34 wぉ asignificant predictor of加morrec町renceafter resection of sma11 

HCCsく 5αn.VEGF is one of the most extensively investigated angiogenetic factors. Inぽeasedexpression of 

bo也VEGF担 dCD34 enhanced the adhesion of旬morcells to basement membrane and the release of MMP-2 

and MMP-9.百us，VEGF expression and MVD-CD34 were used鎚 predictivefactors of the response to 

anti・angiogenetic伽 gs血 0町蜘dy.hnmunohistochemica1 s卸diesshowed也atLY52 significantly inhibited 

VEGF expression and MVD-CD34血SMMC・7721旬morxenografts (Fig. 2). LY52 w出a1sofound to directly 

inhibit佃 giogenesis血也echicken CAM部 say(Fig. 3).百leseresults showed血atLY52 inhibited担割ogenesis

bo血血vivoand in vi仕0，出well出 growthand metastasis ofHCCs. 

LY52w部 designedto speci:fica11y block the activity of MMP-2釦dMMP-9. Thus， our s卸diessuggested 

也atLY52 might inhibit angiogenesis in invasion and metastasis of HCCs via blocking the proteolytic activities 

ofMMP・2and MMP-9.百lemetastasis of加morcells is a multistep and ex仕emelycomplex process in which 

many factors participate. LY52 can not be involved血血eful1 process. However， our prelin由laryresults 

sugges鉛d白紙 LY52might be a better candi白tecompound for anti-invasion and anti・metastasisof HCCs at 

present. 
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