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Abstract The development and biological characteristics of tumor metastasis are influenced by multiple cell and 
host-associated factors. To study these factors experimentally, the necessity of choosing adequate in vivo model 
systems for human tumor metastasis is  emphasized. Recent research has provided results that highlight the role of the 
microenvironment in determining important characteristics of the metastatic cells, including their degree of differentia- 
tion and sensitivity to drugs. Furthermore, evidence is presented as background for discussing the general validity of the 
notion of clonal selection of metastatic cells, and whether the metastatic phenotype is  acquired through the last of a 
series of mutational events occurring during tumor progression. 
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The complexity of the metastatic process 
makes metastasis research one of the most chal- 
lenging areas in tumor biology. Much of the 
recent progress in understanding mechanisms 
involved in metastasis formation may be as- 
cribed to the development of novel methods in 
molecular biology and to the availability of good 
in vivo models for human tumor metastasis. To 
elucidate metastasis mechanisms, attempts have 
commonly been made to relate alterations in a 
single feature of the neoplastic cell to the appear- 
ance of overt metastases in an animal model, 
i.e., the end result of a long series of sequential 
steps involved in the metastatic process. Each of 
these steps can be rate limiting [Fidler, 19901, 
all depending on a finely tuned interplay be- 
tween the tumor cells and multiple host factors. 
On this background, and because of the hetero- 
geneity in the metastatic patterns observed clini- 
cally, the need for comprehensive in vivo studies 
in relevant model systems becomes obvious. 

Previous studies involving rodent tumor lines 
have helped to establish several basic concepts 
of the metastatic process. Nevertheless, it should 
be noted that most of these tumors are not 
spontaneous, but were originally induced by car- 
cinogens, and that the cell lines may have under- 
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gone significant changes during years of in vitro 
and in vitro passaging. When examining specific 
cell-associated factors involved in metastasis 
mechanisms, the clinical validity of results ob- 
tained with such cell lines might be questioned. 
This pertains particularly to  studies on tumor 
heterogeneity and clonality, as it is likely that 
genetic instability and phenotypic plasticity of 
these cells may differ greatly from that of the 
average solid human cancer. Therefore, the use 
of well-characterized human tumor lines or 
freshly biopsied tissue from patients should be 
preferred. 

Immunodeficient nude and SCID mice, as well 
as nude rats, provide important tools for tumor 
biology research. One major drawback has been 
the very low frequency of spontaneous metasta- 
sis observed when human tumors are grown 
subcutaneously in such rodents [Liotta, 1986; 
Fodstad, 1991al. However, during the last de- 
cade an increasing number of investigators have 
reported on models for spontaneous and experi- 
mental human tumor metastasis. The health 
status of the animals [Fidler, 1986; Fodstad, 
1991a1, the nature of their immunodefiency 
[Fodstad, 1991b1, the preparation of tumor ma- 
terial, and the site or route of cell administra- 
tion [Fidler, 1990; Kjonniksen et al., 1990; Hoff- 
man 19921 seem to have a strong impact on both 
the development of metastatic tumor lesions 
and on the pattern of metastasis. 
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Orthotopic implantation, i.e., inoculation of 
the tumor material in the same tissue as that of 
origin of the human tumor, may be advanta- 
geous in establishing progressive local growth 
and in facilitating metastasis formation in clini- 
cally relevant organs. Thus, evidence has been 
provided on the advantage of inoculating e.g., 
colon cancer cells to colon mucosa, renal cell 
carcinomas to the subrenal capsule, melanomas 
into the skin, and bladder carcinomas to the 
bladder wall [for review, see Fidler, 19901. To 
determine the extent to which these observa- 
tions reflect a growth- and metastasis-promot- 
ing activity truly specific for each tumor type 
would require a higher number of control experi- 
ments than those reported. Nevertheless, the 
findings emphasize the importance of the local 
microenvironment for tumor cell growth and 
biological behavior. The importance of such in- 
teraction has been underestimated, and the na- 
ture and magnitude of its ramifications are yet 
to be established. 

Direct orthotopic injection of suspended tu- 
mor cells involves the risk of introducing malig- 
nant cells directly into blood or lymph vessels. 
This might affect the potential for metastasis 
formation, as has been observed upon subcuta- 
neous injection of tumor cells [Fodstad, 1991aI. 
An alternative approach is to transplant small 
pieces of tumor tissue obtained from subcutane- 
ous xenografts or from biopsies of patient tu- 
mors [Hoffman, 19921. The feasibility of this 
procedure has been demonstrated for several 
cancer types, and it may allow €or rapid establish- 
ment of a vascularized, three-dimensionally in- 
tact tumor with a high propensity for spontane- 
ous metastasis formation. [Fu et al., 1991,1992; 
Hoffman, 19921. One limitation with the ap- 
proach might be the requirement for refined, 
time-consuming microsurgical techniques. 

Experimental metastasis formation can be ob- 
tained by injecting tumor cells by different routes 
into the venous or arterial circulation. Although 
the early steps of the metastatic process in this 
case are not involved, specific patterns of clini- 
cally relevant metastasis formation may be 
achieved. Thus, after intravenous injections tu- 
mor manifestations can develop specifically in 
the lung [Kerbel et al., 1984; Fodstad et al., 
1988al or lymph nodes [Fodstad et al., 1988b1, 
in bone after intracardial inoculation [Kjonnik- 
sen et al., 19901, and in the brain or its meninges 
after administration of the cells to the internal 
carotid artery [Schackert and Fidler, 1988; Fod- 
stad, 19931. The resulting models permit studies 

of factors determining tissue-preferenced meta- 
static growth, and the nature of the interactions 
between the neoplastic cells and the microenvi- 
ronment. The relevance of such models for the 
human situation is illustrated by two examples. 
In one case, cells from a lung metastasis of a 
human melanoma show a clear preference for 
lung tumor formation when injected by several 
different routes in athymic animals [Fodstad et 
al., 1988a; Fodstad, 19931. In contrast, cells 
from a patient with lymphatic spread of a mela- 
noma predominantly give lymph node metasta- 
ses in nude mice [Fodstad et al., 1988bl. Further- 
more, we had the opportunity to  compare 
technetium bone scans of three patients with 
skeletal metastases with those of nude rats with 
bone metastases that appeared after intercar- 
dial injection of tumor cells originating from the 
same patients [Kjonniksen et al., 1992133. A strik- 
ing similarity between matched pairs of scans 
was seen, with tumors of sclerotic (Fig. 11, lytic, 
or mixed patterns of radioactivity uptake. 
Clearly, the tumor cells had retained character- 
istics important for their interaction with and 
growth in bone/bone marrow, and the local mi- 
croenvironment provided for the tumor cells 
must have been closely similar in man and in 
nude rat. 
As mentioned above, support for the impor- 

tance of individual tumor cell features for metas- 
tasis formation has commonly been sought by 
relating differences in a particular characteris- 
tic, between cell sublines, cell clones, or different 
cell lines, to differences in metastatic capacity 
tested in an animal model. A prerequisite for 
this approach to be valid would be that the 
tumor cells were identical in all other aspects 
than the one examined. Moreover, host factors 
that might influence metastasis formation 
should be closely similar to those in man. Since 
it is not likely that these requirements can be 
fully met, several tumor cell lines should be 
tested, preferably in different model systems. 
One example illustrating possible pitfalls is our 
finding that the same human cell line shows 
distinct metastasis patterns in nude mice and 
rats [Kjonniksen et al., 19911. Furthermore, 
host differences have been seen for several cell 
lines also in threshold levels in the number of 
cells that give metastases, in growth rate of 
overt metastases, and in latency times before 
appearance of tumor lesions. Clearly, interpreta- 
tion of data obtained in experiments with one 
cell line might differ with the choice of injection 
route and the strain or species of the recipient 
animals. 
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Fig. 1 .  Technetium scintigrams of (A) a patient with a highly sclerotic osteosarcoma (arrow) in 
his left femur, and (B) of a nude rat with similarly sclerotic skeletal metastases (arrows) that 
developed after intracardial injection of cells from a cell line established from the femoral tumor 
illustrated in panel (A). 

For many years, one of the prevailing con- 
cepts of the emergence of cells with the meta- 
static capacity has been based on Nowell’s theory 
of tumor progression [Nowell, 19761. According 
to this, the metastatic cell is the end result of a 
series of sequential genetic changes, implying 
that there are fundamental differences between 
metastatic and nonmetastatic cancer cells with 
respect to  gene regulation and signal transduc- 
tion [Kerbel, 19901. This concept implies that 
the metastatic phenotype is obtained as the ulti- 
mate mutation occurring during tumor progres- 
sion, giving rise to a population of cells with a 
selective advantage, which is also a permanent 
feature of its progenies. Experimental evidence 
has been provided indicating that metastatic 
cells represent a pre-existing subpopulation of 
cells within the primary tumor [Fidler, 19901. 
Metastatic lesions, therefore, should contain only 
cells with these characteristics, whereas non- 
metastatic cells can acquire the metastatic trait 
only through the same series of mutational 
events. Some studies on the clonal orgin of me- 
tastasis have supported the concept [Fidler, 
1990; Kerbel, 19901. However, several investiga- 
tors have reported data that do not fit into this 
picture, and alternative theories have been 
brought forward. Thus, the view that cancer 
metastases are the result of a selection process 
favoring either escape from or growth domi- 

nance in the primary tumor [Kerbel, 19901 has 
been challenged by results obtained by Weiss et 
al. [1980], Alexander [19841, Ling et al. [19851, 
and Vaage [19881. Ling et al. [19851 introduced 
the concept of “dynamic heterogeneity,” which 
argues that although the metastatic phenotype 
is a genetically controlled trait, it is inherently 
dynamic or unstable. 

Evidence for the selective nature of the meta- 
static phenotype was first obtained by Fidler 
[1973] in his well-known experiments with mu- 
rine B16 melanoma cells. However, it was later 
found that similarly selected metastatic “clones” 
after some weeks of culture reverted in their 
metastatic capacity to that of the parent “wild- 
type” cells [Kerbel, 19901. This phenotypic drift 
[Nicolson, 19871 has been explained by assum- 
ing that the ability to metastasize might be the 
result of heritable epigenetic changes [Ling et 
al., 1985; Kerbel, 19901. The discrepancy be- 
tween the concepts of “clonal selection” and 
“dynamic heterogeneity” is not easily resolved. 
We would, however, like to draw attention to 
results in favor of the latter theory. Vaage [19881 
reported results on murine mammary tumors 
transplanted orthotopically to the mammary 
fatpad. In disagreement with the clonal selec- 
tion concept, cells from the spontaneous metas- 
tases formed were not more aggressively meta- 
static than those of the parent tumor. Three of 
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seven tumors gained increased metastatic poten- 
tial, but, importantly, this occurred in parallel 
during serial passage of both the parent tumor 
and the metastases. These results might reflect 
an instability in the tumor cells, making them 
prone to acquiring a higher metastatic potential 
after a certain number of cell divisions. 

Working with human tumor xenografts, we 
followed an approach similar to that used by 
Fidler with B16 cells, in attempts to select sub- 
lines of a malignant melanoma with increased 
experimental metastatic capacity. As schemati- 
cally shown in Figure 2, single cell suspensions 
prepared from an FEMX human melanoma xe- 
nograft in a nude mouse were injected intrave- 
nously into recipient animals. When a subcuta- 
neous metastasis developed, cell suspensions 
were prepared and injected directly intravenously 
into new mice, avoiding in vitro culture before 
reinoculation. Surprisingly, the latency time be- 
fore the appearance of measurable metastases 
increased with each passage, and after the 5th 
passage no new tumors developed [Fodstad et 
al., 1988~1. At each generation of FEMX metas- 
tasis, some of the tumor tissue was both trans- 
planted subcutaneously in other groups of mice 
and used for establishing in vitro sublines. Both 
the in vivo and in vitro growth rates decreased 
with the passage number, in keeping with the 
increased delay in metastasis formation after in- 

travenous injection. Moreover, the cells acquired 
the characteristics of increased differentiation. 
Importantly, whereas the in vitro cultivated cell 
sublines retained the distinct metastatic capac- 
ity typical for each passage, cells from the 5th 
generation of selected metastatic tumors grown 
subcutaneously for a period of less than 3 months 
reverted to that of the original tumor. 

Since identical results were obtained when 
the entire experiment was repeated, we are con- 
fident that in the case of the FEMX tumor the 
selection pressure favored the development of 
metastases originating from more differentiated 
cells that concurrently had decreased prolifera- 
tion rates. Based on cytogenetic studies, and 
also on experiments with individual and mixed 
cloned sublines, we interpret the data to demon- 
strate an example of how alterations in the 
metastatic phenotype can occur without muta- 
tions, and the reversibility of these changes sup- 
ports the importance of epigenetic mechanisms. 
Among several possibilities in this regard, differ- 
ences in gene methylation patterns [Kerbel, 
1990; Kern, 19931, and in extrachromosomal 
gene amplification in double-minute minichro- 
mosomes [Kerbel, 19901, may be mentioned. 
Also differences in transcriptional regulation of 
some essential genes in response to  exogenous 
signals might conceivably be involved. In a re- 
cent editorial, Kern [19931 concluded that the 

Fig. 2. In vivo selection of metastatic human melanoma cell variants. Intravenous injection of FEMX cells resulted in 
subcutaneous metastases after 2 months. Cells from such tumors (circles) were for each new generation of 
metastasis used for direct injection in new recipient animals, as well as for subcutaneous transplantation (drawings of 
mice with FEMX-I and - 1 1  tumors) and for establishment of in vitro sublines (not shown). The latency time for 
metastases to develop increased with each generation, from 2 to  5 months, until no metastases appeared in mice 
injected with cells from the 5th passage. 
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current understanding of the clonal evolution in 
neoplasms is clearly inadequate. He commented 
on the results obtained by Shibata et al. [19931, 
who showed intratumor heterogeneity in c-K- 
ras mutations in some colorectal adenomas, sug- 
gesting multiple and genetically distinct neoplas- 
tic clones. Although most of the adenocarcinomas 
examined had a homogenous composition of c-K- 
ras mutation, one carcinoma in situ had no 
detectable mutation in spite of its presence in 
the associated adenoma. It was concluded that 
the strong oncogenic mutation in the small ad- 
enomas did not allow dominance over the other 
cells. Our findings with FEMX-cells, which are 
contradictory to the concept that metastatic com- 
petence is a trait acquired during the final step 
of malignant progression of tumors, is in keep- 
ing with Kern’s view. There seems to be an 
emerging feeling that Nowell’s theory might be 
too mechanistic to be fully applicable to solid 
human cancers. 

The tissue-specific metastasis patterns seen 
clinically and in experimental models highlight 
the importance of the local microenvironment 
for the development of metastases [Fidler, 1986; 
Liotta, 1986; Cavanaugh and Nicolson, 1991a; 
Fodstad et al., 1988b; Hoffmann, 19921. In addi- 
tion to what has already been mentioned, the 
work of several groups has helped to elucidate 
this issue. The response to growth factors that 
are differentially expressed in different organs 
might determine whether tumor cells homing to 
these tissues will proliferate and give rise to  
overt metastasis. Specific in vitro growth en- 
hancement has been observed with conditioned 
media obtained from different normal tissues 
when added to tumor cells that in vivo have 
shown preferential growth in the same tissues 
[Cavanaugh and Nicolson, 1991al. The net ef- 
fect of growth stimulatory and inhibitory fac- 
tors present in these media may explain such in 
vitro/in vivo correlations. Similar relationships 
were seen for human melanoma cells incubated 
with conditioned medium from the lungs of nude 
mice or nude rats [Kjonniksen et al., 19911. 
Cavanaugh and Nicolson [1991bl isolated a lung- 
derived factor that stimulated growth of lung- 
metastasizing tumor cells and identified it as 
transferrin. Interaction between the tumor and 
normal cells may, however, also result in alter- 
ations in several important tumor cell character- 
istics other than proliferation. One example is 
that the melanin production of murine mela- 
noma cells seemed to be influenced by organ 
microenvironment [Price et al., 1988; Fidler, 

19901. Moreover, in the interaction with the 
microenvironment, tumor cells may also induce 
the normal cells to secrete proteases facilitating 
the development of the metastatic tumor [Bas- 
set et al., 19901. 

Of particular interest is the recent data from 
several groups showing how growth conditions 
may significantly affect the chemosensitivity of 
tumor cells. It is well known from the clinic that 
metastases residing in different organs may dif- 
fer in their response to therapy. We found in 
nude rat experiments that human tumor metas- 
tases that developed after inoculation of a hu- 
man melanoma cell line showed differential sen- 
sitivity, depending on the site of growth 
[Kjpmniksen et al., 1992a; Fodstad, 19931. Thus, 
bone marrow tumors were much less sensitive 
to alkylating agents than lung and subcutane- 
ous lesions. This finding might be ascribed to 
tissue-dependent differences in expression of the 
DNA-repair enzyme 06-methyl-guanine-DNA- 
methyl transferase, presumably induced in the 
tumor cells through their interaction with the 
normal cells in the bone marrow. Teicher et al. 
[19901 have demonstrated that the drug resis- 
tant properties of murine EMT-6 tumor cells 
that were present in vivo could not be detected 
in monolayer tissue culture experiments. As a 
follow-up of this, it was recently shown that the 
same tumor sublines re-expressed their resis- 
tance to alkylating agents when grown as three- 
dimensional tumor spheroids [Kobayashi et al., 
19931. Evidence supporting the effect of the 
microenvironment on chemosensitivity has also 
been obtained with other murine [Wilmanns et 
al., 19921 and human tumors [Furukawa et al., 
19931. Altogether, these data demonstrate that 
the interaction between tumor cells and their 
microenvironment have profound effects of great 
biological and practical importance. The need 
for elucidation of the underlying mechanisms 
may have considerable implications on the direc- 
tion of tumor metastasis research. Moreover, 
such work can lead to new approaches that may 
improve the therapeutic armamentarium avail- 
able for clinical management of cancer patients. 

ACKNOWLEDGMENTS 

The authors are indebted to Unni Rgnning, 
Tove Lindso, Ingebjorg Gussgard, and Hanne K. 
Hoifodt. The authors also thank Frances Jaques 
for help in preparing the manuscript. Studies 
reported from the author’s laboratory were sup- 
ported by the Norwegian Cancer Society. 



28 Fodstad and Kj~nniksen 

REFERENCES 

Alexander P (1984): The biology of metastases. Cancer Top- 
ics 4:116-117. 

Basset P, Bellocq JP,  Wolf C, Stoll I, Hutin P, Limacha JM, 
Podhajcer OL, Chernard MP, Ris MC, Chambon P (1990): 
A novel proteinase gene specifically expressed in stromal 
cells of breast carcinomas. Nature 3483399-704. 

Cavanaugh PG, Nicolson GL (1991a): Organ preference of 
metastasis: Role of organ paracrine growth factors. Can- 
cer Bull 43:9-16. 

Cavanaugh PG, Nicolson GL (1991b): Lung-derived growth 
factor that stimulates the growth of lung-metastasizing 
tumor cells: Identification as transferrin. J Cell Biochem 
47:261-271. 

Fidler I J  (1973): Selection of successive tumor lines for 
metastasis. Nature 242:148-149. 

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

Fidler IJ (1990): Critical factors in the biology of human 
cancer metastasis: Twenty-eighth GHA Clowes Memorial 
Award Lecture. Cancer Res 505130-6138. 

Fodstad 0 (1991a): Limitations of nude mouse models for 
studies in human tumor biology. In Boven E, Winograd B 
(eds): “The Nude Mouse in Oncology Research.” Amster- 
dam: CRC Press, pp 277-289. 

Fodstad 0 (1991b): Tumorgenicity and dissemination of 
human tumors in congenitally immune-deficient mice. J 
Natl Cancer Inst 83:1419-1420. 

Fodstad 0 (1993): Metastatic ability of cancer cells: Pheno- 
and genotypic characteristics and role of the micro-environ- 
ment. In Iversen OH (ed): “New Frontiers in Cancer Causa- 
tion.” Washington, DC: Taylor & Francis, pp 349-358. 

Fodstad 0, Aamdal S, McMenamin M, Nesland JM, Pihl A 
(1988a): A new experimental metastasis model in athy- 
mic, nude mice: The human malignant melanoma LOX. 
Int J Cancer 41:442-449. 

Fodstad 0, Kjenniksen I, Aamdal S, Nesland JM, Boyd MR, 
Phil A (1988b): Extrapulmonary, tissue-specific metasta- 
sis formation in nude mice injected with FEMX-I human 
melanoma cells. Cancer Res 48:4382-4388. 

Fodstad 0, Kjenniksen I, Bregger A, Flerenes VA, Pihl A 
(1988~): Increased cellular differentiation and decreased 
metastatic potential of FEMX human melanoma cells 
selected through repetitive intravenous injections of meta- 
static cells in nude mice. Clin Exp Metastasis 6:3. 

Fu X, Besterman JM, Monosov A, Hoffman RM (1991): 
Models of human metastatic colon cancer in nude mice 
orthotopically constructed by using histologically-intact 
tissue. Proc Natl Acad Si USA 88:9345-9349. 

Fu X, Guadagni F, Hoffman RM (1992): A metastatic nude- 
mouse model of human lung cancer constructed orthotopi- 
cally from histologically-intact patient specimens. Proc 
Natl Acad Sci USA 89:5645-5649. 

Furukawa T, Kubota T, Watanabe M, Kuo TH, Hoffman RM 
(1993): Differential chemosensitivity of local and meta- 
static human gastric cancer after orthotopic transplanta- 
tion of histologically intact tumor tissue in nude mice. Int 
J Cancer 54:397-401. 

Hoffman RM (1992): Patient-like models of human cancer in 
mice. Current Perspec Molec Cell Oncol 1:311-326. 

Kerbel RS (1990): Growth dominance of the metastatic 
cancer cell: Cellular and molecular aspects. Adv Cancer 
Res 55:87-132. 

Kerbel RS, Man MS, Dexter D (1984): A model of human 
cancer metastasis: Extensive spontaneous and artifical 
metastasis of a human pigmented melanoma and derived 
variant sublines in nude mice. J Natl Cancer Inst 72:93- 
108. 

Kern SE (1993): Clonality: More than just a tumor-progres- 
sion model. J Natl Cancer Inst 85:1020-1021. 

Kjginniksen I, Nesland JM, Pihl A, Fodstad 0 (1990): A nude 
rat model for studying metastasis of human tumor cells to 
bone and bone marrow. J Natl Cancer Inst 82:408-412. 

Kjanniksen I, Heifedt HK, Pihl A, Fodstad 0 (1991): Differ- 
ent metastasis patterns of a human melanoma cell line in 
nude mice and rats: Influence of microenvironment. J 
Natl Cancer Inst 83:1020-1024. 

Kjenniksen I, Breistel K, Fodstad 0 (1992a): Site-dependent 
difference in sensitivity of LOX human melanoma tumors 
in nude rats to the two alkylating agents dacarbazine and 
mitozolomide, but not to adriamycin and cisplatin. Cancer 
Res 52:1347-1351. 

Kjginniksen I, Winderen M, Bruland OS, Fodstad 0 (199213): 
99Tc-MDP bone scans of human tumor xenografts in nude 
mice: Resemblance to corresponding lesions in the pa- 
tients. Clin Exp Metastasis 1054. 

Kobayashi H, Man S, Graham CH, Kapitain SJ, Teicher BA, 
Kerbel RS (1993): Acquired multicellular-mediated resis- 
tance to alkylating agents in cancer. Proc Natl Acad Sci 
90:3294-3298. 

Ling V, Chambers AF, Harris JF, Hill RP (1985): Quantita- 
tive genetic analysis of tumor progression. Cancer Metas- 
tasis Rev 4:173-194. 

Liotta L (1986): Tumor invasion and metastasis: Role of 
extracellular matrix: Rhoads Memorial Award Lecture. 
Cancer Res 46: 1-7. 

Nicolson GL (1987): Tumor cell instability, diversification 
and progression to the metastatic phenotype: From onco- 
gene to oncofetal expression. Cancer Res 47: 1473-1487. 

Nowell PC (1976): The clonal evolution of tumor cell popula- 
tions. Science (Washington DC) 149:23-28. 

Price JE, Naito S, Fidler IJ (1988): The role of the organ 
microenvironment in the selective process of metastasis. 
Clin Exp Metastasis 6:91-102. 

Schackert G, Fidler I J  (1988): Development of in vivo mod- 
els for studies of brain metastasis. Int J Cancer 41:589- 
594. 

ShibataD, Schaeffer J ,  Li Z-H, Capella G, Perucho M (1993): 
Genetic heterogeneity of the c-K-ras locus in colorectal 
adenomas but not in adenocarcinomas. J Natl Cancer Inst 

Teicher BA, Herman TS, Holden SA, Wang Y, Pfeffer MR, 
Crawford JW, Frei E 111 (1990): Tumor resistance to 
alkylating agents conferred by mechanisms operative only 
in vivo. Science (Washington, DC) 247:1457-1461. 

Vaage J (1988): Metastasizing potentials of mouse mam- 
mary tumors and their metastases. Int J Cancer 41:855- 
858. 

Weiss L, Orr FW, Honn KV (1980): Interactions between 
cancer cells and the microvasculature: A rate-regulator 
for metastasis. Clin Exp Metastasis 7:127-167. 

Wilmanns C, Fan D, O’Brian CA, Bucana CD, Fidler IJ 
(1992): Orthotopic and ectopic organ environments differ- 
entially influence the sensitivity of murine colon carci- 
noma cells to doxorubicin and 5-fluorouracil. Int J Cancer 
52:98-104. 

85:1058-1063. 




