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ABSTRACT

The objective of the present study was to evaluate the malignant and
premalignant lesions that arise in CS7BL/6 mice after treatment with
7,12-dimethylbenz(a)anthracene and croton oil. Tissues from 70 treated
mice were evaluated by histolÃ³gica!and transplantation techniques, and
17 (24%) were found to have malignant tumors. Eleven of the tumors
were diagnosed as malignant melanomas, three as spindle cell sarcomas,
and three as squamous cell carcinomas. The incidence of malignant
melanomas (15.7%) in this group of mice was similar to that in our initial
study on the induction of melanomas with 7,12-dimethylbenz(a>-
anthracene and croton oil, in which two of 20 mice developed malignant
melanomas. Mice that developed melanomas had been treated with croton
oil for an average of 7 mo, and the mean latent period for tumor
development was 11 mo. Seven of eight melanomas grew rapidly after
transplantation to syngeneic C57BL/6 mice. Pigmented nevi and/or drain
ing lymph nodes from nine of 11 mice with melanomas grew progressively
after transplantation to athymic nude mice. Pooled nevi from one mouse
with no apparent tumors grew into a histologically malignant melanoma
after transplantation to a nude mouse. Nevi from three mice with sarco
mas, one mouse with a carcinoma, and 42 tumor-free treated mice failed
to grow in nude transplant recipients. Thus, only nevi from mice with
either apparent or occult malignant melanomas exhibited progressive
growth in nude mice. These results confirm that malignant melanomas
can be induced in C57BL/6 mice at a regular, predictable rate and further
indicate that this is an excellent system in which to study melanoma
induction, progression, and therapy.

INTRODUCTION

In a previous report (1) we described the induction of 2
primary malignant melanomas, the JB/MS and JB/RH, in
C57BL/6 mice with DMBA3 and croton oil. We subsequently

characterized the JB/MS and JB/RH melanomas extensively
and demonstrated that the phenotypic characteristics of pri
mary melanomas can change after relatively few passages in
vivo and in vitro (2). These observations pointed out the impor
tance of being able to induce primary melanomas at a regular,
predictable rate. The present study was designed to evaluate
more closely the rate at which melanomas could be induced in
C57BL/6 mice treated with DMBA and croton oil. The results
of our studies confirm that malignant, spontaneously metasta-
sizing, transplantable melanomas can be induced in at least 10
to 15% of carcinogen-treated C57BL/6 mice.

We have also observed the development of pigmented nevi in
80 to 90% of our treated mice. Based on their histolÃ³gica!
similarities to nevi found in humans and the ability of certain
of these nevi to grow progressively after transplantation to nude
mice, we feel that the nevi may be precursors of malignant
melanomas. The availability of benign, premalignant, and ma
lignant lesions in this system provides a unique opportunity to
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investigate tumor progression throughout the development of
malignant melanomas.

MATERIALS AND METHODS

Mice. C57BL/6 mice used for the induction of tumors were bred
from stock obtained from the Jackson Laboratory, Bar Harbor, ME,
and were never more than one generation removed from the breeding
stock. BALB/c nude or BALB/c x C57BL nude mice were obtained
from Life Sciences, Inc., St. Petersburg, FL.

Induction of Tumors. Tumors were induced by application of 50 (Â¿I
of 0.4% DMBA (Sigma Chemical Co., St. Louis, MO) in acetone to
the dorsal region of 2- to 6-day-old mice (1). This was followed 10 days
later by twice weekly applications of 25 n\ of 2.5% croton oil (Sigma)
in acetone or dimethyl sulfoxide until the appearance of tumors, or
until the mice became debilitated. The growth rate of resulting tumors
was determined by measurements twice a week in 3 dimensions.

Transplantation of Tissues. Portions of tumors, nevi, and lymph
nodes were minced finely and implanted s.c. through a small slit in the
dorsal skin of anesthetized athymic nude mice. Portions of confirmed
melanomas were also implanted by the same technique into syngeneic
C57BL/6 mice. The resulting tumors were evaluated for growth and
histopathology as described above. Portions of the tumors were cry-
opreserved in liquid nitrogen as described previously (4).

Histopathological Evaluation. Complete necropsies were performed
on mice when they developed large tumors or became moribund. Tissues
were preserved for histopathological evaluation in fixative containing
34% ethanol, 34% methanol, 4% formaldehyde, and 5% glacial acetic
acid in distilled water. Tissues from carcinogen-treated mice and trans
plant recipients were evaluated by light microscopy. All tissues were
coded, and their identities were not revealed until after the completion
of histopathological evaluation. Tests for melanin or S H)()protein (5)
were performed occasionally to confirm the diagnosis of melanomas.

Statistical Analysis. The differences in tumor incidences between
experimental groups were compared by the 2 tailed Fisher's exact test

(6).

RESULTS

Spectrum of Lesions. Beginning 2 wk after initiation of treat
ment, the skin in the treated area became hyperpigmented,
followed by the appearance of small pigmented macules. In
some mice these macules faded, recurred, and then blended into
the general area of hyperpigrnentation. in other mice, the
macules persisted, grew further, and became raised nevi. His
tologically, these nevi were identical to human blue nevi (7) and
consisted of heavily pigmented bipolar melanocytes. These cells
were admixed with large pigment-laden macrophages and var
iable but small numbers of lightly pigmented to amelanotic
spindle cells. Melanin bleach stains revealed a bland nucleus
without mitotic figures.

The next stage in the progression from benign to malignant
lesions was the cellular blue nevus, which consisted of a more
densely cellular melanocytic lesion with less conspicuous bipo
lar pigmented cells. The spindle and epithelioid cells were more
closely packed and contained more finely textured cytoplasmic
melanin pigment. These clusters of cells were frequently sepa
rated by groups of pigment-laden macrophages. Dysplasia and
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inÂ¡KMÂ¡i-activity were not seen. Typical blue nevi coexisted with

the cellular blue nevi in all cases evaluated.
Malignant melanomas had the appearance of cellular expan

sile dermal spindle cell tumors with infiltrative margins fre
quently infiltrating within the skeletal muscle. Melanin pigment
was scarce with rare neoplastic cells demonstrating fine cyto-
plasmic pigment either highlighting a long dendritic process,
or in a juxtanuclear position. In contrast to blue nevi and
cellular blue nevi, the tumor cells in malignant melanomas had
cytological attributes of malignancy, including a high mitotic
rate (A" = 1 mitosis per x40 field) with frequent areas of

necrosis. Frequently, the malignant melanomas grew in conti
nuity with an ulcerated surface; however, no intraepidermal
growth was seen. The morphology of spindle cell sarcomas was
identical to that of malignant melanomas, except that no mel
anin pigment could be identified within the morphologically
malignant cells.

Many mice developed benign squamous cell papillomas in
either the presence or absence of malignant tumors. Occasion
ally the papillomas grew to a large size and became transformed
into malignant squamous cell carcinomas. The squamous cell
carcinomas exhibited characteristics identical to those seen in
human squamous cell carcinomas, including hyperchromasia
of nuclei, individual cell keratinization, and infiltration into the
surrounding tissue (8).

Incidence of Malignant Tumors. Seventy mice treated with
DMBA and croton oil were evaluated histopathologically, and
17 (24%) of these were found to have malignant tumors (Table
1). Nine of the tumors were in males, and 8 were in females.
Melanomas were diagnosed in 11 (15.7%) of the 70 mice. Six
of the melanomas arose in males, and S in females. Melanomas
represented 64.7% of the malignant tumors. The remaining
malignant tumors consisted of 3 spindle cell sarcomas and 3
squamous cell carcinomas.

Characteristics of Primary Melanomas. Characteristics of the
11 melanomas induced in this experiment are presented in
Table 2. The period of treatment with croton oil ranged from
4 to 10.5 mo, with a mean of 7 mo. The latent period for the
appearance of melanomas ranged from 9 to 12 mo with a mean
of 11 mo. The melanomas were primarily amelanotic with small
amounts of pigment. Upon necropsy, the draining and regional
lymph nodes were commonly found to be enlarged and pig-
mented. The most heavily pigmented lymph nodes were pooled
and inoculated into nude mice. Similarly, pigmented nevi from
individual mice were pooled and inoculated into nude mice.

Nevi and/or lymph nodes from 9 of 11 mice with melanomas
grew progressively after transplantation to athymic nude mice
(Table 2). Pooled nevi from Mouse 7 grew into a histologically
malignant melanoma after transplantation to a nude mouse,
even though the primary host had no apparent tumors at the
time of necropsy. Melanomas from Mice 1 to 6 and Mouse 8
grew progressively after transplantation to syngeneic C57BL/6
mice.

Table 1 Incidence of malignant tumors in C57BL/6 mice treated with DMBA
and croton oil

No. of mice evaluated
No. of mice with malignant tumors
No. of melanomas
No. of sarcomas
No. of carcinomasTotal

Males70
41 (59)Â°

17 [24]* 9 (53)

11 [15.7] 6(55)
3 1
3 2Females29(41)Â°

8(47)
5(45)
2

1â€ž

No. of males or females

Numbers in brackets, percent.

Total
No. of mice with tumors

No. of mice evaluated

Growth of Nevi and Lymph Nodes from Mice with Malignant
Tumors. The results in Table 3 indicate that pooled nevi from
6 of 9 mice with melanomas grew progressively after transplan
tation to nude mice. In contrast, nevus samples from mice with
sarcomas, carcinomas, or with no tumors did not grow pro
gressively in nude mice. Thus, only mice with histologically
diagnosed melanomas had nevi with malignant growth poten
tial.

Lymph node samples from 6 of 8 mice with melanomas grew
progressively in nude mice. Those from mice with sarcomas or
carcinomas grew in 3 of 5 cases, and those from tumor-free
mice did not grow in nude transplant recipients. Thus, 6 of 8
melanomas tested were metastatic to the draining lymph nodes.
In 8 of the 9 cases, the tumors that grew from the lymph node
samples were similar histologically to the primary tumors. In 1
case, a lymph node sample from a mouse with a squamous cell
carcinoma grew into a spindle cell sarcoma after transplantation
to a nude mouse.

Distribution of Malignant Tumors among DMBA-treated Lit
ters. The distribution of malignant tumors among the 21 litters
treated with DMBA and croton oil is shown in Table 4. The
data indicate that 9 litters had no tumors, 10 litters had 1 tumor
each, 1 litter had 2 tumors, and 1 litter had 5 tumors. Litter F
had the highest incidence of tumors (5 of 6), including 3
melanomas, and Litter L had the lowest incidence (0 of 7).
Consecutive litters were combined in groups of 3 in order to
obtain numbers of mice large enough for statistical comparison.
When the groups were compared in this manner, Litters D to
F had a significantly higher tumor incidence than did any of
the other groups.

DISCUSSION

The present study confirms and extends our previous report
(1) that malignant melanomas can be induced in C57BL/6 mice
with a single application of DMBA applied to the dorsal region
of 4-day-old mice, followed by twice weekly application of
croton oil. Melanomas arose in 11 of 70 mice evaluated, for an
incidence of 15.7%. This incidence is similar to our original
study, in which melanomas arose in 2 of 20 treated mice (1).
In our initial investigation, both melanomas arose in females.
In the present study, however, 6 of the melanomas arose in
males and 5 in females. Thus, no clear-cut difference in inci
dence or susceptibility between sexes can be identified at this
time.

To date, we have not determined which features of our
treatment protocol are essential to the success of this procedure.
However, experiments under way in our laboratory are designed
to vary selected parameters in an attempt to maximize the
incidence of malignant melanomas.

Other investigators have obtained malignant melanomas in
hamsters and guinea pigs by application of DMBA alone (9-
11). However, mice have been more resistant to the induction
of melanotic tumors. Epstein et al. (12) induced "blue nevi" in
random-bred pigmented hairless mice with a single application
of DMBA. Thirteen mo later, the mice were exposed to UV
radiation, and the benign nevi developed into invasive melano
mas which were metastatic to the draining lymph nodes. How
ever, these melanotic lesions were not transplantable to other
hairless mice or to the hamster cheek pouch (12).

Kripke (13) induced the K-1735 melanoma in 1 of 40 C3H/
HeN mice by short-term exposure to UV radiation, followed
by twice weekly applications of croton oil. The melanoma arose
after 92 wk and was metastatic to the draining lymph nodes
(13, 14). In recent years, the K-1735 melanoma has been used

1252

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/5/1251/2430269/cr0470051251.pdf by guest on 19 M

ay 2023



INDUCTION OF NEVI AND MELANOMAS IN MICE

Table 2 Characteristics of melanomas arising in C57BL/6 mice treated with DMBA and croton oil

MouseLitter1

D2

E3

F4

F5

H6

JNo.

of
mo

treated8g87.56.56.5Latent
period
(mo)91212121111.5Tissuestransplanted"Tumor

(N, B6)
Lymph nodes(N)Tumor

(N, B6)
Lymph nodes (N)
Nevi(N)Tumor

(B6)
Nevi(N)Tumor

(B6)
Lymph nodes (N)
Nevi(N)Tumor

(B6)
Lymph nodes (N)
Nevi(N)Tumor

(B6)
Nevi(N)Definitive

diagnosis
madefromPrimary

and transplantedtumorTumorNevus

transplantPrimary

tumor and lymph nodetransplantNevus

transplantNevus

transplant

7

8

9

10

11

O

R

P

F

7.5

7.5

4

8

10.5

10.5*

10

10

12

11

Nevi (N)

Tumor (B6)
Lymph nodes (N)

Lymph nodes (N)
Nevi (N)

Tumor (N)
Lymph nodes (N)
Nevi (N)

Lymph nodes (N)
Nevi (N)

Nevus transplant

Lymph node transplant

Nevus transplant

Primary tumor

Primary tumor

" Tissues were transplanted to nude (N) or C57BL/6 (B6) mice. All transplants grew progressively except the nevus transplant from Mouse 4 and the nevus and

lymph node transplants from Mice 10 and 11.
* Observation period, since the mouse had no detectable tumors at time of necropsy.

Table 3 Growth ofpigmented nevi and lymph nodes from DMBA-croton oil-
treated mice after transplantation to nude mice

Nevi and lymph nodes were pooled from individual mice and implanted into
nude mice as described in "Materials and Methods." Samples were considered

positive if they grow progressively in nude mice and if the resulting tumors were
histologically malignant.

Table 4 Distribution of malignant tumors among litters of mice treated with
DMBA and croton oil

Histological
Group tumortype1

Melanoma
2 Sarcoma
3 Carcinoma
4 No tumorNo.

of positive
nevi/no, of

samples
transplanted6/9Â«

0/3
0/1
0/42No.

of
positive

lymph nodes/
no. of samples
transplanted6/8*

2/3
1/2
0/19

' P < 0.001 versus Group 4, by 2-tailed Fisher's exact test.
* P < 0.001 versai Group 4.

extensively to confirm metastasis and tumor heterogeneity stud
ies performed previously with the B16 melanoma (15, 16).

Takizawa et al. (3) confirmed the induction of pigmented
lesions by treatment of mice with DMBA and croton oil. They
observed the appearance of pigmented macules after 25 wk of
promotion. These macules grew to diameters greater than 2
mm after 40 wk of promotion in C57BL/6 mice, after 44 wk
in C57BL x DBA/2 F, mice, and after 48 wk in BALB/c x
DBA/2 FI mice. They observed no macules in DBA mice (3).
These investigators diagnosed 116 of 125 macules as malignant
melanomas, based on the fact that the lesions were greater than
2 mm in diameter and consisted of closely packed nests of
pigmented melanocytes. However, only 2 nodules were trans
planted to syngeneic mice, and just 1 of the 2 grew in transplant
recipients. Seven of the 11 melanomas induced in our studies

LitterABCDEFGHIJKLMN0PQRSTUTotal,

21No.

of mice with
tumors/total no. ofmice1/40/10/21/2

}2/2\P<0.05Â°5/6
j1/11/30/31/51/40/70/30/11/41/61/31/50/30/40/117/70Histological

tumortypeSarcomaMelanoma1

Melanoma, 1carcinoma3
Melanomas, 2sarcomasMelanomaMelanomaMelanomaCarcinomaMelanomaMelanomaCarcinomaMelanoma

" Compared by 2-tailed Fisher's exact test to Litters P, Q, and R combined.

were transplanted to syngeneic C57BL/6 mice, and all 7 of
them produced large tumors in a week.

The melanomas induced in this investigation were primarily
nonpigmented with varying amounts of melanin visible mac
roscopically and microscopically within the tumor cells. Indeed,
6 of the 11 melanomas were diagnosed from tumors that grew
after transplantation of pooled nevi or lymph nodes to nude
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mice. Nevi from 6 of 9 mice with histologically confirmed
melanomas grew after transplantation to nude mice, and pooled
lymph nodes from 6 of 8 mice with melanomas also grew in
nude mice. Thus, 6 of the melanomas tested were metastatic to
the draining lymph nodes. In addition, our results suggest that
the nevi which grew in nude mice represented either primary
melanomas or cutaneous mÃ©tastasesfrom the primary tumors.
Nevus samples transplanted from mice with sarcomas or car
cinomas did not grow after transplantation to nude mice.

In light of the observation that only nevus samples from mice
with melanomas exhibited progressive growth after transplan
tation, it appears that the nevi were melanoma specific; that is,
they appear to be linked to the development of melanomas
rather than to the development of other types of tumors.
Whether the nevi represent premalignant lesions, primary mel
anomas, or cutaneous mÃ©tastasesremains to be determined.
However, the fact that pooled nevi from 3 mice (Table 2, Mice
4, 10, and 11) with malignant melanomas failed to grow in
nude mice, and that another nevus sample grew in a nude
mouse, even though the original treated mouse had no detect
able tumors (Table 2, Mouse 7) suggests that the nevi are
premalignant lesions or primary melanomas, rather than cuta
neous mÃ©tastases.

Histologically, the nevi were identical to human blue nevi
(7). In mice with malignant melanomas, there appeared to be a
continuum of lesions from benign blue nevi, to premalignant
cellular blue nevi, to malignant spindle cell melanomas. Thus
the nevi may be precursors of malignant melanomas. Herlyn et
al. (17) transplanted human cutaneous nevi to the skin of nude
mice and treated some of the grafts with DMBA. They found
that melanocytes in most of the treated grafts showed distinct
signs of hypertrophy, and those treated long-term exhibited
atypical enlarged nuclei with mitotic figures. They suggested
that this model might be useful for studying tumor progression
during the development of malignant melanomas.

In a review of current studies in tumor progression, Nowell
(18) stated that a major difficulty is finding an appropriate
model in which serial specimens can be collected to follow the
development from benign to malignant over a long period of
time. Our system, in which premalignant and malignant lesions
can be evaluated in the primary host as well as in syngeneic
recipients, is well suited for studies of tumor progression.

The cluster of malignant tumors in certain litters suggests
more than a chance occurrence. Indeed, our 2 original mela
nomas (JB/MS and JB/RH) arose in littermates (1). Whether
the predilection to develop tumors was a result of environmental
or genetic factors remains to be determined. However, since the
mice were inbred, major histocompatibility differences can be
eliminated. Breeding experiments can be utilized to determine
if the tendency to develop melanomas can be inherited. In view
of current interest in melanoma genes (19) and the hereditary
dysplastic mole syndrome (20), this may be an excellent system
in which to investigate the interaction between genetic and

environmental factors during the development of malignant
melanomas.
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