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ABSTRACT cells. The aforementioned molecules exist not only in metastatic
cancer cells but also, in most cases, in normal cells.

The identification and isolation of metastasis-associated genes have

! . . . . been difficult because of the genetic instability of metastatic cancer
ously, we have established a series of lung adenocarcinoma cell lines with . N .
varying degrees of invasiveness. Tracheal graft assay confirmed that cell C,el!s' Furthermore, enVIronm.er.]taI Va“‘ﬂ.’lb'“ty makes it even mqre
lines with higher in vitro invasiveness had greatein vivo invasive poten- difficult to find them. Metastasis is a multiple-step process that begins
tial. In this study, we used these model cell lines to identify invasion- With cancer cells leaving the primary tumor site and relocating in a
associated genes using cDNA microarray with colorimetric detection. A remote organ. This process involves interactions between cancer cells
more invasive subline, CL 1-5-F 4, derived from metastatic lung tumor of and their surrounding microenvironment. Traditional gene isolation
severe combined immunodeficient mice inoculated with CL 1-5 cells, was methods by comparison of paired samples may result in a large
combined with CL 1-0, CL 1-1, and CL 1-5 in cDNA microarray screen-  number of genes related not entirely to metastasis but to the micro-
ing. cDNA microarray membranes, each containing 9600 nonredundant enyjronmental changes in cell cultures or in tissues (12). It is well
expressed sequence tag clones, were used to identify differentially ex-y 0y that slight variations in temperature, confluence, pH, or me-
pressed genes in these cell l'ne.s' F(.)r statistical ahalys's’ Self'orga.n.'z'ngdium composition of cell cultures yield different gene expression
map algorithm was performed to identify the expression patterns. Positive
patterns (13).

correlation between gene expression levels and cell line invasiveness wa; . . . . .
found in 2.9% of the 9600 putative genes. On the other hand, negative Therefore, instead of using the traditional paired comparisons, we
correlation was found in 3.3% of the genes. The trends of expression of Used CDNA microarray in a series of human lung adenocarcinoma cell
some of the genes were also confirmed by Northern hybridization and flow lines in this report. The human lung adenocarcinoma cell lines of
cytometry. Our data demonstrated that genes related to cell adhesion, varying invasion abilities and metastatic potentials were established
motility, angiogenesis, signal transduction, and some other expressed previously (14). The cDNA microarray method, a powerful tool for
sequence tag genes may play significant roles in the metastasis processmassively parallel analysis of gene expression, has been applied in
These results substantiate the model system with which one can identify yarjous biological studies for identifying differentially expressed
|nv§5|0n-as§OC|aFed genes by using pDNA microarray and cancer cell lines genes (12, 15-18). By using the cDNA microarray with colorimetric
.Of d'ﬁer.e nt invasiveness. .Th's technique may allow us to explore complex detection system (15, 16) and arrays of 9600 features, we were able to
interactions between multiple genes that orchestrate the process of cancer . . . . . .
metastasis. identify metastasis-associated genes on a genome-wide scale in model
lung cancer cell lines.

Metastasis is a complicated multistep process that involves interactions
between cancer cells and their surrounding microenvironments. Previ-

INTRODUCTION
MATERIALS AND METHODS
Metastasis is the major cause leading to mortality for cancer pa-
tients. Many studies on cancer metastasis have been conducted, af!l Lines. Human lung adenocarcinoma cell lines of different invasive
several molecules participating in tumor cell invasion and metastadi§l metastatic capacities (CL 1-0 f”d fts sublines, CL 1-1and CL 1;5? Ref. 14)
have been identified and characterized. Among these molecules, sy 9rown in RPMI 1640 with 10% fetal bovine serum at 37°C, 203/a0d

- : . . - . 5% COQ..
facilitate invasion and metastastsg. laminin receptor (1), vitronec In Vitro Invasion Assay. CL 1-5 cells were injected into the tail veins of

tin recgptqr _(2)’ metalloproteinases (3, 4_)' and CD44 _(5’ _6?’ Where§é|D4 mice to obtain a more invasive cell line than the CL 1 series published
others inhibit these processesg., cadherin (7), tissue inhibitors of previously (14). A highly metastatic cell line was isolated and cloned from the
metalloproteinases (8, 9), and nm23 (10). cancer lesion formed in the lung of mice. After four repeatedvo selections,
The discovery of these molecules may be useful in developing néw cell line was designated as CL 1-5-F 4 and incorporated into the panel of
therapeutic intervention against the target genes. For instance, sygik-lines for microarray analysis.
thetic Arg-Gly-Asp (RGD) containing peptides can disrupt integrin Invasiveness of the CL 1 series of cell lines was examined by using MICS.
function (e.g., vitronectin receptor) and successfully inhibit bath In the MICS system, a polycarbonate membrane containing.t0pores
vitro andin vivo melanoma cell invasion (11). In another eXamp|€(,NucIe0p_0re Corp., P_Ieasanton, CA) was coated with a mixture of laminin (50
specific growth factor antagonists can block or at least slow down tg%nn:; g;]%rpn?c;hgg”)'czlnggél ;tn '(-20;‘1'3/ n"\’:péi'o“g’:d I\Iflg:)clllfllg:nc(ﬁ)gi/:slu;o -
growth of metastatic COlon.Ies to allow the body's naturgl defens acial acetic acid solution. The membrane was placed between upper and
system or chemotherapeutic treatment to destroy the residual cai 1G8Er well plates of a MICS chamber. CL 1 cell line series were then

resuspended in RPMI 1640 containing 10% NuSerum and seeded into the
Received 11/20/00; accepted 5/2/01. upper wells of the chamber 5 10* cells/well). After incubating for 24 h at

The costs of publication of this article were defrayed in part by the payment of PageeC, cells that invaded through the coated membrane were removed from the
charges. This article must therefore be hereby maddertisemenin accordance with

18 U.S.C. Section 1734 solely to indicate this fact. lower wells With 1 m EDTA in PBS apd dpt—blotted onto a polycarbonate
1 This work was supported by NHRI 89A1-PPLABADOL and NSC 89-2314-B-002membrane with 3sm pores. After fixation in methanol, blotted cells were
108, and 487-M54 (Taipei, Taiwan, Republic of China). stained with Liu stain (Handsel Technologies, Inc., Taipei, Taiwan, Republic

2K.P. and P-C. Y. contributed equally to the manuscript.

3To whom requests for reprints should be addressed, at Department of Internat
Medicine, National Taiwan University Hospital, 7, Chung Shan South Road, Taipei, “ The abbreviations used are: SCID, severe combined immunodeficiency; MICS,
Taiwan 100, ROC. Phone: 886-2-2356-2116; Fax: 886-2-2358-2867; E-maitembrane invasion culture system; EST, expressed sequence tag; SOM, self-orga-
pcyang@ha.mc.ntu.edu.tw. nizing map.
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of China), and the cell number in each blot was counted under a microscopeA repeated-measures ANOVA was performed to determine any significant

Each experiment was repeated three times. difference between the numbers of invasion foci formed in tracheal grafts. Data
Tracheal Graft Invasion Assay. A tracheal graft invasion assay wasfrom three experiments in duplicate were analyzed by ANOVA (Excel, Mi-

carried out to confirm thdh vitro-selected lung cancer cell lines with differentcrosoft; Taipei, Taiwan, Republic of China) to determine any significant

invasive/metastatic potentials also possess invasive alpilityo. Rat tracheas difference.

were isolated from Sprague Dawley rats weighirng200 g. The airway

epithelial cells of the tracheas were denuded by repetitive freeze-and-thag gy TS

procedures for three times at70°C. The CL 1-0, CL 1-1, and CL 1-5 cells

were cultured to subconfluence before they were harvested. Ceflsf(ath Fig. 1 shows the results of the invasiveness measurement of the four

each cell line were then injected into the isolated rat tracheas. The upper gignan lung adenocarcinoma cell lines, CL 1-0, CL 1-1, CL 1-5 and

lower ends of the tracheas were tightened with threads and implanted s.ccin 1-5-F 4. Cells invading through the coated membrane were har-

SCID mice. Each cell line was sealed in three different tracheal grafts and e@@éted and counted. The cell counts were: CL 1-0, 206; CL 1-1,

SCID mouse was implanted with one graft. The SCID mice were kiIIed_j4_491i 202: CL 1-5, 3 865+ 530: and CL 1-5-F 4, 4115 507. Each

weeks later, and the tracheal grafts were taken out for histological examinat|8%.r in the araph represented the average of triplicate measurements
The tumor part of the tracheal graft was sliced at 1-mm intervals. At least thr. grap P 9 P '

sections were examined for the presence of basement membrane invasion-.?ﬁf? invasiveness of the four cell lines were as expected and followed
animal experiments were performed in accordance with the animal guidelin”eérenc_j of: CL 1'_5": 42 CL1-5>CL1-1>CL 1-0. . )
at the Department of Animal Care, Institute of Biomedical Sciences, Academialn Fig. 2, the invasiveness of the four adenocarcinoma cell lines
Sinica, Taipei, Taiwan, Republic of China. was confirmed to have equivaleintvivo invasiveness by the tracheal
Biotinylated Probe Preparation and Microarray Hybridization. Five graft invasion assay. FigA2shows the histochemical staining of the
micrograms of the mRNAs derived from each lung cancer cell line we@ontrol rat trachea without tumor cell injection and without epithelial
labeled with biotin during reverse transcription and described in previogells on the basement membrane. Fi§. &monstrates rat tracheal
reports (15, 16). The microarrays (which measured 18xn@v mm) carrying  graft injected with isolated normal human airway epithelial cells.
9600 PCR-amplified cDNA fragments were prepared on nylon membranes Biter 4 weeks, the human airway epithelial cells repopulated on the rat
an arraying machine built in-house. The 9600 nonredyndant ES_T clones WEScheal basement membrane. The repopulated airway epithelial cells
Ihntegrated Moletl:ular Analyrslls of Genqmes and th.e'r EXpreSSImn (IMAﬁ%vealed pseudostratified columnar epithelium with mucus and ciliary
uman cDNA clones, each representing a putative gene cluster wit §ifferentiation. Fig. Z illustrates tracheal graft injected with CL 1-0

assigned gene name in the Unigene clustering (19). All experiments of h s, T f fi iderit (1 ti ft H
bridization were performed in triplicate individually. The details of prob ells. Tumor formation was eviderit (location of tumor). However,

preparation, hybridization, and color development were also described préystochemical staining revealed no invasion of the basement mem-
ously. brane arrows). Fig. 2D revealed that, when tracheal graft was in-
The microarray images were digitized by using a drum scanner (Scanvid&¢ted with CL 1-5 cells, invasion of the basement membrane was
Foster City, CA). Image analysis and spot quantification were done by thtearly evident (Fig. B; arrows) in addition to tumor formation in rat
MuCDA program, which was written in-house and is availab@ther than trachea. We calculated the invasion foci in three sections of the three
using the MuCDA program, the microarray images can be processed ¢wil lines. The total invasion foci/graft for CL 1-0, CL 1-1 and CL 1-5
commercial image processing programs to convert the true-color images igills were 0.0, 0.7+ 0.5, and 4.0+ 2.0, respectively (ANOVA,
gray scale images. The gray scale images can then be quantified by gny 0.05;P = 0.0133).
available microarray image analysis programs written for the ﬂuorescenceBiotin-labeled probes deriving from mRNAs of cell lines of varying

detection method. . . . . . .
o . . invasiveness were hybridized to microarrays with 9600 putative genes
Northern Hybridization. To confirm the results of gene detection by the y Y P 9

cDNA microarray, 16 differentially expressed cDNA clones, including l(r)o profile the gene e.xpreSS|0n patterns. Flg..S revealed a Collectlpn of
clones of ascending trend and 6 clones of descending trend in metastasis, \%Qgped mlcroarra}y images (44 spots) showmg the 99”9 expression
selected from the cluster analysis of the array data; and the entire inserts offR&€rnS for a series of lung adenocarcinoma cell lines. The trend of
clones were individually PCR-amplified to serve as probes for Northe@ENe expression level changes could clearly be seerufjyer panels
hybridization. The hybridization and washing procedures were carried out 8 Fig. 3 showed the cropped microarray images ofddleyclingene,
standard protocol and described in our previous report (16). whose expression levels correlated positively with cell line invasive-
Flow Cytometric Assay. The adenocarcinoma cell sublines, CL 1-0, CL
1-1, CL 1-5 and CL 1-5-F 4, were subjected to indirect immunofluorescence

staining for the expression of surface tumor-associated antigen L6, integrin 5000

a-3, and integrina-6 using murine monoclonal antibody against human 4500 o —
tumor-associated antigen L6 (American Type Culture Collection, Manassas, _I_

VA), integrin a-3 (Chemi-Con, Temecula, CA), and integuirb (BQ16; Acell 4000

Co., Bayport, MN), respectively. The detailed procedures were described in a
previous report (16). The fluorescence intensity was analyzed by FACStar
(Becton Dickinson, Mountain View, CA).

Statistical Analysis. We performed cluster analysis to identify invasion-
associated genes on the microarrays. Gene expression data obtained from the
microarray experiments were processed and normalized using the protocol and
program described by lyest al. (18). Genes were clustered into groups on the
basis of expression profiles by SOM algorithm as described by Targb
(20). After cluster analysis by the SOM method, genes whose expression
profiles correlated either positively or negatively with the invasiveness of the 1000
cell lines were identified. Genes whose expression correlated with the inva- 500
siveness of cell lines also were grouped into categories by their putative
functions on the basis of literature reports. Genes with multiple roles were
included in more than one category.

3500
3000
2500
2000

Invasive cells/well

1500

0
CLio CL11 CLis CLisFs

Fig. 1. In vitro invasion activity of CL1 sublinesBars average number of cells
invaded through the matrix gel. Cell numbers: CL 1-0, 2026; CL 1-1, 1491+ 202;
5 Internet address: ftp://genestamp.ibms.sinica.edu.tw/marray/software/. CL 1-5, 3865+ 530; and CL 1-5-F 4, 4115 507.
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ing. Genes with multiple roles were included in more than one
category.

To substantiate the results of the microarray studies, Northern
blotting analysis was performed. Ten ascending expressions of genes
containing five sequence-verified known genes (sucatedsyclinand
AXL) and five anonymous genes (ESTs) whose expressions had a
positive correlation were selected. The other six descending expres-
sions of genes containing five sequence-verified known genes (such
asproteoglycan | secretory granulendDnaJ-like heat shock protein
40) and an anonymous gene whose expression had a negative corre-
lation with the invasiveness of adenocarcinoma cell lines were also
selected to perform Northern blotting. Fig. 5 demonstrated that the
results of Northern blotting analysis were consistent with those from
the microarray studies (Figs. 3 andb)4 Radio-labeled glyceralde-
hyde-3-phosphate dehydrogenase argili€e protein were used as
internal controls. In Fig. A-5E,and 3.-5P, the known and anony-

) . e " mous genes had higher expression levels in the more invasive cell line
Fig. 2. In vivo assay of invasive ability in rat tracheal graft, control rat trachea

without tumor-cell injection. There were no epithelial cells on the basement membrak&L 1-5-F 4). On the other hand, in FigF85K, the known and
Arrowhead,the cartilage ring of the tracheB, rat tracheal graft injected with normal anonymous genes were highly expressed in the less invasive cell line
human airway epithelial cells. The repopulation of epithelial cells on denuded tracheE(éL 1_0)

indicated by ararrowhead C, tracheal graft injected with CL 1-0 cells. A tumaF)(was i . . . e

formed but did not invade the basement membramehead. Arrow, the cartilage ring To demonstrate that the protein expression of identified genes was

of the tracheaD, tracheal graft injected with CL 1-5 cells. The CL 1-5 cells formed tumoig|so consistent with microarray analysis, three antibodies (tumor-

Eslggnﬁ\gii? rg‘;ozgﬁg\?v‘;”g?ﬂ;grﬁ;ﬁ?ﬁaﬁ%;gomg ;mi'ilg%mgr Qisgo';”Dt’he associated antigen L6, integria-3, and integrina-6) were used to

X400. Scale barsn each graph: 50,m, 50 um, 200um, and 50um, respectively.  carry out flow cytometric analysis across all four CL1 sublines,
respectively. Each experiment was carried out in triplicate. Fig. 6
showed the negative control of four CL1 sublines; the average back-

ness. Thelower panelsof Fig. 3 contained theAXL gene, whose ground of fluorescence was 323 0.64 (arbitrary fluorescence inten-

expression levels also had a positive correlation with invasivenesgy). In Fig. 8, antibody against tumor-associated antigen L6 was

From these photographs, it was evident that most of genes (spotsgd to quantify protein expression level; it was obvious that the peak

except forcalcyclinand AXL, had similar expression levels in all of was shifted from CL 1-0 (1& 10.0) to CL 1-5-F 4 (233: 36.9), and

the four cell lines. the differentially expressed ratio of CL 1-5-F 4:CL 1-0 was 12.94. Fig.

To identify all possible metastasis-associated genes from the 966Q- showed that antibody against integin3 made the peak shift

feature microarray, we performed cluster analysis on the expressfoom CL 1-0 (3=* 0.6) to CL 1-5-F 4 (49+ 17.3), and the differen-

profiles of the four lung adenocarcinoma cell lines. Of the 960@ally expressed ratio was 16.33. In Figd gantibody against integrin

putative genes, 8525 had statistically significant expression values6 made the peak shift from CL 1-0 (1#¢ 2.8) to CL 1-5-F 4

and their expression profiles were grouped into 100 clusters. To av@&B + 21.7), and the differentially expressed ratio was 3.79. These

confusion of negative values in expression patterns, the scale valueasfults demonstrate that the flow cytometric analyses of protein were

normalization, from—1 to +1, was shifted to a positive value, fromconsistent with microarray analysis or Northern blotting analysis.

0 to +2. Theupper four panelg1-4) in Fig. 4A contained four

clusters of expression profiles that correlated positively with the

invasiveness of the cell lines. Each of the four clusters containB4dSCUSSION

expression profiles of 61, 50, 67, and 99 genes, respectively. Thg; has peen well documented that differential expressions of mul-
lower four panelg5-8) in Fig. 4Aincluded four clusters of expres- 5o genes and dynamic interaction between various proteins were
sion profiles that correlated negatively with invasiveness, and egglied during the multiple steps of metastasis. In this study, we used

cluster contained 110, 68, 71, and 63 genes, respectively. All of i\ microarray with a colorimetric detection system to identify
gene expression profiles in FigaA (277 positively correlated genes

and 312 negatively correlated genes) were rearranged by hierarchical
cluster analysis with the average linkage method (18), and the expres-

sion levels were pseudocolor encoded as shown in Fi@ Zhe CL1-0 CL1-1 CL1-5 CL1-5-F4
upper panelsf Fig. 4aB showed the levels of gene expression fron| s &% & & R 1 T ‘2 1 L - - . -
green(low) to red (high), and thdower panelsshowed the levels in 'Y L s ' 8 are
the opposite direction, from highgd) to low (green. s

The genes clustered in Figadvere grouped into seven categories Q:. ¢ :\: : - Qt: : 2 .\? .
on the basis of their cellular functions (Figb)4 These categories ® Gaicychn o o are
included proteases and adhesion molecules such as interstitial cc
genase and integria-3; cell cycle regulators such as calcyclin andf . &  # . » ‘e @ * @
AXL; signal transduction molecules such as transforming prote s“@‘. . .)‘c .eha . .‘.
RhoC and transcription factor activator protein-1 (AP-1); cytoskeletc| g & . .» a ' E T ‘T3 T )
and motility proteins such as keratin 18 and myosin light polypeptic P YT T T -

2; angiogenesis-related genes suchn@rix metalloproteinase-19
and urokinase-type plasminogen activatoand anonymous genes
correlating positively and negatively with invasiveness, marked

Fig. 3. Close-up views of microarray images showing gene expression patterns. The

rder of invasive/metastatic capacities of the cell lines was: CL 1-5sFCL 1-5> CL
‘ . o 3 > cL 1-0.Arrowheadsgenes §alcyclin(upper panélandAXL (lower pane)], which
ESTs. The genes designated byasteriskwere verified by sequenc- had higher expression levels in more invasive/metastatic cell lines.
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NADH dehydrogenase (ubiquinone) 1
MMP-19 protein*

Integrin beta 3 (alternatively spliced)*
BH-protocadherin (brain-heart)

Disi s in Il protease i in 10
Extracellular matrix protein 1 (ECM1)
Protocadherin 43

Interstitial collagenase

Integrin alpha-3*

Integrin alpha-6*

(A) Protease and Adhesion Molecules

Neurotrophic tyrosine kinase, receptor, type 1
Actin, alpha 2, smooth muscle, aorta
Keratin 18

Myosin 1C

Keratin 14

Keratin 8

Myosin heavy chain, nonmuscle type A
Keratin, hair, basic, 1

Myosin, regulatory light polypeptide 2*
Actin, gamma 1
Microtubule-associated protein 1B

(B) Cytoskeleton and Motility Proteins

E2F transcription factor 3
CDC-like kinase 2*
Inhibitor of DNA binding 2*
Anaphase-pr ting ¢ I
Thymosin, beta 10
Binder of Arl Two (BART)

Cell cycle related kinase

Guanylate cyclase 1, soluble, beta 3

Cyclin G2*

CDC28 protein kinase 1

Cyclin D3

Topoisomerase (DNA) 11 alpha

Caleyclin®*

Retinoblastoma-binding protein P48

Cell division control protein 20 (p55cdc)
Protein phosphatase alpha-1, catalytic subunit
Cyclin C (CCNC) gene*

AXL receptor tyrosine Kinase*

Transcription factor AP-1

Cyclin-dependent kinase (CDC2-like) 10*

(C) Cell Cycle Regulator

Dual specificity phosphatase 8*

CDC28 protein kinase 1

Non-metastatic cells 2, protein (NM23B)

RHOC

Transferrin receptor (p9%0, CD71)*

Guanylate cyclase 1, soluble, beta 3
Serine/threonine kinase 12

PKC, alpha*

6-phosphofructo-2-kinase

GCSF 3 receptor

Adenylate kinase 5

Histidine triad nucleotide-binding protein

Latent TGF-beta binding protein 4*

MDM2, human homolog*

Myristoylated alanine-rich protein kinase C substrate*
Inositol 1,4,5-triphosphate receptor

PKC, delta*

Homolog of Yeast RRP4, 3'-5"-exoribonuclease
Adenylate kinase isoenzyme 1

Transcription factor AP-1

Insulin-like growth factor binding protein 3
Protein tyrosine phosphatase, non-receptor type 6
6-phosphofi kinase, platelet type
Phospholipase C, delta 1

AXL receptor tyrosine kinase*

G protein, alpha transducing activity polypeptide 1
Cyclin-dependent kinase 9 (CDC2-related kinase)*
Cyclin-dependent kinase (CDC2-like) 10*

(D) Signal Transduction Molecules

x subunit 7%

n
Dta? \"’s

o o d hd

Fibroblast growth factor receptor 1

Vimentin

Interleukin 13 receptor

Thrombospondin 2

Interleukin 1 receptor, type 11

v-Ki-ras2 oncogene homolog

Disintegrin lloprotei d in9

Vitronectin receptor alpha subunit

Soluble VEGF receptor*

Angi i erting enzy

.

grin protease with thr
Laminin, beta 2 (laminin S)

ERBB-2*

Interferon-alpha/beta receptor beta chain
Fibroblast growth factor receptor 3
ADP-ribosyltransferase-like 1
Intercellular adhesion molecule 1*
Integrin, alpha V (vitronectin receptor)*
Urokinase-type plasminogen activator*
RHOC

PKC, alpha*

Endoglin (Osler-Rendu-Weber syndrome 1)
MDM2 protein, human homolog*
MMP-19*

Fibroblast activation protein, alpha
Integrin, alpha 3*

Interstitial collagenase

Extracellular matrix protein 1 (ECM1)
PKC, delta*

Plasminogen activator inhibitor, type 11
Disintegrin-metalloprotease domain 10

(E) Angiogenesis-related Genes

¥

EST (H12612)
EST (R16117)
EST (T52774)
EST (T70568)
EST (R49144)*
EST (T49325)*
EST (R71081)
EST (R48810)
EST (T40480)
EST (T69707)
EST (R16261)
EST (AA158728)
EST (N93721)*
EST (T70599)
EST (N20320)
EST (H22893)

type 1 motif

(F) Miscellaneous Ascending Genes

EST (T65107)
EST (T49342)
EST (R40902)
EST (T52983)
EST (T69727)
EST (T70341)
EST (AA083845)
EST (H04819)
EST (T77828)
EST (T69711)*
EST (T66855)
EST (R16162)
EST (H10460)
EST (R38172)*

(G) Miscellaneous Descending Genes

0.0 0.5 1.0 1.5

2.0
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Qh Qh L]
BN b H Bk 8 LI NN
FFYY FFYY oo
A 2 F Proteoglycan 1 L
’ . Colcyslin . ®u secretory granule . . EST(T4iMA0)
AW GAPDH - GAPDH
Fig. 5. Northern analysis. Ten genes (five .m GAPDH .'

sequence-verified known genes and five anony- M =
mous genes) with ascending expression profiledd = « G- TEUD ] < ” EST (T70568)
and six genes (five sequence-verified known genes i, AXL s .' GAPDH 8
and one anonymous gene) with descending expres- . . . . GP-like
sion profiles were used to demonstrate the validity .. GB-lik H DnaJ-like heat
of the microarray results. The radio-labeled glyc- P-like - - shock protein 40
eraldehyde-3-phosphate dehydrogenase afd G N
like protein were used as the internal controls.C . .' Tumor-associated ve ' . GAPDH "‘""F.. EST (R16261)
A—E, known genes with ascending expression pro- antigen L6 I —— " "
files; F—J, known genes with descending expres- ‘ - osphoenmpyruyate
sion profiles;K, the anonymous gene with a de- ' ' . . GAPDH a carboxykinase 2 GAPDH
scending expression profileL—P, anonymous
genes with ascending expression profiles. Eac) . . - . . GAPDH 0] o
gene name or accession number is listed on the . Metallothionein I-B . . EST (N20320)

right side of the Northern picture.

J e d @7 Soluble VEGF receptor
“ Ak DR - @@ e GAPDH .... G-like
ENTSe e Kaw» EST (H04819) P
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invasion/metastasis-associated genes on a genome-wide scalén these model cell lines. Some of these genes showed strong corre-
model lung cancer cell lines. lation, either positively or negatively, between their expression levels
For this study, we established a series of model cell lines witind the invasiveness of cell lines. Several genes, sucalagclinand
different invasion capabilities botin vitro andin vivo. The tracheal AXL, identified by this approach previously have been confirmed to
graft invasion assay confirmed that highly invasive cell linesitro  associate with metastasis (21, 22). These findings illustrated that a
had retained their corresponding levels of invasivemessvo. Gene series of cell lines with varying invasive capabilities analyzed by a
expressions of these four human adenocarcinoma cell lines WeBNA microarray technique could be a good model system in iden-
analyzed by cDNA microarray method with colorimetric detectionifying invasion- or metastasis-associated genes.
This powerful tool was very suitable for multiple-gene analysis be- SOMs, one of the widely used clustering methods, could organize
cause it can simultaneously monitor many genes in an experimengxpression profiles into clusters of patterns. This characteristic may
We identified hundreds of genes that were differentially expressggto pe useful in a study to identify metastasis-associated genes. In our
study, 8525 genes were analyzed and their expression profiles
grouped into 100 clusters. Four of the clusters (277 genes) contained

o A = B s C N D ; . T .

& 8 s s genes whose expression correlated positively with invasiveness of
- b -
Iz 4 cancer cell lines; whereas another four clusters (312 genes) had
|8 ‘ ‘ negative correlation to invasiveness. This indicated that only 2.9%

S0 T | [T et e | T e e || e e el and 3.3% of the genes correlated positively or negatively, respec-

tively, with the invasiveness of cancer cells. Consequently, only a

small percentage of genes on a genome-wide scale participated in the

‘ cellular process that might result in the phenotypic outcome of inva-
T el sion and metastasis.

Among the 9600 putative genes, 1875 clones on the current version
of this microarray are correctly identified by resequencing. One hun-
dred and ten of 589 genes that correlated positively or negatively with
Wl we o wd|  invasiveness are included in the sequencing verification. The remain-
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Fig. 6. Flow cytometric analysis. The antibodies corresponding to three genes (tumor—AII Of. the ge”es clus.tered in Fig.a4were grouped into Sever?
associated antigen L6, integrin3, and integrina-6) with ascending expression trends Categories. Five categories were based on reported cellular functions,
were used to demonstrate the validity of the microarray resiltsegative control of four gnd two were anonymous genes that correlated either positively or
CL1 sublines revealed that the average background of fluorescence was 8.84 . L . .

(arbitrary fluorescence intensityR, flow cytometric analysis revealed that tumor-asso-N€gatively with invasiveness. Among these categories were proteases
ciated antigen L6 was more expressed in the highly invasive cell lines. The differentiaynd adhesion molecules, cytoskeleton and motility proteins, cell cycle
expressed ratio of CL 1-5-F 4:CL 1-0 was 12.@4integrin a-3 was highly expressed in

the more invasive cell lines. The differentially expressed ratio of CL 1-5-F 4:CL 1-0 was

16.33.D, integrina-6 was also stronger in the more invasive cell lines. The differentially © Internet address: http://genestamp.ibms.sinica.edu.tw/uniclone.htm.

expressed ratio was 3.79. Each experiment was carried out in triplicate. 7 Internet address: ftp://genestamp.ibms.sinica.edu.tw/marray/arrayinfo.
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regulators, signal transduction molecules, and angiogenesis-reldteded in vivo metastatic properties evaluated by the cDNA microar-
molecules. ray method constitutes a powerful system to identify invasion- or
In the category of proteases and adhesion molecules, we found tinetastasis-associated genes. This technique may also allow us to
molecules such aslisintegrin-metalloprotease, matrix metallopro-explore complex interactions of multiple genes in orchestrating the
teinase-19 proteininterstitial collagenase, protocadherin, integrirunderlying cellular processes of cancer metastasis. Additional char-
«-3, andintegrin «-6 were included in this group. Most of these geneacterization of genes identified in this study is currently in progress.
have been reported previously to associate with cancer invasion and
metastasis (23-26). Our dataiotegrin «-3 andintegrin «-6, derived
from either microarray analysis or flow cytometric analysis, w.

consistent with these previous reports. We thank Drs. Yi-Wen Chu, Chia-Tang Shun, and Marine Kao for technical
Metastasis is associated with the movement of cells. Therefoggsistance.

genes whose expressions are involved in the cellular cytoskeleton and

motility may play an important role in metastasis. A previous stud

illustrated an association between invasiveness and the expressio%%FERENCES
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