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Inhibitory effect of ND2001 on spontaneous multiple
metastasis of NC 65 tumors derived from human
renal cancer cells intradermally transplanted into
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The NC 65 tumor cell line derived from human renal cell
carcinoma was selected from among nine human cell lines
by determining the inhibition of invasion by ND2001 (sodium
p-glucaro-s-lactam) in vitro. The efficacy of this agent against
these tumor cells was investigated in an experimental
metastatic model of human tumors in vivo. Although
ND2001 did not inhibit growth of NC 65 cells intradermally
transplanted into male KSN mice (nu/nu), this agent inhibited
multiple spontaneous metastasis. [C 1999 Lippincott Wil-
liams & Wilkins.]
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Introduction

Advances in cancer treatment have contributed to an
increase in the survival rate of patients by 5 years, but
the effectiveness of treatment in patients with
advanced tumors is still low, mainly due to the
development of distant metastases and failure of local
control. We have constructed metastatic models using
various human-derived tumors by means of intrader-
mal transplantation to avoid artificial dissemination of
the tumor in tissues and to observe the growth rate of
tumors as well as the mechanism of metastasis.' The
models are considered to reflect actual clinical
metastasis of advanced-stage cancers more accurately
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than widely used metastatic models that employ
tumors derived from animals of which the growth
rate is much more rapid than that of human tumors.

ND2001 (sodium D-glucaro-é-lactam) showed inhi-
bitory effects on pulmonary metastasis in some animal
models without exhibiting cytotoxicity.>™ In screen-
ing programs for antitumor agents, there are many
cases in which some agents show little activity against
human-derived tumors though they exhibit strong
action against animal tumors. In this study, we
investigated the effects of ND2001 on our above-
mentioned models. On the other hand, a correlation
between the metastasis inhibitory effect of ND2001
and its inhibitory effect on animal tumor cells invasion
in the Boyden chamber system has been reporto:d.z‘4

We also examined this correlation in human-derived
tumors.

Materials and methods
Cell lines and cuiture

Detroit 562 cells (ATCC CCL-138) derived from head
and neck carcinoma, KB cells (ATCC CCL-17) from
head and neck carcinoma, ACHN cells (ATCC CRL-
1611) from renal cell carcinoma (RCC), A498 cells
(ATCC HTB-44) from RCC, NC 65° cells from RCC,
WiDr cells (ATCC CCL-218) from colon carcinoma,
HT-1080 cells (ATCC CCL-121) from fibrosarcoma, G
361 cells (ATCC CRL-1424) from melanoma, and A 375
cells (ATCC CRI-8401) from melanoma were used.
The NC 65 cell line was kindly supplied by Professor
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Ken-ichiro Okada (Fukui Medical University). Dulbec-
co’s modified Eagle’s medium (DMEM) supplemented
with 10% fetal calf serum (Flow, McLean, VA) was
used as culture medium and the above-mentioned cell
lines were cultured at 37°C in a humidified atmo-
sphere containing 5% CO, and 95% air.

invasion assay

Invasion by tumor cells was assayed using 24-well
Transwell cell culture chambers (Costar, Cambridge,
MA) according to a method previously reported.>®”
The cultured tumor cells were harvested by treatment
with 0.08% trisodium citrate in Dulbecco’s phosphate-
buffered saline without Ca** or Mg?*, washed twice
with DMEM containing 0.1% bovine serum albumin
(Sigma, St Louis, MO) and suspended in the medium.
Then 5 ug of Matrigel (Collaborative Research, Bed-
ford, MA) was applied to the upper and lower surfaces
of the Nucleopore filter (8.0 um pore size) of the
Boyden chamber. Then 100 ul (10° cells) of the cell
suspension was added to the upper chamber and

600 ul of 3T3-conditioned medium was added to the

lower chamber for cell attraction. In some experi-

ments, 10 ug of laminin (Collaborative Research) was
applied to the lower surface as a chemoattractant. In
this case, DMEM containing 0.1% bovine serum
albumin was placed in the lower chamber. After the
chambers were incubated at 37°C for 3-5h in a
humidified atmosphere containing 5% CO, and 95%
air, the cells on the upper surface of the filter were
removed and the filter was cut out. The cells on the
lower surface of the filter were fixed, stained and
counted under a microscope.

Animals and experimental metastasis

Four-week-old male KSN mice (nu/nu) inbred at FUB
(Chiba, Japan) were used. NC 65 cells (1 x 10° cells)
were intradermally transplanted in the right hind leg.
Sixteen days later, the mice in which engraftment
was confirmed were divided at random into various
groups. From that day, 30, 100 or 300 mg/kg of
ND2001, or 0.9% NaCl (vehicle), was administered

Table 1. Inhibition of invasion by human-derived tumor cell lines by ND20012

Experiment Cell Concentration Invasion
line (pg/mi)
Time Cell %
) no.?
1 NC 65 0 5 13.0 100.0
NC 65 100 5 43 331
2 NC 65 0 5 19.7 100.0
NC 65 100 5 9.0 457
3 HT-1080 0 4 322.3 100.0
HT-1080 100 4 321.7 99.8
4 HT-1080 0 3 116.7 100.0
HT-1080 100 3 129.0 110.5
5 G 361 0 5 14.3 100.0
G 361 100 5 1.3 79.0
6 G 361 0 4 5.7 100.0
G 361 100 4 5.0 877
7 G 361 0 5 29.3 100.0
G 361 300 5 18.7 63.8
8 G 361 0 5 17.3 100.0
G 361 300 5 7.3 422
9 ACHN 0 4 160.3 100.0
ACHN 100 4 131.3 819
10 ACHN 0 5 112.7 100.0
ACHN 100 5 99.0 87.8
11 ACHN 0 5 134.7 100.0
ACHN 300 5 116.7 86.6
12 ACHN 0 5 143.7 100.0
ACHN 300 5 88.0 61.2

2Refer to the text for the procedure. Laminin was used as the attractant in Experiment 6 and 3T3-conditioned medium in the other experiments.
Tumor cells were treated with ND2001 for 2 days (Experiments 2 and 10) or for 3 days (the other experiments).

®Per mm?.
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via the tail vein for five consecutive days per week as
a rule, excluding holidays. To examine metastasis to
various organs, four mice per group were autopsied
29 days after the initiation of the administration (21
doses in total), i.e. 45 days after transplantation.
ND2001 was continuously administered to the
remaining mice until on 75 days after the initiation
of the administration (52 doses in total, 91 days after
transplantation). The survival period was determined
120 days after transplantation for five mice in each

group.

Statistical analysis

Student’s two-tail #test was applied for the evaluation
of p values. When a p value was less than 0.05, the
difference was considered to be statistically significant.

Results
Inhibition of tumor cell invasion

The assay was feasible for four of the nine cell lines
employed: ACHN, NC 65, G 361 and HT-1080. Little
or no movement was observed in case of the
remaining five cell lines. The cell lines for which the
assay was feasible were treated with ND2001 to
investigate the effect of ND2001 on their invasion
activity. ND2001 showed no cytotoxicity, as pre-
viously reported,®®> on these four cell lines. As
shown in Table 1, ND2001 inhibited invasion by NC
65 cells most strongly. Invasion of the HT-1080 cell
line was not inhibited by ND2001. Although 100 ug/
ml of ND2001 was insufficient to inhibit invasion of
the G 361 cell line, inhibition was clearly observed
with 300 ug/ml of ND2001. The inhibitory effect of
ND2001 on invasion of ACHN cells was moderate,
as in the case of G 361 cells. The inhibitory effect of
ND2001 on invasion of human-derived cell lines was
milder than that exerted on murine tumor cell
lines.* This tendency was also observed for
haptotaxis as previously reported.?

Antimetastatic activity

Based on the above-mentioned results, the effect of
ND2001 on the development of metastasis by NC 65
cells was investigated. ND2001 did not affect body
weight of the mice up to 29 days after the initiation of
the administration (Figure 1). ND2001 did not affect
tumor growth (Figure 2).

Antimetastasis of ND2001 in nude mice
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Figure 1. Effect of ND2001 on body weight of KSN nude
mice transplanted with NC 65 cells. Treatment: O, vehicle
(0.9% NaCl); @, 30 mg/kg ND2001; [, 100 mgkg ND2001;
., 300 mg/kg ND2001. Points, mean; bars, SD. There were
no significant differences between the control (vehicle) group
and the ND2001 administration groups.
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Figure 2. Effect of ND2001 on tumor growth in KSN nude
mice transplanted with NC 65 cells. Treatment: O, vehicle
(0.9% NaCl); @. 30 mg/kg ND2001; (7], 100 mg/kg ND2001;
. 300 mg/kg ND2001. Points, mean; bars, SD. There were
no significant differences between the control (vehicle) group
and the ND2001 administration groups.

Pulmonary metastases were observed in all mice in
the control group but the number of mice with
pulmonary metastases was reduced in the 100 and
300 mg/kg ND2001 administration groups (Table 2).
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Table 2. Effect of ND2001 on the development of spontaneous metastases from NC 65 tumors

transplantation into the right hind legs of KSN nude mice

after intradermal

Treatment No. of metastasized mice/no. of mice used Inguinal
(mg/kg) ‘ lymph
Lungs Spleen Kidneys Liver Inguinal nodes
lymph (mg)
nodes
0 4/4 0/4 0/4 0/4 3/4 23
30 3/4 0/4 0/4 0/4 0/4* 20
100 1/4* 0/4 0/4 0/4 0/4* >15
300 1/4* 0/4 0/4 0/4 0/4* 0.5

*p<0.05, compared with the control group (Student’s two-tailed t-test).

No clear difference was observed, however, in the
average number of pulmonary metastases. On the
other hand, metastases to the inguinal lymph nodes
were observed in three of the four mice in the control
group but not in the ND2001 administration groups
(Table 2). No metastases to the spleen, kidneys or liver
were observed in the control group or the drug
administration groups.

Two of the five mice in the control group died by
120 days after transplantation, while only one mouse
died in the ND2001 administration group. One mouse
died by accident in the 300 mg/kg administration
group.

Since ND2001 did not inhibit tumor growth (Figure
2) but did inhibit the development of multiple
metastases (Table 2), we consider that the increased
survival rate after administration of ND2001 was not
caused by its inhibitory effect on tumor growth, but by
its inhibitory effect on the development of metastases.

Discussion

Many reports have been published concerning the
mechanisms of cancer metastases.”” !’ Various strate-
gies against metastasis have been tested using mouse
tumors which show rather rapid growth resulting in a
short lifespan of the host mice or human cancer
xenografts obtained through orthotopic transplanta-
tion. In these systems, the original phenotypes are well
preserved and the type of metastasis is similar to that
of the original cancers. However, tumor growth is not
easy to observe and mechanical procedures may
induce tumor growth and metastases. Some inhibitors
of metastasis have been shown to suppress tumor
growth as well as metastasis. In this respect, the
ectopic transplantation model may be useful to
evaluate the activity of metastasis inhibitors which
may also suppress tumor growth.
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The NC 65 tumor cell line was selected from among
nine human cell lines by determining the inhibition of
invasion by ND2001 and the efficacy of this agent
against these tumor cells was investigated in an
experimental metastatic model of human tumors.
There are two types of tumors, those which are
sensitive to ND2001 and those which are not.>* As the
inhibitory effect of ND2001 on metastasis was shown
in the nude mouse model, the invasion assay could be
a useful predictive method to assess the sensitivity of
cells to this agent. However, the invasive activity could
not be determined in four cell lines in this study,
because it is difficult to prepare cells for the assay.
More convenient methods might be necessary when
clinical application is considered.

RCC cells have been shown to be highly metastatic,
especially via the hematogenous route. Despite various
attempts to improve treatment for RCC, such as
interferon or LAK plus interleukin-2, the 5-year survival
rate after multimodel therapy for patients with RCC in
the advanced stages of the disease is low. The most
important prognostic factor of RCC is its invasive or
metastatic potential.'> RCC is also very radioresistant
irrespective of its hypervascularity.

It is considered that ND2001 inhibits the step of
extravasation in the metastatic process, which begins
with the release of tumor cells from the primary
tumor.>® MMP-2 and MMP-9 play important roles in
tumor cell invasion.'>!* It was revealed by gelatin
zymograms of sections of NC 65 tumors extirpated
from KSN nude mice after 2 weeks of administration of
800 mg/kg/day ND2001, that this agent did not
suppress the activity of these enzymes (data not
shown). Thus, ND2001 may not modulate the activity
or expression of MMP which contributes to the
invasive process.

Although the inhibitory effect of ND2001 on the
development of metastases could be demonstrated in
our nude mouse model using human-derived tumor



cell lines, various therapies, including drugs with
different mechanisms of action, and different modes of
treatments such as radiation therapy, seem to be
required in clinical practice to prevent the develop-
ment of metastases and to treat them.'® It appears to
be important to investigate the effects of the above-
mentioned combination therapies using this model in
the future.

References

3.

. Nakatsugawa S, Ohnishi T, Shiraishi T, Hosokawa M,

Sugahara T. Establishment of 18 different kinds of
spontaneous metastasis models derived from human
malignancies. In: Proc 51st Ann Meeting of the Japanese
Cancer Ass. Osaka, Japan 1992: no. 1284 (in Japanese).

. Tsuruoka T, Fukuyasu H, Azetaka M, et al. Inhibition of

pulmonary metastases and tumor cell invasion in experi-
mental tumors by sodium bglucarodlactam (ND200D).
Jpn J Cancer Res 1995; 86: 41-7.

Tsuruoka T, Fukuyasu H, Ishii M, Usui T, Shibahara §,
Inouye S. Inhibition of mouse tumor metastasis with
nojirimycin-related compounds. J Antibiotics 1996; 49:
155-61.

. Kuramitsu Y, Hamada J, Tsuruoka T, Morikawa K,

Kobayashi H, Hosokawa M. A new anti-metastatic drug,
ND-2001, inhibits lung metastases in rat hepatoma cells
by suppressing haptotaxis of tumor cells toward laminin.
Anti-Cancer Drugs 1998; 9: 88-92.

. Hoehn W, Schroeder FH. Renal cell carcinoma: two new

cell lines and a serially transplantable nude mouse tumor
(NC 65). Invest Urol 1978; 16: 106-12.

6.

8.

9.

10.

11.

12.

13.

14.

15.

Antimetastasis of ND2001 in nude mice

Albini A, Fwamoto Y, Kleiman HK, et al. A rapid in vitro
assay for quantitating the invasive potential of tumor cells.
Cancer Res 1987; 47: 3239-45.

. Saiki I, Murata J, Watanabe K, Fujii H, Abe F, Azuma L

Inhibition of tumor cell invasion by ubenimex (bestatin)
in vitro. Jpn J Cancer Res 1989; 80: 873-8.

Tsuruoka T, Azetaka M, lizuka Y, et al. Inhibition of tumor
cell haptotaxis by sodium D-glucaro-d-lactam (ND2001).
Jpn J Cancer Res 1995; 86: 1080-5.

Fidler IJ. General considerations for studies of experi-
mental cancer metastasis. Metbods Cancer Res 1978; 15:
399-439.

Liotta LA. Tumor invasion and metastases—role of the
extracellular matrix: Rhoads memorial award lecture.
Cancer Res 1986; 46: 1-7.

Nicolson GL. Cancer metastasis: tumor cell and host organ
properties important in metastasis to specific secondary
sites. Biochim Biophys Acta 1988; 948: 175-224.
Nakagawa M, Emoto A, Hanada T, Nasu N, Nomura Y.
Tubulogenesis by microvascular endothelial cells is
mediated by vascular endothelial growth factor (VEGF)
in renal cell carcinoma. Br J Urol 1997; 79: 681-7.
Nakajima M, Chop AM. Tumor invasion and extracellular
matrix degradative enzymes: regulation of activity by
organ factors. Semin Cancer Biol 1991; 2: 115-27.
DeClerck YA, Perez N, Shimada H, Boone TC, Langley KE,
Taylor SM. Inhibition of invasion and metastasis in cells
transfected with an inhibitor of metalloproteinases.
Cancer Res 1992; 52: 701-8.

Nakatsugawa S. From selective sensitization or protection
to differential action. Jpn J Cancer Clin 1992; 38: 1397-
403 (in Japanese).

(Received 6 October 1998; accepted 13 October 1998)

Anti-Cancer Drugs - Vol 10 - 1999 233



