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ABSTRACT

BRO human melanoma cells, obtained from a biopsy of a
highly aggressive and malignant primary tumor, were grown as
xenografts in nude mice and in cell culture. These cells were
exceptionally tumorigenic and malignant for nude mice. NIH-II

nude mice survived 11.0 Â±0.4 (S.E.) and 14.1 Â±0.4 days after
i.p. inoculation of 107 or 106 BRO cells, respectively, and lethal
tumors developed in all mice inoculated i.p. with only 103 cells.

The doubling time (2.3 days) of the volume of tumors formed
after s.c. inoculation was comparable to the doubling time of
these cells in culture. After i.p. or s.c. inoculation, BRO cells
metastasized to the diaphragm and lungs, causing respiratory
failure in most of the host mice. The original tumor and the cell
line derived from it had undifferentiated structures with prominent
nuclei and very large nucleoli. Karyotype abnormalities included
a gigantic A group chromosome, a large D group chromosome,
and an unusual double centromere chromosome not found typi
cally in human melanoma cells. Due to the short and reproducible
survival times of nude mice inoculated i.p. with BRO cells, this
model system may be useful for rapidly determining the effects
of experimental treatment on the survival of hosts bearing human
tumor cells.

INTRODUCTION

In the past few years, many human tumors have been im
planted successfully in nude athymic mice. These xenografts
retain important features of the original tumor and are useful
models for the study of human cancer (4,16). Human melanoma
xenografts may be of particular interest because tumor xeno
grafts and the parent tumor respond similarly to chemotherapy
(8) and because most melanomas are highly refractory to known
therapies. We report here on melanoma cells derived from an
untreated primary tumor of a patient who died of highly aggres
sive and malignant melanoma. These cells are highly tumorigenic,
metastatic, and rapidly lethal for nude mice.

MATERIALS AND METHODS

Tumor. The BRO melanoma is a cell line derived from a primary
melanoma which was remarkable for its malignancy and aggressiveness.
The patient from whom the specimen was obtained was a 34-year-old

white male who had a growth on his left shoulder which had developed
rapidly into a large fungating and ulcerating mass. After wide radical
excision, the lesion was diagnosed as an invasive malignant melanoma.
Microscopic examination showed no evidence of tumor in the surgical
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margins or of mÃ©tastasesin the adjacent lymph nodes. However, 2 new
lesions appeared in the same region 7 weeks later. In spite of further
surgery, treatment with 5-(3,3-dimethyl-1-triazeno)imidazole-4-carbox-

amide and Corynebacterium parvum, and hyperthermia, the tumor me
tastasized and grew rapidly in both lungs and in other organs, and the
patient expired from the disease less than 6 months after removal of the
primary tumor. The primary tumor was propagated in nude mice after
inoculating s.c. a mince of the biopsy specimen according to described
procedures (6).

Cell Culture. Cells from the heterotransplanted tumor were minced
and plated in Eagle's minimal essential medium containing penicillin (50

units/ml), streptomycin (50 jug/ml), and supplemental 2 HIMglutamine, all
from Grand Island Biological Co. (Grand Island, NY), and 10% inactivated
fetal calf serum (Reheis, Phoenix, AZ). Cultures were maintained at 37Â°

in a humidified 5% CO2 atmosphere. Periodic tests for Mycoplasma
contamination were negative. BRO cells were harvested after incubation
for 2 min at 37Â°with 0.05% trypsin-0.02% EDTA (Grand Island Biological

Co.), and the cells were quantitated with a Model ZBI Coulter Counter
or with a hemocytometer. Cell viability was 97% or greater as determined
by trypan blue staining. For colony assays, the plating efficiency was
determined as the fraction of cells which formed colonies of 30 or more
cells.

Histopathology, Electron Microscopy, and Karyotype Analysis.
Conventional techniques were used.

Inoculation of Cultured Cells into Nude Mice. NIH-I (Swiss), NIH-II,
and NIH-III (beige) nude mice were bred and maintained in our laboratory
in pathogen-free conditions (5). Adult mice of the same sex and approx

imate age (3 to 5 months) were used in each experiment. BRO cells in a
volume of 0.5 ml were inoculated with a %-inch 25-gauge needle i.p. in

the midline of the abdomen or s.c. in the upper midback. The skin
perforations were closed with a thermocautery (V. Mueller, Chicago, IL)
to prevent leakage. Aliquots of the cell suspensions used for these
inoculations were replated routinely in vitro to check for sterility and
reproductive viability of the cells.

RESULTS

Histology. The histological features of the malignant mela
noma from both the patient (Fig. 1) and from the transplanted
melanoma in the nude mouse (Fig. 2) are similar. The neoplastic
cells have moderately large rounded vesicular nuclei and promi
nent, often single, nucleoli. The neoplastic cells have abundant
pale eosinophilic cytoplasm and are arranged in groupings but
without evidence of intercellular cohesion. The cells contain no
melanin but have a positive dopamine reaction. These histologi
cal findings are characteristic of an amelanotic malignant mela
noma and are retained in tumors of nude mice inoculated with
BRO cells passaged for at least 64 generations.

Morphology. In culture (Fig. 3), the triangular or elongated
ovoidal BRO cells exhibit the clear nuclei and the prominent
nucleoli observed in melanomas. Giant cells, multinucleated or
with a very large, abnormal nucleus, are not uncommon. Numer
ous mitotic figures are present.
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Electron Microscopy. Cultured BRO cells have large rounded
nuclei with finely dispersed chromatin and large prominent nu
cleoli (Fig. 4). Within the cytoplasm are moderately numerous
organelles, primarily mitochondria, free ribosomes, and occa
sional profiles of endoplasmic reticulum. The surface of the cells
frequently has small filopodia. No melanosomes or premelano-

somes are identified.
Karyotype. The modal chromosome number of BRO cells is

62 (range, 42 to 72). The chromosomal abnormalities found most
consistently (Fig. 5) are a gigantic A group chromosome (23 of
23 metaphases) and a large abnormal D group chromosome (22
of 23 metaphases). Also, an unusual chromosome with a double
centromere is present in about half (12 of 23) of the metaphases
examined. This last abnormality has been observed in only one
of over 70 other melanomas we have studied.3

BRO Cells in Culture. BRO cells grow readily in culture and
have been passaged 90 times to date. Cells plated at density of
8 x 104 cells/25-sq cm flask doubled every 1.9 Â±0.2 days during
logarithmic growth. The plating efficiency of 10" cells plated per

25-sq cm flask was 4.1%.

Tumor Growth after i.p. Inoculation of BRO Cells. BRO cells
were highly malignant and rapidly lethal for nude mouse hosts
after i.p. inoculation (Table 1). The median survivals of NIH-II
mice inoculated with 107 or 106 cells were 11 and 14 days,

respectively. The survivals of NIH-I mice similarly inoculated were
comparable. NIH-II mice (14) inoculated with 103 cells all devel

oped tumors and had a median survival of 32 days (range, 26 to
51 days). As few as 100 BRO cells inoculated i.p. were sufficient
to induce tumors and kill most (12 of 18) NIH-II mice. As shown

in Table 2, BRO cells were lethal to host mice much more rapidly
than were several other human tumor lines tested, although BRO
cells in vitro divided more slowly compared to these other human
cells. The tumors used for comparison were selected for their
rapid growth after inoculation in nude mice.

A day or so prior to death, most mice bearing BRO cells had
evident respiratory distress with labored and rapid breathing and
marked inertia. Gross evidence of tumor in the diaphragm and/
or of hemorrhagic lungs was observed in autopsies of 65% of
moribund or dead animals. Multiple tumor foci were also ob
served in other internal organs, but there was minimal or no
apparent distention in 90% of the animals. In the other cases,
the bulk of the tumor localized near the intestines or elsewhere
in the lower abdomen with concomitant distention. No ascites
was ever found.

Tumor Growth after s.c. Inoculation of BRO Cells. The

Table 1

Survival of mice inoculated i.p. with BRO cells

Each group contained 5 animals.

Days of survival after inoculation of

107cells 10" cells

Experiment Mice Sex Median Mean Â±S.E. Median Mean Â±S.E.

12345Overall6NIH-IINIH-IINIH-IINIH-IINIH-IINIH-IINIH-IMFMFMM12.011.012.09.010.011.014.012.4Â±0.211.2
Â±0.612.2

Â±0.79.0
Â±010.4
Â±0.911.0
Â±0.413.8

Â±0.814.012.016.014.013.014.016.014.8

Â±0.612.2
Â±0.216.2
Â±0.414.4
Â±0.913.0

+0.414.1
Â±0.416.6

Â±1.5

3B. C. Giovanellaand S. O. Yim, unpublishedresults.

aggressiveness and malignancy of these cells also were ob
served in nude mice inoculated s.c. Tumors appeared rapidly in
all NIH-I or NIH-II mice inoculated with 10s to 107 cells. After
implantation of 106 cells, palpable tumors formed in all the mice

within 8 days. During the next few days of logarithmic growth,
the tumors increased in volume with a mean doubling time of 2.3
Â±0.2 days (Chart 1). Most of the tumors ulcerated 3 to 4 weeks
after cell inoculation, and the hosts died with massive tumors.
The median survivals of NIH-I and NIH-II mice inoculated with
106 cells were 45 and 55 days, respectively. The rates of tumor
growth were similar for mice inoculated with 105 cells, although

it took longer (20 days) for tumors to appear in all the animals.
With 10" cells inoculated, about 20% of the NIH-I and NIH-II mice

developed tumors compared to 70% of the NIH-III nude mice

(Table 3). These latter mice are deficient in natural killer cells (14)
as well as T-lymphocytes. No tumor regressions were noted in

any mice inoculated with BRO cells.
Autopsy of 10 s.c.-inoculated mice at random showed that 8

of these animals had internal mÃ©tastases, including 3 mice in
which tumors did not appear at the injection site after inoculation
of 102 to 103 cells. In all 8 mice with mÃ©tastases,the diaphragm

and/or the lungs were heavily involved with tumor.

DISCUSSION

BRO melanoma cells were obtained from a primary tumor of
a patient who had had no prior anticancer treatment. The pa
tient's primary tumor had grown rapidly into a large ulcerating

mass, and the tumor recurred locally within 7 weeks after radical
surgery. The rapid recurrence of tumor despite the apparent
absence of melanoma cells in the margins of the surgical wound
and in the adjacent lymph nodes indicates that the tumor regrew
rapidly from a very small number of cells. Subsequently, the
tumor metastasized to both lungs and to other organs, and
death ensued shortly thereafter. The exceptional tumorigenicity
and lethality of BRO tumor cells after inoculation into nude mice
parallel in important respects the clinical course of this disease.
Relatively few cells are required to form lethal tumors. After s.c.
inoculation, the tumor cells double approximately every 2 days,
and the tumor ulcerates after a few weeks. The cause of death
in most nude mice inoculated i.p. is respiratory failure arising
from tumor mÃ©tastasesto the diaphragm and lungs, and some
of the s.c.-inoculated mice expire with similar pathology.

Compared to most human tumor xenografts, BRO cells are
highly malignant and aggressive. The majority of human mela
nomas implanted in nude mice form transplantable tumors, but
mÃ©tastasesare relatively rare, especially when biopsies from
primary tumors are implanted in adult mice (4, 13, 17). Lung
mÃ©tastaseshave been observed in nude mice after i.p. inocula
tion of human tumors (7,13,17). When established human tumor
cell lines have been used to form tumors in nude mice, the
inocula usually have contained 106 to 107 cells (1, 9, 19). With

BRO cells, lethal tumors are formed after inoculation of as few
as 100 cells, and although they arise from a primary tumor, these
cells metastasize readily. In addition, the doubling time during
logarithmic growth of BRO cells in vivo is about the same as the
rate in vitro, in contrast to results obtained with other human
melanoma xenografts, for which tumor growth was significantly
slower in vivo (19). The tumorigenicity and rapid in vivo growth
of BRO cells suggest that the host cytotoxic immune response,
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Table 2
Survival of mice (5/group) inoculated i.p. with human tumor cells

CellsBRO"BELFINFOSSHODOYHT-29KIEPAXTumortypeMelanomaMelanoma''Melanomaâ€¢;MelanomaMelanomaLung

carcinomaColon
carcinomaBreast
carcinomaTeratocarcinomaNo.

of cells inocu
lated10710Â«10'IO-IO'10Â«10'10Â«10'10Â«IO710"2.5

x10'4x
10'2.6

x10'10'10Â«10'10Â»MiceNIH-INIH-INIH-IINIH-IINIH-IINIH-IINIH-INIH-INIH-IINIH-IINIH-INIH-INIH-IINIH-IINIH-INIH-INIH-INIH-IINIH-IISexMMM&FM&FFFMMMMFFMMFFFFFMedian

sur
vival(days)141611144053255764110697835414561705761In

vitro dou
bling time(hr)4638ND638302424NO28Ref.777113210

" See Table 1.
" ND, not determined.

2X104

104

Â¿ 103

O

te
O

102

10

NIH S.C.
SWISS S.C.

10 20 30

DAYS POST TUMOR INOCULATION
Chart 1. Growth of BRO tumor in individualmice after s.c. injection of 10Â°cells

in NIH-I and NIH-II mice. Tumor volume was calculated as the product of the 3
major dimensions.

which has been implicated in the rejection of human tumor
xenografts by nude mice (15,18), is poor in this case. Depletion
of natural killer cells appears to enhance further the tumorigenic-

;ty of BRO cells (Table 3).
Morphologically, the BRO cells exhibit features common to

Tabte3
Tumordevelopmentin nude mice after s.c. inoculation of TO'BRO cells

No. of tumors/No, of mice inoculated

Experiment1

2
3TotalsSexMMFNIH-I2/5

1/4
0/53/14(21%)NIH-II1/51/50/52/15(13%)NIH-III4/53/57/10(70%)

most malignant human melanomas. However, electron micro
scopic examination shows that these cells have a very rudimen
tary structure which is even more simplified than that of most
highly undifferentiated melanoma cells. The most prominent fea
tures are the large nucleus and nucleoli. BRO cells are hypo-
triploid, and most of the chromosomal abnormalities are consist
ent with those of other human melanomas (7). The most unusual
feature of the karyotype is the large double centromere chro
mosome found in about half of the metaphases.

BRO cells are grown easily in culture medium and as xeno
grafts in at least 3 different strains of nude mice. Of particular
interest are the short and reproducible survival times of nude
mice inoculated i.p. with BRO melanoma cells. The effects of
experimental treatment on the survival of host mice inoculated
with these cells can be determined usually within 2 to 5 weeks
(12).
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Fig. 1. Section of the patient's primary BRO tumor, which shows a disordered aggregate of undifferentiated cells, some of which exhibit prominent nucleoli. No

melanin is present. H & E, x 400.

Fig. 2. Section of the third passage of BRO melanoma in nude mice. The structure is very similar to that of the original tumor. Infiltrating cells, probably macrophages,
are also present. H & E, x 400.

Fig. 3. BRO melanoma cells (passage 64) in culture.
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