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Abstract

Key words: hepatocellular carcinoma, micorsatellite analysis, tumor suppressor gene

Hepatocellular carcinoma (HCC) is one of the most common cancer in the world and is the
leading cause of cancer death in Taiwan. The prognosis of this cancer is extremely poor with
survival of only several months after symptoms occurred. Elucidation of the basic genetic changes
of HCC is important for the understanding and treatment of this cancer. Cancer is usually
accompanied with genetic alternations either through the activation of cellular oncogene or the
inactivation of cancer suppressor gene. The recently identified short tandem repeat, the
microsatellite, which is widely distributed throughout the whole human genome. Identification of
disease genes as well as tumor suppressor genes by microsatellite polymorphism. have been
published recently.

In this study, we have used 35 microsatellite markers for further fine mapping of LOH. We
have confirmed the most frequent regions of LOH for HCC are 16g12.1, 16922, and 16g24. After
anayzing these information, we started to screen the human BAC(Bacteria Artificia
chromosome)library by these markers at 16g12.1 and we identified 15 clones. Exon trapping system
is used to search the putative exon sequences of BAC genomic clones. Two exon-like sequences are
identical to the KIAA1005 gene. Homozygous deletion of KIAA1005 was found in 37%(10 /27)
HCCs. These data suggested that the KIAA1005 might be the putative tumor suppressor genes at

chromosome 16g12.1.
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To identify genes involved in the development of familial HCC, we analyzed the transcription
profiles of six familial HCC specimens using Human Genome GEM 1 cDNA microarray consisting
9766 elements. Comparison of expression patterns between HCC tumors and the corresponding
nontumor tissues made us to identify genes that were commonly upregulated (72 genes) and genes
that were downregulated (47 genes) in the tumor cells. Hierarchical clustering analysis of the six
familial HCC cases with 119 gene expression ratios demonstrated two distinct expression patterns
and might reflect tumors evolved from different liver status. Furthermore, we used laser capture
microdissection (LCM) combined with real-time quantitative polymerase chain reaction (RT-QPCR)
to confirm microarray data and screen laminin-binding protein and afamin expression levelsin two
panels of HCC tissues. The expression profiles of 6 familial HCC provided valuable information for
elucidation of hepatocarcinogenesis, and revealed the potential biomarkers implicated in this
disease.

- P E A

Hepatocellular carcinoma (HCC) is the leading cause of cancer death in Taiwan. Chronic
hepatitis B and recently the hepatitis C vira infection are thought related to the development of
HCC. However, the basic molecular mechanism remained to be clarified. Recent studies have
suggested that accumulation of these genetic changes, which affect the expression of oncogenes and
tumor suppressor genes, occur in a stepwise manner and during the development of HCC. Many
tumor suppressor genes are inactivated by intragenic mutations in one allele accompanied by the
loss of a chromosomal region containing the other allele, termed loss of heterozygosity (LOH).
Mapping of homozygous deletions within regions showing a high frequency of LOH has been a
critical step in the discovery of several tumor suppressor genes.

In the past years, we have using 231 microsatellite markers to study the LOH of HCC. We
included 30 cases of HCC and we have found the most common site of LOH for HCC is
16q(43.3%), 130(36.7%), 17p(30%), 50(20%), 11p(20%), 119(16.7%). These data provides as basis
for further fine mapping of the common site of LOH. In our previous project, we further study the
LOH of HCC by narrowing down the common site of LOH on chromosome 16g. The most frequent
regions of LOH for HCC are 16g12.1, 16922, and 16g24. Fifteen clones were identified by
screening the human BAC (Bacteria Artificial chromosome) by microsatellite markers at 16g12.1.
Exon trapping system is used to search the putative exon sequences of BAC genomic clones. One
putative tumor suppressor gene on chromosome 16g12.1 is found.

In this proposal, We will prepare the tissue sample by LCM and extract the DNA or RNA.
Then, we will apply microarray system to monitor the expression of ESTs and search the putative
tumor suppressor genes on chromosome 16q (16g12.1, 16922, and 16924) in HCC patients.
Furthermore, we hope that functional assay of putative tumor suppressor genes in vitro will be
established. Specific genes that are differentially expressed between tumor and non-tumor part will
be analyzed to elucidate gene function and their role in hepatocarcinogenesis.

Since HCC is a very common cancer in Taiwan, study the molecular mechanism in important
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for prevention and improvement of treatment. We hope through this project, we can have a better
understanding of the genetic change of HCC and wishing to identify possible tumor suppressor
genes of this cancer. -

- ~PF P

Specific aims

® Objectives (long term):

1. Improvement of liver cancer treatment.

2. As cancer diagnostic marker

® [ocus (short term)

1. ESTs on chromosome 16qg will be analyzed between non-tumor parts and tumor parts by
microarray. Deletion mapping, BAC library screening, exon trapping system will be applied to
analysis the other chromosomes regions with high frequency LOH.(first year)

2. Functional assay of candidate geneswill be established.(second year)

Results

Deletion mapping of chromosome 16qg and characterization of the interest region

Eighty-eight tumor samples derived from 88 HCC patients were subjected to analysis of LOH
in 35 microsatellite loci on chromosome 16q (Table3). LOH at one or more loci was observed in 59
(67%) of these tumors. Seven independent regions of frequent LOH were defined in these 59 tumors
with partial deletions. The first region was between D16S517 and D16$409 loci, encompassed by a
3-cM region. The second region was between D165419 and D165415, encompassed approximately
by a 0.5-cM region. The third region was between D165496 and D16S514, encompassed
approximately by a 5-cM region. The fourth region was between D16S512 and D16S515,
encompassed approximately by a 3-cM region. The fifth region was near D16S504, encompassed
approximately by a 5-cM region. The sixth region was between D16S505 and D16S422,
encompassed approximately by a 55-cM region. The seventh region was near D16S3048,
encompassed approximately by a4-cM region.

Deletion mapping showed a high frequency of LOH within the area of interest (16912.1)
affecting 20-30% of the HCCs and 5 tumor cases with a homozygous deletion at D165415. We
followed one main approach to characterize the chromosomal region of interest to isolate the putative
tumor suppressor genes. After building BAC contig spanning the D16S415 region, we used
exon-trapping system to search putative exon sequences in these BACs. Two exon-like sequences
were identified and matched to the UniGene AB023222 (KIAA 1005 partial CDYS).

Isolation and Characterization of KIAA1005
Using available information about AB023222, we recovered a 4.5-kb fragment after RT-PCR with

EST primers from normal tissue. To clone full-length cDNA, we used the 5 and 3 rapid
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amplification of cONA ends PCR method. Three different clones were identified and sequenced. One
clone has additional N-terminal extra 550 nucleotides of KIAA1005 (4.5kb) and the other two clones
were 2.4kb and 3.4kb, respectively (Figure 4). Recently, NCBI annotation project also identified
three different splicing forms of KIAA1005. The sequences are the same as our results. The 2.4kb
cDNA showed a consensus sequences of 2426 bp long with a predicted ORF of 1595 bp, a
206-bp-long 5 UTR, and a 3" UTR 625 bp long (GenBank accessin no. XM_051197). The putative
start ATG codon is located with a adequate Kozak sequence (CCCatgg), which contains a highly
conserved G residue (position +4) and pyrimidine (Y residue at position —3; ref14). The three cDNAs
were compared with the genomic DNA sequence to identify evidence exon-intron structure. Only the
2.4kb cDNA showed the features and contains 12 exons. However, the two cDNAs (5kb and 3.4 kb)
had the exon-intron structure but the sequences were split to two regions on chromosome 16q12
(about 1.3 cM). Some of these sequences were not confirmed.

Northern blot analysis with a probe derived from 1kb of KIAA1005 revealed four bands of mRNA
(Figure 4 )(i.e., 1.6kb, 2.4kb, 3.4kb, and 5kb, respectively). The mgjor band is 2.4kb. Analysis of the
KIAA1005 expression pattern in normal human tissues showed that expression was highest in heart,
kidney, spleen, and significantly lower in the other examined tissues (i.e. muscle, liver, and small
intestine).

To examine whether the translation of the ORF of KIAA1005 (2.4kb form) produced the predicted
protein, we used an /n vitro transcription-trandlation system. SDS-PAGE analysis of the translated
product revealed a single protein product of about 82kDa. This agree with the predicted molecular
mass of KIAA based on its amino acid sequence (i.e., Da)

Homozygous deletion of KIAA1005

We aso analyzed the expression of KIAA1005 (2.3kb) in HCC cell lines and HCC tissues by
RT-PCR. The KIAA1005 were not expressed in some of the HCC cell lines and tissues .
Homozygous deletion of KIAA1005 was found in 37% (10/27) HCCs. In the remaining specimens
that showed specific band, the band intensity was aimost the as that of the non-tumor part. These data
suggest that the KIAA1005 might be the putative tumor suppressor gene at chromosome 16g12.1. By
Southern blot analysis, homozygous deletion of KIAA1005 was confirmed in 10 tumors of the 27
HCCs.

KIAA1005 Protein Structure

The 1596-bp KIAA1005 ORF encoded for a 532 amino acid protein. The BLAST and PSIBLAST
algorithms were used to search for matches in GenBank databases. Interesting, the N-terminus of the
putative contains a C2 domain.

Overexpression of KIAA1005 in hepatoma

We observed the significant suppression of growth in Hep3B cells after introduction of the
KIAA1005 gene(Figure 5).



Table 1 Clinical characterization of 6 familial HCC patients (consisted of 3 different families) studied by cDNA microarray

Caseno. Gender Age HBsAg Anti-HCV  AFP Tumor grade Tumor size Liver status

18 M 63 + - 40.5 3 5.0x4.5x3.0 cm cirrhosis

22 M 59 + - 139 clear cell 2.6x2.0x1.0 cm cirrhosis

3P M 46 + - 426.9 4 8.0x3.0x3.0 cm cirrhosis

4° M 42 + - 129.8 2 5.2x3.8x3.0 cm fatty change and CPH

5¢ M 53 + - 1370 3 8.0x7.5x6.5 cm portal fibrosisand PVT

6° M 27 + - >70000 3 16x9.0x9.0 cm portal lymphocyte infiltration

M, male; HBsAg, hepatitis B surface antigen; Anti-HCV, hepatitis C virus antibody; AFP, « -fetoprotein; CPH, chronic persistent hepatitis, PVT, portal vein
thrombosis. ®Brothers. "Brothers. °Father and son



Table 2. Representative list of candidate genes that expressed up-regulated in HCC by microarray

Human RNA for NADH dehydrogenase.

Human moesin mMRNA, complete cds.

Human cDNA: FLJ21171 fis, clone CAS10962.

Human IL-17B receptor (IL17BR) mRNA, complete cds.

Human mRNA for titin protein (clone hsk1-hsk19).

Human cytoplasmic dynein light chain 1 (hdicl) mRNA, complete cds.
Human S19 ribosomal protein mRNA, complete cds.

Human gene for phosphate carrier.

Human ADP-ribosylation factor 1 gene, exons 2-5.

Human (chromosome X) glypican (GPC3) mRNA, complete cds.
Human HALPHA44 gene for alpha-tubulin, exons 1-3.

Human mRNA for putative p64 CLCP protein.

Human 1-8D gene from interferon-inducible gene family.

Human HSPC224 mRNA, complete cds.
Human CpG island DNA genomic Msel fragment, clone 97h11, reverse read
cpg97hll.rtla

Human Cctg mRNA for chaperonin.

Human myelin basic protein (MBP) mRNA, complete cds.

Sequence 28 from Patent W(09954448.

Human liver glucose transporter-like protein (GLUT?2), compl ete cds.
Human protein phosphatase 2A B56-delta (PP2A) mRNA, complete cds.
Human mRNA for polyA binding protein.

Human ubiquitin gene.
Human DNA for ribosomal protein S13, complete cds, U14 small nucleolar RNA,
compl ete sequence.

Human mRNA for KIAA 1293 gene, complete cds.
Human mitochondrial carrier homolog 1 isoform amRNA, complete cds; nuclear
gene for mitochondrial product.

Human ADP-ribosylation factor 1 gene, exons 2-5.
Incyte EST
Human 90-kDa heat-shock protein gene, cDNA, complete cds.

Human mRNA for cytochrome oxidase subunit VIb.
Human cDNA: FLJ22916 fis, clone KAT06406, highly similar to HSCY CR
Human mRNA for T-cell cyclophilin.

Human sin3 associated polypeptide (SAP18) mRNA, complete cds.

Human mRNA for diubiquitin.
Human cDNA: FLJ22980 fis, clone KAT11387, highly similar to HSCY C1 Human
MRNA for cytochrome cl.

Human mRNA for non-muscle type cofilin.
Human mRNA for lipocortin 1l, complete cds.




Human lysosomal membrane glycoprotein CD63 mRNA.
Human MHC class | HLA-C-apha-2 chain and aternative mRNA, complete cds,
clones 4 and 10.

Human genomic DNA, chromosome 21, section 37/105.

Human nuclear protein SDK3 mRNA, complete cds.

Human PRO1608 mRNA, complete cds.

Human flotillin-1 mRNA, complete cds.

Human hum-a-tub2 alpha-tubulin mMRNA, complete cds.

Human mRNA for myosin regulatory light chain.

Human mRNA for KIAAO0703 protein, complete cds.

Human colon carcinoma laminin-binding protein mMRNA, complete cds.
Human mRNA for Nop10p, complete cds.

Human cDNA: FLJ23506 fis, clone LNG03055.

Human sorcin CP-22 mRNA, compl ete cds.

Human nonmuscle/smooth muscle alkali myosin light chain gene, compl ete cds.
Human ADP/ATP carrier protein mRNA, complete cds.

Human mRNA for ribosomal protein S18.
Human cDNA: FLJ22915 fis, clone KAT06354, highly similar to
Human Wilm's tumor-related protein (QM) mRNA.

Human profilin mRNA, complete cds.
Human FK506-binding protein (FKBP) mRNA, complete cds.
Human full length insert cONA clone Y B24D08

Table 3. Representative list of candidate genes that expressed down-regulated in by microarray

Human mineral ocorticoid receptor (MLR), exon 8.

Incyte EST

Incyte EST

Human aldehyde oxidase (hAOX) mRNA, compl ete cds.

Human flavin-containing monooxygenase 3 (FMO3) gene, exon 7.

Human cytochrome P450I1E1 (ethanol-inducible) gene, complete cds.

Human afamin mRNA, compl ete cds.

Human 4913 genomic sequence.

Human nicotinamide N-methyltransferase gene, exon 1 and 5' flanking region.
Human HSPC062 mRNA, complete cds.

Sequence 13 from Patent W(09951727.

cytochrome P450 2C [Macaca fascicularissmonkeys, liver, mRNA, 1901 nt].
Sequence 92 from Patent W09955858.

RhoE=26 kda GTPase homolog [Human, HeL a cell line, mMRNA, 833 nt].
Human class |1 acohol dehydrogenase (ADHA4) pi subunit MRNA, complete cds.
Human histidine-rich glycoprotein mRNA, complete cds.
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Human cytochrome P45011A3 (CY P2A3) mRNA, compl ete cds.

Human mRNA for thrombospondin.

Human 11-beta-hydroxysteroid dehydrogenase (HSD11) gene, exon 6.

Human mRNA for hBD-1 protein.

Human cytokine (GRO-beta) mRNA, complete cds.

Sequence 12 from Patent WW(09954460.

Human pre-B-cell stimulating factor homologue (SDF1b) mRNA, compl ete cds.

Human fetal liver cytochrome P450 (P-450 HFL &), complete cds.

Human mRNA for organic cation transporter, liver.

Human putative glycine-N-acyltransferase mRNA, compl ete cds.

Human coagulation factor IX mRNA, complete cds.

Table 4. Upregulation of laminin-binding protein (LBP) gene and downregulation of afamin (AFM)
geneidentified in GEM1 microarray screen was independently tested using RT-QPCR analysis. All
RT-QPCR reactions were performed in duplicate each experiment, and average expression ratio of
two independent experiments was represented. We use an expression ratio to represent target gene
MRNA gquantities differences in tumor over nontumor cells. The cases from 1 to 10 are HCC with

familia history, and those from 11 to 20 are nonfamilial cases.

Case no. LBP/RT-QPCR (T/NT) AFM/RT-QPCR (NT/T)
1 12 154
2 0.51 1.86
3 0.83 deleted
4 247 1.23
5 1.48 143
6 4.17 8.65
7 2.26 2.82
8 15.06 13.36
9 0.6 6.41
10 0.52 0.95
11 0.88 2.91
12 1.43 10.09
13 2.37 6.29
14 7.7 1.08
15 0.79 247
16 0.64 1.56
17 2.13 35
18 0.97 16
19 1.26 7.05
20 6.1 10.25
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Figure 1 Scatterplot analysis of 6 cDNA microarray experiments. Each case of tumor mRNA
was labeled with with Cy3 and nontumor mRNA with Cy5. The graphs are presented in alog
scale based on 10. The /& value of each microarray array was labeled above the graph.
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Figure 3 Comparison of the relative fold-change of two gene expressions by cDNA microarray and
RT-QPCR. The Cy3/Cy5 ratio detected by cDNA microarray represents the tumor/nontumor tissue
expression of mRNA. The vaues of relative quantification of target mRNA by RT-QPCR are the
averages of results from two experiments. (A) laminin-binding protein. (B) afamin. The negative
values are due to down-regul ated in tumor tissues. Highly correlation of coefficient (/) of 0.99 was
obtained in laminin-binding protein gene test. The same & value was also observed in afamin gene
test when excluded the case 6 data point.
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Table 5. Loss of heterozygosity at 35 microsatellite loci on chromosome 16qin HCCs
Locus Symbol Chromosomal  (LOH/informative  Frequency of

location cases) LOH(%)

D16%409 16911-12 14/44 31.8
D16S517 16g11.2 16/56 28.6
D165261 16g12.1 4179 5

D16S3044 16g12.1 2/84 25

D16S3080 16g12.1 19/77 24.7
D16416 16g12.1 3/43 7

D16$419 16g12.1 15/64 23.4
D16415 16912.1-g13 10/44 22.7
D165390 1612.1-q13 16/71 25
D16S3034 16912.1-g13 13/44 30.2
D16S3137 16q12.1-q13 18/77 23.4
D16S3053 16912.1-g13 10/68 14.7
D16S3112 16013 14/80 17.5
D16S3039 16913 18/60 30

D16%408 16g12.1-21 10/56 17.9
D16$494 16021 10/67 14.9
D16S514 16021 16/66 24.2
D165496 16022.1 17/42 40.5
D16S398 16022.1 9/68 13.2
D16S397 16022.1 5/68 7.35
D16S512 16022.2 10/67 14.9
D16S3018 16022.2 19/79 24

D16S515 16022.3 15/73 20.5
D16S266 16023.1 11/62 17.7
D16S516 16024.1 9/69 13.04
D16S504 16024.1 20/59 33.9
D16S507 16024.1 12/78 154
D16S505 16024.1 5/71 7.04
HSD17B2 16024.1-24.2 13/58 22.4
D16422 16024.2 9/49 18.4
D16402 16024.2 10/64 15.6
D16S3037 16024.3 6/54 11.1
D16S520 16024.3 7179 8.9

D16S3048 16024.3 16/78 20.5

D16$413 16024.3 6/34 17.6
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Figure 4. Northern blot of KIAA1005 in various tissue
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Figure 5. Growth inhibition of KIAA1005 gene
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