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ABSTRACT

FEMX-I human malignant melanoma cells, originating from a lymph
node metastasis in a patient, uniquely and selectively produced extrapul-
monary mÃ©tastasesafter i.v. injection of cells prepared from xenografts
into adult, nude mice. After a lag time of approximately 50 days,
mÃ©tastaseswere observed in s.c. sites at the back and front of the neck,
and in axilla and inguinal regions. Tumor colony formation in lungs were
never detected. The interscapular tumors showed a close relationship to
brown fat, partly infiltrating this tissue, whereas the other s.c. tumors
seemed to be localized to lymph nodes. Mesenterial and mediastinal
lymph node mÃ©tastaseswere frequently found, together with retroperi-
toneal tumors along the spine. The normal cells of the adrenal medulla
were often replaced by melanoma cells, whereas the cortical tissue was
not affected. The conclusion that FEMX-I cells possess an inherent
ability for tissue-specific metastasis formation is supported by the met-
astatic pattern seen after i.p. and intrasplenic injection, as well as after
inoculation of the cells in the footpads of the mice. The relatively slowly
growing FEMX-I tumors showed the same differentiated morphology as
the patient's tumor, independent of the site of growth and the number of

passages in the animals. The FEMX-I tumor was easily established as a
cell line in vitro. Such cells showed a strongly reduced metastatic
capacity, indicating that the in vitro growth conditions had induced
alterations in the FEMX-I cells influencing their ability to form site-
specific mÃ©tastases,changes that were shown to be reversible. It is
suggested that structures on the surface of the tumor cells, as well as
growth factors in the host tissues, may be of importance for the observed
tissue specificity. The FEMX-I melanoma, which, as a human tumor in
nude mice, has a unique metastatic pattern, offers possibilities for inves
tigating mechanisms involved in site-specific metastasis formation, as
well as for testing effects of antimetastatic, chemotherapeutic, and im-
munotherapeutic agents against human extrapulmonary micro- and
macrometastases.

INTRODUCTION

Many widely accepted concepts on mechanisms involved in
metastasis formation are based on data obtained in experiments
involving rodent tumors (1-7). Important biological differences
may exist, however, between rodent and human tumors, and
progress in this area has been hampered by the unavailability
of suitable models involving human cancers.

The athymic, nude mouse has proved to be an excellent host
for studying the biology and chemosensitivity of human tumors,
usually grown as s.c. xenografts (8-16). However, a shortcom
ing of the model is that spontaneous metastasis is a rare event
(17-19), most often seen in young, immunologically immature
or immunosuppressed mice (18, 20-22), and often only after
s.c. injection of the cells (13, 18), a procedure that may result
in accidental inoculation of tumor cells directly into blood
vessels.

Recently, however, several tumors reproducibly giving metas-
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tases in adult nude mice have been reported (20, 23-30). Many
of these cases involve orthotopic injection of the tumor cells,
i.e., injection at a site relevant for the tumor in question, such
as the gut (colon cancer) and the kidney (renal cancer). In other
cases the cells are injected i.s.3 or i.v., the latter method used

to obtain lung colonies. Common to these new models is that
the mÃ©tastasesusually appear in the tissues where circulating
tumor cells encounter the first lymph node or blood capillary
bed. It is possible, therefore, that some of the tumors merely
represent growth of passively trapped, but invasively growing
cells.

We have recently developed a human melanoma model in
nude mice, LOX, which is suitable for studying factors involved
in lung colony formation, and useful also for chemosensitivity
studies (24, 25). Here we report a new metastasis model involv
ing a human malignant melanoma that gives an entirely differ
ent metastatic pattern. After i.v. injection of FEMX-I tumor
cells, extrapulmonary mÃ©tastasesdevelop in a reproducible and
apparently tissue-specific manner within a period of about 50
days. The new model provides unique possibilities for studying
mechanisms involved in homing and growth of metastatic hu
man tumor cells in specific tissues.

MATERIALS AND METHODS

Mice. BALB/c athymic, nude mice were purchased from the Labo
ratory Breeding and Research Center, Gl. Bomholtgaard, Ry, Den
mark. NMRI and triple immune-defective NIH-III (Fodstad, 1987)
nude mice were bred in our own nude mice facility. The animals were
kept in laminar air-flow rooms at constant temperature (24-26Â°C)and

humidity (30-50%). In some experiments the mice were placed in
laminar air-flow benches in plastic cages with autoclaved filter tops.
The food and bedding were sterilized and the animals were given tap
water ad libitum in sterilized bottles.

Tumor Lines. The FEMX tumor originates from an inguinal metas
tasis which appeared in a 52-year-old Caucasian female 2 years after
the removal of a melanotic malignant melanoma from the patient's big

toe. First a xenograft tumor line was obtained by implantation of tissue
from the metastasis, and cells from an early xenograft passage were
used to establish a continuous cell line in vitro (31). Such cells were
later injected back s.c. into nude mice, resulting in a new xenograft
line, denominated FEMX. After i.v. injection into nude mice of FEMX
cells, s.c. mÃ©tastasesdeveloped in one animal, and this tissue was used
to establish the FEMX-I line in vivo and in vitro.

i.v. Injection of Tumor Cells. Single cell suspensions prepared (32)
from s.c. tumors (8-12 mm), from EDTA-treated monolayer cultures,
and from ascites fluid withdrawn from mice with i.p. tumors, were
diluted in medium to appropriate concentrations of tumor cells. Viable
cells, usually 1 x IO6,were injected i.v. in volumes of 0.2-0.3 ml into
groups of athymic mice. The mice were checked 3-4 times weekly and
observed for visible mÃ©tastasesand general health condition.

Cell Cultivation in Vitro. FEMX-I monolayer cultures were estab
lished by preparing single cell suspensions from s.c. xenografts. The
cells were suspended in RPMI medium containing 10% fetal calf serum,
seeded in Falcon flasks (25 cm2) and incubated at 37Â°C.Seeded FEMX-

I cells rapidly attached to the plastic and a permanent cell line was

3The abbreviations used are: i.s., intrasplenically; NK, natural killer.
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easily established. The different cell lines were subcultured twice weekly,
after trypsinization (0.25% trypsin EDTA; GIBCO). After washing
with phosphate-buffered saline, cells to be used for i.v. injection were
detached by incubation at 37Â°Cfor 2 min with 0.2-0.3 ml of 0.01 M

EDTA, washed, and suspended in serum-free medium to the desired

cell concentration. In one experiment, cells obtained from xenografts
were cultured for 1 week in vitro before injection into mice.

Cultivation in soft agar was performed as described previously (32).
Triplicate cultures were prepared in culture tubes containing rat red
blood cells, and after 2-3 weeks of incubation in a low oxygen atmos
phere, colonies containing more than SOcells were counted in a Nikon
stereomicroscope. The plating efficiency was defined as the number of
colonies formed as a percentage of the number of viable cells plated.
The tumor cells grow exceptionally well in soft agar with a plating
efficiency of 80-100%.

Light and Electron Microscope Studies. For light microscopy, tumor
tissue was fixed in buffered formaldehyde, dehydrated, and embedded
in paraffin. Sections were stained with hematoxylin & eosin and the
morphology of s.c. xenografts and different mÃ©tastaseswas compared
with that of the parent tumor.

For electron microscopy, fresh tumor specimens were fixed in a
cacodylate-buffered mixture of 1% glutaraldehyde and 4% formalde
hyde (33), posi fixed in buffered osmium tetroxide, dehydrated in graded
alcohols and propyleneoxide, and embedded in an Epon-Araldite mix
ture (34). Ultrathin sections were cut with diamond knives, contrasted
with uranylacetate and lead citrate, and examined in a transmission
electron microscope.

Chromosome Studies. Single cells obtained from tumor specimens
and from monolayer cultures were exposed to Colcemid (0.2 ^g/ml)
for 3 h, followed by hypotonie treatment with 0.075 M KC1and fixation
in methanol-glacial acetic acid. Chromosome spreads were prepared by
air drying, and banding was carried out with trypsin-Versene-Giemsa.

RESULTS

Establishment of the FEMX-I Metastatic Tumor Line. The
first s.c. metastasis appeared in the interscapular region in one
of three nude mice 58 days after i.v. injection of 3 x IO6FEMX

cells obtained from s.c. xenografts (second passage). When the
mouse was sacrificed 15 days later, mÃ©tastaseswere observed
also in the submandibular, the left inguinal, and the right hip
regions (Fig. 1). Tissue from the large neck tumor was used for
s.c. transplantation into nude mice, and for preparation of
single cells used in attempts to establish a monolayer cell
culture. The resulting s.c. and //; vitro lines were denominated
FEMX-I.

When i.v. injection of cells from FEMX xenografts were
repeated several times, mÃ©tastasesdeveloped in approximately
10% of the animals (data not shown). The FEMX-I xenograft

Fig. 1. A BALB/c nude mouse with s.c. FEMX-I mÃ©tastasesin the back and
front (submandibular area) of the neck, and in the left inguinal region.

line has shown a stable growth rate (volume doubling time of
approximately 7 days) during serial transplantation in nude
mice for more than 20 passages.

Frequency and Tissue Distribution of FEMX-I MÃ©tastases.In
contrast to the situation with FEMX cells, mÃ©tastasesdevelop
in nearly all animals injected i.v. with single cells obtained from
FEMX-I xenografts. The results from four different experi
ments are shown in Table 1, together with data on the distri
bution of mÃ©tastasesin different tissues and the lag time from
the day of injection until the appearance of measurable s.c.
tumors.

In most animals mÃ©tastaseswere first observed in the inter-
scapular region of the mice, i.e., at a location where mice are
not known to have lymph nodes. The s.c. mÃ©tastasesgrew to a
size of 5-7 mm within approximately 50 days, with a range of
mean lag times varying from 41.9 to 63.0 days in different
experiments (Table 1).

In some animals the tumors first appeared in the submandib
ular area or in the axilla/inguinal region. In a few animals
mÃ©tastaseswere seen in the shoulder/hip region, away from the
site of known lymph nodes. At the time of autopsy (80-120
days after injection of the cells), mÃ©tastaseswere frequently
observed in mesenterial lymph nodes, often in the adrenals and
in retroperitoneal lymph nodes. Mediastinal tumors occurred
regularly, and mÃ©tastasesin the kidney (not shown) were seen
in a few cases. The results in Table 1 demonstrate a high degree
of reproducibility with regard both to tissue distribution of the
mÃ©tastasesand the lag time before they could be observed.

Adrenal mÃ©tastasesvaried in size from microscopic to a
diameter of 6-7 mm. As shown in Fig. 2A, the tumor cells are
present only in the adrenal medulla where they replace the
normal cells, pushing the cortical cells outward without infil
trating the cortex.

A section of a representative interscapular metastasis (Fig.
2B) demonstrates a close association between the tumor cells
and the brown fat tissue known to be present at this location in
mice. As was seen also in some submandibular mÃ©tastases,the
tumor cells seem to infiltrate the brown fat. Usually, however,
the submandibular mÃ©tastaseswere located in lymph nodes
where they disrupted the normal node structure. These tumors
were found close to the mandibular salivary gland (Fig. 2C),
but the tumor cells did not infiltrate this tissue.

Since, after i.v. injection, the first capillary bed encountered
by the tumor cells is that of the lungs, it is particularly interest
ing that we have never observed experimental lung mÃ©tastases
with cells obtained directly from FEMX-I xenografts. This is
not due to high sensitivity of the tumor cells to NK cells in the
lungs of the animals, as the metastatic pattern was the same in
adult BALB/c nude mice with high NK activity and in NIH-III
(9) and beige-nude mice (24) with low NK levels (not shown).

The mediastinal and most abdominal tumors probably rep
resent lymph node mÃ©tastases.This was, however, difficult to
prove, as the tumors usually contained no normal lymph node
structures. The retroperitoneal tumors also may represent met
astatic growth in lymph nodes, but, as will be discussed below,
the location of the tumors is close to sympathetic ganglia.

In one mouse with few, relatively large mÃ©tastasesin the
lower abdomen, ascites fluid was abundantly present in the
peritoneal cavity. This fluid contained a high concentration of
tumor cells, with no contamination of erythrocytes and only a
few leukocytes. Upon i.p. injection of the fluid into nude mice,
an ascitic tumor developed in all animals, and this subline has
later been passaged as a continuous ascitic tumor line.

Morphological Characteristics. HistolÃ³gica! examination of
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Table 1 Frequency, tissue distribution, lag time, and reproducibility ofFEMX-l mÃ©tastasesafter i.v. injection of tumor cells in nude mice

Site of mÃ©tastases(no. ofmice)Experiment12

34Mice

with
metastasesVmice

injected7/8

8/8
8/8
9/10Interscapular

region64

7
5Submandibular

region30

2
1Axilla/

inguinal
region5

4
5
3Shoulder/

hip0

30

4Mediastinum1

1
4
2Abdomen4

2
5
3Lag

time*

(days Â±SE)56.2

Â±5.3
52.7 Â±6.0
41.9 Â±1.1
63.0 Â±6.1

1MÃ©tastasesin NIH-1II nude mice within 120 days after injection of 1 x IO6FEMX-I cells.
* Time until s.c. mÃ©tastaseshad reached a size of 5-7 mm.

, .- .Â»v- o

Fig. 2. Tissue sections of FEMX-I mÃ©tastasesin the adrenal gland (A), in soft tissue parts of the neck (B), and in a Submandibular lymph node (C). In A, the
normal cells in the adrenal medulla are replaced by the tumor, but the malignant cells do not infiltrate the cortical tissue (x 140); />'.infiltration of tumor cells into
brown fat (x 280); C metastasis in a lymph node next to the mandibular salivary' gland. A well-defined area of brown fat tissue is seen between the tumor and the
gland (x 280).

the original patient's biopsy demonstrated the typical picture

of a malignant melanoma lymph node metastasis, with lympho
cytes surrounding the tumor cells (Fig. 3A). Tumor specimens
of FEMX-I s.c. xenografts (Fig. 3B) at different passages, and
of various FEMX-I mÃ©tastasesconsistently showed the same
tumor morphology, with no indications of significant changes
in cell characteristics or of any selection of tumor cell subpop-
ulations (Figs. 2 and 3). An example of the ultrastructural
features found in all tumors examined is demonstrated in Fig.
4. Several premelanosomes can be seen in the cytoplasm.

The monolayer cultures consist of polygonal to spindle-
shaped cells (Fig. 5). During exponential growth the cell dou
bling time is approximately 30-35 h.

Chromosome Analysis. FEMX-I cells obtained from either
short term in vitro cultures of xenograft cells or from permanent
monolayer cultures were examined. On the whole the same
findings were made in the different cell preparations (data not
shown). The chromosome number ranged from 39 to 68, with
most of the cells in the near triploid state. Chromosomes 7 and
15 were almost absent, but material from these appeared in
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Fig. 3. Tissue sections of the original patient's lymph node metastasis (A),
and of a s.c. FEMX-I xenograft (second passage) in nude mice (B). A, tumor
cells, with large nuclei and prominent nucleoli, surrounded by lymphocytes
(x 560); B, tumor cells with the same morphological appearance as seen in the
original (A) tumor (x 560).

marker chromosomes. In each cell one to three markers were
found, one of which contained a possible homogenously stain
ing region, but double minutes were not detected.

Effect of Growth Conditions on Metastatic Capacity. Since
establishment and passaging of human tumors in vitro and in
vivo may induce alterations in the biological characteristics of
the tumor cells (35, 36), we compared the ability of FEMX-I
cells obtained from xenografts, from ascites, and from mono-
layer cultures to produce extrapulmonary mÃ©tastasesupon i.v.
injection in mice. The results in Table 2 show that almost all
animals receiving cells from xenografts (38/40) and from ascites
(8/8) developed metastatic tumors with lag times of approxi
mately 50 days (53.6 Â±4.6 and 50.4 Â±2.0, respectively). In
contrast, of 21 mice injected with cells from monolayer cultures
only three developed metastasis, and these appeared only after
a very prolonged lag time (97.0 Â±10.0 days).

The results indicate that in vitro cultivation had changed cell
characteristics important for the metastatic process, or selected
a cell population with a reduced metastatic potential. To ex
amine these possibilities, monolayer cells were inoculated s.c.
in nude mice and cells from the resulting tumors were injected
i.v. into other animals. This time mÃ©tastasesdeveloped at the

same frequency and localization, and after the same lag time as
when cells from the FEMX-I xenograft line or from ascites
were used (not shown). The data indicate that the in vitro
conditions induce reversible changes in the metastatic capacity
of the FEMX-I cells. In other experiments it was found that
even after long term in vitro cultivation the metastatic ability
of the cells was rapidly regained when they were again grown
as xenografts.

To see how rapidly the in vitro conditions impair the met
astatic capacity, FEMX-I xenograft cells were seeded into cul
ture flasks and kept in culture for 1 week only, before being
detached with EDTA and injected i.v. into mice. The results
showed that with these cells as many as 60% of the animals
developed mÃ©tastases,but the lag time was similar to that seen
with cells from long term cultures (data not shown), indicating
that the metastatic capacity was reduced already after 1 week
of incubation.

Tissue Specificity of FEMX-I MÃ©tastases. In attempts to
examine to what extent the rather unique metastatic pattern
seen with FEMX-I reflects a true tissue specificity of the tumor
cells for lymph nodes, brown fat, and the adrenals, we injected
FEMX-I cells i.s., i.p. (cells obtained from the ascites line), and
into the hind footpad of the mice. In the latter case, the resulting
tumor was removed by amputation when it reached a size of
about 5-6 mm.

After i.s. injection mÃ©tastasesdeveloped in the liver of some
of the mice, and other intraperitoneal tumor deposits such as
in the adrenals and lymph nodes were also observed (data not
shown), but lung colonies or other mÃ©tastasesoutside the
abdominal cavity were never detected. When the tumor was
grown as ascites, intra-abdominal and sometimes also extra-
pulmonary mediastinal tumors were found. In the experiments
with footpad inoculation of the cells, mÃ©tastasesdeveloped in
regional lymph nodes, but further spread was not observed. The
liver mÃ©tastasesafter i.s. injection can be explained by the ready
access to the portal venous system, and altogether the data
indicate that the FEMX-I cells possess a tissue-specific met
astatic ability independent of the route of injection.

DISCUSSION

It is a well-known experience in experimental and clinical
cancer that different tumor types, as well as various subgroups
of the same type, show different organ preferences for metas
tasis. The mechanism underlying this phenomenon is not well
understood, and very little experimental data is available on the
specific interaction between human metastatic cancer cells and
the host organs most commonly involved. This has to a large
extent been due to the general lack of suitable in vivo models
for human cancer metastasis, particularly models in which site-
specific metastasis formation cannot be explained by simple
hemodynamic or mechanical factors.

Here we report a unique new metastasis model involving a
human tumor. Thus, after i.v. injection into nude mice of
FEMX-I human melanoma cells mÃ©tastasesare selectively and
reproducibly formed in lymph nodes, brown fat, and in the
adrenal medulla, whereas experimental lung mÃ©tastasesare not
seen. The latter observation is particularly interesting in view
of the fact that after i.v. injection the cells first encounter the
lung capillary net. Moreover, we have previously shown that
i.v. injection into nude mice of LOX human melanoma cells
results in progressively growing lung tumors (23, 25), as also
has been reported to occur with a few other human tumors (26,
37). The absence of FEMX-I lung colonies in mice with large
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Fig. 4. Electron micrograph of a FEMX-I tumor cell with several premelanosomes in the cytoplasm (x 26,400). Inset, high magnification of a characteristic
premelanosome (x 61,600).

Fig. 5. Monolayer culture of FEMX-I cells (x 175).

Table 2 Metastatic capacity of FEMX-I human melanoma cells obtained from
xenografts, osciles, and from monolayer cultures

Cell source

Mice with
metastases'Ymice

injected
Lag time

(days Â±SE)

Xenografts
Ascites
Monolayers

38/40
8/8
3/21

53.6 Â±4.6
50.4 Â±2.0
97.0 Â±10.0

* MÃ©tastasesin NIH-III nude mice within 120 days after injection of 1 x 10*
FEMX-I cells.

* Time until the mÃ©tastaseshad reached a size of 5-7 mm.

metastatic tumors elsewhere, seems to rule out the possibility
that the metastatic pattern seen actually represents secondary
mÃ©tastasesfrom (lung) mÃ©tastases.

That FEMX-I cells, as well as LOX cells, possess inherent
tissue specificity is supported by results obtained after cell
injection i.p. and i.s. Thus, it was found here that with both
procedures the FEMX-I cells metastasized to liver, adrenals,
and to abdominal lymph nodes, but never to the lungs, whereas
the LOX cells in addition to intraabdominal tumors give lung
mÃ©tastasesthat eventually kill the animals (25, 38).

The tissue specificity of the FEMX-I cells is further supported
by the results obtained after injection of cells in the footpads of
the mice. Thus, whereas lung mÃ©tastasesdeveloped when LOX
cells were used (25), only lymph node tumors appeared with
FEMX-I cells. Since the FEMX-I line originates from a lymph
node metastasis in the patient, the cells have apparently retained
metastatic characteristics of the parent tumor.

The localization of the mÃ©tastasesto adrenals and brown fat
is of particular interest. In rodents, the interscapular brown fat
pad seems to be a relatively frequent site for metastasis after
intracardial injection of tumor cells (1), but to our knowledge
metastasis formation of human cells to brown fat has not been
described previously. MÃ©tastasesto the adrenal cortex have
been found after i.e. injection of rat and murine tumor cells (1,
39), but has never been reported to occur with human cancers
in nude mice. In our model, the FEMX-I adrenal tumors
develop after i.v. injection and are specifically located in the
medulla, replacing completely the normal cells, but the tumor
cells do not infiltrate the cortical tissue.

The development of mÃ©tastasesdepends on blood flow, on
mechanical factors related to cell entrapment in the first capil
lary bed encountered, and also on the properties of both the
tumor cells and host tissues (1, 4, 5, 7, 20, 25, 30, 40, 41), as
was originally suggested by Paget (42). Differences in entrap
ment in lung capillaries cannot explain the differences in met
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astatic pattern between FEMX-I and LOX cells, as the two
lines are retained in the lung to the same extent.4 It is known

that after i.v. injection of murine tumor cells, very few of the
cells that are released from the lungs after the initial arrest are
still viable (7, 43). If this is the case also for the FEMX-I cells,
the number of viable cells reaching their destination via the
systemic arterial circulation must be very low, and their ability
to proliferate in these tissues correspondingly high. The low
number of cells probably reaching the extrapulmonary tissues,
may render the present model more relevant (7) to the situation
in patients than those previously reported.

The metastatic pattern displayed by FEMX-I cells can be

explained only by specific interactions between the cancer cells
and the microenvironment provided by the host tissues. The
nature of the interaction between FEMX-I cells and the various
host tissues is obscure. Lymphatic cells utilize specific recog
nition markers for homing to different lymphoid tissues (44),
but no strong evidence has been presented supporting the
existence of specific binding sites on the surface of the met
astatic cells allowing them to adhere to similar markers ex
pressed on endothelial cells in specific tissues. Nevertheless,
the present finding that in vitro cultured FEMX-I cells had a
strongly reduced metastatic capacity compared to cells obtained
from the in vivo tumors, supports the view (4, 6, 7, 20, 41, 45)
that cellular structures, probably exposed on the cell surface,
are involved in the metastatic process. Since in vitro growth
conditions can induce alterations in the expression of cell
membrane antigens (35, 46), the changes in the cell membrane
affecting the metastatic capacity of FEMX-I cells were probably
induced by the in vitro growth conditions. That these changes
are reversible became evident when monolayer cells were grown
as s.c. xenografts before i.v. injection.

In addition to factors related to cell adhesion and extravasa
tion, also factors stimulating or inhibiting growth probably
influence metastasis formation (4, 20,47). However, no growth
factors are known to be specifically present in the tissues where
FEMX-I mÃ©tastasesdevelop, and although metastasis to lymph
nodes is one of the most frequent occurrences in clinical as well
as in experimental cancer, such mÃ©tastasesare usually explained
by mechanical entrapment of tumor cells circulating in the
lymph.

One possible connection between brown fat and adrenal
medulla tissue might be their relationship to the sympathetic
nerve system. It is known that brown fat in rodents has a close
association to sympathetic nerves, and epinephrine, which is
produced in the adrenal medulla, is a sympathetic transmitter.
Moreover, the possibility cannot be excluded that the retroper-
itoneal mÃ©tastasesfrequently found might represent tumor
growth in close association to sympathetic nerve ganglia. A
biochemical explanation for this hypothetical relationship is
not at hand, but experiments to explore the existence of a
possible growth stimulatory effect of these tissues will be carried
out. The absence of FEMX-I lung colony formation may sug
gest either a lack of stimulation or the presence of growth-
inhibitory factors in the lung tissue.

Most metastatic human lines form rapidly growing and rather
undifferentiated tumors in the mice. In contrast, the FEMX-I
tumors are relatively slowly growing and have a more differen
tiated morphology with premelanosomes found in all tumors
(Figs. 1 and 2). MeWo melanoma cells also produce melanin,
but MeWo cells capable of producing experimental mÃ©tastases
were selected through a lengthy adaptation and selection pro-

4 Manuscript in preparation.

cedure, and i.v. injection of such cells give a quite different
pattern of metastasis (26).

No indications of permanent changes in FEMX-I cell char
acteristics, or of a selection of tumor cell subpopulations were
obtained. Thus, all tumors and mÃ©tastaseshad similar mor
phology, and chromosome studies performed on cells prepared
from different tumors at different times showed the same kar-
yotypic characteristics. The possibility that the FEMX-I line is
homogenous and does not contain subpopulations of cells with
different characteristics must be considered. However, prelim
inary data (not shown) indicate that this is not the case.

Most metastatic models involving human tumors have been
developed by using established cell lines, often after very long
term cultivation in vitro, or different manipulations that might
alter the cells phenotypically have been performed. However,
different growth conditions, and particularly cultivation in vitro
(35, 36, 46), can induce changes in important cell characteris
tics. We have therefore used cells prepared from in vivo tumors
for studying their metastatic capacity. This was of importance
in the case of FEMX-I cells, but not when LOX cells were used
(25).

The differentiated phenotype of the FEMX-I tumor, its rel
atively slow growth rate, and moderate to low sensitivity to
conventional chemotherapeutic drugs (32, 48), indicate that
this tumor may be representative of human melanomas. The
metastasis model shows promise for further studies on mecha
nisms involved in site-specific metastasis formation, as well as
for testing the effect of antimetastatic agents and of chemo
therapy directed against extrapulmonary micrometastases.
Since the FEMX-I cells express abundant amounts of the high
molecular weight melanoma-associated antigen (49), the poten
tial role of immunotoxins in the therapy of minimal disease
will also be examined.

ACKNOWLEDGMENTS

The authors are indebted to Anne Pharo, Unni R0nning. Hanne K.
H0if0dt, Vivi-Ann Florenes, and Marianne Isaksen for expert technical
assistance, and to Frances Jaques for excellent secretarial help. We
thank Drs. Anton Bregger, Sheila M. Galloway, and Mette Eknaes Lier
for performing the karyotype studies.

REFERENCES

1. Alexander, P., Senior, P. V.. Murphy, P., and Clarke, R. Role of growth
stimulatory factors in determining the sites of metastasis. In: K. V. Honn,
W. E. Powers, and B. F. Sloane (eds.), Mechanisms of Cancer Metastasis,
pp. 173-191. Boston: Martinus Nijhoff, 1986.

2. Fidler, I. J. Selection of successive tumour lines for metastasis. Nature
(Lond.), 242: 148-149, 1973.

3. Fidler, I. J., and Nicolson, G. I . Immunology of experimental metastatic
melanoma. Cancer Biol. Rev., 2: 171-234, 1981.

4. Hart, I. R. "Seed and soil" revisited: mechanisms of site-specific metastasis.
Cancer Metast. Rev., /: 5-16, 1982.

5. Hill. R. P.. Chambers. A. F., Ling, V., and Harris, J. F. Dynamic heteroge
neity: rapid generation of metastatic variants in mouse B16 melanoma cells.
Science (Wash. DC), 224:998-1001, 1984.

6. Liotta, L. A., Kleinerman, J., and Saidel, G. M. The significance of hema-
togenous tumor cell clumps in the metastatic process. Cancer Res., 36: 889-
894, 1976.

7. Weiss, L. A critical overview of the metastatic process. In: K. V. Honn, W.
E. Powers, B. F. Sloane (eds.), Mechanisms of Cancer Metastasis, pp. 23-
40. Boston: Martinus Nijhoff, 1986.

8. Bellet, R. E., Gibas, Z., Karakousis, C., and Sandberg, A. A. Nonrandom
chromosome changes in malignant melanoma. Cancer Res., 43: 5010-5016,
1983.

9. Fodstad. Ã‡.Representativity of xenografts for clinical cancer. Tumor and
host characteristics as variables of tumor take rate. In: B. Winograd, H. M.
Pinedo, and M. J. Peckham, (eds.). Human tumor xenografts in anticancer
drug development, pp. 15-21, Heidelberg: Springer-Verlag, 1988.

10. Fodstad. <j>..Aass. N., and Pihl. A. Response to chemotherapy of human

4387

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2432242/cr0480154382.pdf by guest on 19 M

ay 2023



TISSUE-SPECIFIC HUMAN MELANOMA METASTASIS IN NUDE MICE

malignant melanoma xenografts in athymic nude mice. Int. J. Cancer, 25:
453-458, 1980.

11. Fodstad, (ft., Olsnes, S., and Pihl, A. Inhibitory effect of abrin and ricin on
the growth of transplantable murine tumors and of abrin on human cancers
in nude mice. Cancer Res., 37: 4559-4567, 1977.

12. Giovanella, B. C, Stehlin, J. S., Jr., Shepherd, R. C, and Williams, L. J.
Correlation between response to chemotherapy of human tumors in patients
and in nude mice. Cancer (Phila.), 52: 1146-1152, 1983.

13. Kyriazis, A. P., Di Persio, L., Michael, G. L., Pesce, A. J., and Stinnett, J.
D. Growth patterns and metastatic behavior of human tumors growing in
athymic mice. Cancer Res., 38: 3186-3190, 1978.

14. Povlsen, C. O., Rygaard, J., and Fogh, J. Long-term growth of human tumors
in nude mice: evaluation of stability. In: J. Fogh and B. C. Giovanella (eds.),
The Nude Mouse in Experimental and Clinical Research, Vol. 2, pp. 79-93.
New York: Academic Press, 1982.

15. Sharkey, F. E., and Fogh, J. Considerations in the use of nude mice for
cancer research. Cancer Metast. Rev., 3: 341-360, 1984.

16. Sordat, B., Pritsche, R., Mach, P., Carrel, S., Ozzello, L., and Cerotini, J. C.
Morphological and functional evaluation of human solid tumors serially
transplanted in nude mice. In: J. Rygaard and C. O. Povlsen (eds.), Proceed
ings of the First International Workshop on Nude Mice, pp. 269-277.
Stuttgart: Gustav Fisher, 1974.

17. Sharkey, F. E., and Fogh, J. Metastasis of human tumors in athymic nude
mice. Int. J. Cancer, 24: 733-738, 1979.

18. Sordat, B. C. M., Ueyama, Y., and Fogh, J. Metastasis of tumor xenografts
in the nude mouse. In: S. Fogh and B. C. Giovanella (eds.). The Nude Mouse
in Experimental and Clinical Research, Vol. 2, pp. 95-147. New York:
Academic Press, 1982.

19. Kyriazis, A. P., Kyriazis, A. A., McCombs, W. B., and Kereiakis, J. A.
Biological behavior of human malignant tumors grown in the nude mouse.
Cancer Res., 41: 3995-4000, 1981.

20. Fidler, I. J. Rationale and methods for the use of nude mice to study the
biology and therapy of human cancer metastasis. Cancer Metast. Rev., 5:
29-49, 1986.

21. Hanna. N.. and Fidler. I. J. Expression of metastatic potential of allogeneic
and xenogeneic neoplasms in young nude mice. Cancer Res., 41: 438-444,
1981.

22. Kozlowski, J. M.. Fidler, I. J., Campbell, D., Kaighn, M. E., and Hart, I. R.
Metastatic behavior of human tumor cell lines grown in the nude mouse.
Cancer Res., 44: 3522-3529. 1984.

23. Fodstad, (ft., Aamdal, S., Tveit, K. M., and Pihl, A. Lung colony formation
in adult nude mice upon intravenous injection of cells from a human mela
noma xenograft. Proc. Am. Assoc. Cancer Res., 23: 223, 1982.

24. Fodstad, (ft., Hansen, C. T.. Cannon. G. Bâ€žStudium C. N., Lichtenstein, G.
R., and Boyd. M. R. Lack of correlation between natural killer activity and
tumor growth control in nude mice with different immune defects. Cancer
Res., Â¿*4403-4408, 1984.

25. Fodstad, (ft., Aamdal. S., McMenamin, M., Nesland, J. M., and Pihl, A. A
new experimental metastasis model in athymic, nude mice. The human
malignant melanoma LOX. Int. J. Cancer, 47:442-449, 1988.

26. Kerbel, R. S., Man, M. S., and Dexter, D. A model for human cancer
metastasis of a tumor pigmented melanoma and derived variant sublines in
nude mice. J. Nail. Cancer Inst., 72:93-108, 1984.

27. Giavazzi, R., Campbell, D. E., Jessup, J. M.. Cleary, K.. and Fidler, I. J.
Metastatic behavior of tumor cells isolated from primary and metastatic
human colorÃ©ela!carcinomas implanted into different sites in nude mice.
Cancer Res., 46: 1928-1933, 1986.

28. Lockshin, A., Giovanella. B. C., De Ipolyi, P. D., Williams, L. J., Jr.,
Mendoza, J. T., Yim, S. O., and Stehlin, J. S., Jr. Exceptional lethality for
nude mice of cells derived from a primary human melanoma. Cancer Res.,
45: 345-350, 1985.

29. Naito, S.. Von Eschenbach. A. C., Giavazzi, R., and Fidler, I. J. Growth and

metastasis of tumor cells isolated from a human renal cell carcinoma im
planted into different organs of nude mice. Cancer Res., 46: 4109-4115,
1986.

30. Wang, W. R., Sordat, B., Piguet, D., and Sordat, M. Human colon tumors
in nude mice: implantation site and expression of the invasive phenotype. In:
B. Sordat (ed.). Immune-deficient Animals, pp. 239-245. Basel: Karger,
1984.

31. Tveit, K. M., Fodstad, (ft., Johannesen, J. V., and Olsnes, S. A human
melanoma cell line established from xenograft in athymic mice. Br. J. Cancer,
41:724-733, 1980.

32. Fodstad, (ft., Aamdal, S., Pihl, A., and Boyd, M. R. Activity of mitozolomide
(NSC 353451), a new imidazoltetrazine, against human lung-, melanoma-,
sarcoma-, and colon-tumor xenografts. Cancer Res., 45: 1776-1786, 1985.

33. McDowell, E. M., and Trump, B. F. Histologie fixatives suitable for diag
nostic light and electron microscopy. Arch. Pathol. Lab. Med., 100: 405-
411,1976.

34. Mollenhauer, H. Plastic embedding mixtures for use in electron microscopy.
Stain Technol., 39: 111-114, 1964.

35. Brillami. (,).. Fodstad, O., Stenwig, B., and Pihl, A. Expression and charac
teristics of a novel human osteosarcoma-associated cell surface antigen.
Cancer Res., in press, 1988.

36. Tveit, K. M., and Pihl, A. Do cell lines in vitro reflect the properties of the
tumours of origin? A study of lines derived from human melanoma xeno
grafts. Br. J. Cancer, 44: 775-786, 1981.

37. Ware, J. L., and De Long, E. R. Influence of tumour size on human prostate
tumour metastasis in athymic nude mice. Br. J. Cancer, 51: 419-423, 1985.

38. Shoemaker, R. H., McLemore, T. L., Abbott, B. J., Fine, D. L., Gorelik, E.,
Mayo, J. G., Fodstad, O.. and Boyd, M. R. Human tumor xenograft models
for use with an in vitro-based, disease-oriented antitumor drug screening
program. In: B. Winograd, H. M. Pinedo, and M. J. Peckham, (eds.), Human
Tumor Xenografts in Anticancer Drug Development, pp. 115-120. Heidel
berg: Springer-Verlag, 1988.

39. Kahan, B. W. Experimental metastasis of mouse embryonal carcinoma cell
lines to specific locations. Cancer Res., 47: 6315-6323, 1987.

40. Liotta, L. A. Mechanisms of cancer invasion and metastasis. In: V. T. DeVita,
Jr., S. 11rl lnmu. and S.A. Rosenberg (eds.), Important Advances in Oncology,
pp. 28-41. Philadelphia: J. B. Lippincott, 1985.

41. Nicholson, G. L. Cancer metastasis. Organ colonization and the cell surface
properties of malignant cells. Biochem. Biophys. Acta, 695:113-176, 1982.

42. Pagel, S. The distribution of secondary growth in cancer of the breast. Lancet,
7:571-573, 1889.

43. Weiss, L. Cancer cell traffic from the lungs to the liver: an example of
metastatic inefficiency. Int. J. Cancer, 25: 385-392, 1980.

44. Streeter, P. R., Berg, E., Berg, E. L. Rouse, B. T. N., Bargatze, R. F., and
Butcher, E. C. A tissue-specific endothelial cell molecule involved in lympho
cyte homing. Nature (Lond.), 331:41-46, 1988.

45. Auerbach, R.. Lu, W. C., Pardon. E., Gumkowski, F., Kaminska, G., and
Kaminski, M. Specificity of adhesion between murine tumor cells and capil
lary cndothelium: an in vitro correlate of preferential metastasis in vivo.
Cancer Res., 47: 1492-1496, 1987.

46. Werkmeister, J. A., Triglia, T., MacKay. I. R., Dowling, J. P., Varigos, G.
A., Morstyn, G., and Burns, G. F. Fluctuations in the expression of a
glycolipid antigen associated with differentiation of melanoma cells moni
tored by a monoclonal antibody, Leo Mel 3. Cancer Res., 47:225-230,1987.

47. Nicolson, G. L., and Dulski, K. M. Organ specificity of metastatic tumor
colonization is related to organ-selective growth properties of malignant
cells. Int. J. Cancer, 38: 289-294, 1986.

48. Aamdal, S., Fodstad, O . Kaalhus, O., and Pihl, A. Chemosensitivity profiles
of different types of human cancer assessed by the 6-day SRC assay on
xenografted tumors. Int. J. Cancer, 37: 579-587, 1986.

49. Godal, A., Fodstad, O.. Morgan, A. C., and Pihl, A. Human melanoma lines
showing striking inherent differences in sensitivity to immunotoxins contain
ing holotoxins. J. Nati. Cancer Inst., 77: 1247-1253, 1986.

4388

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2432242/cr0480154382.pdf by guest on 19 M

ay 2023




