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= Abstract =Human colon carcinomas, transplantable in BALB/c nude mice, designated as
SCN-1, SCN-2 and SCN-4, were serially passed for 8, 12 and 8 generations respectively. A
piece of each tumor excised to 2 mm in diameter was inoculated subcutaneously on the back
of nude mice. Experimental chemotherapies with a single drug, adriamycin, mitomycin C or
5-fluorouracil were started when the tumors reached 5-6 mm in diameter. The results showed
that mitomycin C and 5-fluorouracil significantly suppressed the growth of colon cancer. The
histologic features of transplanted tumor were similar to those of the original tumors.
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INTRODUCTION

Experimental animal tumors and cultured cells
have generally been used as the screening system
for the development of antitumor agents or as the
model for experimental chemotherapy. In view of
the selectivity of the drug action on malignant tis-
sues, experimental systems with human tumors
have been awaited for a long time. Heterotrans-
plantation of human tumors is one of these sys-
tems, and well-known hosts are hamsters’ cheek
pouches (Lemon ef al. 1952; Chute et al. 1952)
and immune-deprived animals (Gallagher and Kor-
son 1959; Kutner and Southam 1960; Levin et al.
1969).

With the introduction of a congenitally athymic
mouse mutant, “nude”, many human tumors have
been transplanted successfully (Rygaard and Povl-
sen 1969; Giovanella et al. 1972).

Since April 1984, we have transplanted 10 hu-
man colon adenocarcinomas to BALB/c nude
mice, and established 3 serially transplantable lines
(Park et al. 1985). This paper deals with results of
the single agent chemotherapy with 5-fluorouracil
(b-FU), mitomycin-C(MMC), and adriamycin
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(ADR) on transplantable colon carcinomas (SCN-1,
SCN-2, and SCN-4).

MATERIALS AND METHODS

Three tumor lines selected for this study were
obtained originally from surgical materials of colon
cancer patients. Tumor line SCN-1 (well-differenti-
ated adenocarcinoma, in 57-year-old male), line
SCN-2 (moderately differentiated, in 43-year-old
female) and line SCN-4 (poorly differentiated, in
35-year-old male) were obtained from primary
tumor of resected colon adenocarcinoma patients.
These tumors maintained by serial passage in nude
mice were used for experiments between the 8th
and 12th passage (Table 1).

Male or female nude mice of BALB/c back-
ground, seven to ten weeks old, were obtained
from CLEA, Tokyo, Japan, and maintained under
specific pathogen free condition. A fragment of
tumor, approximately 2 mm in diameter, was in-
oculated subcutaneously into the back of each
mouse. Test mice were randomized into groups of
four mice: in group | as control, 0.2 ml of normal
saline was given once a week; in group |, adriamy-
cin(fADR) 5 mg/kg once a week; in group i,
mitomycin C (MMC) 3 mg/kg once a week; in
group IV, 5-fluorouracil (5-FU) 80 mg/kg six times
a week. Drug administrations were started intraperi-
toneally when the tumors reached 5-6 mm in dia-



Table 1. Clinical and pathological characteristics of human colon cancers transplanted in nude mice.

Tumor line Sex Age Site(colon) Dsg(gzs Differentiation Transfer No.
SCN-1 M 57  Ascending B Well 8
SCN-2 F 43 Cecum C  Moderate 12
SCN-3 M 49  Descending A Well -
SCN-4 i 35 Splenic flexure C  Poor 8
SCN-5 F 77  Cecum C  Poor 3*
SCN-6 F 69  Sigmoid B Moderate
SCN-7 M 69 Rectosigmoid C  Moderate —
SCN-8 F 63  Ascending B Well —
SCN-9 M 40  Descending B Signet ring cell 2*
SCN-10 M 64  Hepatic flexure B Well —
* Terminated at transfer number indicated
Table 2. Summary of experiment
Tumor line ng of N(.)' of No. of tumors Drug R(.)u‘te aQ— Dosage Times  Schedule
mice mice taken ministration
Control
SCN-1 (8) M 4 8 (Normal ip 0.2 ml 4 1/wk
Saline)
4 8 ADR ip 5 mg/kg 4 1/wk
4 7 MMC ip 3 mg/kg 4 1/wk
4 8 5-FU ip 80 mg/kg 24 6/wk
Control
SCN-2(12) F 4 8 {(Normal ip 0.2 ml 3 1/wk
Saline)
4 8 ADR ip 5 mg/kg 3 1/wk
4 8 MMC ip 3 mg/kg 3 1/wk
4 8 5-FU ip 80 mg/kg 18 6/wk
Control
SCN-4 (8) M 4 8 (Normal ip 0.2 ml 3 1/wk
Saline)
4 8 ADR ip 5 mglkg 3 1/wk
4 8 MMC ip 3 mg/kg 3 1/wk
4 8 5-FU ip 80 mg/kg 18 6/wk

meter. As the tumor became ulcerative at 4-6
weeks after inoculation, experiments were designed
to be completed within this period (Table 2).
Tumor size in each animal was measured by
three dimension twice a week during treatment.
Responses to experimental therapies were analysed
by comparing tumor growth curve of treated and
untreated control groups. Tumor volume was com-
puted according to the formula (AXBXC)/2, where
A,B, and C were the lengths of the long and short
axes and heights respectively. Inhibition rate in
each treatment was expressed by the formula:100

- mean volume of treated tumors/mean volume of
control tumors x 100. Histological changes by che-
motherapy were also observed.

RESULTS

In body weight changes of SCN-1, SCN-2 or
SCN-4 tumor transplanted nude mice, a statistical
significance between control and 5-FU treated
group was found (p<0.01), however, no significant
difference was observed between control and MMC
or ADR treated group (p>0.05) (Fig. 1,2,3).

Growth curves of SCN-1 are shown in Fig.4. In
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Fig. 1. Effect of chemotherapy on body weight of human colon cancer (SCN-1) bearing nude
mice. Arrows indicate administration of drugs.
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Effect of chemotherapy on body weight of human colon cancer (SCN-2) bearing nude
mice. Arrows indicate administration of drugs.
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Fig. 3. Effect of chemotherapy on body weight of human colon cancer (SCN-4) bearing nude
mice. Arrows indicate administration of drugs.
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Fig. 4. Effect of chemotherapy on the growth of human colon cancer (SCN-1) transplanted
in nude mice. Arrows indicate administration of drugs.
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Fig. 5. Effect of chemotherapy on the growth of human colon cancer (SCN-2) transplanted
in nude mice. Arrows indicate administration of drugs.
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Fig. 6. Effect of chemotherapy on the growth of human colon cancer (SCN-4) transplanted
in nude mice. Arrows indicate administration of drugs.



Table 3. Chemosensitivity according to inhibition rate of
3 human colon cancers transplanted in nude
mice

Tumor line
SCN-1 SCN-2 SCN-4
Drug
ADR 53.6% 22.7% 34.7%
MMC 89.2% 76.6% 67.6%
5-FU 92.1% 88.2% 69.4%

Inhibition Rate =

100 — Mean tumor volume of treated group X 100
Mean tumor volume of control group

contrast to the control group, growth was suppres-
sed in drug treated groups with statistical signifi-
cance (ADR:p<0.01; MMC:p<0.005; FU:p<
0.005). Growth curves of SCN-2 are shown in
Fig.5. In contrast to the control group, growth was
suppressed in MMC or 5-FU treated group with
significance (MMC:p<0.005), but in ADR treated
group without significance (p>0.005). Growth curves
of SCN-4 are shown in Fig.6. In contrast to the
control group, growth was suppressed in drug tre-
ated groups with statistical significance (ADR:p<
0.01; MMC:p<0.005; 5-FU: p<0.05).

Table 3 shows the chemosensitivity according to
inhibition rate of tumors transplanted in nude mice.

The histologic feature of serially transplanted
tumors was similar to those of the original tumors,

although the tumor became necrotic and showed
lower degree of differentiation than the original
tumors. Also, the amount of stroma decreased
(Table 4,5,6). In drug treated groups, nuclear pyk-
nosis and cytoplasmic swelling were observed.

DISCUSSION

In 1969, Rygaard and Povisen successfully
heterotransplanted the first human tumor -a colon
carcinoma- directly from the patient into nude
mice. In 1972, Giovanella et al. successfully trans-
planted a cultured human melanoma cell line in a
nude mice.

Sharkey et al. (1978) heterotransplanted a wide
variety of human tumors into nude mice (342
cases). Progressive growth was noted in 35.7% and
takes were higher for recurrent tumors (54.2%)
and metastases (49.1%), whereas only 26.9% from
primary sites grew. Differences in take rates were
also noted among the various tumor groups, as
follows: malignant melanoma, 86%; adenocarcino-
ma of colon, 72%; kidney, 50%; gastrointestinal
tract, 20%; breast, 16%.

In this study, we have transplanted ten cases of
colon carcinomas and growth was obtained with 5
tumors, but two tumors were lost. So SCN-1,
SCN-2 and SCN-4 lines were used for experiment.

Ovejera et al. (1977) reported that the average
tumor weights of human colon cancer transplanted
mice treated with 5-FU, MMC, cyclophophamide
or methyl CCNU were 57-74 percent smaller than

Table 4. Pathologic characteristics of SCN-1 tumors during passages and chemotherapy

Nuclear Necrotic Stromal reaction
Passage Type
variation area(%) Fibrosis Inflammation Edema

Original W/D, tubular P + mucinous mild — + + + + +
1 M/D, tubular + mucinous mild — + + ++ +
2 M/D, mucinous + tubular mild — + + + +
3 M/D, tubular + mucinous moderate 10 + + + + +
4 M/D, tubular + mucinous moderate 10 + + +
5 M/D, mucinous + tubular moderate 20 * + +
6 M/D, mucinous + tubular moderate 20 —+ - —
7 M/D, tubular + mucinous moderate 30 + + +
8:Control M/D, tubular moderate 30 + + + +

ADR M/D, tubular moderate 20 + + +

MMC M/D, tubular + mucinous moderate 10 + + +

5-FU M/D, tubular 4+ mucinous moderate 20 + + +

W/D well differentiated
W/D :moderately differentiated



Table 5. Pathologic characteristics of SCN-2 tumors during passages and chemotherapy

Nuclear Necrotic Stromal reaction
Passage Type
variation area (%) Fibrosis Inflammation Edema
Original M/D, tubular moderate 10 +++ ++ ++
1 M/D, cribriform moderate — + + +
2 M/D, cribriform moderate 10 + + +
3 M/D, solid moderate 10 + + +
4 M/D, solid and moderate 10 + + *
cribriform
5 M/D, solid moderate 20 + + *
7 P/D, solid moderate 10 + + +
8 M/D, cribriform moderate 20 + + +
9 P/D, solid moderate 30 + + +
11 P/D, solid moderate 40 + + +
12:Control P/D, solid moderate 70 T + +
ADR M/D, solid moderate 70 + + +
MMC P/D, solid severe 50 + + +
5-FU M/D, solid severe 50 + + ++

M/D: moderately differentiated
P/D: poorly differentiated

Table 6. Pathologic

characteristics of SCN-4 tumors during passages and chemotherapy

Nuclear Necrotic Stroma! reaction
Passage Type
variation area (%) Fibrosis Inflammation Edema
Original P/D, sheet & nest moderate 20 +++ ++ -
1 P/D, sheet moderate 20 +++ ++ —
2 P/D, solid & lacy moderate 30 +++ ++ +
3 P/D, solid moderate 20 ++ + -
4 P/D, solid moderate 20 + + +
5 P/D, solid moderate 20 + + —
6 P/D, solid moderate 50 + + 4+ —
7 P/D, solid moderate 50 + ++ +
8:Control P/D, solid moderate 70 + + +
ADR P/D, solid severe 50 + + +
MMC P/D, solid severe 50 + + +
5-FU P/D, solid severe 70 + ++ +

P/D: poorly differentiated

those of the controls and the methotrexate was in-
active against that tumor model.

In this study, the effectiveness of chemotherapy
on colon cancer transplanted in nude mice was
investigated by change of body weight, inhibition
rate on tumor growth. MMC and 5-FU suppressed
the growth of colon cancer significantly but 5-FU
administration showed severe body weight loss and
ADR was not effective on this tumor model. Many
investigators have reported that nude mouse-grown

human tumors showed close similarity in histo-
pathology and cytology to the human tumor of ori-
gin, even after long periods of transplantation (Povl-
sen and Rygaard 1971, 1972; Povisen 1976).
Tumors produced by cultural human cell lines also
presented histology similar to the original human
tumor (Giovanella et al. 1972, 1974; Carrel et al.
1976).

The study of Fogh et al. (1978) has shown that
the cells of a cultured line, established from a nude



mouse tumor produced by the human melanoma
line MeWo, were identical to MeWo cells in cellular
morphology, ultrastructure, growth pattern and rate
in vitro, susceptibility to poliovirus, as well as in the
isozyme phenotypes of a number of polymorphic
enzymes.

In this study the histologic feature of serially
transplanted tumors was similar to those of the ori-
ginal tumors, although the tumor became necrotic
and showed lower degree of differentiation than the
original tumors. Also, the amount of stroma and
mitotic count decreased.

Effectiveness of experimental chemotherapy on
cancer xenografts in nude mice was parallel to the
corresponding clinical responses in their donor pa-
tients in others studies (Kubota et al. 1978; Fujita
et al. 1980; Fujita and Taguchi 1982). So, prospec-
tive selection of anticancer agents active against
individual tumor xenografts will be useful for per-
forming effective chemotherapy to the donor pa-
tient with recurrent disease.
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