
cofactor, AACGGCTTGAAACAGCTGAG, AGGCAAATCATCAGGCAAAG;
protein inhibitor of activated signal transduction and activator of
transcription protein PIASy, GAGAAGAAGCCCACCTGGA, ACACTCGCT-
CAGGATCTTCG; RBP1, GAGGATGCAATGCCTCTGAT, TGCTACATC-
CTCAATGCTGG; CCR9, AAAGGGGACACAGAAGCACT, AGGCTCA-
AGAGCAGGGTAGA; disintegrin and ADAM21, AAGACGCCTGTTGT-
CTGTTG, TGGCATGAACTTGCAGTCTT; CD53 antigen, CGGAATCATCAC-
CATCTGTG, TCATAGCCCTATGGTCTGGC; SAS, CATGATCATCC-
TTGGTTTGG, TCTGTCTGTTTGCTTCGGTT; nuclear antigen Sp100,
GCTAAGTATACGCTGCGGTG, TTTCTTGTGCTTGGTGGTTC; and PRDM2,
GCTTTTCCCTTCTGCTGTTG, CAGCCAGTTTCCCTTCTCTG.

Results

Phenotypic Anchoring of Colon Cancer Cell Lines. Colon
cancer cell lines could be segregated phenotypically based on c-Src
protein kinase activity as measured by in vitro phosphorylation
assays with the exogenous substrate enolase (Fig. 1A). Kinase
activity was directly related to the amount of expressed c-Src
protein (Fig. 1A). Consistent with these findings, high c-Src-
specific activity in the SW620 and HT29 cell lines was associated
with a high potential to invade Matrigel (Fig. 1B) indicative of high
metastatic potential (23). On the other hand, low c-Src activity in
KM12C and HCT116 cells was linked with a low potential to
invade Matrigel. The role of c-Src in invasiveness was confirmed
by the tyrosine kinase inhibitor PD180970, which potently
impaired c-Src activity in SW620 and HT29 cells and correspond-
ingly decreased invasive activity (Fig. 1A and B). Of interest,
SW620 cells exhibited residual invasive activity although c-Src
activity was practically abolished by inhibitor treatment. This
suggests the presence of Src-dependent and Src-independent
mechanisms for invasion. Also, inhibitor treatment did not
completely eliminate kinase activity in HT29 cells due likely to
the higher expression of c-Src in this cell line.
Next, we expression profiled the panel of colon cancer cell lines to

identify candidate genes involved in invasive activity. Our approach
is based on extracting gene expression patterns that statistically
associate with either highly or weakly transformed phenotypes (14).
Using the Affymetrix U133A GeneChip containing f18,000 named
genes, we interrogated RNA derived from the KM12C, HCT116,
SW620 (without and with pharmacologic inhibitor PD180970), and
HT29 (without and with PD180970) cell lines. Gene expression
patterns that are significantly correlated with the phenotyping data
(P < 0.01) were computationally derived via a pattern matching
technique (21), resulting in the identification of two relevant clusters
(Fig. 2). One cluster of 28 genes (herein called the ‘‘high invasive
cluster’’) was overexpressed in the highly invasive SW620 and HT29
cell lines with high c-Src activity and was underexpressed in the
weakly invasive KM12C and HCT116 cells harboring low c-Src
activity (Fig. 2, left). Hence, we hypothesize that a gene(s) belonging
to the high invasive cluster likely facilitates invasive activity. The
second cluster of genes was down-regulated in highly invasive cells
and up-regulated in the weakly invasive cells, and likely represent
genes involved in suppressing invasiveness (‘‘low invasive cluster’’;
Fig. 2, right). Of interest was the finding that treatment of the highly
invasive cell lines with PD180970 resulted in expression patterns
now resembling those found in the weakly invasive cells (Fig. 2). It
should be noted that this phenomenon of expression pattern
reversal was specific to the high and low invasive clusters and not
seen in other clusters (data not shown). These observations, coupled
with the effects of PD180970 on c-Src activity and Matrigel assays
(Fig. 1), lend further support of the notion that genes in the ‘‘invasive
clusters’’ participate in metastatic activity.

Figure 3. A , effect of specific gene knockdowns on invasive potential in colon
cancer cell line HT29. Cells were transfected with siRNAs targeting the indicated
mRNA species and allowed to grow and invade Matrigel over a 96-hour period.
Green fluorescent protein siRNA (GFPi-122 ) served as a negative control as well
as scrambled siRNA sequences of CCR9i-436 (CONT-1 ) and ADAMi-565
(CONT-2 ). Columns, mean of 5-10 independent experiments; bars, SE.
B , effect of specific gene knockdowns on homotypic cell adhesion. HT29 cells
were transfected with siRNAs for 24 hours before performing cell dissociation
studies. GFPi-122, CONT-1, and CONT-2 served as negative controls. Columns,
mean of three independent experiments; bars, SE. Note that ADAM21, CCR9,
and CD53, implicated in cell invasiveness, had no effect in cell adhesion,
suggesting that different transcriptional circuitries are involved. C , effectiveness
of gene knockdowns was validated by quantitative RT-PCR. *, Significantly
different from negative control treated cells (P < 0.05) by ANOVA and post hoc
Tukey test. GFP, CONT-1, and CONT-2 treatments were not significantly
different from each other (P > 0.05).
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