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Selection of Malignant Melanoma Variant 
Cell Lines for Ovary Colonization 

Kenneth W. Brunson and Garth L. Nicolson 
Department of  Developmental and Cell Biology, University of California, Irvine, 
California 92717 

Murine melanoma line B16-F1, which shows some specificity for metastatic 
organ colonization of lung but rarely metastasizes t o  ovary, was used to  select 
variant cell lines with increased preference for experimental ovary metastasis. 
Ovary-colonizing melanoma cell lines were sequentially selected in syngeneic 
C57BL/6 mice by repeated intravenous administration and surgical recovery 
of ovarian melanoma tumors for tissue culture. After ten selections for ex- 
perimental ovary metastasis, line B16-010 was established which formed ex- 
perimental metastatic ovary tumors in almost every test animal. In tissue 
culture B16-010 cells grew in circular colonies with rounded, smooth cell 
peripheries compared to  B16-F1 cells which were flatter, grew in irregular 
patterns, and exhibited long cellular projections. Ovary-selected B 16 lines 
contained less melanin pigment (B 16-0 10 < B 16-05 < B 16-0 1 S B 16-F 1) 
compared t o  the parental melanoma line. Together with previous cloning 
and selection data, these results are consistent with the preexistence of highly 
malignant cells in the parental tumor population that possess the ability t o  
metastasize t o  specific organs. 
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Tumor cells are characteristically uncontrolled because of their abilities t o  proliferate 
in an unregulated fashion, circumvent normal differentiation processes, and thwart normal 
cellular interactions that maintain proper cell positioning and movement [ 1, 21 . In malig- 
nant neoplasms these properties lead t o  invasion of surrounding normal tissues and dis- 
semination t o  form new tumor colonies (metastases) a t  near and distant host sites [3-51. 
Distant metastatic colonization occurs when invading malignant cells penetrate and are 
released into the lymphatics, coelmoic cavities, or circulating system. However, many of 
these transported malignant cells die and only a small fraction are thought to survive 
to  form new tumor colonies [6-81. 
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Metastasis via blood-borne dissemination does not always result in tumor coloniza- 
tion of tissues and organs based strictly on circulatory tracks. In many experimental 
animal models of metastatic tumor spread, the locations of gross metastases are non- 
random and do  not parallel malignant cell distribution or the initial capillary beds en- 
countered [9-181, suggesting that factors other than nonspecific trapping in the micro- 
circulation are involved in tumor cell arrest. After their initial arrest malignant cells may 
die, invade and grow, or detach and recirculate to colonize other sites [12, 13, 19, 201. 
During circulatory transport a variety of cellular interactions take place such as homotypic 
adhesion of tumor cells to form multicell emboli [21-231, heterotypic adhesion of tumor 
cells to platelets [24], lymphocytes [25 ,26] ,  and noncirculating host cells [23 ,27] ,  
and these may affect subsequent malignant cell arrest and survival. 

In order to study tumor cell and host properties important in metastatic tumor 
spread, animal tumor models have been developed that show reproducible metastatic be- 
havior in syngeneic hosts and where low or nonmetastatic tumor lines are available for 
direct comparison [S, 281. Several of these models have been based on Fidler’s sequential 
selection procedures [29] to obtain metastatic variant lines of B16 melanoma with 
altered preference for lung [25, 291 or brain [ 14-16] tumor colonization. Here we de- 
scribe in vivo selection of B16 melanoma variants that show increased preference for ex- 
perimental ovary metastasis. 

MATERIALS AND METHODS 

Cells 

obtained from Dr. I .  J .  Fidler (National Cancer Institute-Frederick Cancer Research 
Center, Frederick, Maryland). This cell line, which shows some specificity for lung but 
also forms experimental metastases at a variety of extrapulmonary sites [ 12- 141, was 
used for subsequent in vivo selection of melanoma cell lines that preferentially colonize 
brain [ 14- 161 or ovary. Cells from tumor minces were grown in tissue culture dishes or 
flasks (Corning Plastics) in Dulbecco-modified Eagle’s medium (DMEM) supplemented 
with 10% fetal bovine serum, nonessential amino acids, and antibiotics (either 50 pg/ml) 
gentamicin or 100 units/ml penicillin plus 100 pg/ml streptomycin). Cell cultures which 
had just attained confluency were used for biologic assays, usually between the second and 
tenth pas7age in vitro. 

Biologic Assays 

Cells were detached from tissue culture surfaces with 2 mM ethylenediaminetetra- 
acetic acid (EDTA) in Caz+-free, Mg2+-free phosphate-buffered saline and suspended in 
serum-free DMEM. Viable cells (2.5 X lo4) were injected in a volume of 0.2 ml into tail 
veins of ten female CS7BL/6 mice, and the animals were sacrificed after 3-4 weeks. Lungs 
were injected via the trachea with 10% buffered formalin for futation prior to scoring for 
lung melanoma colonies; all other organs were removed and examined under a dissecting 
microscope and the body cavities were examined for presence of gross tumor colonies. 

Histology 

Organs of animals previously injected with parental or ovary-selected B16 melanoma 
lines were surgically removed and fixed in 10% buffered formalin for 3-4 weeks. Organs 
were routinely processed for paraffin embedding and sectioning (5-1 0 pm), and mounted 
sections were stained with hematoxylineosin and examined. 

The murine melanoma line (B16-F1, selected once for lung colonization [29], was 
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Phase Contrast and Scanning Electron Microscopy 

B16 malanoma cell lines were plated at various densities in T-25 tissue culture 
flasks (Corning Plastics) and grown for 3 days in DMEM plus 10% fetal calf serum. Sparse 
and confluent cultures were photographed with phase contrast optics (Nikon) at l O O X .  

For scanning electron microscopy B16 lines grown on glass cover slips were fixed 
in 1.5% glutaraldehyde in phosphate buffered saline, pH 7.2, for 10 min at 37°C and 
then 1-3 h at 22°C. The glutaraldehyde-fixed monolayers were postfixed in 1% osmium 
tetroxide in 1 mM CaClz-O.l M sodium phosphate buffer, pH 7.2 for 1 h at 22°C. Mono- 
layers were dehydrated through a graded series of ethanol, transferred to Freon 113 and 
critical-point-dried. After coating with 50-100,4 gold-palladium, the samples were 
observed in a Hitachi model S500 scanning electron microscope. 

RESULTS 

Selections, Biologic Assays, and Histology 

Ovary-colonizing B16 melanoma variant lines were sequentially selected from B16- 
F1 by intravenous (tail vein) injection of single-cell suspensions of line F1 (100,000 cells 
per inoculum). Four weeks later rare ovary tumors were surgically removed and adapted 
to tissue culture to form line B16-01, which was further selected five and ten times to 
obtain lines B16-05 and B16-010, respectively. The number of cells per inoculum was 
gradually decreased with the latter sequential selections; the last injections for ovary 
selection employed approximately 20,000 cells. Assays for organ colonization were con- 
ducted by intravenous (tail vein) injection of 25,000 viable melanoma cells followed by 
examination after 4 weeks. In this assay B16-F1 yields an average of approximately 
40-50 lung tumors per animal, but often fails to form ovary tumors (Table I). Line 
B16-01 shows similar biologic behavior to B16-F1; however, lines B16-05 and B16-010 
form experimental ovary metastases in almost all animals injected and dramatically 
fewer lung tumor colonies (Table I). 

the various melanoma lines. The rare ovary tumors formed in mice injected with lines 
Histologic examination of ovary tumors was performed on animals injected with 

TABLE I. Experimental Metastasis After Intravenous Injection of B 16 Melanoma Variant Lines 

Experimental metastasesa 

Average no. 
lung tumors 

Cell line Ovary tumors (range) Other tumors 

B16-FI Oil0 47 (22-200) 21 10 thoracic 
1/10 liver 
1/10 adrenal 

B16-01 0/10 53 (1-256) 3/10 thoracic 
B 16-05 8/10 32 (30-155) 2/10 thoracic 

1/10 liver 
B 16-01 0 8/9 7 (1-17) 2/10 liver 

1/10 adrenal 

a25,000 viable B16 melanoma cells were inoculated intravenously into groups of ten animals and 
experimental metastases were determined after 4 weeks. 
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Fig. 1 .  Histology of ovary from B16-010-injected animal. T, tumor; F, follicle. X 248. 

Fig. 2. Histology of ovary from B16-010-injected animal. Amelanotic tumor has obliterated ovary. 
X 248. 
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B16-F1 or B16-01 were pigmented and easily identified in ovary sections (Fig. 1). Ovaries 
from animals injected with B16-010 cells were greatly enlarged owing to the presence of 
amelanotic tumors, and examination of these ovaries revealed that the 010 tumors had 
obliterated the normal ovary structure (Fig. 2). 

Cell Morphology and Pigmentation 

Colony and cell morphology was assessed in vitro by phase contrast and scanning 
electron microscopy. Sparse B16-F1 cells were irregularly spaced and shaped with long 

Fig. 3 .  Phase contrast micrograph of sparse B16-FI cells in culture. X 300. 
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Fig. 4. Phase contrast micrograph of confluent B16-Fl cells in culture. X 300. 

cytoplasmic extensions which often under- and overlapped adjacent cells (Fig. 3). At 
confluency this same pattern of irregular cell placement and multilayering was apparent 
(Fig. 4). Sparse B16-010 cells were flatter with fewer cytoplasmic extensions and grew in 
round-shaped colonies (Fig. 5). When B16-010 cells grew to confluency, this same 
pattern of growth persisted, and the cells seemed to form multilayers less readily than 
B16-Fl cells (Fig. 6). When examined by scanning electron microscopy, these 
morphologic differences were even more apparent. B16-F1 cells appeared very irregularly 
shaped at confluency, with numerous long cell projections and microvilli (Fig. 7), while 
B16-010 cells were rounder and contained fewer pseudopodia (Fig. 8). 
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Fig. 5 .  Phase contrast micrograph of sparse B16-010 cells in culture. X 300 

The relative pigmentation in various B16 melanoma lines was examined by com- 
paring cell pellets for the black pigment melanin. When line B16-F1 was compared to 
brain- and ovary-selected variant lines, only the latter selections showed dramatic differences 
(Fig. 9). Lines B16-05 and B16-010 exhibited a progressive loss of pigmentation with 
selection for ovary preference. That this is related to the number of in vivo selections 
was unlikely, since brain-selected lines B16-B5 and B16-B1ON were similar in pigmenta- 
tion to B16-F1 (Fig. 9). 
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Fig. 6 .  Phase contrast micrograph of confluent B16-010 cells in culture. X 300. 

DISCUSSION 

Sequential selection for ovary-preferring B16 melanoma lines yielded increasingly 
more ovary-specific lines. Although line B16-010 was not totally specific for ovary and 
gave some experimental metastases at other sites, we have recently obtained a clone of 
B16-010 that appears to be quite specific in colonizing ovaries (K. W. Brunson and 
G. L. Nicolson, unpublished). In the biologic assays utilized here tumor cells were 
intravenously injected via the tail vein so that they had to pass through pulmonary 
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Fig. 7. Scanning electron micrograph of B16-F1 cells at confluency. Bar equals 5 pm. 

capillaries and recirculate t o  reach the ovaries. Similar assays for brain-selected B16 lines 
have also shown that variant cell lines can be selected that are capable of recirculating 
from sites of initial arrest and finding their way to  target organ sites [lS, 161. 

The in vivo and in vitro properties of ovary-selected lines suggest that they may 
represent a subpopulation of the parental B16-F1 melanoma cells. Cell and colony 
morphology in vitro are distinctly different from B16-FI in the ovary-selected series, and 
there is a marked difference in melanin pigmentation. Preliminary cell surface labeling 
studies using lactoperoxidase-catalyzed ”’ I-iodination techniques indicate that lines 
B16-05 and B16-010 have two exposed surface proteins that differ in amounts or ex- 
posures compared t o  parental line B16-F1. When analyzed by sodium dodecyl sulfate- 
polyacrylamide electrophoresis autoradiograpliy, lines B16-05 and B16-010 show in- 
creased ’’’ I-incorporation in surface proteins of approximately 140,000 and 150,000 
mol wt, which correlates with the number of in vivo selections and preference for ovary 

TCSM:367 



526: JSS Brunson and Nicolson 

Fig. 8. Scanning electron micrograph of B16-010 cells at confluency. Bar equals 5 pm. 

metastasis. In contrast, variants selected for brain colonization show different changes 
which correlate with their in vivo properties. Lines B16-B5 and B16-B1ON show increased 
exposure to lactoperoxidase-iodination in proteins of approximately 95,000 and 100,000 
mol wt which correlates with the number of in vivo selections and preference for brain 
metastasis [15 ] .  Therefore, certain identifiable surface proteins are different in each of the 
selected series, and these changes may be important in directing implantation at specific 
organ sites in vivo [27] . 

The successful selection of metastatic variants with altered organ preference 
suggests that the original parental line B16-F1 and perhaps its precursor may be hetero- 
geneous with respect to its phenotypic properties. Either these highly metastatic variant 
cells preexisted in the primary tumor population, or the phenotypic variants could have 
arisen by a process of organ adaptation during the selection process. Two different types 
of experiments have been performed to  answer this question. First, primary tumor cell 
populations have been cloned and fluctuation tests carried out to determine whether 
highly metastatic variant cells preexist in the parental population. Experiments with B16 
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Fig. 9 .  Relative melanin contents of various B16 melanoma lines shown by pigmentation intensities 
of cell pellets. 

melanoma [30], a UV-induced sarcoma [31], and a vasoformative sarcoma [ 5 ,  281 
indicate that tumor cell clones differ widely in their metastatic properties, and some 
rare clones exist that possess highly metastatic phenotypes. Subcloning experiments ruled 
out the possibility that the in vitro cloning techniques caused the variations in phenotypic 
properties [30] . The second type of experiment was an attempt t o  adapt cells t o  grow at  
a specific organ location by direct inoculation [ 161 . This experiment was performed 
using line B16-F1, which was sequentially adapted t o  grow in brain for a series of ten 
cycles of similar durations in vivo and in vitro t o  the brain-selected line B16-BlON. After 
ten sequential adaptations for brain survival, adaptation, and growth, the adpated line 
B16-ICerlO was tested for its ability t o  metastasize to  brain. Line B16-ICerlO was n o  
inore effective in colonizing brain after intravenous administration than its original 
parental line B16-F1, suggesting that adaptation per se is not responsible for generating 
variants with increased metastatic potential [16]. These data suggest that highly 
malignant, organ-preferring cells preexist in the unselected parental tumor cell population 
and that in vivo selection of variant lines yields new populations enriched in cells with 
highly malign ant phenotypes . 
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