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ABSTRACT cell line (K7M2) described by the authors (2). Within the model, the

) ) K7M2 cell line is aggressive and highly metastatic, whereas the K12
pesplte advances in the management of osteosarcoma (OSA) and other g jing i less aggressive with infrequent pulmonary metastases (Fig.
solid tumors, the development of metastasis continues to be the most h
- . . —1). In K7M2, spontaneous pulmonary metastases from an orthotopic
significant problem and cause of death for cancer patients. To define ™7 . o . .
genetic determinants of pulmonary metastasis, we have applied cDNA primary tumor develop in~90% of mice compared with K12, where

microarrays to a recently described murine model of OSA that is char- ©nly 33% of mice develop metastasé€s< 0.001).
acterized by orthotopic tumor growth, a period of minimal residual The differences in metastatic potential of the clonally related cell
disease, spontaneous pulmonary metastasis, and cell line variants thatlines characterized in this model make it a valuable system for
differ in metastatic potential. Microarray analysis defined 53 genes (of understanding the biology of pulmonary metastases in OSA. Genetic
3166 unique cDNAs) that were differentially expressed between the pri- risk factors for pulmonary metastasis have been defined in several
mary tumors of the more aggressive (K7M2) and less aggressive (K12) gqjig tumors (4—6). The majority of this work has been undertaken in
OSA models. By review of the literature, these differentially expressed epithelial malignancies. Similar to other solid tumors, OSA metasta-
genes were aSS|gned to six nonmutually exclusive metastasis-associate . . . . .

Ses are associated with dissemination through the blood stream (hem-

categories (proliferation and apoptosis, motility and cytoskeleton, inva- . . . . L
sion, immune surveillance, adherence, and angiogenesis). Functional stud—amgenous)’ microscopic metastasis (micrometastases) that exist in the

ies to evaluate K7M2 and K12 for differences in each of these metastasis- absence of observable metastases, and a high propensity for metasta-
associated processes revealed enhanced motility, adherence, andses to the lung (7). Distinctive features of metastasis in OSA include
angiogenesis in the more aggressive K7M2 model. For this reason, 10 ofan uncharacteristically long latency between successful control of the
the 53 differentially expressed genes that were assigned to the motility and primary tumor and the development of pulmonary metastases, a
cytoskeleton, adherence, and angiogenesis categories were considered gsreference for pulmonary metastases compared with other metastatic
most likely to define differences in the metastatic behavior of the tWo  gjtas and relative success associated with surgical removal of pulmo-
moo_lgls.;znn,_a gene not described previously in OSA, with f“m.:t'ons n nary metastases (1). The use of this nonepithelial model provides a
motility, invasion, and adherence, was 3-fold overexpressed in K7M2 . L .

unique perspective in the study of metastasis that may uncover novel

compared with K12 by microarray. Differential expression for RNA was . - -
confirmed by Northern analysis and for protein by immunostaining. determinants for metastasis relevant to both mesenchymal and epithe-

Alterations in ezrin protein levels and concomitant cytoskeletal changes in lial cancers.
our model confirmed predictions from the arrays. The potential relevance ~ To define genetic determinants of metastasis in OSA, we have used
of ezrin in OSA was suggested by its expression in five of five human OSA cDNA microarrays to compare gene expression between the clonally
cell lines. This work represents a rationale approach to the evaluation of related high metastatic (K7M2) and low metastatic (K12) primary
micro:‘;\rray da_ta and will pe useful to identify genes that may be causally tymors. Array comparisons of K7M2 and K12 have defined 53 of
associated with metastasis. 3166 unique printed cDNA probes (genes) that are differentially
expressed. To focus our attention on a smaller group of potentially
INTRODUCTION important genes, we have taken a functional approach to determine the

OSA? is the most common primary tumor of bone. Similar to c)th(:',?ignificance and relevance of these differentially expressed genes vis

solid tumors, it is characterized by a high propensity for metastadid/lS Pulmonary metastasis. By review of the literature, we have
(i.e.,the lungs, liver, and bone). In OSA, the lung is the most commdtrSigned each differentially expressed gene to six nonmutually exclu-
site for metastasis. In spite of successful control of the primary tum&fYe metastasis-associated categories including proliferation and ap-
death from pulmonary metastases occurs-B0% of patients within optosis, motility anq cytoskgleton, invasion, immune surveillance,
5 years (1). A greater understanding of the biology of pmmonaﬁﬂherepce, and angiogenesis . K7M2 and K12 were then comparc_ed
metastases is needed to improve treatment outcomes and iderfifptudies that independently examined each of these metastasis-
patients with the highest risk for disease relapse in OSA and otf@§isociated processes. These studies (some presented in the initial
solid tumors. We have described recently a relevant murine modeld§iscription of the model; Ref. 2) demonstrated increased cellular
OSA characterized by tumor growth at appendicular sites (orthotopiB)otility and cytoskeletal changes suggestive of motile cells, earlier
a period of minimal residual disease, spontaneous pulmonary mefi@erotypic adherence, and enhanced tumor angiogenesis in the more
tasis, and model variants that differ in metastatic potential (2). THggressive K7M2 compared with the less aggressive K12 model. On
model was developed from a cell line (K12) originating from 4he basis of this functional and metastasis-related characterization, 10
spontaneous BALB/c OSA (3) and a recently derived, clonally relatég¢nes that were assigned to the cell motility and cytoskeleton, het-
erotypic adherence, and angiogenesis categories were considered to be
Received 12/29/00; accepted 3/19/01. most likely to describe the aggressive behavior of KTM2 compared
The costs of publication of this article were defrayed in part by the payment of pagéith the K12 cellsEzrin,a member of th&ERMgene family was 1 of

charges. This article must therefore be hereby magdrtisemenin accordance with i ; i
18 U.S.C. Section 1734 solely to indicate this fact. these 10 genes. Similar to other members of its gene familin

1To whom requests for reprints should be addressed, at Pediatric Oncology BrarelyS a role in linking the actin cytoskeleton to the cell membrane (8,

Natzit_)rr;]al ngcer_ Institute, %etheS%as.x/laryland 20892. R entin. radixi g 9). Ezrin has been associated with cell motility, invasion, and adher-
e abbreviations used are: , osteosarcoma, , €Zrin, radixin, and moesgjn, . . . . .
EST, expressed sequence tag; MMP, matrix metalloproteinase; scid, severe comb %Ee bl{'t has npt been described prewously in OSA' Differential
immunodeficient. expression okzrin between K7M2 and K12 was confirmed at both
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A dT-primed polymerization using SuperScript Il reverse transcriptase (Life
Technologies, Inc., Rockville, MD) as described previously (11, 12). Imaging
@ @ ﬂ-@_@ and image analysis was as described previously (11, 12). Normalization for
sw“"- i it — —— differential efficiencies of labeling and detection was performed using all spots
on

of Tumor Amputxtion (probes) that performed well as defined by criteria embedded in the DeArray

I G R 'J software developed by Chen al. (13). The normalization constant from these

< — &8

Surgical Implantation Removal of

genes was then used to calculate the calibrated ratio for every cDNA probe
within the image. Furthermore, the ratio variation of the these genes deter-
mined the confidence interval in which ratios are to be considered as no
difference from 1.0. The 99%onfidence interval was used throughout the

G Metacinsas Pulmanary Metastases experiments to test the sigméince of differentially expressed genes. Additional
B information on the image analysis as well as the raw data including the
) hybridization images for each sample is available on the Intérhitroarray
s s e O o O Wil Py outiiers were defined as those genes that were significantly differentially
Variant Metastaale bode] M dMe::;thD] —— l\’r;&;f}a;ﬁudj - expressed and that had a MaxMean signal intensity (defined as the maximum
5 ean 'S t an (da; . . .
ek Y . of the mean intensity of either the red or green channel for each ge2@)0
; : s : in two distinct array experiments (using samples from different mice bearing
K12 333% Median - Mot achieved at day 140 Median - Not achieved at day 140 . . . .
(n=15) the K7M2 and K12 primary tumors). Differential expression of randomly
selected genes was confirmed by Northern analysis. Northern blots consisted
K7M2 93.3% Median = 76 14 Median = 1724 of 25 ug of total RNA from K7M2 and K12 cell lines, primary tumors, and

. i pulmonary metastases. Plasmid probes, purified by MaxiPrep (Qiagen, Inc.,

Valencia, CA) containing sequence-confirmed cDNAs, were labeled by nick
Fig. 1. Orthotopic tumor model used to characterize and derive the clonally relatec? ) g seq y

aggressive K7M2) and less aggressiv&k{2) murine OSA cell linesA, illustration of tfanslation (Amersham, Life Science) W'tW'sz]dCTP' Hybridization of
model design used to implement the model and to develop the more aggressive K7ANRrthern blots was carried out using Express Hyb (Clontech, Palo Alto, CA),
clone from the less metastatic parent cBllcharacterization of differences in metastaticaccording to the manufacturer's recommendations. Equal loading of RNA was
behavior of the more aggressive K7M2 model and less aggressive K12 model. verified by reprobing all Northern blots with aﬂ-FZP]dCTP—IabeIed murine
B-actin plasmid probe. Northern analysis for ezrin in human OSA cell lines
(HOS, MG63, U2, G292, and Sa0S) was undertaken using a nick-translated
é)lasmid provided generously by Dr. Richard Lamb (8).

mRNA and protein levelsln situ differences in the distribution of
ezrin protein suggested a role of ezrin in the motility of K7M2 cell Assignment of Microarray Outliers to Protein Function and Metastasis-

The re_levance of ezrin in h_uman OSA_ W"fls .Support.ed by Northelrélated Gene Process CategoriedDifferentially expressed genes, identified
analysis that demonstrated its expression in five of five human O$fy cDNA microarray comparisons, were assigned to a modification of the

cell lines. NCBI Clusters of Orthologous Gene classification by searching the OMIM and
PubMed databases by gene ngh@enes were then assigned to six nonmu-
MATERIALS AND METHODS tually exclusive metastasis-associated processes (proliferation/apoptosis, mo-

tility/cytoskeleton, invasion, adhesion, immune surveillance, and angiogene-

Animal Model. The K12 murine OSA cell line was a kind gift of L. C. SiS) using a PubMed database search of the gene name and each of the
Gerstenfeld (3, 10). K7M2 was derived within the presented model systdailowing terms: cancer, metastasis, proliferation, apoptosis, invasion, motility,
(Fig. 1) by two cycles of pulmonary metastasis implantation to the proximinmune surveillance, adhesion, and angiogenesis. Each gene was categorized
tibia. The model conditions and characterization of the highly metastatic c@lfith a single and mutually exclusive function, whereas gene assignment to
line, K7M2, and less metastatic cell line, K12, are summarized in Fig. 1. K7Mpetastasis-associated processes was not mutually exclusive.
and K12 cells were maintainea vitro using complete culture media [DMEM;  Actin Cytoskeleton. Cells were grown on sterile coverslips fixed with
Celox Co., Hopkins, MN; 100ug/ml penicillin-streptomycin; and 2 m 3.7% formaldehyde in PBS for 10 min and then extracted with 0.2% Triton
L-glutamine (Sigma Chemical Co., St. Louis, MO)] with 10% FCS (Sigm&-100 for 10 min at room temperature. After fixation and extraction, one unit
Chemical Co.) at 37°C at 5% GOAIl cell lines used forin vitro andin vivo ~ of rhodamine phalloidin (Molecular Probes, Eugene, OR) was added to the
studies were from the 3rd to 15th passages. Fanalitro assays, cells were coverslip prepared cells, as recommended by the manufacturer, and incubated
harvested, using Trypsin/Versene, from near-confluent cultures. Cell viabiliéy room temperature. After 1 h, the coverslip was washed two times for 2 min
was assessed using trypan blue, and experiments were not continued if Wi PBS. Cells were stained with Opy/ml of 4',6-diamidino-2-phenylindole
viability was <90%. (Sigma Chemical Co.) for 10 min at room temperature. After incubation, the

RNA Extraction. RNA was extracted fronin vitro tumor cell lines using coverslip was washed with PBS, rinsed quickly with water, air-dried, and
the Qiagen RNeasy Midi kit (Qiagen, Inc., Valencia, CA) according to theounted onto slides using SlowFade (Molecular Probes). Cells were visualized
manufacturer’s specification. RNA was extracted from grossly dissected ppR & Zeiss Axiovert microscope using>&63 objective, and images were
mary tumor and from pulmonary metastases using the Trizol (Life Technoleaptured with an Optronics CCD camera.
gies, Inc., Rockville, MD) reagent according to the manufacturer’s specifica- Motility and Invasion Assays. Preincubation of 12-mm polycarbonate
tion. Extracted RNA was quantitated by spectrophotometry and then examifgénswell (Costar, Cambridge MA) plates # h at37°C was undertaken by
by 1% agarose gel (Seakem GTG; FMC Bioproducts, Rockland, ME) elect@dding complete culture medium to the upper chamber and complete culture
phoresis. Intact RNA was then reextracted in 1.0 ml of Trizol for use imedium with 10% FCS to the lower chamber before the addition of cells. Five
microarray experiments. thousand K7M2 or K12 cells were added in a volume of 200f serum-free

Microarrays, Probes, Hybridization, and Scanning. The mouse array is complete medium to the upper Transwell chamber. The Transwell upper
composed of 3899 detector elements (probes). Of these, 315 are unclustehgnber was placed into lower chambers that had been filled with.500
ESTs, 630 are clustered ESTs, and 3004 are clustered, named genes. Thé@mglete medium with 10% FCS. For the Matrigel (Collaborative Biomedical
significant redundancy in the named gene portion of the set, with 2221 unicfdepducts, Bedford. MA) invasion assay, 1@0of a 1:3 dilution of Matrigel in
clusters (probes) represented. All clones (including clustered and uncluste3etim-free culture medium was added to the upper chamber of the Transwell
ESTs) were obtained from Research Genetics (Huntsville, AL); selection @fd incubated fio2 h at37°C (after the preincubation step). Transwell plates
probes was based only on availability. Clustering was undertaken by Resedfontility assay) and Transwell plates coated with Matrigel (invasion assay)
Genetics. PCR products from these clones were prepared and printed owese incubated for 4, 12, 24, and 48 h at 37°C. At the completion of the
glass slides according to protocols described previously (11, 12). Fluorescent
CDNA targets (samples) were labeled with either Cy3 or Cy5 (Amersham 2 ntemet address: http://www.nhgri.nih.gov/DIR/LCG/arraydb/.
Pharmacia Biotech, Piscataway, NJ) from 100 to 2f total RNA by oligo 4Internet address: http://www.ncbi.nlm.nih.gov/cgi-bin/COG/palog2faih
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Table 1 Microarray (cDNA) outliers overexpressed in K7M2 primary tumors versus K12 primary tumors

Metastasis-associated functional grdlips

&
OQ\OZ\Q\OQ A\\\'b(\oe’
WS O o
AT B o
. . } SEC TS0 o e 0P
Gene name organized by designated gene function ‘o\\\\\o\\ (\“'Z’ 6\(&\ Pg\ PS\Q
(madification of clusters of orthologous sit8s) IMAGE ID® Mearf Q N
. Information storage and processing
Translation, ribosomal structure and biogenesis
Protein kinase, interferon inducible double stranded 597390 3.11 [T T TeTlT T 1]
RNA dependent
Transcription
Glucocorticoid-induced leucine zipper (GILZ) 476319 5.82 T T T T 71
Myeloblastosis oncogene 577875 3.54 el T T T T 7]
CCAAT/enhancer binding protein (C/EBR) 891375 2.84 (e T T 171
Caudal type homeo box 2 437757 2.70 1 1 1T 1 1
Hepatocyte nuclear factor 3/forkhead homologue 8 537201 2.55 [ i T I I ]
Nuclear factor, erythroid derived 2, ubiquitous 576400 2.39 e 1 T T T T 1
E2F-5 585020 2.29 e T I I ]
DNA replication, recombination, and repair
Fibroblast inducible secreted protein (connective tissue 598684 3.16 [ . I T Te]
growth factor)
Il Cellular processes
Cell division and chromosome partitioning
Cyclin D1 419285 5.57 feT TeT T T 1
Tubulin B-chain 467387 2.60 [feTeT T T T 1
Posttranslational mod., protein turnover, chaperones
Proprotein convertase subtilisin/kexin type 3 334336 8.19 C 1T 7 1T "T°]
a-Crystallin A chain-major component 481224 2.60 - 1T 1T 1T 1
mSTI1 614877 2.25 [ I I I I I ]
Cell motility/cell and matrix interaction-communication
Integrin g 4 337221 5.60 (eJefe] Te[ ]
Integrin -V (CD51) 960079 3.64 [CTel T TeTe]
Ezrin 635783 2.95 [feTelTe] [ ]
Integrin 2 583119 2.84 CT T TeTel ]
Galectin-3 571813 2.50 ([eTeole®] [eTe]
A disintegrin and metalloprotease domain (ADAM) 8 582054 2.49 [ TeTel TeT 1]
Inorganic ion transport and metabolism
Metallothionein 2 607350 2.48 (o 1T I I I ]
Signal transduction mechanisms
ATP receptor (P2u) 405832 2.83 e T T T 1T T 1
1. Metabolism
Protein/amino acid transport and metabolism
Pyrroline-5-carboxylate synthetase short isoform 439868 3.49 1T 1 1 T 1
Asparagine synthetase 605295 3.23 (el " T T T L 1
Lipid metabolism
Clusterin 617298 2.59 [T T TeTeT ]
\A Cell structure/matrix
Extracellular matrix
Myelin proteolipid protein 524747 3.05 LT T T 7T T 1
V. Poorly characterized
A10 533608 7.70 CT— T 1T 1T 711
Major histocompatibility locus class Ill regions 420495 2.59 T 1T T 1T 11
VI. ESTs or Unknown Genes
EST not currently in a UniGene cluster 400844 3.63 T 1T T 1 1
EST, not currently in a UniGene cluster 420591 3.60 C T T 7T 717 T ]
EST not currently in a UniGene cluster 409208 2.49 [ T I | T I ]

2 Classification, using a modification of the NCBI Clusters of Orthologous Gene Classification, based on the basic function of each outlier gene.

P IMAGE clone identification for differentially expressed genes.

¢ Geometric mean of red:green ratios from two-array experiment. Colorimetric representation of geometric mean of red:green ratio with sdaleorlirzéladt www-
dcs.nci.nih.gov/pedonc.

9 Metastasis-related categories include proliferation and apoptosis, motility and cytoskeleton, invasion, immune surveillance, adhergiogeardis®, assignment of genes
to metastasis-related categories. Assignment of genes based on PubMed literature search.

incubation period, culture medium was suctioned from upper and lower chamembrane). Motility and invasion experiments were each repeated three times.
bers without disturbing cells. The total number of (motile or invasive) cellRepresentative results from experimental conditions, repeated in replicates of
moving through the Transwell membrane was determined in replicates of six, are presented.

by wiping the apical surface of the Transwell membrane with a cotton swab Gelatinase Zymography. Gelatinase zymography was used to evaluate
and then staining the Transwell insert with DiffQuick (American Scientifitd MP2 and MMP9 activity in tissue culture supernatant and primary tumor as
Products, McGraw Park, IL). The Transwell membrane was then cut out usidgscribed previously (14). Serum-free medium was placed on confluent cul-
a No. 11 scalpel blade (Becton Dickinson Acute Care, Franklin Lakes, Nfjyes of K7M2 and K12 for 24 h. Protein content in culture supernatants was
mounted, and coverslipped on a microscopic slide for cell enumeration. Tépeantified using the bicinchoninic acid assay (Pierce, Rockford, IL). Up to 25
total number of plated cells was evaluated at each time point (in replicatespa of total protein were evaluated by gelatin electrophoresis (Novex Gel;
six) by eliminating the “cotton swab step” and repeating the staining ardvitrogen, Carlsbad, CA). Standards for the pro and active forms of MMP2
membrane preparation procedure described above. The percentage of motility MMP9 (Calbiochem, La Jolla, CA) allowed identification of MMP forms.
and percentage of invasion (total number of cells on basilar surface of Heterotypic Adherence Assay.K7M2 and K12 cells were added to 96-
membrane)/(total number of cells on both apical and basilar surfaces of thell, flat-bottomed, substrate-coated plates (collagen type IV precoated plates
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Table 2 Microarray (cDNA) outliers overexpressed in K12 primary tumors versus K7M2 primary tumors

Metastasis-associated functional grdlips

&
OQ‘OZ\Q\O(\ \\\'25‘0
A
G . ) . \\\4 5° ¢o° S o
ene name organized by designated gene function ‘<>\\§\0\\ 'b ((\ &X® (\Q\
(modification of clusters of orthologous sités) IMAGE ID® Mearf Ladia
l. Information storage and processing
Transcription
Stral3 596504 0.23 [eT T T T T ]
Nephroblastoma overexpressed gene 475200 0.28 [eT [ T T T ]
DNA replication, recombination, and repair
Bcl-2 a 596444 0.25 (e T 1 I 3
1. Cellular processes
Posttranslational mod., protein turnover, chaperones
Apolipoprotein B editing complex 2 603777 0.33 { [ T T |
Regulatory protein, T lymphocyte 1 617776 0.37 T T Te T T ]
Cell motility/cell and matrix interaction-communication
Decorin 598629 0.25 e 1T 1 [®] T |
FARP1 403430 0.35 [Te [ T TeTl ]
Inorganic ion transport and metabolism
Ceruloplasmin 522108 0.25 T T Tel _Te]
Signal transduction mechanisms
G-protein coupled receptor 574735 0.45 [ Tel T T T 1
Il Metabolism
Energy production and conversion
Carbonic anhydrase 3 618431 0.36 L1 T T J1—1 "
Carbohydrate transport and metabolism
Skeletal muscle calsequestrin 474650 0.32 L1 T T /1 ™%
Lipid metabolism
Mast cell protease 5 493561 0.36 [ 1T T T 1T 1
Lipoprotein lipase 475661 0.38 1 T 1 ] T ]
\A Cell structure/matrix
Cell membrane
Membrane metallo endopeptidase 313540 0.11 [ T T T T 1
Potassium voltage gated channel, Shaw-related subfamily, member 1 493098 0.31 C T 1 [ [ 1
CD83 574651 0.37 [ I I [ @] I }
Cytoskeleton
Ankyrin 1, erythroid 635047 0.36 L1 T T J1—1 "
Extracellular matrix
Secreted phosphoprotein 1 (Osteopontin) 337866 0.45 L1 T T /1 ™%
V. Poorly characterized
Selected mouse cDNA on the Y 598638 0.26 1T T T T T 1]
Fibrinogen-like protein 2 336457 0.36 LT T 7 7]
Histidine-rich calcium-binding protein 475063 0.44 | I L1 T 1
VI. ESTs or unknown genes
EST 522100 0.22 T 1T 1T 171

2 Classification, using a modification of the NCBI Clusters of Orthologous Gene Classification, based on the basic function of each outlier gene.

P IMAGE clone identification for differentially expressed genes.

¢ Geometric mean of red:green ratios from two-array experiment. Colorimetric representation of geometric mean of red:green ratio with sdaleoraliragladt www-
dcs.nci.nih.gov/pedonc.

9 Metastasis-related categories include proliferation and apoptosis, motility and cytoskeleton, invasion, immune surveillance, adhemgiogeardis®, assignment of genes
to metastasis-related categories. Assignment of genes based on PubMed literature search.

and Matrigel precoated plates; Becton Dickinson, Bedford, MA) in quadruplivere monitored at least three times weekly for evidence of morbidity associ-
cate. Cells were incubated at 37°C in 5% £f0r 0.5, 1.5, 4, 16, 24, or 48 h. ated with pulmonary metastases. Criteria for morbidity associated with metas-
After incubation, medium was carefully suctioned out of each well. Using tases in mice included ill thrift, anorexia, dehydration, decreased activity and
multichannel pipette in a controlled manner, each well was washed three tingegsoming behavior, and dyspnea. Sacrifice of mice with presumed pulmonary
with PBS (Biofluids, Inc., Rockville, MD). Between each wash, the plate wametastases was primarily based on the development of dyspnea. All mice that
manually rocked back and forth three times. PBS was carefully suctioned otgre sacrificed because of presumed pulmonary metastases had necropsy
of each well. After the washes, the 3-(4,5-dimethylthiazol-2-yl)-2,5-diph&onfirmation of diffuse metastases. Statistical comparisons were made using
nyltetrazolium bromide assay was used to determine the number of remainting Kruskal-Wallace nonparamettitest calculated with InStat for the Macln-
cells (adherent cells; Ref. 15). The percentage of adherence for each tioeh. Statistical significance was definedRas< 0.05. Animal care and use
point = (mean number of cells remaining in a well after washing)/(meawere in accordance with guidelines of the NIH Animal Care and Use Com-
number of cells in wells that were not washed). mittee (17).

Immune Surveillance. Female beige-scid mice (Charles River Laborato- Ezrin Immunocytostaining. Coverslip preparations were fixed and ex-
ries, Wilmington, MA), 4-5 weeks of age, were housed under pathogen-freacted as described above. Nonspecific binding sites were blocked by incu-
conditions with a 12-h light/12-h dark schedule and fed autoclaved standdating the cells with 1% BSA in PBS ifdl h at 4°Cbefore processing for
chow and watead libitum In vitro passaged tumor cell lines (K7M2 and K12)immunofluorescence labeling. Anti-ezrin antibody (Santa Cruz Biotechnology,
were harvested and prepared for injection as described previously (16). C8l#sita Cruz Biotechnology, CA) was added to the coverslip and incubated for
were brought to a final concentration of<1 10" cells/ml in phenol-free HBSS 1 h at 4°C. After antibody incubation, the coverslip was washed two times for
and kept at 4°C. Cells were enumerated, and viability was assessed ug&ngin with PBS and incubated at 4°C with Cy3-conjugated rabbit antigoat
trypan blue (BioWhittaker, Walkersville, MD) staining. Experiments werémmunoglobulin (Jackson Immunoresearch Laboratories, Inc). After 1 h, the
continued if cell viability was>90%. A volume of 10Qul (1 X 10° cells) was coverslip was washed two times for 2 min with PBS. Cells were stained with
injected into the lateral tail vein of beige-scid mice (10 mice/cell line). Mic®.4 ug/ml of 4',6-diamidino-2-phenylindole (Sigma Chemical Co.) for 10 min
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at room temperature. The coverslip was then washed with PBS, rinsed quic A KIM2 K12
with water, air-dried, and mounted onto slides using SlowFade (Molecul
Probes). Cells were visualized on a Zeiss Axiovert microscope usiKg3a & A ‘5‘? & A %}9
objective, and images were captured with an Optronics CCD camera. § ée‘r‘ ‘55' S é;’ ‘:;‘;‘
g & & F &£ &
RESULTS Integrin 4 Subunit e ' ;
cDNA Microarray Analysis. Microarray experiments examined Ezrin e - i - g
differences in gene expression between the primary tumors of | . H
. . . Clusterin . ep—
more aggressive K7M2 and less aggressive K12 models. Fifty-thi
cDNAs of 3166 were found to be differentially expressed (expressit -
ratios not equal to 1.0 with 99% confidence; MaxMean signal inte Decorrin - - - é
sity, >2000) in replicate microarray experiments using primary tumc i - - g
. . SR . Cerulopl — ,.’b_ ]
samples from different mice. Variation in patterns of gene expressi AR, ' - =
was seen, with~75% of outlier genes found to be common in
replicate experiments. Thirty-one genes common to replicate eXPeg Actin — - - -
ments were overexpressed in K7M2 compared with K12 prima
tumors, and 22 genes were overexpressed in K12 compared vB
K7M2 primary tumors (Tables 1 and 2) Normalized Expression Ratio - Northern Microarray Mean R:G i
Microarray Outlier Classification. To better understand the po- integrin p4 5.60 400
tential importance of each outlier gene and to define genes most lik Earin 500 Sn
to be associated with differences in the metastatic biology of tl )
2.60 2.30

models, each outlier gene was assigned to two classification syste clusterin
The first classification, using a modification of the National Center fc ecorrin 0.25 0.19
Biotechnology Information Clusters of Orthologous Gene Classific: ., . 1oomsmi 61
- 2 ; i . eruloplasmin 025 .
tion,” was based on the basic function of each gene. Assignment ot a_ ) ) . o )
basic f ti | ificati tuall S Fig. 2. Analysis of differential gene expression in K7M2 and K12 using Northern
gene to a basic function classifica 'O.n. grgup was mutually exc us"éﬁalysis. A, Northern analysis of selected gerlege@rin B4 Subunit, Ezrin, Clusterin,
(Tables 1 and 2). The second classification of each gene was to Béxorrin, and Ceruloplasmii found differentially expressed between K7M2 and K12

f el : : i s by microarrayLane 1 K7M2 cell culture RNA;Lane 2 K7M2 primary tumor
nonmutually exclusive metastasis-associated processes (prollferatL% - Lane 3 K7M2 pulmonary metastasis RNAane 4 K12 cell culture RNALane 5

apoptosis, motility/cytoskeleton, invasion, adhesion, immune survellr2 primary tumor RNA;Lane 6 K12 pulmonary metastasis RNA. For genes overex-
lance, and angiogenesis). The assignment of each gene into bwghsed in the more aggressive K7M&rsusK12 (Integrin 4 subunit, Ezrin,and
classification systems is presented in Tables 1 and 2. Twenty-ning I e a2  hoe ete of gene expresson n KN, o puorany metas
the 53 differentially expressed genes could be categorized into nee was demonstrated by hybridization of representative Northern blot with a murine
tastasis-related functions. Northern analysis confirmed the patternSgftin cDNA probeB, concordance of differential gene expression of K\dEsusK12
differential gene expression identified by cDNA microarray for sé}zmgg tgmor-usmg CONA hicroamay and Northern. The 100 mreenR. O ra et
y microarray (Tables 1 and 2) is compared with a Northern densitometric

lected genes (Fig. 2). quantification (standardized against {Beactin signal).

Using the information in Tables 1 and 2, we returned to the K7M2
and K12 models to uncover specific differences in their biologies faell line and absent from the K12 cells. These cell-free fragments
each of the six metastasis-associated processes (proliferation/apog¢oronstrated similar patterns of actin expression as the K7M2 foot
sis, motility/cytoskeleton, invasion, adhesion, immune surveillancggrocesses. F-actin staining seemed to suggest a greater potential for
and angiogenesis). The six metastasis-associated processes examiogtity in the K7M2 compared with the K12 cells. To examine this
were considered to be important steps in the cascade of events pgaiential difference in cellular motility, we performéuvitro motility
follows a tumor cell from its primary site to a distant metastatic sit@xperiments using Transwell tissue culture plates. In these assays,
The metastasis-associated processes of proliferation/apoptosis raotllity was defined as migration of cells from the apical surface of
angiogenesis were examined in the original report of the K7M2/K1Be Transwell membrane throughu@n pores to the basal surface of
model (2). These studies demonstrated no difference in apoptosishe membrane. Significantly greater vitro motility was demon-
proliferation between K7M2 and K12 but did demonstrate significastrated in the K7M2 cells compared with the K12 cells for all time
differences in tumor angiogenesis favoring K7M2. points evaluated (4, 12, 24, 48, and 72 h of cultdres 0.001; Fig.

Motility and Cytoskeleton. To define differences in the cytoskel-4). The number of cells leaving the basal surface of the Transwell
eton of the OSA cells, we examined their F-actin cytostructuratembrane into the lower chamber was sm&il¢o of plated cells)
architecture. Significant differences in the size and morphology of tl@d was similar for K7M2 and K12 cell lines (data not shown).
K7M2 and K12 cells was demonstrated by F-actin staining (Fig. 3). Invasion. The invasion phenotype of K7M2 and K12 cells was
The K7M2 cells were larger, had more numerous cellular extensioassessed by comparing their relative abilities to invade tumor extra-
(filapodia and pseudopodia), greater substrate contact points, @etlular matrix (Matrigel) using the Transwell culture system de-
enhanced spread phenotype than the K12 cells. Cellular extensisagbed above. Both cells were invasive through Matrigel; however,
were less common and were significantly shorter in the K12 compared differences in invasion could be demonstrated between K7M2 and
with the K7M2 cells. K12 cells contained organized actin stre$6€12 cell lines at any time points examined (data not shown). To
filaments in the body of the cells, whereas in K7M2 actin stredarther examine the invasion phenotype of the OSA cells, MMP
filaments were concentrated within cellular extensions. In K7Mactivity was assessed using gelatinase zymography. MMP-2 and
cells, cytoplasmic actin was primarily punctate with very little ilMMP-9 activity was detected in both K7M2 and K12 cell line super-
polymerized forms. Foot processes from cellular extensions in thatant and cellular pellets. No significant differences in the precursor
K7M2 cells had very high levels of F-actin. Actin-rich fragments, nobr active forms for MMP-2 or MMP-9 were demonstrable between
associated with the cells, were common in preparations of the K7TNMZM2 and K12 (data not shown).
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Fig. 3. Rhodamine phalloidin staining for F-actin in
K7M2 and K12 cells revealed significant differences
in cellular size and morphology andB, K7M2 cells
were larger cells (with greater cell-to-cell differences
in size) with many cellular extensions (filapodia and
pseudopodia) and actin-rich foot processe§30). In
K7M2, actin was primarily punctate and depolymer-
ized.B, cell-free fragments, with high levels of actin,
were seen frequently in the K7M2 cells and were
absent from the K12 cellsvhite arrow). C andD, K12
cells were smaller with less frequent and shorter cel
lular extensionsXx630). Actin stress fibers were com-
mon in the K12 cells.

Heterotypic Adhesion. Differences in the heterotypic adherencédcell-to-cell adhesion) may have contributed to the total adhesion
(cell-to-substrate adherence) of K7TM2 and K12 cells were exameasured at time points after 48 h.
ined using type IV collagen and Matrigel as substrates. Adherencdmmune Surveillance. Given that the K7M2 and K12 cells were
was assessed at early (0.5 and 1.5 h) and late time points (12, @dnally derived and selectdd vivo, it is possible that minor histo-
and 48 h). The ability to initiate early adherence has been describmunpatibility differences could develop between the two clones.
as a distinct process from the maintenance of adhesion by cantkese “differences” may be recognition determinants for the immune
cells. Heterotypic adherence to both type IV collagen and Matrigeystem of the syngeneic (immune-competent) BALB/c hosts. Greater
was significantly greater in K7M2 cells compared with K12 cell$mmune recognition and elimination of the K12 cells may explain the
after 0.5 and 1.5 h of culture (early adherenBex 0.01; Fig. 5). less aggressive behavior of the K12 model. To address this possibility
However, no significant difference in heterotypic adhesion wam experimental metastasis assay (tail vein injection) using K7M2 and
observed between K7M2 and K12 cells for the late adherenkd?2 cells was undertaken in completely immunocompromised (scid-
(maintenance of adherence) time points for either type IV collagéeige) mice. The more aggressive phenotype of the K7M2 cells was
or Matrigel. Heterotypic adhesion for both K7M2 and K12 in-maintained even in scid-beige mice. Death from experimental metas-
creased significantly from 12 to 24 to 48 € 0.01). Microscopic tasis occurred after tail vein injection of K7M2 cells at 353 days
evaluation of 96-well plates suggested that homotypic adhesimedian+ SD) compared with 76- 21 days in mice injected with
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40 erated in such cDNA microarray comparisons are of considerable
value; however, it is difficult to determine how best to use this
information. Both traditional reductionist and novel bio-informatic
approaches (including hierarchical cluster analyses) have been used to
manage microarray data. In the cDNA microarray comparisons pre-
sented herein, we identified 53 genes that were differentially ex-
pressed between the high (K7M2) and the low (K12) metastatic OSA

[ X7™2  primary tumors. To use this information, we used a reductionist

O k12 approach that was based on biological differences demonstrated be-
tween the high and low metastatic models for six metastasis-related
processes. Each of the 53 differentially expressed genes was assigned
to nonmutually exclusive metastasis-related process categories using
the gene name and the terms “cancer,” “metastasis,” “proliferation,”
“apoptosis,” “motility,” “cytoskeleton,” “i "

304

20 4

10 invasion,” “immune,” “ad-
herence,” and “angiogenesis” in a PubMed search of the literature.
Then studies were designed to compare K7M2 and K12 for functional
differences in each of these six metastasis-associated processes. The
8 1] ; 1 rationale for this approach was that if a significant difference in a

12 hours 48 hours metastasis-related processd., motility and cytoskeleton) was de-

Fig. 4. In vitro motility, assessed using Transwell culture plates, was significantfined between K7M2 and K12, then the genes assigned to that process

greater in K7M2 compared with K12 cell lines at 4, 12, 24, 48, and 72 P (< 0.001; i i i i i
data for 4, 24, and 72 h not shown). The percentage of motility was the proportion of ceqls’om the Ilterature) would be more IIKE|y to EXpIam the differences in

passing from the top chamber of the Transwell to the bottom surface of the Transwllmonary metastatic behavior of the models. Conversely, if no
membrane. Staining of the Transwell membrane with DiffQuick allowed microscopgifference in a metastasis-related procesg.(proliferation/apopto-

enumeration of cellsBars, SD. sis) was defined between K7M2 and K12, then genes assigned to that
process would be less likely to explain the differences. This functional

K12 (P < 0.001). The lung was the only site of metastasis seen af@pproach was not meant to exclude genes from consideration rather to

tail vein injection of either cell line. focus attention on those genes most likely to be associated with

On the basis of the studies comparing the K7M2 and K12 model for
each of six metastasis-associated processes, we concluded that differ-
ences in motility/cytoskeleton, heterotypic adherence, and angiogen-
esis (tumor vascularity, as assessed in the original report of the model;
Ref. 2) were most likely to explain the more aggressive behavior of
the K7M2 compared with the K12 models. For this reason, special
attention was directed to the microarray outliers that had been as-
signed to the motility/cytoskeleton, heterotypic adherence, and angio-
genesis categories (Tables 1 and 2). The 10 microarray outliers (taken
from Tables 1 and 2) assigned to these three metastasis-associated
categories are presented in Table Exrin, a gene not described
previously in mesenchymal tumors, was examined further based on its
described functions in several metastasis-associated processes and its
novelty to OSA.

Ezrin. To verify the differential expression of ezrin at the protein
level, we performedn situimmunostaining using ezrin antibodies in
K7M2 and K12 cells. Immunocytological staining for ezrin detected
a stronger signal in K7M2 cells compared with K12 cells (Fig. 6). The 100 -
strongest ezrin staining signal was seen at the cytoplasmic boundaries,
cellular extensions, and foot processes of the K7M2 cells. The ab- [
sence of ezrin staining in the K12 cellular extensions was notable. 751
This pattern of ezrin staining was similar to the distribution of F-actin l
seen in K7M2 cells (Fig. 3). The potential relevance of ezrin in human
OSA was assessed by Northern analysis of human OSA cell lines.
High expression of ezrin was found in four of five human OSA cell
lines (Fig. 7). Ezrin expression in the fifth cell line, G292, was low but
specific for ezrin in repeat Northern hybridizations.

Motility - Percent of cells on basilar surface of Transwell®

0

—t

Percent Adberence (Type IV collagen)

48 hours

Percent Adherence (Matrigel®)

DISCUSSION i 15 hours £ Siseh

The well-defined differences in metastatic behavior and the clonalFig. 5. Heterotypic adherence assay using type IV collag¢arid Matrigel substrates

: ; B) demonstrated increased “early” adherence for K7M2 compared with K12 at 0.5 and
relatlonshlp of the K7M2 and K12 cells allowed the use of cDN .5 h of culture P < 0.01; data not shown at 0.5 h). No differences in adherence

microarrays to define potentially important genetic determinants f@faintenance” between K7M2 and K12 cell lines were noted after 24 and 48 h of culture

pulmonary metastasis in this model. Recently, cDNA microarrdgata not shown for 24 h). The percentage of adherence was the proportion of cells plated
emain adherent to the respective substrates after a defined plate wash. Representative

. . . that
teChn()lOgY has been used to I|st.genes that are dlﬁerentla”y eXpreS§<§ are presented (experimental conditions repeated in quadruplicate; assays repeated
between high and low metastatic tumor systems (18-20). Data geir times).©, K7M2; @, K12. Bars, SD.
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Table 3 Narrowed pool of microarray (cDNA) outliers associated with motility/cytoskeleton, heterotypic adherence, or angiogenesis

Gene nam@ Metastasis-associated process
Integrin B4 Motility/cytoskeleton; adherence
Connective tissue growth factor Angiogenesis
Integrin aV Motility/cytoskeleton; adherence; angiogenesis
Ezrin Motility/cytoskeleton; adherence; angiogenesis
Integrin g2 Adherence
Galectin-3 Motility/cytoskeleton; adherence; angiogenesis
A disintegrin and metalloprotease domain (ADAM) 8 Motility/cytoskeleton; adherence
Clusterin Adherence
FARP1 Motility/cytoskeleton; adherence
Ceruloplasmin Angiogenesis

2 Genes found differentially expressed and associated with metastasis-associated processes of motility/cytoskeleton, heterotypic adfbermngieganesis.
b Association with processes of motility/cytoskeleton, adherence, or angiogenesis.

differences in pulmonary metastasis in the model. Functional studi@SA (e.g., galectin-3, ezrirendclusterin). This is to be expected and
for the metastasis-associated processes demonstrated significantigléin advantage of a cDNA microarray that included a wide variety of
ferences in motility and cytoskeleton, heterotypic adherence, agenes. Microarrays that only include genes from a specific fiedd, (
angiogenesis in K7M2 compared with K12. No differences in prolifoSA or cancer) would not share this advantage. It is not surprising
eration and apoptosis, invasion, or immune detection, which woutltht >50% of known genes (excluding ESTs with no known func-
favor K7M2 tumor growth or metastasis over K12, were seen. Ftions) identified in this analysis were placed into at least one metas-
these reasons, the 10 genes defined by cDNA microarray that weasis-related category. This high rate of assignment of genes is related
assigned to the motility and cytoskeleton, heterotypic adherence, aadthe design of the experiments (use of clonally related models
angiogenesis categories were most likely to be associated with diffdiffering in spontaneous pulmonary metastatic potential) and the bias
ences in K7M2 and K12 metastatic behavior. This narrowed pool of the method (PubMed literature search) by which genes were
10 genes (Table 3) is the result of microarray analysis, assignmenesbigned to categories. Another important feature of the arrays used
genes to metastasis processes, and detailed functional studies hbegin is the inclusion of ESTs. Their inclusion has allowed three
compared the K7M2 and K12 models in each of these six metasta&STs, not currently in a UniGene cluster, to be associated with the
associated processes. metastatic behavior observed in the model system. A common con-
The outlier genes identified in the comparison of K7M2 and K12ern with data generated by cDNA microarray analysis is the valida-
tumors included several that have not been described previousiytion of the gene outlier list. We have reported previously on the high

Fig. 6. Increased ezrin protein is demonstrated in immunocytological coverslip preparations of K7M2 compared wihé¢ti. staining is diffuse in the cytoplasm of K7M2
with enhanced staining at cytoplasmic boundaries, along cellular extensions, and at cellular extension foot pBoclesseased staining for ezrin is present in K12 cells. Very little
accumulation of ezrin is noted at cell membranes or at cellular processes. Negative control staining with the ezrin polyclonal antibody aloeeamdagBantibody alone revealed
little nonspecific staining (data not shown).
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& 0@ & a cells to adhere to type IV collagen and Matrigel at 0.5 and 1.5 h of
& a,‘-"(‘a < culture (suggestive of enhanced early heterotypic adhesion) was dem-
onstrated. No differences in heterotypic adhesion were seen after

Ezrin " - - culture periods of 12 h, suggesting equivalent abilities of the K7M2

and K12 cells to maintain adherence. After longer culture times, it is

3 possible that homotypic (cell-to-cell) adhesion contributed to the total
B-actin “ adhesion measured in threvitro assay. Interestingly, the ERM family
1 of genes (includingezrin) have been associated with early heterotypic

Fig. 7. Ezrin is expressed in five of five human OSA cell lines. Northern analysis #dherence and not necessarily associated with the ability to maintain
human OSA cell lines (G292, HOS, MG63, Sa0S2, and U2) demonstrates high leveldafe adherence (30). Another gene with adherence-associated func-
ezrin expression for all cell lines except G292. Ezrin expression in G292 was low Bihng jsgalectin-3 Galectin-3 is a lectin binding protein that has been
specific for ezrin in repeated Northern hybridizations. N X X . R X X

associated previously with a malignant phenotype in several epithelial

cancers including prostate and colon carcinomas (32, 33). Galectin-3
concordance of gene expression defined by our cDNA microarray améy be also associated with metastasis through its demonstrated roles
Northern analysis (11). This concordance was confirmed by Northéamtumor motility and invasion (34). The diverse metastasis-associated
for a selected number of genes defined in our study and was furtffienctions of galectin-3, including heterotypic adherence, make it an
validated at the protein level, using immunostaining, for ezrin. interesting candidate for evaluation in sarcomas including OSA.

The importance of motility during metastasis has been reviewedIn our previous characterization of the K7M2 and K12 models,
recently (21-24).In vitro motility assays and differences in actinenhanced angiogenesis of the K7M2 model was documented by CD31
cytoskeleton staining strongly supported the enhanced motility phad factor VIII staining of the primary tumor and the pulmonary
notype of K7M2 compared with K12. The presence of cellular extemetastases (2). The presence of ill-formed vascular structures, which
sions, including filapodia and lamellipodia, have been associatederacted with nearly all tumor cells, was evident in sections of the
previously with tumor motility, invasiveness, and metastasis in sel¥M2 primary tumor and pulmonary metastasis. Conversely, the K12
eral tumor models and supports the more aggressive (motility) pttamor cells were densely packed with very few vascular structures
notype of the K7M2 cells. K7M2 cells appear to be “primed” fompresent. In this earlier work, expression patterns for several angiogen-
motility, with little polymerized cytoplasmic F-actin, awaiting envi-esis-associated genes, includifif, flt4, TIE1, TIE2, CD31,and
ronmental cues with stress filaments organized at the periphery of WiEG-F, were similar in cell lines, primary tumors, and metastases
cell. Support for this hypothesis comes from studies of motile renibm both K7M2 and K12 models. The strong difference in the
epithelial cells that demonstrate increased motility and decreasawjiogenic phenotype of the models and the lack of differences in
F-actin stress cable formation after stimulation of the hepatocytgene expression for the “classical’” angiogenesis-associated genes
growth factor pathway (25). The presence of actin-rich fragmentjggest the possibility that a less well-recognized angiogenesis-asso-
found free from the K7M2 cells, may also support enhanced motilitgiated gene, potentially defined by our microarray analysimpec-
These fragments may represent a passive fracture of cytoplasmic fida tissue growth factor, integriaV (CD51), or galectin-3, may be
processes seen in highly motile cells. It is also possible that thiegportant in defining the angiogenic phenotype of the more aggres-
represent an active process of cytoplasmic shedding associated witle K7M2 model.
tumor stroma formation. On the basis of our functional characterization of the K7M2 and

Differences in the motility of K7M2 and K12 cells focused ourK12 cell lines and tissues, genes associated with proliferation and
attention on the cDNA microarray outliers (genes) associated widpoptosis, tumor invasion, and immune surveillance were considered
motility. Interesting members of the motility category inclueerin  to be less important determinants of metastasis in this model. This is
andgalectin-3 Neither of these genes have been reported previousipt to say that these processes are not important for metastasis; rather,
in OSA. Ezrin is a member of the ERM and merlin family of genethat these processes are less likely to characterize the differences in
(26). The protein products of tHeERM genes are part of the band 4.1metastases observed between K7M2 and K12. Defining the impor-
protein superfamily (27). Ezrin is a downstream effector of the Rhitance of genes using this functional approach depends on valid and
kinase signaling pathway, acting as a cytoplasmic linker of F-actialevant assays for each metastasis-related process. It is also depend-
with the cell membrane (28). The importance of the RhoC and tleat on the correct assignment of a gene within a functional group
Rho/Rho kinase signaling pathway in cell motility, actin cytoskeletoifusing PubMed database searches). The proliferation and apoptotic
and metastasis has been demonstrated recently (20). The paradil of the tumor models was assessedtro (doubling time) andn
distribution of F-actin and ezrin protein at cytoplasmic boundariegivo (immunohistochemical staining with Ki67 and terminal de-
within cellular extensions, and at foot processes suggests the rolerynucleotidyltransferase-mediated nick end labeling) in our initial
ezrin in the motility and actin cytostructure of K7M2 cells. Thecharacterization of the model (2). The concordance of findings in both
immunocytostaining and distribution of ezrin in the K7M2 cells lenéh vitro and in vivo assays suggested that differences in resting
support for the biological role of ezrin in the more aggressive K7Mgroliferation and apoptosis rates do not provide a metastatic advantage
cells. The potential importance of ezrin in human OSA was supportéat K7M2. Tumor invasion was assessed using a simple Matrigel
by high expression in four of five and detectable levels in five of fivénvasion assay and by measuring MMP activities in K7M2 and K12
human OSA cell lines. This is the first report e£rin expression in cells. Similar assays have been used to assess the invasive potential of
OSA, a gene more commonly associated with epithelial tissues. Ftumor cells (35). Both assays failed to demonstrate significant differ-
ther work should examine the role of ezrin in other mesenchymahces in the invasive phenotype of K7M2 and K12. The sensitivity of
tissues and malignancies. the Matrigel invasion assay may be low and may not have detected

The ability of a cancer cells to adhere to substrates at distant sisehtle differences in the invasive phenotype of the K7M2 and K12
(i.e., the pulmonary arterioles and venules) is essential for successfalls. Anin vivo system was used to examine whether differences in
metastasis. The importance and timing of heterotypic adhesion in thiemune surveillance could account for differences in the biology of
process are currently under debate (29-31). Using a simplégro K7M2 and K12. It is possible that minor histocompatibility differ-
assay of heterotypic adherence, the increased ability of the K7MBAces could emerge in two clonally related cell lines and that these
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differences could result in the more effective immune recognition and Chen, Y., Dougherty, E. R., and Bittner, M. L. Ratio-based decisions and the

destruction of one tumor cell line compared with another. Our results 9uantitative analysis of cONA microarray images. Biomedical Op@cs364-374,
: 1997.

demonstrate that the relative metastatic phenotype of the K7M2 and L ana, s. E., Ogilvie, G. K., Hansen, R. A., Powers, B. E., Demell, W. S., and
K12 cell lines was maintained in significantly immunocompromised Withrow, S. J. Identification of matrix metalloproteinases in canine neoplastic tissue.
animals (beige-scid mice). Therefore, genes associated with the jm-A™: J: Vet Res.pl: 111-114, 2000.

. R L . . Eliopoulos, A. G., Kerr, D. J., Herod, J., Hodgkins, L., Krajewski, S., Reed, J. C., and
mune surveillance and immune rejection of cancer are less likely t0 young, L. S. The control of apoptosis and drug resistance in ovarian cancer: influence

characterize the differences in the biology of K7M2 and K12.

Using a well-characterized murine model, a microarray that in®

of p53 and bcl-2. Oncogenél: 1217-1228, 1995.
. Anderson, P. M., Katsanis, E., Leonard, A. S., Schow, D., Loeffler, C. M., Goldstein,
M. B., and Ochoa, A. C. Increased local antitumor effects of interleukin-2 liposomes

cludes a large and diverse number of cDNA probes, and a functionalin mice with MCA-106 sarcoma pulmonary metastases. Cancer 5ee<.853-1856,
approach to analyze microarray outliers, we have defined several1990.

potentially important genes associated with pulmonary metastasis’

N. A. R. A. (Committee) Using Animals in Intramural Research. Guidelines for
Investigators and Guidelines for Animal Users. Bethesda, MD: NIH, 1998.

OSA. Genes identified in this work include those not describe@ gitner, M., Meltzer, P., Chen, Y., Jiang, Y., Seftor, E., Hendrix, M., Radmacher, M.,
previously in OSA as well as potentially novel metastasis-associated Simon, R., Yakhini, Z., Ben-Dor, A., Sampas, N., Dougherty, E., Wang, E.,

genes (ESTs). Functional studies suggest that 10 genes associateﬁ

arincola, F., Gooden, C., Lueders, J., Glatfelter, A., Pollock, P., Carpten, J.,
illanders, E., Leja, D., Dietrich, K., Beaudry, C., Berens, M., Alberts, D., Sondak,

with maotility/cytoskeleton, heterotypic adherence, and angiogenesisy., Hayward, N., and Trent, J. Molecular classification of cutaneous malignant
are most likely to be associated with differences in the metastatic melanoma by gene expression profiling. Nature (Lon¢0f: 536540, 2000.

behavior of the high and low metastatic OSA model. Genes identifié

8; Maniotis, A. J., Folberg, R., Hess, A., Seftor, E. A., Gardner, L. M., Pe’er, J., Trent,

J. M., Meltzer, P. S., and Hendrix, M. J. Vascular channel formation by human

in this analysis may have relevance to OSA and other solid tumors melanoma cellsn vivo and in vitro: vasculogenic mimicry. Am. J. PatholL55:
with high rates of pulmonary metastasis. A motility, adherence, and 739-752, 1999.

invasion gene calle@zrin was identified using this approach. The?®
differential expression of ezrin protein was confirmed in K7M2 ang .

K12 cells and the potential relevance of ezrin in human OSA s

u -
gested by finding its expression in five of five human OSA cell Iineéz'

Clark, E. A., Golub, T. R., Lander, E. S., and Hynes, R. O. Genomic analysis of
metastasis reveals an essential role for RhoC. Nature (Lo#@b),532-535, 2000.
Banyard, J., and Zetter, B. R. The role of cell motility in prostate cancer. Cancer
Metastasis Rev17: 449-458, 1999.

Mahadevan, L., and Matsudaira, P. Motility powered by supramolecular springs and
ratchets. Science (Wash. D@88: 95-100, 2000.

This work represents a rationale approach to the evaluation of m#: Machesky, L. M., and Hall, A. Role of actin polymerization and adhesion to
croarray data and will be useful to identify genes that may be causally extracellular matrix in Rac- and Rho-induced cytoskeletal reorganization. J. Cell
associated with metastasis.

24

Biol., 138: 913-926, 1997.
. Borisy, G. G., and Svitkina, T. M. Actin machinery: pushing the envelope. Curr.
Opin. Cell Biol.,12: 104-112, 2000.
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