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Inhibition of Liver Metastasis of Human Pancreatic Carcinoma by Angiogenesis
Inhibitor TNP-470 in Combination with Cisplatin
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The anti-tumor and anti-metastatic effects of O-(chloroacetyl-carbamoyl) fumagillol (TNP-470), an
angiogenesis inhibitor, and cisplatin (CDDP), an anti-neoplastic agent, were investigated using our
established liver-metastasizing pancreatic carcinoma line, HPC-3H4. HPC-3H4 was injected into
the spleens of nude mice. Mice were randomly divided into 5 groups; a control group given saline
solution, a group receiving 45 mg/kg TNP-470, a group receiving 90 mg/kg TNP-470, a group
receiving 90 mg/kg TNP-470 in combination with 0.25 mg/kg CDDP, and a group receiving 0.25
mg/kg CDDP. In the control group, liver metastasis developed in 14 of 15 mice (93.3%). Liver
metastasis developed in 9 of 11 mice (81.8%) receiving 0.25 mg/kg CDDP. It developed in 11 of 15
mice (73.3%) receiving 45 mg/kg TNP-470, in 17 of 18 mice (94.4%) receiving 90 mg/kg TNP-470,
and in 4 of 10 mice (40%) receiving 90 mg/kg TNP-470 in combination with 0.25 mg/kg CDDP.
TNP-470 in combination with CDDP displayed a significant inhibitory effect on liver metastasis
compared to the control. Although TNP-470 alone and CDDP alone had no effect on the tumor
growth in vivo, 90 mg/kg TNP-470 in combination with 0.25 mg/kg CDDP had a significant effect.
In vitro examinations demonstrated that the growth of HPC-3H4 cells was only mildly inhibited
by TNP-470, but the production of vascular endothelial growth factor (VEGF) by HPC-3H4 was
clearly inhibited by TNP-470. The inhibitory effect on the production of VEGF was not strong
with CDDP treatment. These results indicate that the angiogenesis inhibitor TNP-470 in combina-
tion with low-dose CDDP has inhibitory activity against liver metastasis of human pancreatic car-
cinoma.
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Liver metastasis is very often observed in human pan- O-(Chloroacetyl-carbamoyl) fumagillol (TNP-470), an
creatic carcinoma, which is the fifth leading cause of can-analog of fumagillin derived from\spergillus fumigatus
cer death in Japan and the United Stafégo improve  inhibits angiogenesis boftin vivo andin vitro, regardless
the 5-year survival rate of pancreatic carcinoma, moreof the presence of angiogenesis factors. It is also less
extensive surgery and combination chemother@y toxic than fumagillirf In addition, it has been reported
should be attempted to prevent lymph node metastasis antlat TNP-470 has an inhibitory effect on the growth and
liver metastasis. In addition, there is a need for a newnetastasis of human cell life'® and rodent tumors) In
therapy to inhibit tumor-specific angiogenesis. The estabthis study, we investigated the effects of TNP-470 and cis-
lishment of relevant animal metastatic models of pancreplatin (CDDP), a chemotherapeutic agent, against human
atic carcinoma is highly important in the search for thepancreatic carcinoma cell line HPC-3H4, which had the
development of such new therapeutics for pancreatic camhighest metastatic potential in the liver.
cinoma. We established cell lines, designated HPC-3H1,
HPC-3H2, HPC-3H3 and HPC-3H4, with various meta- MATERIALS AND METHODS
static potentials in the nude mouse liver by using intra-
splenic injections of human pancreatic carcinoma lineDrugs TNP-470 was a kind gift of Takeda Chemical
HPC-3 (manuscript in preparation). Industries, Ltd. (Osaka). Its structure, disposition and

The growth of solid tumors is generally dependent onmetabolism have already been repottet®. In in vivo
angiogenesig. This suggests that the process of microme-experiments, TNP-470 was suspended in a vehicle com-
tastasis, especially the growth of metastatic cells, is alsposed of 0.5% ethanol plus 5% gum arabic in saling In
dependent on angiogenesis at the metastatic site and thatro experiments, TNP-470 was dissolved in dimethylsul-
inhibition of angiogenesis may become an effective therfoxide and RPMI-1640 (GIBCO, Grand Island, NY).
apy for metastasis of solid tumors. CDDP (Nippon Kayaku, Tokyo) was dissolved in saline.
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Animals Female BALB/cnwnu mice, which originated Cell proliferation assay in vitro HPC-3H4, D10 and
from the Central Institute for Experimental Animals HUVEC cells (¥10%well) were suspended in RPMI-
(Kawasaki), were obtained from CLEA Japan, Inc.1640 containing 10% FCS, and cultured in a 96-well
(Tokyo). Mice that were 6—7 weeks old and weighed 18-plate. Culture supernatants were replaced the next day
20 g were used. (day 1) with fresh medium, containing TNP-470 or CDDP
Cell lines A human pancreatic carcinoma line with high at concentrations of 1 103, 10?2, 10%, 1, 10, 16 1C¢
metastatic potential in the liver, designated HPC-3H4, wasind 106 ng/ml. On day 4, to count viable cells, an MTT
established byn vivo stepwise selection according to the [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
method developed by Morikawet al'® in our laboratory. mide; Sigma] assay was performed. The MTT assay was
Briefly, 2x1(° cells of a human pancreatic carcinoma line, previously describetf) Briefly, 10 ul of 5 mg/ml MTT
HPC-3, were injected into the spleen of nude mice. Cellsvas added and the cells were incubated for 4 h. A purple
from liver metastatic foci of injected mice were expandedformazan product was then formed by the action of mito-
in vitro and subsequently again injected into the spleen othondrial enzymes in living cells. This product was solu-
nude mice. By repeating these procedures four times, whbilized by the addition of acidic isopropanol. The
obtained a cell line, HPC-3H4, with a high liver meta- absorbance of each well was quantified with a NovaPath
static capability. Human umbilical vein endothelial cells microplate reader using a test wavelength of 570 nm and
(HUVEC) were isolated from umbilical cords by means a reference wavelength of 630 nm. Growth rate was cal-
of 0.25% trypsin digestion (DIA-IATRON, Tokyo). culated for each concentration as (absorption of the exper-
Murine endothelial cell line D10 was establishadvitro imental well on day 4/absorption of the control on day 4).
from vascular tumors of the liver; the biological featuresVascular endothelial growth factor (VEGF) production
were previously reported. Cells were maintained in HPC-3H4 cells were cultured in 96-well plates a0@
RPMI-1640 with 10% fetal calf serum (FCS) (Sigma, St. cells/well in RPMI-1640 medium with 10% FCS. Culture
Louis, MO). media were changed to RPMI-1640 containing no FCS
Assay of tumor growth in vivo HPC-3H4 cells (210%/ but various concentrations of TNP-470 or CDDP. After 2
0.1 ml in phosphate-buffered saline) were s.c.-injecteddays, supernatants were collected and concentrations of
into nude mice. Mice were divided into 5 groups; a con-VEGF were measured by using VEGF enzyme-linked
trol group given saline solutiom£6), a group receiving immunosorbent assay kits (IBL, Fujioka).

45 mg/kg TNP-470n=6), a group receiving 90 mg/kg Statistical analysis Thex? test was used to compare the
TNP-470 (=6), a group receiving 90 mg/kg TNP-470 in number of mice with liver metastasis in each group. The
combination with 0.25 mg/kg CDDM<6), and a group unpairedt test was used for other experimentsPAalue
receiving 0.25 mg/kg CDDPn£9). To administer the of less than 0.05 was considered statistically significant.
drugs, 0.1 ml of TNP-470 was given s.c. on alternate days

for 4 weeks from day 1 after s.c. injection, and 0.1 ml ofresuLTS

CDDP (0.25 mg/kg) was given i.p. 5 days a week from

day 1 after s.c. injection. The resulting tumors were meaSubcutaneous tumor growth After inoculation of HPC-
sured with calipers and tumor volume was estimated3H4 cells, the subcutaneous tumor growth was evaluated
using the following formulaV = axb?/2 (V, volume;a, to determine the inhibitory effect of TNP-470. Fig. 1
the longest diameteb, the shortest diameter). shows the subcutaneous tumor volume in the control
Assay of liver metastasis Briefly, HPC-3H4 cells group, the TNP-470 group, the TNP-470 in combination
(2x10°7/0.1 ml in phosphate-buffered saline) were injectedwith CDDP group, and the CDDP group. Although TNP-
into the spleen of nude mice using a 26-gauge needlel70 alone and CDDP alone did not inhibit the subcutane-
Mice were divided into 5 groups; a control group given ous tumor growth, TNP-470 in combination with CDDP
saline solution rii=15), a group receiving 45 mg/kg TNP- significantly inhibited it P<0.01).

470 (=15), a group receiving 90 mg/kg TNP-478-18), Liver metastasis Fig. 2 illustrates the effects of TNP-470

a group receiving 90 mg/kg TNP-470 in combination withand CDDP on liver metastasis. The liver metastatic rate
0.25 mg/kg CDDP r=10), and a group receiving 0.25 was 93.3% in the control group. No inhibitory effect on
mg/kg CDDP (=11). The TNP-470 (45 or 90 mg/kg) was liver metastasis was observed in the TNP-470 alone group
given s.c. on alternate days for 4 weeks from day 1 afteor CDDP alone group. Liver metastasis developed in 4 of
intrasplenic injection and 0.1 ml of CDDP (0.25 mg/kg) 10 mice (40%) receiving 90 mg/kg TNP-470 in combina-
was administered i.p. 5 days a week from day 1 after théion with 0.25 mg/kg CDDP, and TNP-470 in combination
intrasplenic injection. Mice were killed approximately 4 with CDDP displayed a significant inhibitory effect on
weeks after intrasplenic injection. The numbers of liverliver metastasis compared to the contft@.05).

metastases and metastatic liver tumors were estimated his- Table | demonstrates the effects of TNP-470 and CDDP
tologically and macroscopically. on the number of liver metastatic foci. In the group that
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Fig. 1. Subcutaneous tumor growth volume. The combination
of 90 no/kg TNP-470 with 0.25 kg CDDP significantly
inhibited tumor growth as compared with the control
(P=0.00627). Bars represent nmastandard error. Control(),
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Fig. 2. Inhibitory effect of TNP-470 on liver metastasis. TNP-
470 in combination with CDDP significantly inhibited liver
metastasis as compared with the confridbignificantly different
from the control groupR=0.014).

had more than 30 liver metastatic foci, 90 mg/kg TNP-
470and 90mg/kg TNP-470 incombination with 0.25 mg/
kg CDDP significantly inhibited the number of metastatic
foci compared to the contr@P<0.001).

All the metastatic lesions were confirmed histologicall

Anti-metastatic Effect of TNP-470

Table I. Number of Metastatic Liver

Group TOE;I nr*lcmeber 0 0<foci<30 30<foci
Control 15 1/15 0/15 14/15
TNP-470 45 rg/kg 15 4/15 0/15 11/15
TNP-470 90 rg/kg 18 3/18 12/18 3/18”
TNP-470 90 rg/kg 10 6/10 2/10 2/10°

+CDDP 0.25 ma/kg

CDDP 0.25 g/kg 11 2/11 0/11 9/11

The dfect of TNP-470 against number of metastatic liver foci.
90 mg/kg TNP-470 and 90 mg/kg TNP-470 in combination with
0.25 mg/kg CDDP inhibited significantly the number of liver
metastatic foci as compaed with thecontrol. 0 Statistically sig-
nificant diference from groupR<0.001).

trol group, as well as in the TNP-470-alone and CDDP-
alone groupsbut not in some mice of theENP-470in
combination with CDDP group (Fig. 3). No distinct histo-
logical evidence of a therapeutifext of TNP-470 and
CDDRP, such as tumor-cell necrosis, was observed.
Toxicity There was no obvious weight loss with statisti-
cal significance during the treatment period in any group
(Fig. 4). The himlogy of theliver, the kdney, thelung
and the heart in nude mice administered TNP-470
appeared to show no degeneratiffecs of TNP-470. No
deaths due to drug-induced sidéeets were observenh

any group.

Cell proliferation assayin vitro To assess theffect of
TNP-470 on the groth of vasclar cells and tumor cells,
we utlized HUVEC umbtical cells, D10 mouse vascular
endothelial tump cells, and HPC-3H4. As shown in Fig.
5, the growth of HUVEC cultured with TN#70 was
inhibited in an almost dose-dependent manheppeared
that the D10 growth was also inhibited to some extent.
Similarly, as demonstrated in Fig. 6, the growth of HPC-
3H4 pancreat metastatic tumor dasl was apparelyt
reduced with TNP-470, although th#eet was not lege.
Meanwhile, it appeared that the growth of HPC-3H4 was
clearly inhibited by CDDP at higher concentrations such
as 16 to 1¢ ng/ml.

VEGF production We also determined the VEGF con-
centration produced by HPC-3H4 cells upon treatment
with TNP-470 or CDIP. As shown in Fig. 7, it wasig:
nificartly inhibited by TNP-470 as compareditiv the
control (P<0.01) at concentrations ranging from=1@o

1 ng/ml. On the other hand, the production was inhib-
ited less Hectively by CDDP than by TNP-470. It
seemed that BDP also reduced thé EGF production by
HPC-3H4 at concentrations of #0to 1¢ ng/ml. How-
eva, this reduction probably resulted from the growth

Massive metastasis was observed in most mice of the comrhibition of HPC-3H4 by CDP.
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Fig. 3. Microscopic views of metastatic liver tumors. A, Con-

trol group; B, 45 mg/kg TNP-470 group; C, 90 mg/kg TNP-

470 group; D, 90 mg/kg TNP-470 and 0.25 mg/kg CDDP

group; E, 0.25 mg/kg CDDP group. Massive metastasis
(arrows) was observed in the control, TNP-470 alone, and
CDDP alone groups, but not in the 90 mg/kg TNP-470 in

combination with 0.25 mg/kg CDDP group. Tissues were

fixed, embedded, sectioned, and stained with hematoxylin and
eosin using standard procedures3)

DISCUSSION metastasis® 2% Antitumor and antimetastatic activities of
TNP-470 were evaluated in various human cell I#des,
The angiogenesis inhibitor TNP-470 has been reportednd we also reported the inhibitory effect of liver metasta-
to inhibit neovascularization by preventing endothelial sis by using a human gastric carcinoma cell line, AZ-
cell proliferationt**® One possible mechanism for its H5c!® To our knowledge, this is the first report that
effect is that it acts on endothelial cells to inhibit growth describes the anti-metastatic activity of TNP-470 in combi-
factor-induced DNA synthesis. It exhibits potent inhibi- nation with CDDP in a human pancreatic carcinoma line.
tion of endothelial cell growth, with half-maximum inhi- In this study, we investigated the inhibition of tumor
bition occurring at approximately 10 pg/MI.TNP-470  growth and liver metastasis of human pancreatic carci-
has inhibitory activities against both tumor growth andnoma using our established model, HPC-3H4. This cell
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line does not represent the entire scope of hematogenous

liver metastasis of pancreatic carcinomas, but HPC-3H4

may reflect the angiogenesis phase of tumor growth at theequres prolonged maintenance offestive blood con-
metastatic site. Genengllit has been shown that pancre- centrdions of drugswe should employ combination che-
atic carcinoma forms hypovascular tumors with fibrosismotherap.

and strong invasiveness. HowevéNP-470 was used in The combined féects of TNP-470 and various chemo-
the light of the idea that tumor growth and metastasigherapeutic agents have recently been investigated. Kato
require the development of new vess$éR) It is rapidly et a.® reported significant combinativeffects of TNP-
cleared from the circulation with a short terminal half-life 470 with mitomycin-C, adriamycin, COB)and 5-fluorou-
(0.88t2.5 h)?» Thus, for treatment of pancreatic carci- racil (5-FU) in mouse model&amaokaet al?® showed
noma, which, because @fs high biological magnang, that the &ect of TNP-470 against prostate carcinomas
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was enhanced by combination with CDDP. These resultadhesive activity to extracellular matrix and the produc-
suggest that TNP-470 is likely to be effective in combina-tion of VEGF (data not shown).
tion with a chemotherapeutic agent, and combination ther- Finally, no weight loss was observed in the TNP-470
apy is very important for treatment of pancreatic car-groups and the combination group with TNP-470 and
cinoma. Because CDDP is frequently used to treat pan€DDP as compared to the control in this study. Yamaoka
creatic carcinoma, it was selected as the chemotherapeutit al'® 2% reported that the effect of TNP-470 on body
agent for the present study. It is well known that CDDPweight seemed to depend on the type of tumor. Weight
inhibits DNA synthesis and the division of tumor cells, loss was reported as the main side effect of TNP-470, but
but high-dose CDDP has severe side effects. Recentlyhere were no significant pathohistological injuries in vari-
daily low-dose CDDP has been used clinically againstous organs of mice. Consequently, the low toxicity may
solid tumors®>2) In the present study, daily low-dose be convenient for application of combination therapy
(0.25 mg/kg) CDDHn vivo was administered i.p. 5 days employing TNP-470 with a chemotherapeutic agent.
a week; at this concentration, CDDP showed neither a In conclusion, the combination of the angiogenesis
reduction of the subcutaneous HPC-3H4 tumor growthinhibitor TNP-470 and low-dose CDDP had an inhibitory
nor side effects. The anti-metastatic and anti-tumor effectgffect against liver metastasis of a human pancreatic carci-
of the combination of TNP-470 and CDDP were strongemoma linein vivo. TNP-470 in combination with daily
than those of TNP-470 alone or CDDP alone. Althoughlow-dose CDDP seems to be a promising candidate for
the mechanism of this combination therapy is not clear, idevelopment as an anti-metastatic agent for pancreatic
appeared to be due to a synergistic effect. carcinoma, and it may be clinically applicable after fur-

The growth of HPC-3H4 cellm vitro was only mildly  ther study. In the future, to elucidate precisely the clinical
inhibited by TNP-470, even with high concentrations suchimplications of treatment with TNP-470, we should fur-
as 16 and 10 ng/ml. This is consistent with the fact that ther investigate the period of medication, the dose and
the tumor growth of HPC-3H4 was not inhibited by 90 various combinations. It may be necessary to employ a
mg/kg TNP-470. Meanwhile, the production of VEGF by combination therapy using TNP-470 plus a chemothera-
HPC-3H4 cells was significantly inhibited by TNP-470 peutic agent after resectiéh?®
rather than CDDP.

Although TNP-470 inhibited the production of VEGF ACKNOWLEDGMENTS
by HPC-3H4 cellsn vitro, 90 mg/kg TNP-470 alone did
not inhibit liver metastasig vivo. We previously reported The authors thank Kokichi Kikuchi, First Department of
that 30 mg/kg TNP-470 completely inhibited liver Pathology, Sapporo Medical University School of Medicine, for
metastasis of the human gastric carcinoma line AZ#5c. continuous support throughout this study.
This difference may have been due to the fact that HPC-

3H4 has higher biological malignancy than AZ-H5c with (Received April 13, 1998/Revised July 1, 1998/Accepted July 3,
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