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We have attempted classification of hepatocellular carcinoma using gene expres-
sion profiling analysis. To identify the genes associated with liver carcinogenesis
and the progression of the carcinoma, we analyzed RNAs from 12 liver tumors
and 8 non-tumor tissues using GeneChip HuFL arrays, histologically classifying
liver tumors as either well differentiated (WD) or moderately differentiated
(MD). The two-way clustering method (Pearson correlation) was not effective in
distinguishing among cancerous and noncancerous tissues. We sorted approxi-
mately 5,600 genes by their degree of correlation with the histological classes to
arrive at a list of 40 genes (predictor genes) of significant predictive value in clas-
sifying non-cancerous tissues and WD and MD tumors. We then applied the
weighted voting algorithm to each pair among the three groups and successfully
predicted the class on two-dimensional scatterplots on the basis of prediction
strength. Multistep carcinogenesis in liver can be observed in a single tumor with
a nodule-within-nodule appearance, in which the outer tumor is WD and the
inner one is MD. The expression levels of 74 genes were elevated over threefold in
MD in comparison with WD. We applied the Mann-Whitney U-test to 10 liver
cancers (5 WDs and 5 MDs) and found 12 genes to be significantly elevated in
expression levels in MD tumors (P <0.05). Evaluation of an additional 12 tumors
by quantitative polymerase chain reaction with reverse transcription validated
those 12 genes (7 of which were also on the list of predictor genes), implying that
they are involved in de-differentiation of liver cancer. Our statistical approach to
gene expression profile data was therefore effective in cancer classification and the
study of cancer progression.
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Inversion 16 (Inv(16)) results in a fusion between genes CBFB on the q arm and
MYH11 on the p arm and is associated with acute myeloid leukemia (AML) sub-
type M4Eo. CBFB encodes a protein (CBFb) that forms a heterodimeric tran-
scription factor with RUNX1/AML1, which itself is disrupted by several chromo-
some translocations in leukemias. MYH11 encodes the smooth muscle myosin
heavy chain (SMMHC). The fusion gene CBFB–MYH11, through its encoded
CBFβ–SMMHC fusion protein, dominant negatively disrupts the normal func-
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tion of the CBFβ/AML1 dimer in gene expression regulation and hematopoiesis.
Using cDNA microarray technology we attempted to identify gene expression
profiles characteristic to Inv(16) in comparison with non-Inv(16) AML and nor-
mal bone marrow (BM). RNA from five cases of M4Eo AML with Inv(16), seven
cases with M4 AML without inv(16) and five normal BM samples was used to
generate labeled cDNA probes to hybridize against a 6.7-kD human cDNA
microarray. We used a common reference probe generated from the cell line HL-
60 to co-hybridize with cDNA probes derived from patients, allowing normaliza-
tion of the expression level and ratio of expression of each gene in each sample
relative to HL-60. M4Eo, M4 and normal BM were the principal three clusters or
groups of samples observed when the expression ratios were compared using
hierarchical clustering and multidimensional scaling (MDS). The maximum dif-
ference in gene expression profiles as computed by MDS and assigned as a mea-
sure of distance between samples was that for M4Eo and M4 versus normal BM.
We have generated a list of weighted genes whose expression differences have the
greatest power to distinguish among the groups. Those gene expression changes
that are unique to the Inv(16) cases will be studied further. This study may help
us better understand the oncogenic mechanism of CBFB–MYH11 and provide
new therapeutic targets.
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We are using a combination of functional genomics approaches and microarray
analysis techniques to identify and clone human senescence genes. One area of
focus is identification of a gene in the region of human chromosome 1q42. Past
studies of microcell-mediated chromosome transfer experiments revealed senes-
cence gene activity on human chromosome 1. Subsequent analyses of revertants
and radiation-induced selectable tagged fragments of chromosome 1 further nar-
rowed the region of activity to a 5-cM region on 1q42 that is too large to clone
using traditional positional cloning methodologies. In one approach to identifying
the gene functionally, transfer of commercially available yeast artificial chromo-
somes from the 1q42 region by spheroplast fusion led to identification of a 1.2-Mb
artificial chromosome that contains possible senescence activity, as indicated by
decreased colony formation of an immortal cell following spheroplast fusion.
Analysis of Gene Map 98 revealed 450 defined candidate genes or expressed
sequence tags in the 1q42 region. We developed a complementary DNA microar-
ray chip that contains all these candidate genes and expressed sequence tags. We are
conducting microarray analysis using a cDNA microarray chip that contains a total
of 12,000 genes and expressed sequence tags, including those from the 1q42 region.
We are conducting hybridizations with RNA derived from young, immortal, G1-
arrested and senescent fibroblast and epithelial cells to identify critical targets of
the senescence and immortalization processes. Our goal is to couple the microar-
ray analysis with our physical and functional mapping approaches to identify the
candidate gene on 1q42 that is responsible for inducing the senescence phenotype.
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