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Fig. 4. Regression of melanoma tumors induced by 9NC. Nude mice with BRO
tumors of various sizes were treated with 9NC, and tumor size was monitored
throughout the treatment period. Mean values, extreme values, and surviving
animals are reported as in Fig. 1. Mice inoculated with BRO cells did not receive
drug treatment (A) or received 9NC treatment when the tumor size was palpable
(Â»),0.5 cm3 (O- or 1 cm-' (D).

ment of BRO cells, with the higher concentrations inducing
faster detachment. Therefore, 9NC concentrations above 1
ng/ml were not used in further studies of BRO cells in vitro. We
also investigated the minimum period of drug treatment re
quired for a complete inhibition of cell growth. Cultures of
BRO cells were treated with 1 ng/ml 9AC and 9NC for various
periods of time, and then drug-containing medium was replaced
with drug-free medium. The cells were incubated in drug-free

medium for 6 days, harvested, and counted. The results dem
onstrated that a period of 20-24 h of drug treatment was re

quired for complete growth inhibition of BRO cells.
Finally, normal human melanocytes were treated with 1

ng/ml 9AC or 9NC for 6 days. The doubling time for these
melanocytes is about 72 h. No significant difference was ob
served in the growth rate of treated and untreated melanocytes
in a 6-day period.

Microscopy of Cells Treated with CAM Derivatives. Fig. 8
shows the effect of 9NC on BRO melanoma cells in vitro as a
function of period of treatment. Cells were photographed prior
to addition of 9NC or PEG (Fig. 8a) and after treatment with
1 ng/ml 9NC (Fig. 8, b-e) and PEG (Fig. 8/). Treatment with

9NC for 24 h resulted in enlargement of the cells and their
nuclei (Fig. 8A). As 9NC treatment continued for 3 days (Fig.
8c) and 4 days (Fig. 8i/), the enlargement of the attached cells
and their nuclei continued. In addition, after 96 h of treatment
with 9NC, about 50% of the enlarged cells possessed two or
three nuclei. After 6 days of treatment, >98% of the remaining
cells exhibited increased size, with about 30% of the total at
tached cell population containing three or more nuclei per cell
(Fig. He). These oversize cells were calculated to be 25-40-fold
larger than the untreated BRO cells shown in Fig. 8a. No fur
ther enlargement of cells was observed in cultures treated with
9NC for 8 days, but vacuolization appeared in the cytoplasm of
many cells after 9 days of treatment. Similar responses were
exhibited by BRO cells treated with 9AC at 1 ng/ml (data not
shown). In contrast, no morphological changes were observed
in the melanoma cells treated with 20 ng/ml 12NC for 10 days
(data not shown) and PEG alone for 6 days (Fig. 8/).

this 9NC-"resistant" tumor consisted of tissue similar to that

shown in Fig. 6c minus the melanoma cells, i.e., intact tumor
stroma.

Growth Inhibition of Melanoma Cells in Vitro. Growth in
hibition of BRO melanoma cells by 9NC in vitro is shown in
Fig. 7 for three different concentrations (Fig. 7, B, C, and D).
Control cell cultures did not receive treatment (Fig. 1A) or
received vehicle alone (PEG); other cultures received 12NC
(Fig. IE). Untreated BRO cell cultures have a doubling time of
about 24 hr. A concentration of 9NC as low as 1 ng/ml of
culture medium completely inhibited melanoma cell growth
(Fig. IB). At 1 ng/ml 9NC, the actual concentration of PEG in
culture is 0.02% (v/v). PEG alone added to BRO cell cultures at
a concentration of 0.02% did not inhibit cell proliferation (Fig.
IE). Also, 12NC did not inhibit cell proliferation, even at a
concentration of 25 ng/ml (Fig. IE). CAM and 9AC inhibited
BRO cell proliferation at concentrations of 1 ng/ml (growth
curves not shown). Treatment of BRO cells with 3 ng/ml and 10
ng/ml 9NC resulted in increased antiproliferative effect (Fig. 7,
C and D). Prolonged treatment with 9NC resulted in detach-

00
DAYS

Fig. 5. Body weight during tumor regression and in control animals. Measure
ments of body weight (in g) accompanied measurements of tumor sizes shown in
Fig. 4. Measurements also included mice that were not inoculated with the tumor
and were treated with the vehicle alone (A) or received 9NC treatment (B), mice
that were inoculated with BRO cells but received no drug treatment (Q, and mice
that were inoculated with BRO cells and received drug treatment when the tumor
size was palpable (D). 0.5 cm1 (Â£),or I cm-' (F).
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Fig. 6. Microscopy of histolÃ³gica! sections of BRO tumor. Sections were pre
pared from tumors surgically removed from mice before treatment with 9NC (a),
after 3 days of 9NC treatment (e), or after 14 days of 9NC treatment (c).

In parallel experiments, melanocytes were treated with 1
ng/ml CAM, 9NC, or PEG alone for 5 days, and the cells were
observed for morphological changes. Photomicrographs of this
experiment are shown in Fig. 9. Melanocytes do not appear to
respond to CAM (Fig. 9b) or 9NC (Fig. 9c) with morphological
changes, and the majority of the treated cells demonstrate typ
ical slim bodies with two or three dendrites. Further, no
changes were observed in melanocytes treated with PEG alone
(Fig. 9d). In general, melanocytes treated with CAM, 9NC, or
PEG alone were morphologically identical to the untreated
melanocytes (Fig. 9a).

DISCUSSION

In this report, we have shown that CAM and its derivatives
9AC and 9NC inhibit growth of human malignant tumors xe-
nografted in immunodeficient mice. In general, chemotherapy
for patients with malignant melanoma has been very disap
pointing, with only a few single chemotherapeutic agents being
found to have response rates of 10% or greater in the treatment
of metastatic melanoma (23). Continuing research to find new
drugs with activity against melanoma has met with little success
(23).

In the studies reported here, mice inoculated with human
melanoma xenografts were all dead within about 2 months after
inoculation, apparently because of development of oversize in
vasive tumors. However, inoculated mice that were treated with
CAM or CAM derivatives were tumor-free. Further, CAM and
its derivatives halted progression of already developed mela
noma tumors and resulted in tumor regression. The drugs were
most effective on small tumors. In previous clinical trials, pa
tients with malignant melanomas were treated i.v. with the
water-soluble sodium CAM, but the low antitumor activity and

50

DAYS OF TREATMENT

Fig. 7. Growth of BRO melanoma cells treated with CAM derivatives in vitro.
Culture flasks were seeded with 1.5 x IO5 BRO cells. After overnight incubation
at 37Â°C.the medium was replaced with fresh medium, and additives were added.

Cells were counted every 2 days after the addition of drugs. Each point represents
the average measurement of three flasks. The cultures received no treatment (A).
1 ng/ml 9NC (B). ÃŒng/ml 9NC (O. 10 ng/ml 9NC (D). 25 ng/ml 12NC (E, A),
or PEG alone (Â£.â€¢¿�).
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Fig. 8. Microscopy of BRO cells treated with 9NC in vitro. Cell cultures were seeded as described in Fig. 7 and then received 9NC to a final concentration of I ng/ml.
Stained cultures were microphotographed prior to addition of 9NC (a) and following treatment with 9NC for 1 day (b), 3 days (c), 4 days (d), and 6 days (e). Control
cells received PEG alone for 6 days (/). All microphotographs were taken at the same magnification. Bar, 50 urn.
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Fig. 9. Treatment of melanocytes with CAM and 9NC. Cultures of melanocytes received no additive (a), PEG containing 1 ng/ml CAM (e) or 1 ng/ml 9NC (c), or
PEG alone (d). Incubation was for 5 days, during which period the cell medium was replaced twice with fresh medium containing the appropriate agent. Cells were
fixed, stained, and microphotographed. Bar, 50 urn.

occurrence of severe toxicity (12) led to discontinuation of so-
dium CAM. This same ineffectiveness of sodium CAM was
observed in our studies with nude mice bearing human tumors
when the drug was administered i.v. or i.m. (24). In contrast,
P.O. or i.m., but not i.v., administration of the non-water-solu-

ble CAM prevented growth of human solid tumors in mice,
with the effectiveness depending on the mode of administration
(24). In general, our studies have indicated that the type of
mollification of the CAM molecule, the solvent used, and the
mode of administration are important factors in effectively
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preserving and applying the antitumor activities of CAM and
its derivatives (24).

The inhibitory activity of CAM, 9NC, and 9AC on growth
of BRO tumors in nude mice contrasts remarkably with the
action of other anticancer drugs. Specifically, we have shown
previously that BRO tumors in nude mice do not respond to
several widely used anticancer drugs, including Adriamycin,
5-fluorouracil, methotrexate, Alkeran, vincristine, vinblastine,
methylcyclohexylchloroethylnitrosourea, and bischloroethyl-
nitrosourea (25). Although CAM, 9NC, and 9AC consistently
exhibit inhibitory activities for tumor growth and cell prolifer
ation, we have used 9NC more extensively than the other prod
ucts. We have considered 9NC as the derivative of choice for all
practical purposes, for the following reasons, (a) The antitumor
activity of 9NC in vivo appears to be higher than that of CAM
and about equal to that of 9AC. Comparison of drug activities
was made on the basis of equal drug doses administered in mice
bearing tumors of similar size, (b) 9NC as a powder or in
suspension appears to be more stable than 9AC when subjected
to environmental agents, including light, oxygen, and water. In
the presence of these agents, 9AC generates more rapidly deg
radation products that are toxic to mice and cultured cells, (c)
Semisynthesis of 9NC is simpler than that of 9AC, and thus
9NC can be prepared with a higher yield at a lower cost. Studies
on stability of CAM and its derivatives and correlation with
antitumor activities and toxicities will be reported elsewhere.4

The mechanism of action of CAM and CAM derivatives is
being investigated. It has been suggested that CAM exerts its
action at the level of DNA relaxation, by stabilizing the cleav-
able complexes generated by topoisomerase I and thus interfer
ing with the process of DNA breakage-reunion (8).

The results reported in this study indicate that CAM and its
derivatives 9AC and 9NC effectively inhibit growth of mela
noma cells at a concentration of 1 ng/ml. This concentration is
500-25,000-fold lower than the CAM concentrations reported

to induce DNA strand breaks and cytotoxic effects in mamma
lian cell lines (3-6). Drug concentrations lower than 1 ng/ml

did not completely inhibit cell proliferation but resulted in
down-regulation or up-regulation of specific mRNA expression
associated with cell growth or cell differentiation.5 In contrast,
concentrations of 1-5 ng/ml had no apparent effect on the

normal counterparts of the melanoma cells, the melanocytes, in
vitro. Melanocytes grow slowly in vitro, and it could be argued
that melanoma and other malignant cells proliferate rapidly
and, therefore, are more actively involved in the process of
DNA breakage-reunion that is the process targeted by CAM.
However, recent findings in our laboratory show that CAM and
its active derivatives inhibit proliferation of malignant cells re
gardless of the rate of proliferation.5 It is still unknown whether

there is a correlation between the antiproliferative activity of
CAM and levels of expression of topoisomerase I. Also of in
terest is the finding that the CAM derivative 12NC is ineffective
in inhibiting malignant cell proliferation in vitro and in vivo.
The inactive derivative 12NC and the active derivative 9NC
differ only in the position the NO2 group occupies in the CAM
molecule. It is likely that a specific molecular conformation is
required for CAM and its active derivatives to bind to the DNA
cleavable complex. Also, the studies of CAM and CAM deriv
atives in melanocytes (reported here) and actively dividing nor

mal fibroblasts6 suggest that CAM and its active derivatives

exert their action through factors and/or mechanisms not
shared by malignant and normal cells. This observation could
be of interest when CAM derivatives are considered as chemo-
therapeutic agents for the treatment of tumors in vivo. It is also
of interest to investigate whether premalignant cells respond to
CAM derivatives like malignant cells. For this, we have ex
tended our studies on human normal cells that have been con
verted to premalignant cells by insertion of specific oncogenes.
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