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The Cancer Genome Anatomy Project (CGAP) database of the National Cancer 

Institute contains thousands of expressed sequences, both known and novel, derived 

from diverse sets of normal, precancerous, and tumor eDNA libraries. This offers the 

possibility of using this database as a rational starting point for bioinformatics-based 

cancer gene discovery. Using the Digital Differential Display tool of the CGAP 

database, a hypothesis-driven gene discovery approach was undertaken to analyze 

differential expression of various solid tumor types. Two hundred known genes and five 

hundred novel sequences were discovered to be differentially expressed, and a 

comprehensive database was established to facilitate identification of cancer diagnostic 

and therapeutic targets. To validate the use of bioinformatics in discovering genes with 

organ- and tumor-selectivity, novel ESTs predicted to be colon tumor-specific were 
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analyzed further for expression specificity. Reverse Transcriptase-Polymerase Chain 

Reaction (RT-PCR) analysis using matched sets of colon normal- and tumor-derived 

cDNAs identified one EST to be specifically expressed in the majority of colon tumors 

and normal small intestine. Due to this apparent specificity, the gene was termed Colon 

Carcinoma Related Gene (CCRG). Based on protein sequence analysis, CCRG 

belongs to a novel class of secreted factors. Another gene identified in this study 

showed homology to Single Minded 2 gene (SIM2). Involvement between SIM2 and 

cancer has not yet been reported. lsoform-specific expression of SIM2 short-form 

(SIM2-s) was seen in colon, pancreas, and prostate carcinomas but not in most normal 

tissues. Using a large collection of paraffin sections from colon, pancreas, and prostate 

tumor and normal tissues, elevated protein expression was seen in tumors compared to 

normal tissue specimens, demonstrating the diagnostic potential of Sl M2-s. Antisense 

inhibition of SIM2-s expression in colon and pancreatic cancer cell lines caused 

inhibition of gene expression, growth inhibition, and apoptosis. Administration of SIM2-s 

antisense in nude mice caused inhibition of colon tumor growth without pronounced 

gross toxicity. Using GeneChip® technology, a gene expression profile indicative of 

apoptosis was observed in the colon cancer model. CCRG and SIM2-s offer both a 

diagnostic and therapeutic potential in select cancers and validate the use of 

bioinformatics approaches in the gene discovery paradigm. 

v 



fJ'o my son, :Maurice Wi{[iam ']Je ~oung o/1 

... tfie aynasty continues 



Table of Contents 

List of ·Tables........................................... .................. xii 

List of Figures.............................. .. ............... ........... .. xiii 

1. Introduction.............. ............................................. 1 

1.1 Overview............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

1.2 Molecular Biology of Cancer................................ . . . . . . . 1 

1.3 Approaches to Gene Discovery........... ... ............ ......... 3 

1.4 CGAP as the Basis for Cancer Gene Discovery..... . . . . . . . . 6 

2. Cancer Gene Discovery Using Digital Differential 
Display................................................................. 9 

2.1 Electronic Profiling of Up-Regulated Genes in Solid 
Tumors..................... ..................................................... 9 

2.2 Electronic Profiling of Down-Regulated Genes in Solid 
Tumors.............................. ............................... ....... ...... 12 

2.3 Electronic Prediction of Tumor-Selective Genes by DOD 12 

3. Discovery and Characterization of CCRG... ............... 17 

3.1 Bioinformatics Identification of CCRG-Specific ESTs.. ... 17 

Vll 



3.2 Expression Specificity of CCRG in Colon Tumors.. . . . . . . . . 20 

3.3 Characterization of the CCRG Gene............................. 22 

4. Prediction and Validation of SIM2-s Cancer 
Specificity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

4.1 Specificity of SIM2-s in Solid Tumors........................... 28 

4.2 Diagnostic Implications of SIM2-s in Cancer................. 34 

4.3 Biochemical Function of SIM2-s........................... ....... 37 

5. Genes to Drugs Paradigm: SIM2-s Antisense Efficacy 42 

5.1 SIM2-s Antisense Effects In Vitro................................. 42 

5.2 SIM2-s Antisense Effects in a Preclinical Mouse Model.. 46 

6. Genome Wide Expression Profiling of SIM2-s 
Antisense.............................................................. 49 

7. Discussion............................................................ 57 

7.1 Cancer Gene Discovery Using Digital Differential 
Display.................................................................... 57 

7.1.1 Electronic Profiling of Differentially Expressed Genes in 

Solid Tumors................................................................ 57 

7.1.2 Discovery of Novel Cancer-Specific ESTs Using DOD........ 59 

7.1.3 Limitations of 000......................................................... 60 

7.2 Discovery and Characterization of CCRG..................... 61 

7.2.1 Expression Specificity of CCRG in Colon Tumors.............. 61 

7.2.2 Functional Genomics of CCRG........................................ 63 

viii 



7.2.3 Future Directions for CCRG............................................ 66 

7.3 Prediction and Validation of SIM2-s Cancer Specificity.. 68 

7.3.1 A Novel Utility for a Known Gene..................................... 68 

7.3.2 Diagnostic Implications of SIM2-s in Cancer..................... 71 

7.3.3 Biochemical Function of SIM2-s................................ ... ... 72 

7.3.4 Putative Implications of SIM2-s in Cancer......................... 7 4 

7.4 Genes to Drugs Paradigm: SIM2-s Antisense Efficacy... 77 

7.4.1 SIM2·s Antisense Effects In Vitro and in Vivo.................... 77 

7.4.2 Future Directions for SIM2-s Antisense............................ 81 

7.5 Genome Wide Expression Profiling of SIM2-s Antisense 83 

7.5.1 Proposed Mechanism of the SIM2-s Antisense Drug.......... 83 

7.5.2 Experimental Design of Microarray Experiments............... 88 

7.5.3 Interpretation, Validation, and Post-Analysis Follow-Up 

Studies of Microarray Experiments.................................. 90 

7.6 Summary................................................................. 96 

8. Materials and Methods............................................ 97 

8.1 Data Mining of the CGAP Database and the Use of the 
Digital Differential Display Tool. ............................. ~..... 97 

8.2 RNA Isolation............................................................ 98 

8.2.1 RNA Isolation from Tissues............................................. 98 

IX 



8.2.2 RNA Isolation of Cells Grown in a Monolayer.................... 99 

8.2.3 .RNA Isolation of Frozen Cell Pellets. ................................. 100 

8.2.4 Quality Control Analysis of RNA...................................... 1 00 

8.3 eDNA Synthesis......................................................... 101 

8.4 eDNA Repository Used in CCRG and SIM2-s 
Expression Studies.................................................... 1 02 

8.5 Reverse Transcriptase-Polymerase Chain Reaction 
(RT-PCR)............................................................ ...... 102 

8.6 List of Primers Used for RT-PCR................................. 104 

8. 7 Real-time RT -PCR.............................. .. . . . . .. . . . . . . . . . . .. . .. . 1 05 

8.8 List of Primers Used for Real-time RT-PCR................... 106 

8.9 Northern Blot Hybridization........................................ 107 

8.1 0 Southern Blot Hybridization............ .. . .. . .. .. .. .. . .. .. .. .. . .. 1 08 

8.11 Western Blot Hybridization....................................... 109 

8.12 Immunohistochemistry of Paraffin-Embedded 
Tissues (IHC)........................................................... 11 0 

8.13 Immunohistochemistry of Cells in Tissue Culture........ 111 

8.14 Electrophoretic Mobility Shift Assay (EMSA)............... 112 

8.15 Cell Culture Conditions............................................. 113 

8.16 CCRG Bioactivity Studies......................................... 114 

8.17 SIM2-s Antisense Drug............................................. 115 

8.18 MTS Proliferation Assay...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 
X 



8.19 Apoptag Peroxidase In Situ Apoptosis Detection Kit... . 116 

8.20 DNA Laddering Assay........................ ............... ....... 117 

8.21 Cell Death Detection ELISA............. .... .... ....... ... ........ 118 

8.22 Tumorigenicity Assays..... .. ................ ...................... 118 

8.23 Microarray Probe Preparation............. .. . . . . . . . . . . . . . . . . . . . . . 119 

8.24 Hybridization and Scan ....... .............................. ; . . . . . . . 120 

8.25 GeneChip® Analysis....................... ... ...... ... ........... ... 120 

9. References..... ................................................. . . . . . . 122 

10. Biographical Sketch........ .............................. ......... 143 

XI 



List of Tables 

1. 0001 (Tumor vs. Normal and all others) and 0002 (T vs. N) of 

Colon Libraries: Up-regulated Novel Genes in Colon Tumors 

(> 5-fold) ............................................................................. 15 - 16 

2. SIM2-s Expression Profiling in Solid Tumors........... .. .............. 36 

3. Expression Levels of SIM2-s in Solid Tumors by IHC............... 37 

4. Differential Expression of Known Genes (U133A) Upon SIM2-s 

Antisense Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 

5. RKO SIM2-s Antisense GeneChip® Analysis - 1 Ohr. Time Point.. 52 

6. RKO SIM2-s Antisense GeneChip® Analysis- 14hr. Time Point.. 53 

7. RKO SIM2-s Antisense GeneChip® Analysis -18hr. Time Point.. 54 

8. RKO SIM2-s Antisense GeneChip® Analysis- 24hr. Time Point.. 55 

xu 



List of Figures 

1. Representative ODD output................................................... 10 

2. Putative colon tumor specificity of the CCRG gene.. ..... ........... 19 

3. Expression selectivity of CCRG in various tissues............. ...... 21 

4. Bioinformatics of the CCRG gene.................................. .. ...... 22 

5. Characterization of CCRG..................................................... 24 

6. Detection of CCRG in paraffin sections of colon tumors.... ...... 25 

7. Growth factor nature of the CCRG protein.............................. 27 

8. Specificity of SIM2-s expression in colon tumors..................... 30 

9. Expression profile of SIM2-s...... .................................... ....... 32 

10. Real-time quantitative RT•PCR of SIM2-s in solid tumors... ....... 33 

11. SIM2-s protein expression in colon tumors............................. 35 

12. DNA binding activity of purified SIM2-s protein by EMSA... ....... 39 

13. Antibody-based supers~hift of SIM2-s binding activity........ ..... .. 40 

xiii 



14. DNA binding activity of SIM2-s by EMSA using purified SIM2-s 

protein and RKO cell extracts treated with deoxycholate.... ...... 41 

15./n vitro antisense efficacy in RKO colon cancer cells.. ............. 44 

16. Growth inhibition and Induction of apoptosis by SIM2-s 

antisense in CAPAN-1 cells................................................... 46 

17.Antisense efficacy in a colon tumor model in vivo................... 48 

18.Validation of GeneChip® hits by Real-time RT-PCR.................. 56 

19. Proposed model for SIM2-s activation in cancer...................... 75 

20. Proposed mechanism of the SIM2-s antisense drug using 

GeneChip® analysis............................................................. 86 

xiv 



Chapter 1 - Introduction 

1.1 - Overview 

Since the completion of a rough draft sequence of the human genome, a post-genomic 

era has emerged in which potential diagnostic and therapeutic targets for diseases are 

predicted to be discovered from the plethora of derived sequence information (1-3). 

While the precise number of genes in the genome with functional consequence is a 

matter of dispute (4), it is clear that the majority of these genes are novel and lack 

knowledge ·of functionality. As a result of the increasing amount of data being generated 

in search of new targets, the drug discovery and development process has become 

increasingly challenging. Already a paradigm shift from random approaches to 

pinpointing rational targets in drug discovery can be seen in the private sector, and to an 

increasing extent, in academia. In the foreseeable future, success in this area will rely 

on new technologies and strategies to accompany this · data and facilitate in deciphering 

and managing the large influx of information derived from therapeutic studies. Not only 

will these efforts accelerate the drug discovery process and deliver needed therapy to 

patients more rapidly, but they will also bring about better ways to diagnose and even 

stratify patients to predict which therapy is right for a particular individual. 

1.2 - Molecular Biology of Cancer 

The underlying effects of cancer are a consequence of mutated sequences and altered 

expression levels of various tumor suppressor genes and oncogenes. These effects 
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include: (a) self-sufficiency in proliferation; (b) resistance to inhibitory signals; (c) evasion 

of apoptosis; (d) limitless replicative potential; (e) induction of angiogenesis; and (f) 

induction of invasion and metastasis (5,6). In the past, researchers broadly exploited 

these common characteristics of cancer with the hopes of identifying a "magic bullet" for 

the treatment of multiple cancer types. Today, however, a growing number of clinicians 

and researchers are moving away from relatively non-selective chemotherapeutics 

towards a new generation of molecular therapeutics that directly target the genetic 

abnormalities involved in malignant progression (7). This offers the possibility of 

obtaining increased efficacy and minimizing the degree of possible sides effects due to 

gross toxicity while maintaining low drug concentrations. 

A major challenge in the diagnosis and treatment of cancer is resolving tumor 

heterogeneity that exists both between and within distinct tumors (8). These differences 

are based on the accumulation of multiple genetic events and combinatorial effects that 

drive the transformation and progression of each type of cancer. There are, however, 

common threads in cancer despite morphological and molecular heterogeneity. This 

becomes apparent upon grouping cancer-related genes into distinct classes. Some 

functional classes of genes are invariably altered when normal cells transform to 

malignant, including cell cycle genes, receptors, enzymes, genes involved in adhesion 

and motility, apoptosis, and angiogenesis (5). These classes of genes are being 

targeted today in cancer diagnosis and therapeutics. Leading examples include Gleevec, 

a bcr-abl tyrosine kinase inhibitor used to treat Philadelphia chromosome-positive 

chronic myelogenous leukemia (CML) and a subset of acute leukemias (9), Herceptin in 

breast cancers with overexpressed HEA2 gene (10), and lressa, an epidermal growth 

factor receptor tyrosine kinase inhibitor in non-small cell lung cancer (11 ). The problem 
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therein is the fact that many of the current therapeutic drugs and biomarkers available 

from these classes of genes are still relatively nonspecific and are expressed in multiple 

cancer types. Because there is a need for highly specific molecular targets to be 

identified that have selectivity to distinct cancers, it was hypothesized that genes with a 

high level of organ- and tumor-selectivity can be identified solely from human genome 

resources. Discovery of organ- and disease-selective genes could greatly improve the 

ability to diagnose and treat patients at much earlier stages of cancer, thereby increasing 

chances of success in terms of patient survival. Therefore, the choice of therapeutic 

modality for individual patients would become personalized based on the expression of a 

select target gene of interest (12). 

1.3 - Approaches to Gene Discovery 

The gene expression profile of a particular cell determines its phenotype, function, and 

response to the environment. The balance of genes expressed in a given cell is 

dynamic and will respond rapidly to external stimuli (5). Therefore, measurement of the 

levels of gene expression can provide hints about function, regulatory mechanisms, and 

biochemical pathways. High throughput gene expression technology for analyzing large 

numbers of sequences in diseas.ed and normal tissues is possible with the use of 

microarrays. Genome-wide expression profiling is becoming increasingly popular and 

more affordable, allowing researchers to identify genes selectively expressed in different 

cancer types at various stages of disease. The entire transcriptome of a given sample 

can be analyzed and compared to others in a single experiment (13-15), providing a 

comprehensive list of genes that are differentially expressed under various experimental 

conditions. Although it would appear more rational to measure gene expression or 

activity at the protein level, the ability to obtain global and quantifiable information of 
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gene expression by measuring mRNA far surpasses the available proteomics 

technologies (16). These technologies are generally low throughput, more 

technologically challenging, and less compatible with routine samples from clinical 

studies (17). On the other hand, current microarray-based approaches to assess gene 

expression have been demonstrated in many cases to be both robust and reproducible 

(18). 

A parallel way to discover genes relevant to cancer diagnostics and therapeutics 

is via bioinformatics approaches. Bioinformatics is a knowledge-based discipline: the 

key resource is knowledge, and the key technology is information handling. A vast 

amount of this knowledge can be accessed from various public and private genomic 

databases (19-21 ). A recent enumeration of molecular biology databases listed 335 

different databases related to bioinformatics (22). These sources not only provide an 

attractive starting point for gene target identification, but can also have an impact on 

traditional wet lab experiments at various stages. These include hypothesis generation 

and experimental design, data acquisition, visualization, analysis and interpretation, and 

publication (23). 

Bioinformatics can also be used synergistically with microarray technology. 

Computational approaches are becoming more important to biology as a whole due to 

the scaling of traditional molecular characterization experiments to high throughput 

levels. Together, the use of bioinformatics and microarrays can be used in target 

discovery to create databases that could allow the mechanism of action of a particular 

compound to be predicted from changes in gene expression induced in a given cell 

system (24). These applications would offer a major contribution to the drug discovery 

process. 
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Gene expression analysis using bioinformatics is better suited for identification of 

uncharacterized genes because of the dynamic nature of genome sequencing (25). 

Gene arrays are "closed systems" and must rely on the availability and quality of gridded 

clones, cDNAs, or ESTs that have been validated to be suitable for high throughput 

screening of multiple samples (25). On the other hand, bioinformatics approaches are 

readily available to analyze any new sequence upon submission into a database. 

Regardless of this, bioinformatics analysis still has several limitations. The quality of any 

database relies on the quality of its sequences. Many of these databases, as well as the 

tools that accompany them, are still in developmental stages. Their reliance is based 

upon statistical approaches that can generate false positives and false negatives. It is 

the responsibility of the user to validate each hit and ensure its quality. Expressed 

sequences should be free of genomic contamination as well as contamination from 

plasmid or vector sequences. Validation also requires traditional wet lab-based 

approaches to determine expression relevance. Only then can a hit be taken to 

therapeutic studies such as knock out mice or antisense therapeutics. 

Today, technologies such as these mentioned here are causing several 

paradigm shifts to occur in modern biology. In the past where a researcher would 

directly interact with a single experiment is now changing to the researcher interacting 

with a computer and the computer then interacting with the experiment and resulting 

data. Secondly, hypothesis-driven research where a single question offers a single 

answer is evolving. Instead, research is becoming data-driven, in which the researcher 

is given many answers at once and must seek to find the hypothesis that best explains 

the multiple answers (23). Changes are also occurring in the way scientists are being 

trained. To reap the maximum benefits of high throughput analysis, a team of experts in 
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various scientific fields must work together to analyze large data sets as well as 

understand and appreciate the contribution of each respective member (26). Hence, a 

scientist in modern drug discovery must have interdisciplinary training and experience in 

multiple life sciences as well as computer science. Graduate training and research 

programs must also adapt their curriculums so that students today will be suited to 

interact in these work environments. 

1.4 - CGAP as the Basis for Cancer Gene Discovery 

The Cancer Genome Anatomy Project (CGAP) database contains thousands of EST 

sequences comprised into libraries of diverse normal and tumor tissues (19). An EST, 

or expressed sequence tag, is a partial, single pass sequence that is acquired from 

either end of a eDNA clone. ESTs can be classified as being known, where there is a 

hint of functionality or homology to an existing gene, or novel, where there is no link to 

identification or function. Various data mining tools, such as Digital Differential Display 

(DOD), Digital Gene Expression Displayer (DGED), Serial Analysis of Gene Expression 

(SAGE), and x-profiler, are accessible from the CGAP website to facilitate in data mining 

these sequences (27). By monitoring the electronic expression profile of ESTs, a list of 

genes selectively expressed in certain cancers can be compiled. Hence, efforts were 

undertaken to use computational approaches as the basis for a hypothesis-driven 

gene discovery platform. 

Survey sequencing of mRNA gene products can provide an indirect means of 

generating gene expression fingerprints for cancer cells and their normal counterparts. 

Among the various data mining tools in CGAP, the ODD tool was used to test the 

hypothesis that bioinformatics approaches can be used to discover novel molecular 

targets of organ- and tumor-specificity from the human genome (28). Of .. the genes 
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identified by this method, two were chosen for further analysis. One novel gene, which 

was termed Colon Carcinoma Related Gene (CCRG), demonstrated high specificity to 

colon tumors (29). A known gene, 81M2, was also identified and offered the possibility 

of a novel utility in cancer. An isoform of 81M2, the short form (SIM2-s}, showed 

expression specificity to carcinomas of the colon, pancreas, and prostate (30). CCRG 

was tested in a colon cancer model and SIM2-s was tested in both a colon and 

pancreatic cancer model (31 ,32} to determine if these two genes offered a novel 

diagnostic and therapeutic potential in these cancers. 

In the United States, cancers of the colon and rectum combined (colorectal) are 

the third most common site of new cases and deaths in both men and women. An 

estimated 148,300 new cases and 56,600 deaths are predicted to occur this year (33). 

The progression of colon cancer is characterized by the activation and loss of 

expression in distinct genes (34). This includes the loss of wild type APC gene in early 

adenomas, the activation of Ras in later stage adenomas, and the loss of wild type p53 

and DCC in adenocarcinomas. It is likely that environmental or endogenous 

carcinogens are involved in the accumulation of multiple genetic mutations and the 

promotion of sporadic neoplasias (35). Several forms of colon cancer are also 

determined by genetic predisposition. Defects in cellular proliferation are seen in familial 

adenomatous polyposis, and genetic polymorphisms can affect enzyme activities 

responsible for the metabolism and detoxification of carcinogens (36). CCRG and SIM2-

s may be determinants of one of these molecular mechanisms. 

Pancreatic cancer is an extremely aggressive neoplasm and is the fourth most 

frequent cause of cancer death. This year, the American Cancer Society estimates that 

30,300 people in the United States will be diagnosed with pancreatic cancer, and that 
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29,700 Americans will die from the disease (33). A partial explanation for its 

aggressiveness and resistance to conventional therapies is due to the multiple genetic 

modifications during tumor development and progression. Frequent genetic changes 

include activation of K-ras oncogene (85-95%) and inactivation of.the RB1 (>90%), p53 

(75%), and DPC4 (55%) tumor suppressor genes (37-39). Current success of treatment 

is so limited that most clinical oncologists will welcome any novel therapeutic. Hence, 

the discovery of highly selective genes that may be. potential targets for pancreatic 

cancer therapy, like SIM2-s, would greatly contribute to the efforts in battling this 

disease. 
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Chapter 2 - Cancer Gene Discovery Using 
Digital Differential Display 

Key Question: Can cancer-specific genes be identified 
using computational approaches? 

Specific Aims: 

1. To identify ESTs differentially expressed in six major solid tumor types. 
2. To stratify and validate hits based upon electronic expression levels 

and distinct classes of genes. 
3. To create a database to facilitate target identification for cancer 

diagnostics and therapeutics. 
4. To establish a proof of concept that computational approaches may be 

used to discover cancer-specific targets from both known and unknown 
sequences. 

Part of the results presented in this chapter was published by Scheurle D, 
DeYoung MP, Binninger DM, Page H, Jahanzeb M, and Narayanan R. 
Cancer gene discovery using digital differential display. Cancer Res., 60: 
4037-4043, 2000. 

Results: 

2.1 - Electronic Profiling of Up-Regulated Genes in Solid Tumors 

The foundation of the ODD tool is UniGene (http://www.ncbi.nlm.nih.ggv/UniGene). 

UniGene assigns all the ESTs that meet minimal standards of quality to distinct 
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"clusters," each representing a uniquely expressed gene (40). ODD then compares the 

number of times sequences from different libraries were assigned to a particular 

UniGene cluster. Using this tool, "virtual gene expression profiling" can be performed 

prior to wet lab-based expression analysis. A representative output is shown in Figure 1 . 

A B Gene Gene Fold 
colon 

tumors 
all others index Descriptl on 

0.00241 0.00008 Hs.26640 cia ud In 3 (CLDN3) 30 

• (up regulated) 
A>B B<A 

0.00006 0.00283 Hs.75792 hemoglobin, alpha 1 47 • (HBA1) (down 
A>B B<A regulated) 

0.00000 0.000156 Hs.118643 creatine kinase, 
muscle (CKM) -

A>B B<A 
o.oomw 0.00000 Hs.1545 caudal type homeo box 

transcription factor 1 + 
A>B B<A (CDX1) 

0.00031 0.00000 Hs.75792 ESTs + 
A>B B<.A 

Figure 1. Representative DOD output. Columns labeled with letters represent their 

respective pool (i.e., column "A"= "Pool A"), and will contain at least part of the name. Each row 

represents a UniGene cluster: the column marked "Gene Index" refers to the numerical id of the 

UniGene cluster while "Gene Description" contains the name of the cluster. "Fold" indicates fold 

change difference of that cluster between both pools. The numerical value in each box is the 

fraction of sequences within the pool that mapped to the UniGene cluster shown. The dot is 

merely a visual aid that reflects the numerical values. If any pool participates in a statistically 

significant pairwise comparison with another pool, the relationship is indicated. For example, in 

the first row, first column, "A> B" indicates that the greater amount of sequences found in Pool A 

versus Pool B for the gene claudin 3 is statistically Significant. Note that certain fold changes are 

represented as"+" and"-". These types of fold changes are absolute differences. For example, 

the EST shown here is solely present in Pool A, and this absolute difference is also statistically 

significant. 
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The EST libraries representing each of the organ types used in the DDD protocol were 

chosen from the CGAP database library browser (b.llir//g,.gqQ.nci.nih.gov!). The content 

of each of the libraries used was verified by comparing against the UniGene database. 

The DDD was performed by · taking all the libraries representing six solid tumor types 

(breast, colon, lung, ovary, pancreas, and prostate) and digitally comparing them against 

either their corresponding normal tissue-derived libraries (DDD2) or all the other libraries 

plus the corresponding normals in the database (DDD1 ). Pre-tumor libraries were not 

included in all the other libraries and were analyzed separately (DDD3 and DD04). 

Comparing the tumor libraries either with all of the other libraries including 'the 

corresponding normal (DDD1) or with the corresponding normal only (DDD2) resulted in 

the identification of over 600 ESTs (28). These hits were subdivided into known and 

novel ESTs. Approximately ten percent of the hits showed varying levels of similarity 

(weak, moderate, and high) to a/u-containing repeat sequences and were not analyzed 

further. 

An interesting pattern emerged from the known ESTs that were identified. The 

majority of the known ESTs could be classified into distinct classes of genes. These 

included ribosomal proteins, enzymes, cell surface receptors, binding proteins, secretory 

proteins, cell adhesion molecules, and immunoglobulins. Over 80 genes were found to 

be up-regulated with > 1 O-f old differences in comparison to normal and all other organs 

(28). Ribosomal proteins were found to be up-regulated in breast and prostate 

carcinoma-derived libraries, but not in the other four solid tumor-derived libraries. 

Several known hits for select organ types, including prostate-specific antigen and 

prostatic acid phosphatase for prostate, several pancreatic enzymes for pancreas, 

tryptophan hydroxylase and DOPA decarboxylase in the lung, and mammaglobin in 
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breast were identified by the DDD protocol. The DDD also identified mucin-related 

proteins in the colon and folate receptor in ovary carcinoma-derived EST libraries. The 

majority of these up-regulated genes were identified using both DDD1 and DDD2 

protocols. 

2.2 - Electronic Profiling of Down-Regulated Genes in Solid 
Tumors 

Using the same DDD protocols (DDD1 and DDD2), a list of genes that are down

regulated by > 1 0-fold was also compiled (28). The majority of these down-regulated 

genes were discovered by the DDD2 protocol (Tumor vs. Normal). Similar to the above 

results, distinct members of ribosomal proteins, enzymes, cell surface receptors, binding 

proteins, secretory proteins, cell adhesion molecules, and immunoglobulins were 

discovered to be selectively down-regulated in a organ- and tumor type-dependent 

manner (n=34). A complete listing of all the differentially expressed genes (>5-fold) with 

their E-Northern (sources of cDNAs) data and cytogenetic map position can be 

accessed from http ://www.fqu.edu/cmbb/publ i~.~tigns/cancergE2.[1es.htm. 

2.3 - Electronic Prediction of Tumor-Selective Genes by DOD 

In addition to these hits, a list of known genes that are predicted to be either present or 

absent in the tumor types (plus/minus differences) was also compiled (28). Fourteen 

genes were found to be present exclusively in the select solid tumor-derived libraries. 

These included mammaglobin in breast, androgen receptor in prostate, gamma glutamyl 

transferase in lung, and neurotensin receptor in pancreas. Sixteen genes were found to 

be selectively absent in the solid tumors analyzed. These included seminogelin- 1 in the 

prostate, apolipoprotein D in the breast, and islet ameloid polypeptide in the pancreas. 

Twelve hits predicted to be either up- or down-regulated in colon tumors were analyzed 
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by AT -PCR for validation of electronically-predicted expression using cON As from a 

matched set of normal and tumor colon tissues (28). Three out of the twelve showed the 

expected specificity of expression. Creatine kinase expression was detected in the 

normal but not the tumor colon-derived cONAs. In contrast, guanylate cyclase and ETS 

variant gene were expressed in the same tumor, but not in the normal colon-derived 

cDNAs. 

These results using known genes served as a positive control and suggest the 

potential utility of the ODD protocol to rapidly identify tumor selective genes. The above 

ODD approach also resulted in the identification of differentially expressed novel ESTs. 

The vast majority of these ESTs were present in an organ- and tumor type-dependent 

manner. Based on the proposed hypothesis that bioinformatics approaches can be 

used to identify novel molecular targets of high organ and tumor selectivity, novel ESTs 

found to be up-regulated in colon tumor libraries were subjected to further filtering due to 

the fact that genes up-regulated in highly proliferative cancer cells are ideal targets to 

inhibit using drugs (41 ). This group of ESTs were chosen because of the well-defined 

molecular understanding of colon cancer progression (42), and because many tissue

derived cDNAs from various stages of colon cancer were readily available for expression 

analysis. Sixty-three novel colon tumor-specific ESTs fit this profile, and based on their 

E-Northern data, twenty-four ESTs were derived solely from CGAP colon tumor libraries. 

Further filtering of these twenty-four ESTs was done based on the ability of these ESTs 

to encode a functional motif. Deriving a putative function from a novel sequence 

ensures the possibility that the obtain~d EST .sequence encompasses the coding region 

of a gene. Many ESTs are usually rather small in length (<500bp). To overcome this 

obstacle, The Institute for Genomic Research (TIGR) Gene Indices Index 
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(http://www.tigr.org/tdb/tg_i/bgjL), was used. · This database contains thousands of 

Tentative Human Consensus (THC) sequences that have been assembled into contigs 

or "virtual transcripts" by connecting adjoining sequences found in the database to an 

original EST. These THCs were then converted into six open reading frames and 

compared against the PROSITE protein families and domains database in ExPASy 

(http://us.exQasy_.org/) for identification of a recognizable signature or motif. Commonly 

present motifs which have a high probability of occurrence (phosphorylation sites, 

glycosylation sites, N~myristoylation sites, etc.) were removed from the search options. 

Using these approaches, seventeen ESTs were identified as having putative motifs with 

predictable functionalities (Table 1 ). PCR primers were designed for these ESTs using 

their THC sequences, and further expression validation was carried out by RT-PCR 

using tissue-derived normal colon and tumor cDNAs. Of the seventeen novel 

sequences identified, two ESTs demonstrated expression that was consistent with the 

DOD prediction (upregulation in tumors). The remaining ESTs were either expressed in 

both cDNAs or were completely negative for expression. The two tumor-specific ESTs 

were then subjected to further analysis to test the hypothesis-driven gene discovery 

platform and establish the reliability of using computational approaches in rapid 

discovery of potential diagnostic and therapeutic targets. 
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Table 1: 0001 (Tumor vs. Normal and all others) and 0002 (T vs. N) of Colon 
Libraries: Up-regulated Novel Genes in Colon Tumors (> 5-fold) 

Ribosomal protein L 11 [RKN]-x-[LIVM]-x-G-[ST]-x(2)-[S 
signature [LIVM]-G-x(2)-[LIVM]- x(O, 1 HDENG 

ATP synthase alpha enzyme P-[SAP]-[LIV]-[DNH]-x(3)-S-x-S 
and beta subunits 

105081 . ~nzyme 718 

105422 569 

105470 attachment/ {DERK}(6)-[LIVMFW ](2)- 577 
adhesion [LIVMFYSTAGCQ]-[AGS]-C* 

P-11 protein C-terminal Y -[KR]-G-[AS]-[AE]-Y 
region sig. 

Prenyl group binding binding C-{DENQ}-[LIVM]-x 
site 

105834 Prok. membrane attachment/ 526 
attachment site adhesion 

Thiolases acyl-enzyme enzyme N-x(2)-G-G-x-[LIVM]-[SA]-x-G-H-P-
int. 

115959 ent/ 
adhesion 

124652 Nickel-dependent enzyme R-G-[LIVMF]- -x- 567 
hydrogenases C-G-[LIVM]-C 

Chloramphenicol enzyme Q-[LIV]-H-H-[SA]-x(2)-D-G-[FY]-H 
sferase site 

124662 protein L22 ribosomal [RKQN]-x( 4 )-[RH]-[GAS]-x-G- 533 
signature protein [KRQS]-x(9)-[HDN]-[LIVM]-x-

enzyme [LIVMS]-x-[LIVM] 

Histidine acid [LIVM]-x(2)-[LIVMA]-x(2)-[LIVM]-x-R-
phosphatases sig. 1 H-[GN]-x-R-x-[PAS] 

recA signature A-L-[KR]-[IF]-[FY]-[ST A]-[ST AD]-

126566 brane attachment/ 545 
attachment site adhesion 
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132545 

143949 'helix-loop-
helix' DNA-binding site 

Proline-rich region 

1455 

145661 

146186 

Bipartite nuclear 

146267 Serine proteases, 
trypsin family, histidine 

active site 

Serine proteases, 
trypsin family, serine 

active site 

Prok. membrane 

178670 

Ets-domain signature 2 

secreted 
enzyme 

enzyme 

555 

[DENSTAP]-[KR]-[LIVMAGSNT]- 517 
{ FYW CPHKR}-[LIVMT]-[LIVM]- x(2)
[STAV]-[LIVMSTACKR]-x-[VMFYH]-

[LIVMT A]-{P}-{P}- [LIVMRKHQ 

[STALIMR]-[GSACPNV]-[STACP]-
x(2)-[DENF]-[AP]-x(2)-[IY] 

[FWV]-x(0,1 )-[LIVM]-D-P-[LIVMJ-0-
[SG]-[ST]-x(2)-[FY]-x- [HKRNSTY 

enzyme [LIVMC]-x-[Y 1,2)-(LFT]- 537 
x(2)-G-x(3)-[DE]- [STAEQK]-[STAN] 

567 

enzyme [LIVM]-[ST]-A-[STAG]-H-C 1.3kb 

enzyme [DNSTAGC]-[GSTAPIMVQH]-x(2)-
G-[DE]-S-G-[GS]-[SAPHV]-

[LIVMFYWH]-[LIVMFYSTANQH] 

attachment/ {DERK}(6)-[LIVMFWST AG}(2)-

[LV] F}-Y- 457 
[LIVMFY](2)-x(2)-[QEKHL]-

[LIVMGT]-x-[LIVMFY] 

binding [RKH]-x(2)-M-x-Y -[DENQ]-x-[LIVM]-
-x-Y 
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Chapter 3 - Discovery and Characterization 
of CCRG 

Key Question: Can bioinformatics be used to discover a 
novel gene with a high level of selectivity 
to organ- and tumor-type? 

Specific Aims: 

1. To validate the electronic expression prediction via RT-PCR using an 
extensive eDNA repository. 

2. To clone and characterize the CCRG gene. 
3. To monitor CCRG protein expression by immunohistochemistry using 

patient-derived tissue specimens. 
4. To establish a functional genomics model for future studies. 

The results presented in this chapter were published by DeYoung MP, 
Damania · H, Scheurle D, Zylberberg C, and Narayanan R . . Bioinformatics 
based discovery of a novel factor with apparent specificity to colon cancer. 
In Vivo, 16: 239-248, 2002. 

Results: 

3.1 - Bioinformatics Identification of CCRG-Specific ESTs 

Based on validation of colon tumor expression specificity, one such EST, represented by 

UniGene cluster Hs. 105470, was chosen for further analysis. Preliminary RT-PCR 

analysis of a representative matched set of colon tumor and normal colon tissue-derived 
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cDNAs showed that the EST was expressed in the tumor tissue (Figure 2A). The 

primers chosen were exon-specific since in the genomic DNA from normal human 

peripheral blood lymphocytes (PBL), a higher molecular weight PCA product was seen. 

No product was seen in the absence of AT, demonstrating that the PCA product 

detected was AT -dependent. This UniGene had three different ESTs as a part of the 

UniGene cluster (AA524300, Al732383, & A1732336), although originally five different 

ESTs were part of the same UniGene (AA524300, Al732383, Al732336, AA515389, & 

AA70296), due to the dynamic nature of UniGene clustering. The SAGE tag 

(ACAGT AA TGA) identified for this UniGene was also found in colon and gastric 

adenocarcinoma-derived libraries (http://www.nc;:bi .. nlm.nih.gov/SAGE/). The TIGA Gene 

Indices Index had a Tentative Human Consensus sequence (THC342146) which 

comprised all of the five different ESTs shown above with the longest EST being 

AA524300. EST AA524300 was screened against the National Center for Biotechnology 

Information (NCBI) database using the BLASTtool (httg://www.ncbi.nlm.nih.qov/BLAST) 

for Alu, vector, and bacterial contamination and was found to have no matches. There 

were significant matches against mouse and rat ESTs, all of them from colon-derived 

libraries, however, no sequence existed in the known human gene database. Additional 

searches using other expressed sequence databases were performed to see if the EST 

was expressed in other normal tissue cDNA.Iibraries. An in situ BLAST library-specific 

search at TigemNet (b!!Q://www .tig~m . i!) revealed that this EST was not present in any 

normal colon library. In addition, no match was detected against the Bodymap 

(http.J&.q,Qy_map. imli,u-tokyo.ac.jp) normal library collections. Comparison against the 

Genemap (http://www.ncbi.f11m.nih.gov/ger:remJW.) suggested that the EST is located on 

chromosome 3q 13.1 . The translated sequence for this EST, when compared against 
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the PROSITE protein families and domains database of ExPASy, showed that this EST 

encodes a putative signal peptide, prokaryotic lipid binding sites, and a prenyl group 

binding site. 

A. ~ .,..: ...,: <( 

!;( a: a: z 
+ • 0 

C) ..,:,. 
w ..--. .--. CD z T N T N Q. 

B. 
d C1 C4 C5 C6 C7 C9 C10 C11 C15 C16 C17 C21 C23 C25 C27 

bp M~PN~n~n-n.-@~ f1f1f1 PNf1f1~ 
600 
500 
400 

200 

100 

= - - ·- ' . - CCRG 

ACTIN 

Figure 2. Putative colon tumor specificity of the CCRG gene. AT-PCA analysis of one 

matched set of colon tumor and normal tissue cDNAs synthesized with or without AT (panel A), 

matched sets of patient-derived colon tumor and normal tissue cDNAs (panel B). AT, reverse 

transcriptase; PBL, peripheral blood lymphocytes; Negative, template minus PCA control. 

(DeYoung MP, et. at. In Vivo, 16:239-248, 2002.) 
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3.2 - Expression Specificity of CCRG in Colon Tumors 

Using an expanded panel of matched sets of normal and tumor cDNAs, upregulation of 

the EST's expression was seen in over half of the samples analyzed (Figure 28). Ten 

out of fifteen normal colon tissues were completely negative for EST expression. In two 

normal colon cDNAs, CCRG expression was detected but not in their corresponding 

tumor tissues. Among 15 different normal tissues, the expression of this EST was seen 

only in the small intestine-derived eDNA (Figure 3A). Analysis of fetal tissue-derived 

cDNAs showed developmental expression in the fetal brain, kidney and lung (Figure 38). 

cDNAs from matched sets of tumor and normal tissues of breast, lung, ovary, pancreas 

and prostate were negative for this EST's expression (Figure 3C), suggesting that EST 

AA524300 is selectively up-regulated in colon tumors, but not in other major solid 

tumors. The EST expression was detected in cDNAs from cell lines of colon carcinomas, 

but not in the cell lines of breast, lung, ovary, pancreas or prostate carcinomas. This 

EST was also detected in 3/3 adenomas and 3/3 carcinomas of colon, but not in the 

polyp (Figure 30), which suggests that the putative gene encoded by this EST may be 

activated during early stages of colon cancer. To validate these findings and establish a 

rationale for bioinformatics-based gene discovery, efforts were undertaken to clone the 

putative gene which was later termed Colon Carcinoma Related Gene (CCRG). 
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Figure 3. Expression selectivity of CCRG in various tissues. RT -PCR analysis of 

cDNAs using the multiple normal tissue eDNA panel from Clontech (panel A), fetal tissue-derived 

cDNAs (panel B), matched sets of cDNAs from tumor and normal tissues of breast, lung, ovary, 

pancreas, and prostate (panel C), and cDNAs from normal colon, polyp (P), duodenal adenoma 

(DA), colon adenomas (CA), and carcinomas (panel D). Actin PCR was performed on all the 

cDNAs to ensure their quality. Negative, template minus PCR control. (DeYoung MP, et. a/. In 

Vivo, 16:239-248, 2002.) 
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3.3 - Characterization of the CCRG Gene 

Four clones were chosen for sequence validation. Of these, only the clone termed G6 

contained a complete open reading frame with a signal peptide sequence, a 

polyadenylation site, and a poly A tail. The G6 clone had an insert size of approximately 

800 base pairs (bp). This clone was inferred to be the full-length clone and was 

subjected to bioinformatics approaches to identify motifs and homology to known 

proteins. The entire eDNA sequence has been deposited in Genbank under accession# 

AF323921. The putative open reading frame (ORF), which encodes 111 amino acids, is 

shown in Figure 4A. Using several proteomics tools found in ExPASy 

(http://www.expasv.ch), the predicted molecular weight of the ORF of CCRG is 9.4 kD, 

and its theoretical pi is 7.6. The C-terminus has a unique cysteine-rich motif, shown in 

Figure 48. 

A. 
Met G P S S C L L L I L I P L L Q L I N P G S T Q C S L D S V M D K K I K D V L 
N SL E Y S PS PIS KKLSCAS V KSQG R PSS C PAG MAVTG CA 
CGYGCGSWDVQLETTCHCQCSVVDWTTARCCHLTS~p 

B. 
1CX11;2CX8;3CX1;4CX3;5CX10;6CX1;7CX1;8CX9;9C10C 

Figure 4. Bioinformatics of the CCRG gene. The amino acid sequence of CCRG is shown 

(panel A). The signal peptide sequence is underlined, and the putative signal peptidase cleavage 

site is in bold italics. In panel B, the cysteine-rich motif is shown. (DeYoung MP, et. a/. In Vivo, 16: 

239-248, 2002.) 
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The ORF included a 30 aa signal peptide sequence MGPSSCLLLILIPLLQLIN 

PGSTQCSLDSV (signaiP prediction, ExPASy) with the peptidase cleavage site 

predicted to be GST-QC (Figure 5A). Northern blot analysis of pooled multiple tissue 

human mRNAs revealed that CCRG transcripts are detected in normal colon and small 

intestine (figure 58). A predominant(- 0.8kb) species and two minor species (-1.4 and 

2.2 kb ) were seen. The smear in the kidney is probably an artifact since reprobing of 

the same blot with either actin or an independent gene did show intact mANA 

transcripts. Bacterially expressed recombinant CCRG protein by PAGE analysis 

showed a single species of approximately 10.5 kD under reducing conditions, whereas 

under nonreducing conditions, it migrated as a multimer (Figure 5C). The recombinant 

CCRG protein was also detected by Western blot using a polyclonal antibody raised 

against a CCRG-specific peptide and was competed by excess peptide (Figure 50). 

The specificity of expression of the CCRG protein was monitored by 

immunohistochemical (IHC) analysis. Paraffin sections of matched tumor and normal 

colon were tested for CCRG expression (Figure 6). Significantly elevated immune 

reactivity was detected in the colon tumors compared with the normal tissues (panel A). 

Proliferative epithelium showed elevated antigen staining in comparison to non

proliferative epithelium. In the normal colon, the crypt cells showed a light staining. The 

immune reactivity to CCRG was seen with two different peptide-raised antibodies and 

were competable with excess peptides. CCRG antigen staining was also detected in 

RKO and SW480 colon carcinoma cell lines, but not in MDA231 breast carcinoma cells, 

which did not show expression of the gene by RT -PCR. Elevated CCRG antigen 

staining was also detected in early adenomas in comparison with the surrounding 

normal colon from the same patienqFigure 68). 
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Figure 5. Characterization of CCRG. SignaiP prediction of CCAG putative signal peptide 

cleavage site (panel A). C- and Y-scorevalues are highest at position +1 of the protein, whereas 

the S-score is high before the cleavage site and low thereafter. C-score, raw cleavage site score; 

Y-score, combined cleavage site score; S-score, signal peptide score. Cleavage site predicted to 

be GST -QC. In panel 8, analysis of pooled human multiple tissue mANA Northern blot is 

shown tor CCAG expression. Actin probe was used to demonstrate equal loading of ANAs. The 

smear In the kidney lane is an artifact as reprobing of the same blot with other genes showed 

distinct mANA sizes .. Panel C shows SDS-PAGE analysis of CCAG with or without reducing 

agent. OTT, dithiotreitol; ML, low molecular weight marker; MH. high molecular weight marker. 

Western blot detects CCRG protein using an antibody raised against a CCRG-specific peptide 

(panel D). Specificity was validated by excess peptide competition. +1-, with/without peptide. 

(DeYoung MP, et. a/. In Vivo, 16:239-248, 2002.) 
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Figure 6. Detection of CCRG in paraffin sections of colon tumors. Matched sections 

of tumor and normal colon (panel A) and a matched section of adenoma and normal colon as well 

as independent sections of small intestine and normal ileum (panel B) were analyzed by 

immunohistochemistry using CCRG-specific polyclonal antibodies. CT, colon tumor. CN, colon 

normal, CE, colon adenoma. CEN, surrounding normal colon from the adenoma. All sections 

were counterstained with hematoxylin. Magnification, X 360. (DeYoung MP, et. a/. In Vivo, 16: 

239-248, 2002.) 
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This result was consistent with the RT-PCR analysis of the same adenomas. The 

elevated reactivity of CCRG antigen was also seen in ten independent patient-derived 

colon tumors, in comparison to the corresponding normal colonic epithelial specimens 

from the same patients. Independent sections of normal small intestine and ileum 

showed low levels of antigen staining in the proliferative epithelium (Figure 66). 

To explore the functional genomics of CCRG and to demonstrate the secreted 

nature of the CCRG protein, the bioactivity of supernatants from COS-7 cells transfected 

with either a CCRG expression vector or with an empty vector were analyzed using RKO 

colon carcinoma cells. The supplementation of conditioned medium from CCRG 

transfectants, but not from empty vector transfectants, stimulated proliferation of colon 

cancer cells approximately two-fold (Figure 7). Heat inactivated conditioned medium 

had no effect on proliferation. 

The discovery of CCRG validates the use of bioinformatics approaches in 

discovering novel genes of high tumor specificity. CCRG contains a novel cysteine-rich 

motif and a signal peptide sequence, suggesting that this protein belongs to a new class 

of growth factors. Because of its high specificity to colon tumors, CCRG may be 

important in the diagnosis and treatment of colon cancers. 
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Figure 7. Growth factor nature of the CCRG protein. COS-7 cells were transfected with 

either CCRG or empty vector. Forty eight hours later, the medium was changed to serum free 

medium. The conditioned medium was collected after 18 hours and concentrated by Amicon 

filtration (1 0 kD cut off). Varying amounts of the concentrated conditioned medium were added to 

RKO colon carcinoma cells and growth was measured at thirty-six hours by BrdU assay. Heat 

inactivated conditioned medium was used as a control. A representative experiment (one of 

three) using 10% conditioned medium is shown. (DeYoung MP, et. a/. In Vivo, 16: 239-248, 

2002.) 

27 



Chapter 4 - Prediction and Validation of 
SIM2-s Cancer Specificity 

Key Question: Can a new cancer utility be predicted 
using bioinformatics· for a known 
disease-associated gene? 

Specific Aims: 

1. To validate SIM2-s isoform-specific expression in select solid tumors 
via RT -PCR using an extensive eDNA repository. 

2. To establish SIM2-s diagnostic utility by IHC using a large collection of 
paraffin-embedded tissues. 

3. To test the putative DNA-binding capabilities of SIM2-s. 

Part of the results presented in this chapter was published by DeYoung 
MP, Scheurle D, Damania H, Zylberberg C, . and Narayanan R. Down's 
Syndrome-associated Single Minded Gene as a novel tumor marker. 
Anticancer Res., 22: 3149-3158, 2002, and DeYoung MP, Tress M, and 
Narayanan R. Identification of a Down's syndrome critical locus gene SIM2-
s as a drug therapy target for solid tumors. Proc. Natl. Acad. Sci. U.S.A., 
100:4760-4765, 2003. 

Results: 

4.1 - Specificity of SIM2-s in Solid Tumors 

Another EST, which belonged to UniGene cluster Hs. 146186, was also chosen for 

further study. Using the largest EST. of thisUniGene (AI262017), which spanned the 

28 



entire length of the cluster, a homology search was performed against the known gene 

database of NCBI. This particular EST was matched to the DNA sequence of the 

human Single Minded 2 gene (SIM2) on chromosome 21q22.2 within the Down 

Syndrome Critical Region (DSCR) locus (43). The NCBI Map Viewer tool 

(http://www.nc_Qinib.:.9,ov/m9.Qview/maQ_.search.ggl) showed that the entire UniGene 

cluster spanned the intronic sequence between exons 2 and 3 of SIM2, possibly due to 

genomic contamination of the constructed eDNA libraries. To date, this UniGene cluster 

has not been retired nor has it been grouped with another UniGene representing a 

known gene. Rationalizing that SIM2, although already linked to Down Syndrome, may 

have a new utility in cancer and possibly link the two diseases together, axon-specific 

primers were designed for AT -PCR analysis. 

The SIM2 gene exists in two distinct forms, the long and short form (SIM2-I and 

SIM2-s) due to alternative splicing (44). The two forms of the SIM2 gene are identical at 

the 5' end but vary uniquely at the 3' end of the molecule due to alternative splicing. 

Three separate primers were designed: one set which amplified a region in SIM2 

common to both forms, one set to discriminate the long form uniquely, and one for the 

short form. Using a matched set of colon normal and tumor tissues, the common PCR 

primer pair detected a tumor-specific product. The SIM2-s specific primer pair detected a 

unique tumor-specific product (form 1), which was not seen when the SIM-I specific 

primer pair was used (Figure 8). When the above products were analyzed by southern 

blot hybridization using an internal oligonucleotide specific to SIM2-s, only the specific 

SIM2-s-amplified product showed hybridization, demonstrating that the AT-product was 

SIM2-s. cDNAs made without AT were negative for SIM2-s, demonstrating RNA-derived 

amplification. 
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Figure 8. Specificity of SIM2-s expression in colon tumors. Matched sets of normal and 

tumor colon-derived cDNAs were analyzed for SIM2-s and SIM2-I (common), SIM2-s (1), SIM2-I 

(II), or Actin, and the PCR products were analyzed by Southern blot using a SIM2-s specific 

internal oligonucleotide probe (see Materials and Methods). Neg, template minus control; M, 100 

bp ladder. (DeYoung MP, et. a/. Anticancer Res., 22:3149-3158, 2002.). 

RT -PCR analysis of a representative panel of cDNAs derived from matched sets 

of tumor and normal tissues from breast, colon, lung, ovary, pancreas, and prostate 

carcinomas was performed. This panel has been previously validated for genes that 

serve as positive controls specific to each cancer type. The SIM2-s-specific RT-PCR 

products were seen only in the colon, pancreas, and prostate tumor-derived cDNAs, but 

not in the corresponding normal tissues (Figure 9A). These results were confirmed by 

the use of independent sets of cDNAs from multiple patients. SIM1, on the other hand, 

was not expressed in the colon and prostate tumors and no difference in expression was 

seen in normal and tumor pancreas-derived cDNAs (30}. Using Clontech pooled normal 

tissue cDNAs, SIM2-s expression was seen only in kidney- and tonsil-derived cDNAs 
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(Figure 9B). In fetal tissues, SIM2-s was expressed in heart, kidney, and skeletal 

muscle, consistent with the developmental expression of SIM2-s (44) (Figure 9C), 

whereas distinct parts of normal adult colon (pooled tissues) were negative (Figure 90). 

SIM2-s expression was seen in independent colon tumors from fourteen different 

patients (14/14), but not in their corresponding matched normal colon tissue cDNAs. 

The authenticity of the SIM2-s specific RT-PCR products was verified by hybridization to 

a SIM2-s specific internal oligonucleotide probe (Figure 9E). Normal colon-derived 

cDNAs from unmatched pooled tissues were also negative for SIM2-s expression. 

Stage-specific expression of SIM2-s was seen in early adenomas and carcinomas 

(Figure 9F). The polyp was a retrospective sample from a colon cancer patient and was 

positive for SIM2-s expression. SIM2-s was found to be expressed in diverse colon 

(n=4), prostate (n=3), and pancreas (n=4) derived cell lines, but not in cell lines derived 

from breast (n=4), ovary (n=4), or lung (n=4). These results suggested that SIM2-s is 

activated in select solid tumors, and that in the colon tumors, it is activated at an early 

stage. 

To explore if SIM2-s expression levels varied dependent upon the stage of colon 

cancer, stage-specific expression was monitored by quantitative Real-time RT-PCR. 

Analysis of a matched colon adenoma/normal set (CE-2/CN-2), carcinomas (CT-6, CT-

15) with normal colons from the same patients (CN-6/CN-15), and an independent polyp 

sample showed variations in SIM2-s stage-dependent expression levels 

(tumor>adenoma>polyp>normal) (Figure 10A). Analysis of a serial dilution of a colon 

tumor eDNA (CT-6) showed that two-fold differences in SIM2-s mANA levels can be 

discriminated by this method (Figure 108). 
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Figure 9. Expression profile of SIM2-s. Random primed cDNAs were analyzed by AT -PC A. 

(Panel A) Tumor (T) and Normal (N) tissues (matched) from breast, colon, lung, ovary, pancreas, 

and prostate carcinomas; (Panel B) Clontech pooled multiple normal tissue panel; (Panel C) 

Clontech fetal tissue panel; (Panel D) Clontech digestive tissue panel; (Panel E) matched tumor 

and normal tissues from fourteen independent colon carcinoma patients; and (Panel F) cDNAs 

from normal colon, polyp (P), duodenal adenoma (DA), colon adenoma (CA), and tumors were 

analyzed for SIM2-s and Actin expression. PCR products in panels E and F were hybridized with 

an internal oligomer probe (see Materials and Methods). *, matched tissues from the same 

patient; M, 100 bp ladder; negative, template minus PCR control; positive, colon tumor eDNA;

AT, reverse transcriptase minus control. One representative experiment from 3 independent 

experiments is shown. (DeYoung MP, et. a/. Proc. Natl. Acad. Sci. U.S.A., 100: 4760-4765, 

2003). 
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Figure 10. Real-time quantitative RT-PCR of SIM2-s in solid tumors. Panel A: 

matched samples of colon tumor and normal (CT-6, CN-6 and CT-15, CN-15), adenoma (CE-2, 

CN-2) and a polyp, CP-1; and (panel B) two-fold serial dilution (undiluted, 0.5 and 0.25 fold) of 

colon tumor-derived eDNA (CT-6) and undiluted eDNA from normal colon were analyzed by Real

time RT-PCR for SIM2-s expression. Insert in panel B shows linear regression analysis (r = -
0.96). (DeYoung MP, et. at. Anticancer Res., 22:3149-3158, 2002.). 
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4.2 - Diagnostic Implications of SIM2-s in Cancer 

A preliminary investigation of SIM2~s expression at the protein level was undertaken 

using a polyclonal antibody raised against a SIM2-s specific peptide (30). Elevated 

expression was seen in archival paraffin sections of colon adenoma (CE-2) and 

carcinoma (CT-6) by IHC when compared to normal adjacent specimens (CN-2 and -6) 

from the same individuals (Figure 11 ). Real-time RT -PCR analysis of RNAs from these 

tissues showed a higher level of SIM2-s expression in the tumor than in the adenoma 

(31 ). Both normals were negative for SIM2-s expression. 

Encouraged by these findings, further studies were done to determine SIM2-s 

diagnostic utility with independent tumor, normal, and early stage paraffin-embedded 

sections of the colon, pancreas, and prostate (Table 2). The majority of tumors analyzed 

stained positive. In colon specimens, early stage adenomas (13/13) also showed SIM2-s 

immunoreactivity. Correlation of SIM2-s expression between IHC and RT-PCR was 

seen in some of the colon-derived samples. In prostate-related samples, SIM2-s 

specific immunoreactivity was detected in almost all tumors of various Gleason scores 

(25/26) and in prostatic intraepithelial neoplasia (PIN) (3/6), but not in most stromal 

hyperplasia (1/21 ). Interestingly, in the benign prostatic hyperplasia (BPH) samples, 

some of the sections (20/36) showed positive staining. A subset of these retrospective 

BPH samples (6/6) which were matched with tumor specimens obtained from the same 

patient was positive for SIM2-s expression, suggesting the possibility of SIM2-s 

activation in these patients at the level of BPH. The remaining 14 BPH samples are of 

recent origin and no tumor sections are available as of yet. BPH from other cancer 

types (testicular carcinoma of the bladder and intestinal cancer) were positive, whereas 
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from five other cancer types (leukemia, bladder, pancreas, liver and lung small cell 

carcinoma) were negative. 

CE-2 CN-2 

Figure 11. SIM2-s protein expression in colon tumors. Matched specimens of adenoma 

(CE-2) and corresponding normal (CN-2) and carcinoma (CT-6) and corresponding normal (CN-

6) tissues were analyzed by IHC using a SIM2-s-specific affinity-purified polyclonal antibody. All 

sections were counterstained with hematoxylin. Magnification, X 360. (DeYoung MP, et. at. Proc. 

Natl. Acad. Sci. U.S.A., 100:4760-4765, 2003). 
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TABLE 2: SIM2-s Expression Profiling in Solid Tumors 

Samples IHC RT-PCR 

Colon (N=63) 

Normal 0/26 (a) 0/14 * 
Adenomas 13/13 (b) 3/3 

Tumors 24/24 (c) 14/14 * 

Pancreas (N=24) 

Normal 0/8 0/2 

Adenomas 2/2 

Carcinomas 14/14 2/2 

Prostate (N=111) 

BPH (N=36) 20/36 

BPH + PIN (N=3) 0/3 

PIN (N=6) 3/6 

Stromal Hyperplasia (N=21) 1/21 

Normal (N=13) 1/13 

Tumors (N=26) 25/26 

BPH matched to tumors (N=6) 6/6 

BPH from other cancers (N=7) 2/7 (d, e) 

Notes: * Matched normal sets; (a) 8 normal colon samples correlated with RT-PCR; (b) 3 

adenomas correlated with RT-PCR; (c) 9 colon tumors correlated with RT-PCR; (d) BPH from 

TCC bladder cancer and intestinal cancer patient were positive; (e) BPH from leukemia, bladder, 

pancreas, liver and lung (SCC) were negative. (DeYoung MP, et. al. Anticancer Res., 22: 3149-

3158, 2002.). 
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A preliminary scoring system was established to help evaluate the differences in 

the level of SIM2-s expression. The level of expression in different tumors varied from 

1 + to 3+ (Table 3). In the colon, 10/13 adenomas and 14/24 carcinomas showed high 

expression (3+); in pancreatic carcinomas, 12/14 showed a high expression level (3+), 

and in the prostate carcinomas, 15/36 BPH samples and 18/26 carcinomas expressed 

high levels (3+) of SIM2-s. Normal tissues had very little background staining, consistent 

with the specificity of expression of the SIM2-s gene seen originally by RT -PCR. 

Table 3: Expression Levels of SIM2-s in Solid Tumors by IHC 

SIM2-s scores 

Samples 0 1+ 2+ 3+ 
Colon 
adenoma (13) 0 1 2 10 
carcinoma (24) 0 2 8 14 

Pancreas 
adenoma (2) 0 0 0 2 
carcinoma ( 14) 0 0 2 12 

Prostate 
BPH (36) 16 0 5 15 
PIN (6) 3 0 1 2 
carcinoma (26) 1 3 4 18 

Arbitrary scoring system: 0 for no staining; 1 +for staining of more than 10% of tumor cells; 

2+ tor staining of more than 25% of tumor cells; and 3+ for staining of more than 50% 

of tumor cells. (DeYoung MP, et. at. Anticancer Res., 22:3149-3158, 2002.). 

4.3 - Biochemical Function of SIM2-s 

SIM2-s belongs to a family of transcription factors containing a basic helix-loop-helix 

(bHLH) motif, two PAS (PERIARNT/SIM) domains and the HST (HIF1 alpha/SIMITRH) 

domain (45-47). These particular domains are essential for the formation of 

heterodimers with other family members in binding to DNA and transactivating gene 
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expression (48). SIM2-s predominantly forms a heterodimer with the Aryl Hydrocarbon 

Nuclear Translocator (ARNT) protein (48,49). To monitor SIM2-s putative binding 

activity, electrophoretic mobility shift assays (EMSA) experiments were done using 

recombinant SIM2-s protein and RKO colon carcinoma cell line cytoplasmic and nuclear 

extracts. A consensus DNA binding sequence, 5'-GTACGTG-3', derived from several 

previous working models, was used (48-50). SIM2-s pure protein bound to the 

radiolabeled probe, producing a major and minor complex which were both competed in 

a dose-dependent manner (Figure 12). The use of a nonspecific competitor had no 

effect on SIM2-s binding activity. Specific competition also occurred using RKO cell 

extracts. The binding activity of SIM2-s in RKO was weakened upon the addition of a 

supershifting antibody (Figure 13). ARNT supershifting antibody also weakened the 

· activity of the complex. When RKO nuclear extracts were treated with deoxycholate 

(51), dissociation of the SIM2-s heterodimer caused binding activity to be weakened to 

the extent of the binding of the SIM2-s pure protein alone (Figure 14). This suggests 

that SIM2-s protein is capable of binding to DNA, however, binding activity is more 

efficient upon heterodimerization. 

Other members in this family of transcription factors have been implicated in 

cancer, particularly in activating transcription of key metabolic enzymes that inactivate 

carcinogens (52). The specificity of SIM2-s to select cancers suggests its involvement in 

cancer as well. These findings are the first to depict SIM2-s as having important 

implications for the future diagnosis and treatment of specific solid tumors as well as for 

understanding the cancer risk in Down syndrome patients. These results also 

demonstrate the power of harnessing the human genome to identify not only unknown 

genes but also well-established genes for novel cancer target discovery. 
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Figure 12. DNA binding activity of purified SIM2-s protein by EMSA. Recombinant 

SIM2-s protein (10ug) was analyzed by EMSA for binding to a sequence probe (5'-GTACGTG-3') 

in the presence of indicated concentrations of self competitor (specific) or NF-KB probe (non

specific). COMP, competitor; FP, probe minus protein (free probe) control. 
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Figure 13. Antibody-based supershift of SIM2-s binding activity. RKO colon 

carcinoma-derived nuclear (NUC) and cytoplasmic (CYT) extracts (5ug) were analyzed by EMSA 

using a sequence probe (5'-GTACGTG-3') in the presence of increasing concentrations of 

affinity purified SIM2-s antibody (2, 4, and 1 Oug) . +/-, with or without excess (1 00-fold) 

competitor; FP, probe minus protein (free probe) control. 
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Figure 14. DNA binding activity of SIM2-s by EMSA using purified SIM2-s protein 

and RKO cell extracts treated with deoxycholate. Recombinant SIM2-s protein (1 Dug) 

and HKO colon carcinoma-derived nuclear extract (5ug) were treated with deoxycholate (0.8% 

F.C.) and analyzed by EMSA usinga §equence probe (5'-GTACGTG-3'). COMP, competitor; FP, 

probe minus protein (free probe) control; +1-, with or without excess (1 00-fold) competitor; +I

DOC, with or without deoxycholate treatment. 
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Chapter 5- Genes to Drugs Paradigm: 
SIM2-s Antisense Efficacy 

Key Question: Can a bioinformatics-based gene 
discovery be used as a novel molecular 
drug therapy target? 

Specific Aims: 

1. To design and synthesize an antisense oligonucleotide to establish a 
proof of concept for investigating the functional genomics of SIM2-s. 

2. To evaluate SIM2-s antisense drug specificity and efficacy in vitro 
using colon and pancreatic carcinoma cell line models. 

3. To evaluate SIM2-s antisense drug specificity and efficacy in vivo in 
a colon cancer tumorigenicity study. 

The results presented in this chapter were published by DeYoung MP, 
Tress M, and Narayanan R. Identification of a Down's syndrome critical 
locus gene SIM2-s as a drug therapy target for solid tumors. Proc. Natl. 
Acad. Sci. U.S.A., 100: 4760•4765, 2003, and DeYoung MP, Tress M, and 
Narayanan R. Down's Syndrome associated Single Minded 2 gene as a 
pancreatic cancer drug therapy target. Cancer Lett., 2003 (in press). 

Results: 

5.1 - SIM2-s Antisense Effects In Vitro 

Antisense technology has become a very effective method for determining the 

expression relevance of a particular gene. Its simplistic approach and rational design 
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have contributed much to this progress, and many of the problems associated with 

earlier oligonucleotides have been improved by various chemical modifications (53). 

With the rationale that the transcription factor function of SIM2-s may be essential for 

the maintenance of transformed status, inhibition of SIM-2 s could possibly provide a 

proof of concept for its therapeutic use in select cancers. To test the hypothesis that a 

bioinformatics-based discovery could be used as the basis for discovery of a novel 

molecular drug therapy target, a SIM2-s antisense sequence was designed from the 

short form-unique region of the gene, which is not present in the long form. 

In preliminary experiments, RKO colon carcinoma cells treated with a second 

generation (phosphorothioate-2'-Q,.methyl RNA chimera) SIM2-s antisense compound 

showed rapid inhibition of growth (within 24-48 hrs.) and signs of nuclear condensation 

upon visualization, indicative of apoptosis occurring. Such an effect was 

not seen with various control sequences, suggesting that the SIM2-s antisense 

compound's action was likely to be specific. Antisense-treated RKO cells showed 

inhibition of SIM2-s mANA in a dose-dependent manner (Figure 15A). Expression of 

SIM2-s mANA was not affected by treatment with the control oligo at the highest 

concentration. Subsequent inhibition of SIM2-s protein was also detected by IHC 

analysis (Figure 158). Because SIM2-s is a transcription factor, nuclear staining was 

observed in control-treated cells (depicted by arrows). A pronounced diffused staining of 

the cytoplasm could also be seen. Upon antisense treatment, a significant inhibition of 

antigen stain was seen. To determine if apoptosis was taking place in antisense-treated 

cells, DNA fragmentation was monitored in situ using the Apoptag detection kit (Figure 

15C). Antisense-treated cells stained positive for apoptosis, which was confirmed by the 

detection of DNA laddering (Figure 15D). The autoradiogram shown was deliberately 
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Figure 15. In vitro antisense efficacy in RKO colon cancer cells. Panel A: RKO cells 

were treated with either 300nM of control oligomers (C) or with indicated concentrations of the 

antisense oligomers (AS) using the lipofectin protocol and forty-eight hours later, the RNA from 

the treated cells was analyzed by RT -PCR with SIM2-s and Actin primers. Neg, template minus 

PCR control. Panel B: RKO cells were treated with 300nM of control (C) or antisense (AS) 

oligomers for forty-eight hours and the cells were analyzed by IHC using a SIM2-s-specific 

antibody. The arrow indicates nuclear stain, Magnification, 320X. Panel C: The control- (C) or 

antisense- (AS) treated RKO cells were analyzed forty-eight hours later using an Apoptag kit, 

Magnification, 100X. Panel D: Genomic DNA from control- (C) or the antisense- (AS) treated 

RKO cells after forty-eight hours, was probed with P-32 labeled EcoR1 digested, control-treated 

RKO genomic DNA. An overexposed version of the autoradiogram is shown. Ethidium bromide 

stained agarose gel is shown above the autoradiogram. Arrow indicates ladder representing 

oligosomes. (DeYoung MP, et. a/. Proc. Natl. Acad. Sci. U.S.A., 100:4760-4765, 2003). 

44 



overexposed to show that ladder formation was not seen in the control-treated cells' 

DNA. Other colon cancer cell lines, including HCT116 and SW480, were also affected 

by SIM2-s antisense treatment. Treatment of MDA231 breast carcinoma cells or early 

passage human colonic smooth muscle cells (both of which were negative for SIM2-s 

expression) with the same antisense did not cause apoptosis, suggesting specificity of 

the antisense drug. 

Reasoning that a drug therapy use of the SIM2-s gene in a pancreatic cancer 

model may be possible due to SIM2-s cancer expression specificity, CAPAN-1 

pancreatic cancer cells were transfected with either the control drug (300nM) or with 

increasing concentrations of the antisense drug for forty-eight hours. A dose response 

was observed in antisense-treated cells (32). Other members of the SIM family, 

including 81M2-I, SIM1, Aryl hydrocarbon Receptor (AhR), and ARNT were analyzed in 

this model to see if their expression was perturbed by the antisense drug. None of these 

genes' expression were affected by the drug, suggesting SIM2-s antisense specificity 

(32). IHC analysis of the antisense-treated cells showed marked reduction of nuclear 

antigen stain demonstrating the antisense effects in inhibition of the target SIM2-s 

protein {32). To determine the quantifiable effects of the antisense drug on CAPAN-1 

proliferation, cells were monitored after forty-eight hours by MTS assay. A pronounced 

growth inhibition was seen after a single dose (Figure 16A). Induction of apoptosis was 

also seen in the antisense-treated cells as monitored by a quantitative ELISA which 

measures cytoplasmic histone-associated mono- and oligonucleosomes (Figure 168). 
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Figure 16. Growth inhibition and induction of apoptosis by SIM2-s antisense in 

CAPAN-1 cells. Proliferation in the antisense-treated cells at the indicated concentrations was 

monitored by MTS assay (panel A) and results expressed as percentage of control. Panel B 

shows induction of apoptosis by the ELISA in the treated cells as described in the materials and 

methods. U, Untreated; VEH, vehicle; C, control oligomer; AS, antisense; Pos, positive control for 

the ELISA kit. Results are shown as absorbance (shaded bars) and fold enrichment of 

oligosomes ( • ). An average of two independent experiments is shown. (DeYoung MP, et. a/. 

Cancer Lett., 2003, in press). 

5.2 - SIM2-s Antisense Effects in a Preclinical Mouse Model 

Based on these positive results, further studies were done in vivo using RKO human 

colon cancer xenograft in a nude mice tumorigenicity assay. Nude mice were injected 

with RKO-derived tumors and forty-eight hours later were treated with 1 mg/kg of the 

antisense drug, control drug, or vehiCle (PBS) twice weekly for one month by 

subcutaneous injection on the contralateral side to the tumor. Significant tumor inhibition 

was seen mice treated with the antisense drug (Figure 17 A & B). Two independent 
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tumors from control drug- or the antisense drug-treated mice were analyzed for SIM2-s 

mANA expression (Figure 17C). Varying levels of SIM2-s mANA inhibition were seen in 

tumors from antisense-treated mice in comparison to expression in tumors from the 

control oligo-treated mice. Tumor volume reduction in response to the antisense drug 

correlated with the reduced mANA expression of the targeted gene. At the protein level, 

a tumor specimen from an antisense-treated mouse showed a pronounced inhibition of 

SIM2-s expression by IHC compared to a control-treated tumor (Figure 170). Several 

different tests were run to determine if the antisense drug posed any effect that · could 

have contributed to nonspecific toxicity in the mice used in this study. Antisense-treated 

mice did not show loss of weight, changes in blood cell counts, or splenomegaly, a 

common indicator of nonspecific effects of oligonucleotides (54), demonstrating that the 

antisense drug was not toxic and was relatively specific to its target. No histological 

changes in the liver, kidney, or spleen of the treated mice were observed. The 

antisense-treated tumors stained Apoptag positive, validating the occurrence of 

apoptosis and demonstrating consistency with the induction of apoptosis previously 

noted in the cell culture model. 

47 



A 

- 3000 .., 
e 2500-.§. 
Cl> 2000 e 
::I 

g 1500 

6 1000 e .a 500 c 
m 0 :::E 

· 500 

c 

D 

7 14 ~ 28 

Days of treatment 

CJ w 
z: bp M __ 

600_ 
500_ 

§ 
.1: 
-~ 
;r: 
6 e .a 
c m 

:::E 

B 
1 .6 

1.4 

1 . 2 

0.8 

0.6 

0.4 

0.2 

0 
Vehicle 

AS 

200-

100-
....... 

c 

SIM2-s 

ACTIN 

675.0 675.0 337.5 87.9 TUMOR VOLUME 
(mm3) 

c AS 

Figure 17. Antisense efficacy in a colon tumor model in vivo. Nude mice were injected 

with RKO-derived tumors subcutaneously and forty-eight hours later treated with either the 

antisense (A), control ( • ), or vehicle (•) at 1 mg/Kg, twice weekly subcutaneously on the 

contralateral side tor 28 days and the tumor volume was measured weekly (Panel A). Mean 

tumor weight is shown in panel B. RNA from two independent tumors from the control (C) or 

antisense (AS) injected mice were analyzed by RT-PCR for SIM2-s or actin expression (Panel C). 

Neg, template minus PCR control; M, 100 bp ladder. The corresponding tumor volume is shown. 

Tumors from representative control- (C) or antisense- (AS) treated mice were analyzed by IHC for 

SIM2-s expression (Panel D). (DeYoung MP, et. a/. Proc. Natl. Acad. Sci. U.S.A., 100: 4760-

4765, 2003). 
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Chapter 6 - Genome Wide Expression 
Profiling ofSIM2-s Antisense 

Key Question: Can microarray technology be used to 
explain the mechanistic effects of the 
SIM2-s antisense drug on cancer cells? 

Specific Aims: 

1. To design a timecourse experiment using RKO colon carcinoma cells 
to monitor differential gene expression due to SIM2-s antisense 
treatment. 

2. To compile and annotate genes stimulated or inhibited by antisense 
treatment based on functionality. 

3. To propose a possible mechanism of action for the SIM2-s antisense 
drug. 

Results: 

SIM2-s belongs to a family of transcription factors, suggesting its involvement in gene 

regulation (44). In Drosophila, the role of the SIM protein in midbrain development infers 

its potential role in differentiation (46,47). It is tempting to hypothesize that SIM2-s may 

regulate expression of key survival genes. Therefore, antisense inhibition of SIM2-s 

expression could possibly activate apoptotic signals. The precise molecular targets of 

SIM2-s in cancer are not known, hence, a genome wide expression analysis was carried 

out to possibly explain the mechanism of the antisense drug. 
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High-throughput gene expression analysis of large numbers of gene sequences 

is becoming increasingly popular and more useful with the availability of various 

commercial-based microarray platforms (55-57). Affymetrix offers the Human Genome 

U133 (HG-U133) Set, a pair of GeneChip® arrays containing almost 45,000 probe sets 

representing more than 39,000 transcripts derived from roughly 33,000 well

characterized human genes. RKO colon carcinoma cells were treated with or without 

the antisense drug (100nM) in a time-course experiment. At the indicated times (10, 14, 

18, and 24 hours), RNA was isolated for GeneChip®-based expression analysis. 

Table 4 describes the total number of known genes either up-regulated or down

regulated upon SIM2-s mANA inhibition by antisense. Genes were then filtered based 

on functional classification and their relationship to cell death, and a list of key genes 

that were deregulated upon treatment at each time point is described in Tables 5-8. An 

asterisk indicates those genes whose expression levels have been cross-validated by 

Real-time RT-PCR (*). All validated genes either demonstrated a correlatable fold 

change as the GeneChip® output or showed a similar trend in expression. Figure 18 

shows a few representative examples of the Real-time RT -PCR output. Gene 

expression changes were seen in molecules including those involved in signal 

transduction (G-protein coupled receptors, kinases, phosphatases), transcription factors, 

growth inhibitory factors (TGF-!3), differentiation factors (LIF, GDF), apoptotic death 

receptors (FasApo, DRS), differentiation markers (ICT1 ), and DNA repair (MSH4). 

Interestingly, two molecules that are directly linked to SIM2-s were affected, PER2 and 

DSCR1. The PER2 gene contains a PAS (PER-ARNT-SIM) domain and belongs to the 

SIM family of transcription factors (58). DSCR1 is located in the same region of 

chromosome 21 as SIM2-s and is overexpressed in Down Syndrome (59). The gene 
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expression profiles detected at each time point show very little overlap of genes, 

suggesting that unique events are occurring over the course of time. The profile as a 

whole appears to be indicative of an apoptotic cascade, consistent with the previous 

work. GeneChip® analysis of MOA231 breast cancer cells (SIM2-s negative cell line) 

treated with antisense did not give a similar output, demonstrating specificity of the 

GeneChip® data. 

Table 4: Differential Expression of Known Genes (U133A) Upon SIM2-s Antisense 
Treatment 

10hr. 14hr. 18hr. 24hr. 

Total # of genes differentially expressed: 169 168 176 156 
Total# of genes upregulated: 103 86 84 74 
Total# of genes downregulated: 66 82 92 82 
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Table 5: RKO SIM2-s Antisense GeneChip® Analysis -10hr. Time Point 

Signal Log 
Gene family Gene Signal Ratio UniGene 

Signal Molecules BCD 46.8 2.5 U51869 
PPM10 44.1 1.2 Hs.100980 
ERBB3 70.7 1.2 Hs.199067 
RABL2B 47.8 1.1 Hs.145409 
CYP7B1 54.3 3.3 Hs.144877 
P-450mp 103.9 1.0 Hs.167529 
GPCR25 6.0 2.1 Hs.248123 
RGS4 15.2 1.4 Hs.227571 
v-yes 30.4 1.1 Hs.80887 
MAPK6 149.8 0.7 Hs.271980 

DNA Repair MSH4* 72.7 4.8 Hs.115246 
CAMs VCAM-1 36.9 1.5 Hs.109225 
Transcription LZLP 271.8 1.6 Hs.278952 
Factors ATF3 114.2 1.4 Hs.460 

TCF6L1 17.6 2.1 Hs.75133 
MED6 22.3 1.5 Hs.167738 
GTF2H2 60.3 0.9 Hs.110757 

Growth/Diff. FGF18* 102.2 4.7 Hs.49585 
Factors TGFB2* 36.6 1.7 Hs.169300 

LIF* 283.4 1.7 Hs.2250 
GDF9 124.0 0.7 Hs.248113 

Apoptosis FasApo-1* 104.8 1.2 Hs.82359 
Cell Cycle MDM2* 171.4 1.4 Hs.272346 

Notes: Bold type: genes stimulated (upregulated) by SIM2-s antisense; genes inhibited 

(downregulated) in regular type 

Signal: calculated intensity of expression by GeneChip® output 

Signal Log Ratio: calculated logarithmic fold difference in expression compared 

between untreated/antisense treated cells 

(*):gene expression levels cross-validated by Real-time RT-PCR 
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Table 6: RKO SIM2-s Antisense GeneChipl!) Analysis- 14hr. Time Point 

Signal Log 
Gene family Gene Signal Ratio UniGene 

Sim-2 Pathway DSCR1* 111.2 2.0 Hs.184222 
PER2* 123.2 1.9 Hs.153405 

DNA repair MSH4* 42.0 4.0 Hs.115246 
Oxidative Enzymes GSS 83.0 1.1 Hs.82327 
CAMs LAMC1 120.7 0.7 Hs.214982 

LAMB1 11.9 1.0 Hs.82124 
MCAM 202.7 0.5 Hs.211579 

Lipid Enzymes LCB2 57.9 2.0 Hs.59403 
DBT 249.5 0.7 Hs.139410 
FA synthase 17.0 2.3 Hs.83190 

Transcription ABT1 8.0 2.4 Hs.109428 
Factors RTEF-1 20.1 1.9 Hs.94865 

BACH1 11.5 1.3 Hs.154276 
G rowth/Diff FGF-18* 34.5 2.8 Hs.49585 
Factors LIF* 277.9 1.5 Hs.2250 
Diff. Markers MNDA 33.7 1.1 Hs.153837 

ICT1* 69.4 0.7 Hs.9078 
Apoptosis USPS 61.0 2.6 Hs.152818 

EN DOG 85.1 0.8 Hs.182418 
Cell Cycle P45* 49.9 0.9 Hs.23348 
Signal Molecules RGSZ1 78.1 4.3 Hs.99236 

PTPRG 29.7 2.4 Hs.89627 
PPM1D 89.0 1.9 Hs.100980 
MKP-L 147.6 0.8 Hs.91448 
DUSP3 60.6 1.0 Hs.181046 
MAP2K2 103.4 0.9 Hs.72241 
TNK1 89.5 0.7 Hs.203420 

Notes: Bold type: genes stimulated (upregulated) by SIM2-s antisense; genes inhibited 

(downregulated) in regular type 

Signal: calculated intensity of expression by GeneChip® output 

Signal Log Ratio: calculated logarithmic fold difference in expression compared 

between untreated/antisense treated cells 

(*):gene expression levels cross-validated by Real-time RT-PCR 
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Table 7: RKO SIM2-s Antisense GeneChip® Analysis -18hr. Time Point 

Gene family 

GF Receptor 
Apoptosis 

Cell Cycle 

CAMs 

Signal Molecules 

Gene Signal 

FGFR3 106.6 
FasApo-1* 130.7 
UCH37 46.4 
CHFR 55.6 
MDM2* 179.8 
CDK10 119.3 
CDC42 30.9 
P53(tumor) 13.8 
CyclinE2 33.5 
ANAPC5 252.2 
CEACAM7* 45.3 
VCAM-1 55.4 
PCDH8 59.1 
CDH10 95.2 
LAMB3 177.2 
RGS9 32.4 
SIT Kinase 38.0 
ERBIN 6.6 
RAD21 58.8 
STK18 12.6 
Tyrosine 62.4 
Monooxygenase 
GNB1 138.1 
PPM1G 128.0 
HMG1Y 377.3 

Signal Log 
Ratio UniGene 

0.7 Hs.1420 
0.8 Hs.82359 
1.1 Hs.171581 
1.8 Hs.23794 
1.7 Hs.272346 
0.7 Hs.77313 
2.4 Hs.146409 
1.7 Hs.1846 
1.3 Hs.30464 
1.0 Hs.7101 
1.8 Hs.74466 
2.0 Hs.109225 
4.5 Hs.19492 
1.3 Hs.92489 
0.9 Hs.75517 
4.0 Hs.117149 
2.6 225422.1 
3.0 Hs.8117 
1.4 Hs.81848 
1.3 Hs.172052 
1.0 Hs.279920 

0.9 Hs.215595 
0.8 Hs.17883 
0.7 Hs.139800 

Notes: Bold type: genes stimulated (upregulated) by SIM2-s antisense; genes inhibited 

( downregulated) in regular type 

Signal: calculated intensity of expression by GeneChip® output 

Signal Log Ratio: calculated logarithmic fold difference in expression compared 

between untreated/antisense treated cells 

(*):gene expression levels cross-validated by Real-time RT-PCR 
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Table 8: RKO SIM2-s Antisense GeneChip~ Analysis- 24hr. Time Point 

Signal Log 
Gene family Gene Signal Ratio UniGene 

Stress STCH 27.6 2.3 Hs.288799 
CSDA 352.0 1.0 Hs.1139 

Apoptosis DRS 159.8 0.7 Hs.51233 
FasApo-1* 117.2 1.6 Hs.82359 

Cell Cycle MDM2* 147.8 1.6 Hs.272346 
Signal Molecules TLK1 39.6 3.5 Hs.18895 

PPP1CB 43.0 2.3 Hs.21537 
MKP-L 175.9 0.8 Hs.91448 
PPM1D 33.0 0.7 Hs.100980 
GPCR25 2.6 3.5 Hs.248123 

Proliferation PRKR 13.5 2.8 Hs.274382 
NAD-Specific 114.8 2.0 Hs.155410 
lsocitrate Deh. 
ATM 65.5 0.9 Hs.194382 
Pancreatic 35.1 1.4 Hs.169234 
Elastase 
A CADS 53.6 1.4 Hs.348900 
CSNK1G1 22.8 1.3 Hs.157777 
CA4 28.8 0.9 Hs.89485 

Notes: Bold type: genes stimulated (upregulated) by SIM2-s antisense; genes inhibited 

(downregulated) in regular type 

Signal: calculated intensity of expression by GeneChip® output 

Signal Log Ratio: calculated logarithmic fold difference in expression compared 

between untreated/antisense treated cells 

(*): gene expression levels cross-validated by Real-time AT -PCR 
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Figure 18. Ve~lidation of GeneChip® hits by Real-time RT·PCR. RKO cells treated with 

(AS) or without(VEH}the SIM2-s antisense"grug were analyzed in a time course manner (1 0, 14, 
/ ---- - ' 

18, and 24hr). Key genes, including FasApo, leukemia inhibitory factor (LIF), MutS homolog 4 

(MSH4), and Down Syndrome Critical Region 1 (DSCR1) were cross-validated by Real-time RT

PCR using the Roche LightCycler system. VEH control collected at 24 hours. 
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Chapter 7 - Discussion 

7.1 - Cancer Gene Discovery Using Digital Differential 
Display 

7.1.1 - Electronic Profiling of Differentially Expressed Genes in Solid 
Tumors 

In the past, cancer gene discovery was limited to conventional methods such as 

mapping the gene, loss of heterozygosity, model organism studies, etc., which placed 

limits on the number of genes that could be discovered in a given amount of time. 

Furthermore, cancer development is highly complex and is known to involve multiple 

genetic events (8). Efforts to improve the future of cancer gene discovery will have to 

overcome these obstacles by taking advantage of the latest technology and by 

discovering new approaches to gene discovery. Recent advances in genome 

sequencing and annotation efforts hold the promise that these challenges will be met in 

the near future. The Cancer Genome Anatomy Project, initiated in 1996, is one of these 

concerted efforts with the primary interest of identifying genes expressed during the 

development of cancer and placing this information in the public domain (19). By 

establishing the repertoire of genes expressed in cancer cells, molecular fingerprints for 

each cancer type can be discovered. Their efforts have brought about massive volumes 

of sequence data comprised of both known genes as well as novel genes, those 
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sequences of unknoiJI.In function or utility. Bioinformatics tools can then be used to 

manage this influx of sequence information, and in terms of discovery, these applications 

can facilitate identification of novel .genes, gene function, and drug design and 

development (60-62). Hence, new molecular targets for diagnosis and therapy of 

different cancers may become a reality in the early part of this century. 

It was hypothesized that a bioinformatics-based gene discovery platform could 

be used as a rational method to identify genes in cancer with organ- and tumor

selectivity. As opposed to other conventional high throughput gene expression 

techniques like microarrays, the cost effects in the preliminary stages would be minimal. 

This discovery platform took advantage of the CGAP public domain database as well as 

the tools provided by web-based servers. Having the proper query in mind prior to the 

bioinformatics approaches (discovery of organ- and cancer-specific genes) allowed for 

the creation of a comprehensive list of genes differentially expressed in tumor cells 

versus normal cells in six solid tumor types. 

Using the DOD tool, this database of approximately 200 known genes and 500 

novel sequences was created starting from millions of ESTs ( -1.5 million at the time of 

analysis). All of the sequences in this database are predicted to be differentially 

expressed at least >5-fold. Upon additional analysis of the known sequences, it was 

noted that subdividing them into major classes of genes could further filter these hits. 

These classes included ribosomal proteins, enzymes, receptors, binding proteins, 

secreted . molecules, cell adhesion molecules, and immunoglobulins. Known organ-type 

specific genes were identified, including prostate-specific antigen, prostatic acid 

phosphatase, and androgen receptor in prostate; pancreatic enzymes such as islet 

ameloid polypeptide, lipases, elastases, and carboxypeptidases for pancreas; and 
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mammaglobin in breast (28). Also, neurotensin receptor, predicted by ODD to be 

pancreatic-cancer specific, has been established by this laboratory prior to this study as 

having pancreatic tumor expression specificity (63). 

7 .1.2 -Discovery of Novel Cancer.;.Specific ESTs Using DOD 

This preliminary st~dy with the known genes was important to establish the proof of 

concept that this approach could be used as a starting point for rapid gene discovery. 

Identification of known genes that have already been shown to be of diagnostic and 

therapeutic value in prostate, pancreas, and breast cancer offered a level of confidence 

which led to the hypotheSis that novel genes predicted by this method could also be 

identified, even with limited prior knowledge. With novel ESTs, additional data mining is 

warranted due to their lack of c~aracterization. Sequence analysis must be done to 

ensure an EST is devoid of sequence contamination caused by the addition of 

expression vector, bacterial, or genomic a/u-containing repeat sequences. ESTs should 

also be compared against the patent sequence database to ensure novelty. Sequences 

can be expanded by contig construction to help optimize these searches as well as 

optimize motif recognition against protein domain databases. These contigs serve a 

purpose in the designing of primers for potential AT -PCR analysis. Additional data 

mining may include electronic Northern analysis (64), identification of chromosomal 

location, homology to other organisms, and location of single nucleotide polymorphisms 

(SNPs). 

Here, sixty-three novel colon tumor ESTs that were predicted to be selectively 

up-regulated were chosen as a test case. Colon ESTs were chosen because of the 

molecular understanding of colon cancer progression (42) and because of the availability 

of an extensive colon cancer eDNA repository. Although the number of ESTs chosen 
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was manageable to analyze at the RT -PCR level, further filtering was performed to 

understand the lower limits of the bottlenecking process. Based on E-Northern data, 

twenty-four ESTs were derived solely from colon tumor libraries. Of these sequences, 

seventeen ESTs were taken to the RT-PCR level because they contained potential 

protein domain signatures. ESTs that do not encode putative domains may still be used 

as backup sequences for future studies. Reasons for not containing a recognizable 

motif include sequences of untranslated mANA regions, and those ESTs which are truly 

novel and belong to a new class of proteins that have not yet been identified. Upon RT

PCR analysis of these remaining seventeen ESTs, two demonstrated the same 

specificity as was electronically predicted. Electronic expression is likely to have false 

positives, thus emphasizing the importance of web lab validation of bioinformatics hits. 

RT-PCR using the appropriate choice of cDNAs can be used as a rapid method to 

validate expression specificity, especially of a small number of hits as was chosen here. 

7 .1.3 - Limitations of DOD 

This study using the DOD tool in rapid gene discovery was the first published report from 

researchers outside of CGAP. Public access to the tool was available a few months 

before this project was started. Therefore, one major limitation to this work was the 

number of libraries that were available for analysis. The numbers were sufficient to 

proceed with the study (refer to Materials and Methods), however, more publicly 

accessible libraries would greatly improve the statistical significance of a DOD output. 

ODD uses the Fisher Exact test to restrict the output to statistically significant differences 

(P s 0.05). The analysis is also restricted to well characterized eDNA libraries, meaning 

only those libraries containing over 1 000 sequences in the UniGene database are 

included in ODD (40). These requirements place limitations on the capabilities of the 
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analysis. Unless there are a large number of sequences in each pool, the frequencies of 

genes are generally not found to be statistically significant. In addition, the wide variety 

of tissue types, cell types, histology, and methods of generating the libraries can make it 

difficult to attribute significant differences to any one aspect of the libraries. These 

issues underscore the need for more libraries, and the need for comparisons to be made 

using the proper controls dependent upon the characteristics of each library (40). 

Other high-throughput expressions techniques have similar limitations as well. 

Microarray studies, if not done properly from the beginning, may introduce biases 

because preliminary studies may only involve expression analysis of a few RNA-derived 

samples. Due to the pharmacogenomic variability of molecular diseases in the human 

population (57,65), direct use of this information without performing a comprehensive 

study with many samples may be limiting. Hence this approach to discovery cannot be 

undertaken by the average laboratory, even if the cost of microarray analysis has gone 

down in recent years. In this manner, data mining public domain databases provides a 

cost affordable alternative to establish disease-specific fingerprints. The database 

created from this DOD analysis provides the proof that molecular targets of diagnostic 

and therapeutic relevance in cancer can be achieved by this method. 

7.2 - Discovery and Characterization of CCRG 

7.2.1- Expression Specificity of CCRG in Colon Tumors 

One of the seventeen ESTs chosen to be validated by RT-PCR, based on apparent 

colon tumor expression specificity, was subjected to further analysis to help establish 

proof that bioinformatics-based gene discovery could be used to identify novel targets. 
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The EST, belonging to UniGene cluster Hs. 105470, demonstrated AT-dependent 

expression in a representative colon tumor eDNA sample but not in its matched normal 

eDNA. Upon expanding on this discovery, it was noticed that this EST's expression 

pattern was seen in over half (9/15) of the colon tumor/normal matched eDNA samples 

analyzed, but not all of them. In other samples, expression was seen in either both 

samples or not at all. All of these cDNAs have been analyzed by several other genes, 

including housekeeping genes, proving that they are intact and of quality. This type of 

profile in the colon suggests that CCRG expression is restricted to a subset of 

individuals, perhaps being regulated at a pharmacogenomics level. However, some 

profiles, particularly those who samples show CCRG expression in both tumor and 

normal, may be due to a contamination of tumors cells adjacent to the surrounding 

normal tissue. These cDNAs were derived from frozen bulk tissue specimens provided 

by CHTN (see Materials and Methods). Depending upon how the specimen was 

resected, there is a high chance of obtaining a heterogeneous sample which contains 

various reactive cell populations that can affect the outcome and interpretation of results. 

Hence, a clear cut definition of "normal" may not be achieved. One method to 

overcome this obstacle is to use laser-captured microdissected (LCM) samples, allowing 

the analysis of homogeneous tissue. Another approach would be to analyze 

expression at the protein level by immunohistochemistry followed by histopathology to 

discriminate normal versus tumor epithelium in paraffin-embedded specimens. This 

approach can discriminate positive staining in heterogeneous samples. Here, CCRG 

expression was found to be elevated in paraffin sections of colon adenomas and tumors. 

Antigen staining was restricted to the proliferative epithelium, however, light staining was 

also apparent in proliferative regions of normal colon and small intestine. Further 
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analysis at both the RT-PCR and IHC level using a statistically-significant number of 

samples is currently being evaluated. 

As was stated before, CCRG was shown to be expressed in different stages of 

colon cancer. This specificity can be inferred from the lack of expression in most normal 

tissues as well as the lack of expression in other cancer types (breast, lung, ovary, 

pancreas, and prostate). These results were further confirmed using various cell lines of 

these types of carcinomas. Additional testing is needed to validate if CCRG expression 

specificity is restricted to colon tumors using LCM-derived matched tissue cDNAs. 

While the analysis of CCRG expression by RT-PCR and IHC offers an initial 

proof of concept for expression specificity, the ultimate evidence can only come from the 

detection of secreted CCRG in fluid specimens of cancer patients. The antibodies used 

in this study were able to detect recombinant CCRG via Western blot however, native 

CCRG from cell lysates or from serum samples of colon cancer patients gave 

ambiguous results. Multiple bands were detected by Western analysis, many of which 

were competed by excess peptide competition. This could be due to the high cysteine

rich content of CCRG protein resulting in homo- and heterodimerization to other 

unknown proteins. Efforts to clarify this will be taken in future studies. 

7 .2.2 - Functional Genomics of CCRG 

The full length CCRG gene encodes a 30 amino acid signal peptide sequence, 

suggesting a role in secretion, and its entire ORF stretches 111 amino acids. A unique 

cysteine-rich motif was observed, 1CX11; 2CX8; 3CX1; 4CX3; 5CX10; 6CX1; 7CX1; 

8CX9; 9C1 OC, which was not present in any of the protein domain databases. The 

mobility of recombinant CCRG protein on a native PAGE gel showed multimeric 

complexes, however, in the presence of a reducing agent, a monomeric band of 
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approximately 1 0.5 kDa exists. These results suggest that the unique motif of CCRG is 

responsible for inter- and intramolecular protein folding and that CCRG may act as a 

multimer in its bioactive form like other known secreted molecules (66-68). 

To gain an understanding of the function of this novel protein in the neoplastic 

progression of colon cancer, studies were done to test the bioactivity of secreted CCRG. 

Studies with conditioned medium containing overexpressed CCRG infer that CCRG may 

offer a growth advantage to colon cancer cells. The local secretion of CCRG may be 

involved in increased proliferation or survival of colon cancer cells, which is supported by 

the increased antigen staining of proliferative colonic epithelial cells by IHC. In addition, 

other researchers in the laboratory ha.ve established stable transfectants of CCRG 

expression vector using MDA231 breast carcinoma cells, which do not express the 

CCRG gene (Damania H, Masters Thesis, 2002). This resulted in a 50-60% faster 

growth rate for the CCRG transfectants with decreased doubling time in comparison to 

the control transfectants or the parental MDA231 cells. Detection of the protein in the 

conditioned medium of CCRG-expressing cells needs to be done to demonstrate its 

secretory role. Efforts are underway to investigate this via Western blot. Initial studies 

supplementing CCRG pure protein as a growth factor have resulted in minimal 

stimulation of proliferation. CCRG recombinant protein was expressed in bacterial and 

baculovirus systems. This low level of bioactivity may be due to improper folding or loss 

of post-translational modification during one of the purification steps of the protocol. 

Efforts are underway to resolve this issue and to identify better assays for CCRG 

screening. 

While working on this study, several independent laboratories also identified this 

new family of genes. Holcomb et. a/. identified a novel protein in a mouse model of 
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allergic pulmonary inflammation which they called FIZZ1 (found in inflammatory zone) 

(69). By performing a genomic screening, this group identified two other mouse 

homologs and two human homologs. mFIZZ2, found in intestinal crypt epithelium, had a 

human homologue identical to the original EST discovered in our work (AA524300) and 

was named hFIZZ1 . Another group identified a protein in adipocytes that potentially 

linked obesity and insulin resistance to diabetes in a mouse model and named it resistin 

(70). Much work has been done on resistin and from this work, two other related 

proteins were identified in mice and humans termed resistin-like molecules (RELM) 

alpha and beta (71 ). RELMa is prevalent in the stromal-vascular fraction of adipose 

tissue and lung while RELM~ is found in colonic epithelium. Steppan et. a/. 

demonstrated in mice intestines that RELM~ is predominant in proliferative epithelia at 

the base of the crypts and becomes diminished in nonproliferative differentiated epithelia 

that have migrated up from the crypt towards the luminal surface (71 ). Also, in a min 

mouse model, which is a model of familial adenomatous polyposis due to the harboring 

of mutated APC gene (72), increased RELM~ mRNA expression was observed in 

tumors (71 ). This work in mice supports the work with human tumors presented here. 

Another group (73) recently described identification of a set of novel genes using 

representative difference 'analysis using myeloid cells from C/EBPE knockout mice. A 

human homologue to one of the novel genes from this study was termed HXCP2, for a 

gene selectively up-regulated in small intestine and colon. Amino acid homology studies 

indicate that hFIZZ1, RELM~, and HXCP2 are all 100% identical to CCRG. Based on 

all these results, The Human Genome Organization (HUGO) Gene Nomenclature 

Committee recently assigned the symbol RETNLB (resistin like beta) to the gene 

encoding CCRG/ hFIZZ1/RELM~/HXCP2. 
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It is worth noting, however, that the literature concerning resistin, the most well

studied protein of the family, is divided with .reports both for and against its role in obesity 

and diabetes (74). These discrepancies have usually occurred upon extrapolation from 

murine to human studies in disease models. Overall, human resistin is only 53% 

identical with its murine homolog with most homology occurring in the region of the C

terminal signature sequence (71 ). In the case of CCRG, the human protein is 59% 

identical to its murine counterpart, thus warranting concern when comparing data from 

both models because much of the work described by others has been derived from 

mouse models. 

Regardless of these discrepancies, studies with resisitin have offered some key 

insights about this family's unique cysteine-rich motif. The most amino terminal cysteine 

(Cys-26), found in the leader sequence, has been shown to be critical for dimerization 

(75). Resistin as well as RELM~ have been shown to be secreted as a dimer (75). The 

other ten cysteines are likely to be involved in intramolecular bonding prior to 

dimerization. In support of this, pulse-chase experiments have shown that the monomer 

form of these molecules appear to partially fold prior to dimer formation (76). These 

experiments also revealed that these molecules have relatively slow kinetics of secretion 

with a half-life of greater than five hours (76). Other studies suggest that these 

molecules form multimers of higher order with other homodimers or possibly with other 

RELMs (77). 

7 .2.3 - Future Directions For CCRG 

The functibnalities behind the family of resistin-like proteins still have yet to be 

determined. The receptor for this protein, albeit a specific or a promiscuous receptor, 

still is yet to be identified. The CCRG stable transfectant MDA231 cells may help to 
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provide insight regarding these issues. GeneChip® expression analysis is being carried 

out in this model system. The current working hypothesis of CCRG is that it is a 

putative growth factor specific to the colon and may be selectively up-regulated in colon 

cancer of select individuals. Therein lies the possibility that CCRG may be a 

pharmacogenomics target. Initial studies using an antisense compound specific to 

CCRG caused selective inhibition of its mANA and subsequent protein, however, no 

growth inhibition occurred. This implies that CCRG may offer a growth advantage to 

colon cancer cells, but inhibition of CCRG is not sufficient for death. However, it is 

possible that the antisense inhibition of CCRG may have not inhibited the threshold level 

of CCRG necessary for biological fLmction. Other methods of inhibition, such as RNA 

interference (RNAi), may help to resolve this issue. Efforts are underway to explore 

combination chemotherapeutic~ approaches using CCRG antisense and 

chemotherapeutic drugs. The rationale is that if CCRG offers growth and/or survival 

advantages, then inhibition of CCRG would have a synergistic effect with other drugs 

allowing similar cytotoxic effects at suboptimal concentrations. 

In addition, because of the secreted nature of these molecules, CCRG offers a 

possible utility in early diagnostics of colon cancer. Screening serum samples for CCRG 

protein levels may offer a non-invasive method of colon cancer detection. Detectable 

levels of resistin have been detected in mouse models related to obesity and insulin 

resistance (70}. However, CCRG is found in the colon and is probably secreted into the 

lumen of the digestive system. This would infer local secretion unlike resistin, which is 

secreted into the serum where it may potentially exert effects on systemic carbohydrate 

and lipid metabolism (76). Secretion into a lumen by adipose tissue is not possible. 

These critical issues are currently being investigated. Another alternative method of 
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detection would be via fecal screening. Colonic epithelial cells are sloughed off the 

luminal surface and are constantly replenished by new epithelial cells. Old cells are then 

passed through the digestive system in stool. Since these cells are typically 

nonproliferative, cancerous cells which are highly proliferative and possibly express 

CCRG, could be detected in these sampl~s. 

Colorectal cancer is the third most common cause of cancer deaths in the 

Western world (36,78,79). Current methods of detection include colonoscopy, fecal 

occult blood sampling, sigmoidoscopy, double contrast barium enema, and digital rectal 

exams ( http://www.cSlr}Cer.gov/cancerinfo/wyntklcolo11_~qpd-recturn ). Current markers 

including oncogenes and tumor suppressor genes are relatively nonspecific and are 

expressed in multiple tumor types. Therefore, discovery of organ- and disease-selective 

genes, such as CCRG, would provide a rationale for highly specific novel diagnostic and 

drug therapy targets in colon cancer. 

7.3 Prediction and Validation of SIM2-s Cancer 
Specificity 

7 .3.1 -A Novel · Utility for a Known Gene 

A second EST, predicted to be colon tumor-specific, was subjected to further 

bioinformatics analysis due to a surprising observation. In general, novel ESTs will 

share no significant homology with any sequences in the NCBI non-redundant (nr) 

database of known genes. This particular EST (AI262017), however, was identified as 

being 100% identical to the DNA sequence of human Single Minded 2 (81M2) gene. The 

entire UniGene cluster (Hs. 146186) representing this EST was localized within the 
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genomic sequence between exons 2 and 3 of SIM2. The UniGene database is rather 

dynamic, hence when a novel UniGene cluster is identified within an existing gene, the 

cluster is retired and incorporated into the known gene's cluster. If however, a particular 

UniGene encompasses non-expressed sequences, it will not be grouped into a known 

gene cluster and should be retired. This has not been the case with this particular 

UniGene, which still exists today although no more sequences have been incorporated 

into it. Herein lies one of the drawbacks and limitations of genomic sequencing and data 

mining. Although computational approaches to gene discovery appear to be rational, 

validation of these hits with relevant patient-derived materials is still mandatory. This 

also underscores the importance of using the proper controls and assuring that cDNAs 

are of the highest quality and free of genomic contamination. RNA should be treated 

with DNAse prior to eDNA synthesis, and cDNAs should be synthesized in parallel with 

controls minus the 'use of reverse transcriptase to ensure that a particular AT -PCR 

product is truly AT-dependent. These particular approaches and controls were used 

here in this study. 

The SIM2 gene is located in the Down Syndrome Critical Region (DSCR) of 

chromosome 21, which in triplication is associated with diverse phenotypic 

characteristics of Down syndrome (43). As a result of trisomy 21, over 30 different 

phenotypic features are described by Down's Syndrome with varying frequencies of 

these phenotypes among affected individuals (80,81 ). Among these features, only two 

are consistently found in 1 00% of all patients, mental retardation and neuropathological 

modifications similar to those seen in the brains of Alzheimer's patients (81 ). While the 

DSCR nomenclature was specifically assigned as an attempt to pinpoint specific regions 

to individual phenotypic components of Down Syndrome, further studies have removed 
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this notion and have described the condition as a model of a "contiguous gene 

syndrome" (82). Although not clearly understood, it now appears that multiple groups of 

genes spanning the entire chromosome contribute to concerted dose effects, converging 

on a limited number of physiological characteristics manifested in Down's cells (82). 

Originally identified in Drosophila, the sim gene is a master regulator of fruit fly 

neurogenesis, regulating the midline gene expression (46,47). Members of the human 

SIM gene family include SIM1 and SIM2 which map to 6q16.3-q21 and 21q22.2, 

respectively (44). The SIM2 gene exists in two distinct forms, the long and short form 

(SIM2-I and SIM2-s), due to alternative splicing (44). The SIM proteins belong to a 

family of transcription factors characterized by a basic helix-loop-helix (bHLH) motif, two 

PAS (PERIARNT/SIM) domains, and the HST (HIF1 alpha/SIMITRH) domain (45-47). 

Intrigued by the possibility of linking a Down Syndrome-related gene with colon 

tumors, it was hypothesized that bioinformatics-based gene discovery could also 

identify known disease-associated genes that may serve a new utility in a clinically 

distinct disease. SIM2 was found to be expressed in an isoform-specific manner (SIM2-

s) in carcinomas of the colon, pancreas, and prostate but not amongst many other 

normal tissues by RT -PCR. This is contrary to the initial bioinformatics prediction of 

colon tumor specificity, which again emphasizes thorough validation of computational 

predictions. Nevertheless, these results were equally exciting. In preliminary 

experiments, a SIM2-s antibody was generated to detect the SIM2-s protein in cell 

lysates by Western blot. While the antibody was able to detect pure SIM2-s protein, 

detection in cell lysates produced . very weak signals. A commercially available antibody 

to SIM2-s failed completely to detect the SIM2-s protein in the cell lysates. Efforts are 

underway to generate a better Western compatible SIM2-s antibody to aid in future 
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studies. The specificity of SIM2-s in colon cancer was also seen in a stage-dependent 

manner. Using Real-time RT-PCR, the level of SIM2-s expression was shown to 

increase in stages (tumor>adenoma>polyp>normal), suggesting early activation of 

SIM2-s and the possibility of a diagnostic utility for this gene. Hence, a preliminary 

investigation was undertaken using a large collection of colon, pancreas, and prostate 

tumor and normal paraffin-embedded tissues. 

7.3.2 -Diagnostic Implications of SIM2-s in Cancer 

Using an antibody raised against a SIM2-s specific peptide, immunoreactive staining 

was seen in the majority of the colon (24/24), pancreas (14/14), and prostate (25/26) 

tumors analyzed. The activation of SIM2-s expression in early adenomas and PIN 

samples seen in this study raises a possibility that SIM2-s may be an early indicator of 

neoplastic transformation. Interestingly, in the prostate samples analyzed, 20/36 BPH 

samples were positive; six of these BPH samples had matched tumors, which were also 

positive. It is tempting to suggest that SIM2-s was activated in these BPH patients prior 

to clinical manifestation of prostate cancer. Currently, Prostate Specific Antigen (PSA) is 

the only indicator in use for prostate cancer (83) and additional markers are urgently 

needed. If validated with a larger cohort, the SIM2-s gene has the potential to become a 

predictor of risk of prostate cancer development. 

A preliminary scoring system was established to facilitate further testing and 

formatting of SIM2-s detection. Recently, the laboratory monitored HER2 expression 

using a similar scoring system in archival non-small cell lung carcinoma specimens 

using the FDA approved HercepTest (84). Assay systems similar to this can be 

developed either using the current SIM2-s-specific polyclonal antibodies or with the use 

of monospecific antibodies. Efforts are underway to obtain more specimens for further 
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expression studies and to develop such a testing system. 

7 .3.3 - Biochemical Function of SIM2-s 

The SIM proteins belong to a family of transcription factors that form heterodimers with 

each other to facilitate in binding to DNA and regulating gene expression of numerous 

genes (52,85,86). To test the DNA binding capabilities of human SIM2-s, gel shift 

analysis was performed using a consensus sequence derived from several previous 

studies done in Drosophila and mouse models. Wharton et. a/. performed a genomic 

screening of the enhancer region of Drosophila sim and other genes known to be 

regulated by sim (50). A putative DNAbinding consensus sequence (G/A)(T/A) ACGTG 

was identified, with the ACGTG sequence highly conserved. Swanson et. a/. confirmed 

these results by gel shift analysis. They also demonstrated in vitro that Drosophila SIM 

heterodimerizes with Aryl Hydrocarbon Nuclear Translocator (ARNT) (48). Using a 

selection-amplification protocol, the SIM•ARNT complex recognized the DNA binding 

consensus sequence GT(G/A)CGTG. The high affinity half-site recognition sequence for 

SIM was GT(G/A)C. This heterodimerization complex was independently validated by 

another group in a yeast two hybrid system using murine 81M2 and ARNT, and DNA 

binding activity was assayed by Electrophoretic Mobility Shift Assay (EMSA) (49). 

Based on these findings, the DNA binding sequence 5'-GTACGTG-3' was chosen as a 

consensus of both models. 

EMSA assays were performed here using SIM2-s recombinant protein and RKO 

colon carcinoma cell line cytoplasmic and nuclear extracts. Both samples recognized 

the probe and produced gel shifted-complexes that could be competed by either using a 

probe-specific cold competitor or by SIM2-s supershifting antibody. Complexes formed 

using RKO extracts were also competed using an ARNT supershifting antibody. The 
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DNA binding activity of SIM2-s pure protein alone, however, was considerably much 

weaker than that of the cell line extracts. Overnight autoradiography exposures were 

necessary when assaying the pure protein as opposed to just a few hours of exposure 

when using RKO extracts. In previous studies by other groups, no gel shifted

complexes were detected upon using 81M2 protein alone (48). The weakened activity 

seen here may be due to the lack of heterodimerization with ARNT. To pursue this 

further, RKO extracts were treated with deoxycholate and then analyzed by EMSA. This 

method disrupts any protein-protein interactions and is routinely used to assay activation 

of cytoplasmic NF-KB by disruption of the p65•1KB complex (51). Treatment with 

deoxycholate caused binding activity to be weakened in RKO extracts to the extent of 

the binding of SIM2-s pure protein alone, suggesting the requirement of ARNT for 

efficient DNA binding activity. The weak activity seen using SIM2-s pure protein may 

possibly be due to SIM2-s recognizing its half site. Due to the asymmetry of the DNA 

binding sequence, it is unlikely that SIM2-s binds as a homodimer. These will be the 

efforts of future studies. 

Based on these preliminary results, further refinement of the putative SIM2-s 

binding site is warranted. Refinement of SIM2-s binding activity could be of value so that 

a rapid biochemical assay may be developed for future drug discovery against SIM2-s. 

Additional probes that comply with the consensus sequence (G/A)(T/A) ACGTG as well 

as single base pair mutant probes and competitors may be designed to assist in 

identifying the most efficient DNA binding sequence for SIM2-s specific activity. There 

may be the possibility that a unique binding sequence does not exist and that SIM2-s 

may bind efficiently to several possible sequences derived from the consensus. This 

type of activity would infer that SIM2-s may be involved in interplay with other 
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transcription factors as well as regulation of multiple pathways and events. Such 

complex cross-talking of transcription factors, including other SIM protein family 

members, may offer the cancer cell the ability to adapt in response to various external 

and developmental signals. 

7.3.4- Putative Implications of SIM2-s in Cancer 

A putative cancer-related role for SIM2-s involves the ability of other protein family 

members to transcriptionally regulate key metabolic enzymes that can cause inactivation 

of carcinogens .(Figure 19) (52). Binding of carcinogens to the Aryl hydrocarbon 

Receptor (AhA), which is normally kept sequestered in the cytoplasm by HSP90, 

dissociates HSP90 and exposes the AhA nuclear localization signal (87). Ligand bound 

AhA translocates to the nucleus where it dimerizes with ARNT (48). This heterodimeric 

complex then binds to the Xenobiotic Response Element (XRE) present in the promoters 

of select phase II detoxification enzymes such as cytochrome P450 and glutathione-S

transferase (GST). This activqtes gene expression, resulting in the inactivation 'Of the 

carcinogens (88,89). Molecules, such as sulforaphanes, which are effective inducers of 

this class of enzymes, have been shown to be useful in chemoprevention (90}. 

AhR•ARNT has also been shown to mediate apoptosis in fetal ovarian cells by binding 

to the XRE upon exposure to polycyclic aromatic hydrocarbons (91 ). 

If SIM2-s undergoes activation in organs such as the colon, pancreas, and 

prostate which are highly susceptible to carcinogen exposure (34,35), then the presence 

of SIM2-s can inhibit the dimerization of the ligand bound AhR•ARNT complex and 

hence prevent carcinogen metabolism. Accumulation of carcinogens would eventually 

lead to resulting DNA damage, which would consequently initiate cancer. Evidence 

supporting this mechanism comes from studies where XRE-driven reporter activity was 
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ablated when murine SIM1 was coexpressed with AhA (49). Recently, a similar study 

reported competition between SIM2 and HIF-1 a for binding of ARNT and the resulting 

inter-ference with HIF-1 a-dependent transcription (92). 
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Figure 19: Proposed model for SIM2-s activation in cancer. In the absence of SIM2-s in 

normal cells, carcinogens are inactivated by AhR/ARNT mediated transcriptional activation of 

metabolizing enzymes. In susceptible cells, SIM2-s is · activated and inhibits the dimerization of 

the ligand bound AhR/ARNT complex. This prevents carcinogen metabolism, which leads to 

carcinogen-induced damage. (DeYoung MP, et. al. Anticancer Res., 22:3149-3158, 2002.) . 
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It is tempting to hypothesize that SIM2-s undergoes activation due to mutations, 
I 

gene amplifications, or loss of repression, similar to that of other oncogenes and tumor 

suppressors (93-95). A preliminary investigation of the Single Nucleotide Polymorphism 

(SNP) database of the NCBI (htto://ww._w.ncbi.nlm.nih.gov/SNP/) revealed SIM2-s 

specific SNPs, suggesting the possibility of SIM2-s activation. Genomic DNA from tumor 

and normal tissues already analyzed by RT -PCR are available and may be used to 

approach this issue in the near future. 

A tantalizing link between Down syndrome and cancer is the high incidence of 

leukemias (20-fold) seen in children with Down Syndrome. While solid tumor formation 

is relatively rare, higher risks for early onset Alzheimer's degeneration, acute 

lymphoblastic leukemia, myelodysplastic syndrome, and acute myeloid leukemia are 

seen in Down's patients (96,97). A few epidemiological studies done in countries with 

relatively non-heterogeneous populations also reported a few cases of testicular, liver, 

and gastric cancers (98,99), however, these studies are rather inconclusive. 

Surprisingly, RT -PCR analysis of a diverse eDNA panel of leukemia-derived cell lines 

failed to reveal the presence of a SIM2-s specific transcript (31 ). These results suggest 

that the observed epidemiological link between Down's patients and leukemia may not 

involve the function of the SIM2-s gene. Analysis of bone marrow samples from Down's 

patients with or without leukemia. for SIM2-s expression would help to clarify this issue. 

Recently, two regions of chromosome 21, specifically 21 q11-q21 and 21 q22.1, have 

been shown to consistently harbor deletions in lung and stomach carcinomas, indicating 

the presence of at least three tumor suppressor genes (1 00,101 ). Increased 

transcription of the genes in trisomic chromosome 21 may contribute to select cancers. 

However, reduced exposure to environmental factors that contribute to cancer risk, 
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tumor suppressor genes on chromosome 21, and a slower rate of replication or a higher 

likelihood of apoptosis in Down syndrome cells offer a few reasons for the low frequency 

of solid tumors seen in Down's patients {1 02). 

The prediction of SIM2-s specificity using bioinformatics, and the subsequent 

validation of expression using a comprehensive tissue repository demonstrates the 

power of harnessing the human genome. In a recent review, the discovery and 

validation of SIM2-s was described as one of the first examples of discovering a new 

cancer-associated gene solely from genome sequence data (1 03). While the precise 

function and the nature of the molecules that SIM2-s gene regulates in normal and tumor 

tissues is not yet known, the prediction and validation of SIM2-s specificity in select 

cancers offers the possibility of using this gene as a diagnostic target. Commercially, 

there is a limited availability of reagents such as antibodies, proteins, and specific 

inhibitors for distinct members of the SIM family. One approach to gain an understanding 

of the therapeutic potential of SIM2-s is to design an antisense compound to block the 

function of the SIM2-s gene and monitor its effects in a cell culture model. 

7.4 - Genes to Drugs Paradigm: SIM2-s Antisense 
Efficacy 

7.4.1 - SIM2-s Antisense Effects in Vitro and in Vivo 

The high level of expression specificity of SIM2-s and the lack of expression in most 

normal tissues suggests that SIM2-s has the potential of being a highly cancer-specific 

target. Hence it was hypothesized that a bioinformatics-based discovery could be used 

as the basis for discovery of a novel molecular therapeutics target. If the presence of 
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SIM2-s is not only essential for the initiation of select cancers but also for the 

progression and survival of cancer cells, then inhibition of SIM2-s could provide us with a 

rationale for its therapeutic use. Therefore, to establish a proof of concept that SIM2-s 

may be a valid target for drug therapy, an antisense oligonucleotide specific to SIM2-s 

was designed. 

Antisense technology has been effective in blocking the expression of targeted 

genes and validating drug therapy use of targets (53, 1 04). Specificity and efficacy of 

antisense compounds have been shown in numerous in vitro and in vivo models, and 

presently, many antisense compounds are at various stages of human clinical 

development (105-107). In this study, a twenty-four base pair antisense oligonucleotide 

was synthesized as a second-generation chimeric (phosphorothioate-2-0-methyl RNA) 

compound. Careful consideration was taken into the design of the antisense oligo 

sequence and its control sequences (reverse, 4bp-mismatched). The short form unique 

region at the 3' end of the SIM2-s mRNA molecule was chosen for antisense designing. 

Generally, the 5' end of the mRNA molecule, particularly the AUG start site, is chosen as 

the ideal region for designing antisense compounds, however, in this case, this region is 

shared between both SIM2 spliced variants. Upon choosing the appropriate sequence 

from the SIM2-s unique region, BLAST verification determined that this sequence had no 

homology to any other gene in any other organism. An antisense oligo was designed 

against this sequence, and bioinformatics was used to test the melting temperatures of 

the antisense and control sequences and to test if they contain "stem loop" secondary 

structures. 

In preliminary in vitro experiments using both colon and pancreatic cancer cell 

line models, specific inhibition of SIM2-s mRNA and subsequent protein as well as cell 
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death was observed within 24 - 48 hours. The half life of SIM2-s has been recently 

shown to be approximately two hours (92), which can account for the rapidity of the 

antisense effects. Death was directly linked to apoptotic pathways, as was demonstrated 

by Apoptag detection, DNA laddering, and the use of a cell death detection ELISA. 

Apoptosis may be occurring due to the perturbation of expression in genes involved in, 

for example, death receptor pathways, cell survival, and cell cycle. GeneChip®-based 

expression analysis may help shed light into the molecular mechanisms behind 

apoptosis induction upon blocking SIM2-s function (see section 7.5.1 ). Similar effects 

were also observed in two other colon cancer cell lines, whereas no effect was seen in 

MDA231 breast carcinoma cell line or early passage human colonic smooth muscle 

cells, both of which lack SIM2-s expression (31 ). In the pancreatic cancer cell line 

model, further specificity of the antisense drug was observed by monitoring expression 

of other SlfV! family members, 'including SIM2-I, SIM1, AhR, and ARNT (32). None of 

these gene's expression profiles were effected by antisense. Future studies similar to 

these may include the use .of more SIM2-s positive cell lines (colon, pancreas, and 

prostate) as well as a few negative expressers of SIM2-s (breast, lung, ovary). Cell lines 

would be chosen based upon molecular heterogeneity (p53 status, K-ras activation, 

multiple drug resistance, etc.). 

In a preclinical nude mice model, antisense inhibition of SIM2-s expression 

induced apoptosis and inhibition of tumor growth, offering the possibility of using 

antisense directed against SIM2-s mANA as a novel therapeutic compound. Antisense 

treated mice showed no evidence of gross toxicity, and their hematological parameters 

were normal suggesting lack of toxicity. This may be due to the lack of SIM2-s 

expression in most tissues and could possibly infer low toxicity upon future clinical 
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studies. The main toxic liability that can be anticipated by inhibition of SIM2-s is likely to 

be renal, as SIM2-s is expressed in normal adult kidney. In preliminary experiments, 

treatment of early-passage renal epithelial cells (HREC) or prostate epithelial cells 

(PrEC) with the SIM2-s antisense drug showed no toxicity (31 ). It can be proposed that 

other members of the SIM family, specifically SIM2-I and SIM1, which are also 

expressed in the normal kidney, may provide an alternative to normal SIM2-s function 

(31 ). 

While in human tissues the SIM2 gene exists as at least two distinct forms, the 

long and short forms (SIM2-I and SIM2-s), due to alternative splicing (44), in other 

organisms, including Drosophila, mouse, and rat, no evidence of alternative splicing 

exists. The functional consequence of the alternative splicing is not clear. Examples 

exist for other transcription factors, such as NF-KB (108) and Myc (109), that such 

alternative splicing regulates the wild type activity by sequestering essential factors, thus 

resulting in gain of function. While SIM2 long form expression is not present in colon 

tumors, it is co-expressed in pancreatic tumors and in select normal tissues, such as 

kidney, along with the SIM2 short form (32). 

It is possible that the individual forms of SIM2 elicit distinct roles in a tissue type

specific manner. Whereas in tissues where both the forms are present, a level of 

redundancy for the key transcription factor role of SIM2 may be present. In cells that 

normally do not express SIM2, the molecules that regulate SIM2-s and -1 may become 

perturbed upon transformation due to some external stimuli or other genetic event and 

then selectively. activate or one Or both SIM2 variants. Single point mutations (SNP) 

may also cause selective activation of SIM2-s or both forms. In CAPAN-1 pancreatic 

cancer cells, SIM2-s antisense had no effect on the long form's expression, however, 
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apoptosis still occurred in antisense-treated cells (see section 5.1 ). This infers that each 

transcript may have separate functions or that inhibition of one variant is sufficient to 

induce cell death signaling. This particular issue is a matter of concern, and approaches 

to resolve this issue should be addressed by designing an antisense oligo in the long 

form unique region as well as designing an oligo in a region common to both transcripts. 

GeneChip®- based expression profiling can then be used to decipher the specific targets 

for each form. 

7 .4.2 - Future Directions for SIM2-s Antisense 

One limitation to the current in vitro methods used in this study is the necessity for 

transient transfection of the antisense oligo upon every experiment. Variation of efficacy 

can occur due to differences in efficiency of oligo uptake. An alternative approach to 

transient transfection would be to design an antisense construct (50 -150bp in length), 

package it into a Tat-inducible expression vector, and create a cell line that stably 

expresses the antisense construct. If the expression system is under the control of an 

inducible promoter system, the stable transfectant cell line would produce its own 

antisense molecule upon exposure or withdrawal of an antibiotic, thereby making 

repeated oligo treatments unnecessary. Although this approach is more labor intensive, 

the cell line would become an invaluable source for creating and collecting reagents for 

future analysis. 

Another issue to addtess is nonspecific interactions involving the SIM2-s 

antisense compound. Although measures have been taken to determine the specificity 

of this drug, nonspecific antisense-related events have been shown to occur frequently 

(54, 110,111 ). To investigate this issue, RNA interference (RNAi) technology can be 

deployed as a parallel approach. RNAi is a phenomenon in which the introduction of 
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double-stranded RNA (dsRNA) into certain organisms and cell types causes degradation 

of homologous mANA. In the cell, long dsRNAs are cleaved into small interfering RNAs 

(siRNA), approximately 21 - 25 base pairs in length, by a nuclease known as Dicer 

(112). The siRNAs then assemble with protein components into an RNA-induced 

silencing complex (RISC). The siRNA strands guide the RISC towards complementary 

mANA molecules for subsequent cleavage. Although the mechanism of cleavage is 

unclear, it is thought that each RISC contains its own RNAse (112). In mammalian cells, 

introduction of long dsRNA has been shown to activate nonspecific mRNA degradation 

and inhibition of protein synthesis due to an antiviral response (113). To overcome this 

obstacle, siRNAs can be synthetically synthesized and introduced into cells. Several 

oligonucleotides (antisense as well as controls) based on previous antisense 

considerations can be chosen, and siRNA can be rapidly synthesized by in vitro 

transcription. This system is cost efficient and very robust in obtaining good yields of 

double stranded RNA. Lead compound optimization may be approached using 

previously established models and assays. Once a target is identified in these 

experiments, an alternative method of stable expression vectors to deliver the RNAi 

may be considered. 

Expansion of the results obtained from the RKO colon cancer model may also 

be performed where efficacious doses, optimal frequency of administration, route of 

delivery (subcutaneous, intravenous), modality (tumor inhibition/regression), and hints of 

tumor reoccurrence after drug withdrawal can be investigated. Detailed toxicology 

profiles at each efficacious dose and demonstration of a maximum tolerated dose (MTD) 

should also be performed. There is the possibility that the eventual clinical use of this 

antisense compound may be as a single agent or in combination chemotherapeutics like 
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many other antisense drugs {114). Hence a framework should be established using this 

antisense in combination with standard chemotherapeutics {COX-2 inhibitors, 5-FU, 

cisplatin, etc.) first in vitro and perhaps later in a preclinical model. These results would 

help expand on the initial observations of growth inhibition seen in the original antisense 

RKO model. 

7.5 - Genome Wide Expression Profiling of SIM2-s 
Antisense 

7.5.1- Proposed Mechanism of SIM2-s Antisense Drug 

Inhibition of SIM2-s mRNA by antisense technology caused RKO colon carcinoma cells 

to undergo apoptosis within 24- 48 hours after a single treatment. However, no direct 

target for SIM2-s in cancer has been discovered to date. It was rationalized that 

monitoring global gene expression changes using GeneChip® technology could help 

decipher the mechanism of the SIM2-s antisense drug arid establish a gene expression 

profile that depicted cell death could be obtainable using microarrays. A time-course 

experiment was designed, where RKO cells were treated with or without the antisense 

drug for twenty-four hours. Total RNA was isolated at the indicated times {10, 14, 18, 

and 24 hours) and analyzed via GeneChip®. Prior to performing this analysis, the 

integrity of the RNA must be ensured to be of the highest quality. To determine its 

quality, total RNA was measured by spectrophotometry, analyzed by electrophoresis to 

determine that the total RNA was intact, and SIM2-s inhibition was assayed by RT-PCR 

to determine the specificity of the drug. The Affymetrix Human Genome U133 {HG-

U133) Set of chips was used which contains over 33,000 genes, both known and 
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unknown, and data analysis was performed comparing only the known genes using 

Affymetrix Microarray Suite software. While differentially expressed novel genes may be 

interesting as well, only known genes can be used to derive the antisense drug's 

putative mechanism of action. Analysis of these novel genes is beyond the scope of this 

project, but may be used in future studies. 

From the unique gene expression profile observed in the antisense treated cells, 

a model was generated (Figure 20 and Tables 5 - 8). At the earliest time point (10 

hours), a cascade of gene expression changes was seen which included early 

perturbation of signal transduction molecules and transcription factors. This also 

included three distinct types · of signalling: induction of differentiation signals such as 

leukemia inhibitory factor (LIF) and growth differentiation factor (GDF9) (115), activation 

of Transforming Growth Factor beta (TGFB2), a potent growth arrest signal, and 

activation of a key apoptotic signal, Fas receptor (FasApo) (116). Detection of 

differentiation markers succeeded these signals as well as the deregulation of genes 

involved in DNA repair and cell cycle. At 18 hours, signs of early apoptosis became 

apparent. SIM2-s antisense inhibition caused activation of pro apoptotic genes and 

down regulation of select proteases and tumor p53. This was accompanied by down 

regulation of cell cycle-related genes (117). After 24 hours of treatment, signs of stress 

and cell death were observed, monitored by upregulation of stress response genes, 

down regulation of metabolic enzymes, and activation of death receptors (FasApo and 

DRS) (116). 

This particular gene expression profile, in a global sense, appears to suggest the 

induction of an apoptotic cascade upon SIM2-s antisense inhibition. At the earliest time 

point analyzed, induction of a well-characterized death receptor, FasApo (CD95), was 
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observed with other consequent hallmarks of apoptosis occurring shortly thereafter. 

This included perturbation of cell cycle signals (p45, cyclins/CDKs}, DNA repair enzymes 

(mutS homolog 4, MSH4) and stress-related genes (HSP70) (Figure 20 and Tables 5-

8}. Another gene tightly linked to FasApo, CEACAM7, was also up-regulated. 

CEACAM7 expression is specifically up-regulated in fully differentiated normal colon 

epithelial cells and is generally lost during polyp formation, the earliest stage of colon 

cancer (118). Upon fas-mediatedapoptosis, CEACAM7 expression becomes stimulated 

again and hence may serve as an apoptotic indicator (118). It should be noted, 

however, that it still remains to be shown that CEACAM7 expression has any direct 

influence on apoptosis or cell proliferation in colonic epithelial cells. 

One may further hypothesize that SIM2-s is a repressor of differentiation, which 

would be consistent with its role in the developing midbrain (46). In support of this, down 

regulation (1.4-fold) of Immature Colon Carcinoma Transcript (ICT1 ), a colon-specific 

gene, was observed at 14 hours. This gene has been shown in colon carcinoma-derived 

cells to be down-regulated in response to induction of differentiation (119), supporting 

this hypothesis. GeneChip® analysis of the AKO-derived tumors from the in vivo 

experiments also revealed deregulation of differentiation markers, which further supports 

the involvement of differentiation signals in the mechanism of the antisense drug. 
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Figure 20. Proposed mechanism of the SIM2-s antisense drug using GeneChip 

analysis. RKO colon carcinoma cells were treated with SIM2-s antisense and at the indicated 

times, total RNA was analyzed for global gene expression using Affymetrix U133 Set A&B 

GeneChips. Chip output from U133A (known genes) was used to build the model. 

86 



Two possible SIM2-s targets, PER2 and DSCR1, were differentially modulated 

by the antisense treatment (Table 6). While PER2 was up-regulated (3.8-fold), DSCR1 

was down-regulated (4-fold). The PER2 gene, a human homolog of Drosophila 'period,' 

encodes a component of the circadian clock (58). PER2 contains a PAS (PER-ARNT

SIM) protein dimerization domain, similar to the PAS domains of SIM2-s. The Down 

Syndrome Critical Locus gene 1 (DSCR1 ), which is located in proximity to SIM2-s on 

chromosome 21 , is overexpressed in the brain of Down syndrome fetuses, and interacts 

physically and functionally with calcineurin A, the catalytic subunit of the 

Ca2+/calmodulin-dependent protein phosphatase PPP3CA (59). These GeneChip® 

results provide the first evidence linking these two genes directly with the SIM2-s 

pathway. 

This experiment captured a snap shot of gene expression changes in response 

to blocking SIM2-s function. Many genes were affected by the antisense, however, an 

explanation for each gene's perturbed expression would be difficult to accomplish. In 

fact, if one were to perform an exhaustive literature analysis of each gene, there may be 

the possibility of coming across several gene expression differences that are 

contradictory to the established knowledge of a particular gene. Only by having both a 

biological understanding of apoptosis and the prior knowledge of cell death as an end 

point in this experiment could genes have been identified to fit this model. While 

microarrays offer a powerful utility, it appears that the identification of THE gene(s) that 

SIM2-s directly targets may not be possible to identify solely using this approach. 

Additional bioinformatics approaches may be necessary to address this issue. 

This preliminary study served two purposes: 1) to establish a proof of concept 

that GeneChip® technology could be used assist in identifying the mechanism of a novel 
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therapeutic antisense drug and 2) to facilitate in the learning curve of this particular 

technology for the future establishment of a GeneChip® Core Facility. While post

analysis validation studies using Real-time RT -PCR were performed on select key genes 

used to derive the proposed mechanism,' this experiment did not include any type of 

replicate samples to help minimize experimental variation and ensure that the data 

obtained was statistically significant. Future studies of this model will have to follow 

stricter guidelines related to experimental design, data analysis, validation, and follow-up 

studies. The next sections describe these issues in more detail, using the SIM2-s 

antisense-treated RKO cell culture model as an example. 

7.5.2- Experimental Design of Microarray Experiments 

Due to the large amounts of information generated from microarray experiments, 

statistical assessment is critical to draw conclusions from the data. To minimize the 

amount of variation that leads to false hits and ensure that resulting data is amendable 

to statistical analysis, proper experimental design is essential. Design of microarray 

experiments can be broken down into three layers. First, replication of biological 

samples is essential in order to draw conclusions that are valid beyond the scope of the 

particular samples analyzed. The number of samples will vary dependent upon the 

experimental units and "treatments" in each experiment. As a minimum, two 

independent biological replicates per treatment are necessary. For example, cell 

culture-based experiments can be set up in duplicate from the same passage and be 

treated as individual experiments or two completely independent GeneChip® 

experiments can be performed from two separate passages and then later analyzed 

together using statistical software. Biological variation is intrinsic to all organisms. 

Therefore, it is tempting to avoid biological replication in a microarray experiment 
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because of cost related issues or because results will appear more reproducible. The 

generated output, however, may result in misleading information because significant 

findings may reflect chance fluctuations (120). Another temptation may be to pool 

samples to simplify handling a large number of experimental units or because of a 

limited availability of RNA. This should also be avoided, because while pooling will not 

effect variability due to sample handling or measurement errors, it will reduce the 

biological component of variation (120). 

The second layer involves the use of technical replicates to increase precision 

and provide a basis for testing variances within treatment groups. Technical variation is · 

generally introduced during RNA extraction, labeling, and hybridization of the samples. 

To minimize .this type of variance, replicates should be aliquots of the same material 

used to perform the hybridization. Usually, this is in the form of labeled eDNA or cRNA. 

While the option to reuse the same hybridization sample in multiple chips is possible, 

this may not be considered independent replications, particularly in an experiment of 

biological comparison. Reused samples will not represent the original mANA pool 

because hybridized material cannot be collected again. Hence the left over sample to 

be reused will represent all those unbound mRNAs from the first experiment and affect 

the results quantitatively. As a result, the abundance level of transcripts, especially low 

abundant transcripts, will be misrepresented. 

Lastly, the third component involves variance due to the design of the array 

itself. This includes the way the elements of the chip are arranged, the use of 

hybridization controls in determining the efficiency of probe hybridization and nonspecific 

binding, the use of housekeeping genes, and quality controls to detect spotting errors. 

Variance at this layer will affect total measurement and the quantifiable fold changes 
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between compared samples. To a lesser extent, variance can also be associated with 

incorrect fluorescent level readings due to instrumental errors and factors such as dust 

on the chip during image acquisition. If one chooses to personally spot their own custom 

arrays, then it is the user's responsibility to keep these issues in mind. If choosing to use 

a commercially available microarray system, then array design and available controls 

should be a major issue when choosing the right system. Currently, Affymetrix is the 

leader in microarray systems, and their GeneChip® arrays are well designed, taking into 

consideration many issues regarding experimental variation that comes from chip 

design. Information regarding the design and printing of GeneChips® can be fully 

accessed from their website, htt(2://www.£.tf.Y.Lnetrix.corr!( 

7 .5.3 - Interpretation, Validation, and Post-Analysis Follow-Up Studies of 
Microarray Experiments 

Once an investigator has performed a microarray experiment and has obtained a large 

data set in hand, two important questions need to be considered when evaluating the 

expression information. First, does the data appear accurate for the particular biological 

system under investigation? Secondly, in a much broader sense, does the data 

describe the phenomenon being investigated? Obtaining valid expression data involves 

more than just post-array independent verification of hits; it requires prior knowledge of 

the system under investigation and an end result (i.e. cell death) as the basis for what 

the investigator is interested in studying. This is where a major paradigm shift in 
' ' 

hypothesis-driven research is taking place (see Introduction). In the past, an investigator 

would ask a single question and receive a single answer. Changing one variable at a 

time would allow for another question to be answered in a systematic manner until 

enough information was gathered to gain an understanding of a particular phenomena. 
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Today, because of the use of high throughput approaches, research is becoming data

driven. Analysis of one experiment leads to many answers at once, leaving the 

investigator with the responsibility of extracting hypotheses from the data that best 

explain it and that tells something interesting at the same time. To someone new to this 

type of research, this observation generally surfaces after the experiment has taken 

place. Therefore, it is to the investigator's advantage to be prepared to answer these 

particular questions prior to embarking upon these types of efforts. 

The amount of information that will be generated from a single microarray 

experiment will be sufficiently large that no single study can be expected to mine each 

piece of useful scientific information. As a consequence, the scale and complexity of 

microarray data requires the use of computer software to do much of the processing, 

storage, visualization, and analysis. Selecting a software package can be a problem 

because of the large number of analysis systems available {121,122). To date, there is 

no there is no consensus approach to statistical analysis. Therefore, depending on the 

method that is chosen, microarray data may be analyzed in a variety of different ways 

(122). Critical issues regarding software analysis include the methods for normalization 

and background subtraction, data standardization, and the use of visualization tools 

(123). Image acquisition is a crucial step in this process because errors at this level will 

affect the validity of the final data. Regardless of which system is chosen, a statistical 

approach must be used to determine the significance of the changes in gene expression 

levels of each individual gene. Following this, a high-end computational analysis may be 

used to identify gene expression patterns. This includes using software that can perform 

hierarchal clustering, multidimensional scaling, or pattern identification, including neural 

networks and heuristic algorithms (124). 
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Because erroneous artifacts can be introduced into the data sets at many places 

during the experiment, the validation process must be carefully considered. There are 

two approaches to independent confirmation of microarray data: in silico analysis and 

wet lab-based analysis. The in silico method compares results with information found in 

public or private expression databases. Information may be obtained by performing a 

comprehensive literature analysis of select genes or by comparing results with available 

microarray data sets found on the internet. Researchers generally submit full data sets 

as supplementary information upon publishing microarray data. For example, numerous 

prostate cancer profiles have been published (57,125-127). Also, several private 

companies who specialize in expression-based studies have created databases that can 

be used for comparison with array data sets. Gene Logic (bl!Q://yvww.genelogic.com/), 

for example, offers a large biorepository of human and animal tissues and cells as well 

as comprehensive information databases of gene expression and clinical data as part of 

their GeneExpress services. Agreement between array results from multiple groups as 

well as known information from the existing literature helps to validate the general 

performance of microarray technology as a whole and provides confidence to the 

investigator's overall data, particularly novel discoveries. 

Laboratory-based validation of data is essential for independent verification of 

expression levels and typically begins with the same samples that were studied in the 

initial array experiment. The techniques most commonly used are semi-quantitative RT

PCR, Northern blot, Real-time RT-PCR, in situ hybridization, and immunohistochemistry 

(128). Real-time RT-PCR has become the choice for many researchers for 

quantitatively measuring specific mRNAs {129). It should be noted that Real-time RT

PCR requires a significant up-front effort to establish and optimize conditions. However, 
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once established, the method is rapid, relatively inexpensive, and requires minimal 

starting material (129}. 

One critical issue involving the use of lab-based approaches is how well do 

independently validated results correlate with fold differences obtained from the 

microarray data. For example, Rajeevan and co-workers (129) used a modified version 

of Real-time RT -PCR to evaluate array-based data. They found that the majority of 

results were qualitatively accurate. However, consistent validation was not achieved for 

genes showing less than a four-fold difference on the array. In fact, for many of the 

genes, there were significant quantitative differences between the array and RT-PCR 

data. In the SIM2-s antisense study described here, Real-time RT-PCR was used to 

validate the expression patterns of select key genes, however, the data that was 

generated was only measured semi-quantitatively. Patterns of expression (either 

stimulated or inhibited by the antisense) appeared to correlate with the array output in a 

qualitative sense, but many of the fold changes predicted by the analysis software 

appeared to be greater by Real-time RT-PCR. Upon validation of some genes, patterns 

of expression were also extended to other time points in the experiment, regardless if 

the GeneChip® output predicted expression differences at only one time. As a result of 

these trends in variance, many investigators choose to validate those genes that have 

the highest fold change differences for further study because of the chances of obtaining 

positive quantifiable results. However, if quantitative information from arrays may be 

imprecise for transcripts showing small differences, then this strategy could possibly 

overlook significant genes of interest. Genes chosen for validation should be 

determined based upon their relevance to the particular biochemical pathways related to 

the study. 
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In addition to validating array results at the mANA level, it is equally important to 

evaluate expression levels of the corresponding protein product. To date, this extension 

of validation is not as commonly found in publications (128). It is presently unclear as to 

what frequency protein expression correlates to transcript levels. Limited availability of 

reagents, the sensitivity and dynamic range of Western blot analysis, the specificity of 

antibodies to probes, and the absolute differences between protein and mANA levels are 

all factors that may contribute to these discrepancies. As mentioned above, 

investigators often bias follow-up analysis towards hits that show the highest fold 

change. This may not necessarily translate to a similar difference at the protein level, 

particularly as protein function is affected by several factors besides relative 

abundance. Hence, validation of protein function using the most suitable biochemical 

assay for a particular gene product would be the ultimate measure of validation. 

Once array data has been analyzed and independently validated, one final 

attempt must be made to be certain that the data is universal to the observed 

phenomena. This means that the results obtained by these approaches can be 

extrapolated to other bioiogical samples or cell.lines and give rise to similar results. This 

universality of results can be addressed by evaluating critical genes in extensive eDNA 

repositories of tumor and normal tissues as well as different cell lines of a particular 

cancer type. The use of tissue microarrays is also becoming more useful for validating 

large sets of human or animal specimens (130, 131 ). In relation to the SIM2-s antisense 

drug, treatment of other colon, pancreas, and prostate cell lines should give rise to a 

similar mechanistic profile; this, however, has yet to be determined. It should be noted 

that while a similar profile may be evident in various cell lines, there is a possibility that 

tissue-specific gene expression differences may be seen upon SIM2-s antisense 
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treatment. Therefore, analysis of this mechanism must be made not only within cell lines 

of a similar tissue type but as a global analysis of various SIM2-s positive cells as well. 

The microarray field is rapidly evolving, and the number of publications using 

various methods is substantial (132). To resolve this issue, efforts are underway by the 

research community to adopt common standards and ontologies for the management 

and sharing of microarray information. Spearheaded by the Microarray Gene 

Expression Data (MGED) Society (http://www.mged.or.g/), this group is interested in 

establishing standards for describing microarray data, systems for data management 

and transfer, and public repositories for storage and data mining (133). As the growing 

number of publications and applications involving the use of microarrays expands, 

similarities in data management will increase the efficiency of how experiments and 

analyses of experiments are carried out. 

In conclusion, while microarray-based approaches offer a variety of ways to 

accelerate discovery and knowledge of new diagnostic and therapeutic targets, many 

issues need to be well thought out prior to performing any experiment. Concrete 

examples of diagnostics and therapeutics by microarray technology are likely to become 

evident upon improved integration of technology and expertise. Regardless of all this, 

there is one take home message: The use of bioinformatics and genomic tools are 

changing the way that research is being conducted today and in the future. However, 

these are only tools ... what really drives science is the understanding of knowledge and 

the creativity of our minds. 

95 



7.6- Summary 

Recent advances in genome sequencing and annotation efforts hold a promise that new 

molecular targets for diagnosis and therapy of different cancers may become a reality in 

the early part of this century. These efforts will bring about better ways to detect cancer 

at earlier stages and treat patients using pharmacogenomics to predict the appropriate 

therapeutic modality for each individual. The discovery and validation of the two genes 

described here in this work (CCRG and SIM2-s) provide a proof of concept that genes 

with a high level of organ- and tumor-selectivity do exist and can be identified using 

bioinformatics approaches. Combining bioinformatics with microarray technology 

promises to open new dimensions in mechanism-based target discovery. While further 

studies are necessary to determine how and why these two genes become involved in 

cancer, the results and approaches presented here should provide a rational basis for 

follow-up studies and the future discovery of other targets with similar organ- and tumor

specificity. 
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Chapter 8 - Materials and Methods 

8.1 - Data Mining of the CGAP Database and the Use of 
the Digital Differential Display Tool. 

The CGAP database was accessed (http://cgaQ.nci.nih.gpvD. and the ODD tool was 

used according to the database instructions. ODD takes advantage of the UniGene 

database by comparing the number of times ESTs from different libraries are assigned 

to a particular UniGene cluster. Six different solid tumor-derived EST libraries (breast, 

colon, lung, ovary, pancreas, and prostate) with corresponding normal tissue derived 

libraries were chosen for DOD (n=11 0). To identify tumor- and organ-specific ESTs, all 

the other organ- and tumor-derived EST libraries (n=327) were chosen for comparison 

with each of the six tumor types. The nature of the libraries (normal, pre-tumor, or 

tumor) was authenticated by comparison of the CGAP data with UniGene 

(http://www.[lcbi.nlm.nih.gov/UniGene) database. Those few libraries showing 

discrepancies of definition between the two databases were excluded. The ODD was 

performed for each organ type individually. DOD was performed using ESTs from 

tumors (Pool A) and corresponding normal organ (Pool B) for 0002 method or tumors 

(Pool A) and all other organ and tumor derived eDNA libraries including the 

corresponding normal (Pool B) for the 0001 method using the online tool. The output 

provided a numerical value in each pool denoting the fraction of sequences within the 
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pool that mapped to the UniGene cluster, providing a dot intensity. Fold differences 

were calculated by pool A/pool B. Statistically significant hits (The Fisher Exact Test) 

showing > ten-fold differences were compiled and a preliminary database was created. 

Hits were classified into major families using information generated from two web sites: 

the Online Mendelian Inheritance in Man database (httQ://www.ncbi.nlm.nih.gov/Omim/) 

and the GeneCards site (httpj/bioinfonnatics.weizmann.ac.il/cards/). Novel ESTs were 

compiled into a separate database. The UniGene database was accessed to establish 

an electronic expression profile (E-Northern) for each of the hits to facilitate tumor and 

organ selective gene discovery. The cytog~n~tic map position of the hits was also 

inferred from the UniGene page. A final database of ESTs that were up-regulated, 

down-regulated, and showed absolute differences ( +1-) in the six tumor types was 

created (see httQ://wwyy)au.edu/cmbb/gubl§tions/cancergenes.htm for details}. 

8.2 - RNA Isolation 

8.2.1 - RNA Isolation from Tissues 

Cancer patient-derived tumor and normal tissues were obtained from the Cooperative 

Human Tissue Network (CHTN), an NCI supported group. Upon sample collection, 

tissues are "snap frozen" and stored in liquid nitrogen until use. For RNA isolation, the 

tissue sections were ground into a powder with a mortar and pestle while frozen solid in 

the presence of liquid nitrogen. Immediately, Trizol Reagent (Invitrogen, Carlsbad, CA} 

was added to prevent RNAse activation. Approximately 5 - 1 Oml of Trizol is required 

per 1 g of tissue so that it completely coats the frozen tissue. Next, the entire contents 

(Trizol +ground tissue} were placed into a hand homogenizer to continue grinding of the 

tissue. Contents were filtered from the homogenizer into a 50ml tube through a sterile 
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gauze pad by pipetting. This is to remove any fat or insoluble material from the solution. 

The liquid was aliquoted into 1.5ml tubes (adding 1 ml in each tube) and allowed to 

incubate at room temperature (AT) for 5 minutes to permit complete dissociation of 

nucleoprotein complexes. Next, 0.2ml of chloroform was added to the tubes followed 

by vortexing for 15 seconds and then phase separation by centrifugation at 12,000 x g 

for 15 minutes at 4°C. The aqueous phase which contains the RNA was placed into a 

fresh tube. RNA was then precipitated with isopropyl alcohol (0.5ml per tube) and 

incubated at room temperature for 10 minutes followed by centrifugation at 12,000 x g 

for 1 0 minutes at 4°C. To this sample, 1 ul of glycogen was added to aid in visualization 

of the pellet. The pellet was washed with 1 ml of 75% ethanol, vortexed for 10 seconds, 

and spun down at 12,000 x g for 10 minutes at 4°C. Ethanol was removed, and the 

pellet was allowed to air dry. The pellet was then dissolved in 20- SOul of molecular 

biology grade water and incubated for 10 minutes at 60°C. RNA must be stored at -

80°C. 

8.2.2 - RNA Isolation of Cells Grown in a Monolayer 

Cells were lysed directly in a culture dish by adding 1 ml of TRIZOL Reagent to a 3.5 em 

diameter dish, and the cell lysate was passed several times through a pipette. The 

amount of the TRIZOL reagent added was based on the area of the culture dish 

diameter ( 1 ml per 1 0 cm2 
) and not the number of cells present. An insufficient amount 

of TRIZOL reagent may result in contaminated RNA. The liquid was aliquoted into 1.5 

ml tubes (adding 1 ml in each tube) and allowed to incubate at room temperature for 5 

minutes to permit complete dissociation of. nucleoprotein complexes. The addition of 

chloroform and the remaining steps were performed as described in section 8.2.1. 
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8.2.3 - RNA Isolation of Frozen Cells Pellets. 

Tubes containing frozen cell pellets were thawed in an ice bath for no longer than 5 

minutes. 1 ml of the Trizol Reagent per 5-1 0 X 1 06 total cells was used, and repeated 

pipetting was performed several times to dissociate the pellet. If dealing with a smaller 

number of cells, 0.8ml of Trizol was use. Tubes were then allowed to incubate at room 

temperature for 5 minutes to permit complete dissociation of nucleoprotein complexes. 

The addition of chloroform and the remaining steps were performed as described in 

section 8.2.1. 

8.2.4 Quality Control Analysis of RNA 

For quality control, the optical density of the RNA at A26o and A2ao was measured. 499ul 

of molecular biology grade water and 1 ul of the RNA solution was added into a quartz 

cuvette and measured by spectrophotometry. The standard calculation for quantifying 

RNA was used (A260 * 500 * 40ug/ml, where 500 = dilution factor from above i.e., 1 ul 

RNA I 499ul water and 1 O.D. of RNA @ A26o = 40ug/ml). The 260/280 ratio should be 

approximately 1.8 - 2.0. If the ratio was less than 1.8, the RNA was re-precipitated by 

adding 200ul 1XT10E1, 1/10 volume of 3M NaOAc (pH 4.5) and equivolume of 

isopropanol. Next, it was either placed in dry ice/EtOH for 30 minutes or stored in -80°C 

overnight or in -20°C for 24 hours. The tube(s) were then thawed at 37°C for 5 minutes 

and spun down at 12,000 x g for 10 minutes at 4°C. Washing and dissolving of the RNA 

pellet was performed as described above in section 8.2.1. The quality of RNA was also 

validated by visualization of total RNA on a 1% agarose formaldehyde gel. 1 ul of the 

RNA (1f..lg/f..ll cone.) was mixed with 5ul of ethidium bromide-containing RNA loading 

buffer and incubated for 10 minutes at 65°C and then for 5 minutes on ice. The gel was 

loaded and ran in 1xMEN buffer at 60- 80V. The gel was destained in distilled water for 
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one hour, with fresh changes of water every 15 minutes. Good quality RNA will show 2 

bands: one 28S rRNA band and one 18S rRNA band. The 28S band should be double 

the intensity of the 18S band. Also, there should be little or no smearing visual. Any 

concentrated smearing below the 188 band is a result of degraded or broken down 

RNA. 

8.3 - eDNA Synthesis 

One ug of total RNA was first DNAse treated by preparing a cocktail of 5X First Strand 

Synthesis buffer (0.5X F.C.) (Invitrogen, Carlsbad, CA), DNAse I (0.01 U F.C.), RNase 

inhibitor (0.18U F.C.), both from Amersham Biosciences (Piscataway, NJ), and brought 

to a final volume of 1 Oul with molecular biology grade water. The mixture was spun 

down and incubated at 37°C for 30 minutes. DNAse activity was later inactivated by 

adding 1 ul of 25mM EDT A. 1 ul of a 0.5ug/ul stock of random hexamers (Invitrogen, 

Carlsbad, CA) was then added to each sample followed by an incubation at 70°C for 10 

minutes. After incubation, the tubes were placed in a ice water bath for 3 minutes, and 

then spun down to remove condensation. Next, the first strand synthesis reaction 

mixture was made, which included 5ul of 5X RT buffer, 2ul of 0.1 M OTT, 1 ul of 1 OmM 

dNTPs, 1 ul of RNAse inhibitor (39.4 U/ul), and ' 1 ul of SuperScript II Reverse 

Transcriptase (200U/ul) per sample. All first strand synthesis reagents, excluding 

RNAse inhibitor, were purchased from Invitrogen. This mixture was incubated at 42° C 

for 1 hour. For making a eDNA stock to be used for end-point RT-PCR, 0.5ul of 0.5M 

EDT A was added, follow by heat inactivation at 90°C for 1 - 2 minutes. eDNA was 

diluted with water to a ratio of 1 :4 so that 2ul of eDNA was used per AT -PCR reaction. 
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If, however, eDNA was to be used for Real-time RT-PCR, eDNA was further cleaned up 

which involved the addition of 300ul of 1 XTE buffer, 2ul glycogen (40mg), 160ul Phenol, 

160ul of chloroform/isoamyl alcohol and 4ul of 0.5M EDTA. The mixture was rotated for 

a minimum of 15 minutes, placed into a phase-lock gel 1.5mL tube (Eppendorf, Boulder, 

CO) and then spun down for 2 minutes at full speed. The top aqueous phase was then 

re-precipitated using the same methods described in section 8.2.4 and later dissolved in 

20ul of water. All cDNAs were tested in independent RT-PCR reactions with 3-5 

different housekeeping genes to ensure of quality. 

8.4 - eDNA Repository Used in CCRG and SIM2-s 
Expression Studies 

The human tumor and normal tissues were obtained from the Cooperative Human 

Tissue Network (CHTN). RNA was isolated and random primed cDNAs were 

synthesized as described in sections 8.2.1 and 8.3. Other tumor and normal tissue 

RNAs were obtained from the Biochain Institute (San Leandro, CA). Normal tissues, 

fetal tissues, and the human digestive system eDNA panels were from Clontech (Palo 

Alto, CA). Leukemia cell line~derived cDNAs were obtained from Geneka 

Biotechnologies (Montreal, Quebec). 

8.5- Reverse Transcriptase-Polymerase Chain Reaction 
(RT-PCR) 

RT -PCR was carried out as 25ul reactions, which included the following components: 

2.5ul of 1 OX reaction buffer containing MgCb (1 mM F.C.) and 0.25ul of HotStar Taq DNA 
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Polymerase (1.25U F.C.), both from Qiagen (Valencia, CA), 2ul of 2.5mM dNTPs 

(Invitrogen, Carlsbad, CA), 1 ul each of both sense and antisense primers (1 OOng/ul F. C.) 

synthesized by Sigma Genosys (The Woodlands, TX), Sui of 5X Rapid-Load PCR 

loading dye (Origene Technologies, Inc., Rockville, MD), 11.25ul of water, and 2ul of 

eDNA template. RT-PCR was carried out using the Perkin Elmer 9600 Thermal Cycler 

(Boston, MA) or the MJ Research Programmable Thermal Cycler (PTC) (Waltham, MA). 

RT-PCR primers (see section 8.6) were designed using the PrimerS program 

(bttQ1/www-genor:r:l§. wi.mit.edu/cgi-bin/primer(Qril11er3 vyww.cgl). AT -PCR conditions 

included 95°C for 15 minutes, followed by a 25- 40 cycle amplification (dependent on 

the primers used) at 94°C for 45 seconds, 58-67°C for 45 seconds (dependent on the 

primers used), and 72°C for 90 secbnds with a final extension at 72°C for 10 minutes. 

RT -minus controls and genomic DNA controls were routinely used to authenticate the 

AT-derived products. Eaph RT-PCR was repeated with independent eDNA preparations 

3-5 times. Internal control Actin RT-PCR was done on all samples simultaneously. One 

half of the amplified products were separated by gel electrophoresis on a 2% agarose 

gel and stained with ethidium bromide for visualization. 

*Note* - In Figures 2A and 17C, 2ul of [a-32P) dATP (3uCi/rxn) was added to the RT

PCR master mix and samples were separated on 8% PAGE gels and exposed to 

autoradiography. 

*Note* - In Figures 8,9E, and 9F, the authenticity of the RT-PCR products was verified 

by hybridization to an internal oligonucleotide probe. Refer to Southern blot 

hybridization methods (section 8.1 0). 
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8.6- List of Primers Used for RT-PCR 

Creatine Kinase (DDD2}: Sense: 5'-CAC TGG CCG GAG CAT CAA GG-3' 
Antisense: 5'-CTG GGC GGG GAT CAT GTC GT-3' 
Annealing Temp: 65°C; Amplicon: 745bp 

Guanylate Cyclase (DDD7): Sense: 5'-TCC GCC AAG CCA ACA TCT CTC A-3' 
Antisense: 5'-TGC ATG CCG ATT GCC ATT TCT C-3' 
Annealing Temp: 65°C; Amplicon: 716bp 

Ets variant gene 3 (DDD12): Sense: 5'-TGA TGA CTC AGT CTC CAC TCT CC-3' 
Antisense: 5' -GATTTCCACCTTGGTCCCTTG-3' 
Annealing Temp: 58°C; Amplicon: 326bp 

C-4/CCRG: 

F _C4-2/CCRG: 

SIM2-s1: 

SIM2-s2: 

81M2-I: 

SIM1: 

AhA: 

ARNT: 

Sense: 5'-GAG TTC TCA GCC TCC TCC CTG T-3' 
Antisense: 5'-CGA GCC ACG TGT CTT CTT TCC-3' 
Annealing Temp: 60°C; Amplicon: 455bp 

Sense: 5'-GGC CGT CCT CTT GCC TCC TTC T -3' 
Antisense: 5',-GGT TTC GAG CTG AAC ATC CCA CGA-3' 
Annealing Temp: 6rC; Amplicon: 267bp 

Sense: 5'-TGG AGG ACCGCC TTG TCTACC T-3' 
Antisense: q'-GCC CAA AGC GTG AGG GTT CTG TCT-3' 
Annealing T'emp: 64°C; Amplicon: 619bp 

Sense: 5'-TGG AGG ACC GCC TTG TCT ACC T-3' 
Antisense: 5'-CCG GTG GCT CTG GAG GAT TT-3' 
Annealing Temp: 62°C; Amplicon: 472bp 

Sense: 5'-TGC CCT TCG TGC TGC TCAACT ACC-3' 
Antisense: 5'-AGG AAA CCA AGC CCC CAG CA-3' 
Annealing Temp: .66°C; Amplicon: 484bp 

Sense: 5'-GCT GGT GGA AGA GAG GCA TT-3' 
Antisense: 5'-TGG AGA ACT GAG CAC ACT AT-3' 
Annealing Temp: 58°C; Amplicon: 246bp 

Sense: 5'-AGC TAG TCC ACT TCA GCC ACC ATC CA-3' 
Antisense: 5'-GGA TAT GGG ACT CGG CAC AAT AAA 

GCA-3' 
Annealing Temp: 66°C; Amplicon: 212bp 

Sense: 5'-TCT GTC ATG TTC CGG TTC CGG TCT-3' 
Antisense: 5'-TCA AGG GGC TTG CTG TGT TCT GGT -3' 
Annealing Temp: 66°C; Amplicon: 359bp 
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Actin: Sense: 5'-CAC TGT GTT GGC GTA CAG GT-3' 
Antisense: 5'-TCA TCA CCA TTG GCA ATG AG-3' 
Annealing Temp: 60°C; Amplicon: 150bp 

8.7- Real-time RT-PCR 

Semi-quantitative Real-time RT -PCR was performed using the Roche LightCycler 

System (Roche Applied Sciences, Indianapolis, IN). The RT-PCR primers were 

designed (see section 8.8) using LightCycler Probe Design Software 1.0. Titration of the 

eDNA template concentration and MgCb was done in preliminary experiments and 

optimum concentrations were used in the reactions. Reactions were carried out as 20ul 

reactions, which included 2ul of 1 OX FastStart DNA Master SYBR Green I mix (Roche 

Molecular Biochemicals, Indianapolis, IN), 1.6ul of MgCI2 (3mM F.C.), 1 ul each of both 

sense and antisense primers (100ng/ul F.C.), 13.9ul of water, and 0.5ul of eDNA 

template. The RT-PCR conditions included a 10 minute denaturation step, then 35- 45 

cycles of amplification (dependent on the primers used) at 95°C, 10 seconds; 60 - 68°C, 

10 seconds (dependent on the primers used); 72°C, 30 seconds; and an acquisition 

fluorescence reading at a temperature 1 oc below the Tm of the product held for 2 

seconds. This was followed by a melting curve analysis, which consisted of one cycle at 

95°C for 0 second, 65°C for 15 seconds, and a continuous acquisition fluorescence 

reading up to 95°C. The crossover points were determined to quantify the reaction 

products. Product authenticity was validated by Tm measurement of the different PCR 

products, crossover point determination, serial dilution of the cDNAs, and by agarose gel 

electrophoresis. 
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8.8 - List of Primers Used for Real-time RT -PCR 

SIM2-s3: 

LIF: 

FasApo: 

MDM2: 

MSH4: 

DSCR1: 

PER2: 

p45: 

CEACAM7: 

FGF18: 

TGFB2: 

Sense: 5'-GCC AGC GAG CGG TGA ATG C-3' 
Antisense: 5'-GCA AGT TTC CCA AAG CTG AGG-3' 
Annealing Temp: 68°C; Product Tm: 92°C 

Sense: 5'-GCA TTT CCC TGC AGA TGG TAG AGA-3' 
Antisense: 5'-CCA AGG CCA TGT GCT TTT CA-3' 
Annealing Temp: 62°C; Product Tm: gooc 

Sense: 5'-AGG AGT GTA TGC AGA GGA TGA AAG A-3' 
Antisense: 5'-CTG TGC AAA GGT CTT TGA GGT AGA G-3' 
Annealing Temp: 60°C; Product Tm: 81°C 

Sense: 5'-TAA CCA CCT CAC AGA TTC GAG CTT C-3' 
Antisense: 5'-CCG ATG ATT CCT GCT GAT TGA CTA C-3' 
Annealing Temp: 62°C; Product Tm: 81°C 

Sense: 5'-GAG GTG TCA TCA CTT CCA CCA TCA A-3' 
Antisense: 5'-GGA TCC AAT TGA GAG TTT CGA GCA-3' 
Annealing Temp: 63°C; Product Tm: 83°C 

Sense: 5'-GTG GAT AGT AGATCT GTG GCG ATA TGA G-3' 
Antisense: 5'-CTC CCT CTT ACC AAG TAG CGT AAA CA-3' 
Annealing Temp: 60°C; Product Tm: 79°C 

Sense: 5'-CGC GTG CCA AGC AGT TGA CTT AAT A-3' 
Antisense: 5'-TGT CCA GCA AGG CTC AAC AAA TCA-3' 
Annealing Temp: 66°C; Product Tm: 81°C 

Sense: 5'-GAA AAG CAT GTA GAG GTG GCT GTT G-3' 
Antisense: 5'-ACC GAG TGA GTG ATA GGT GTT GGA -3' 
Annealing Temp: 62°C; Product Tm: 83°C 

Sense: 5'-CAA CAA CTT CAA TCC GGT GGA GAA-3' 
Antisense: 5'-TTT GTG GCG CTG ATG AGA ACG A-3' 

Annealing Temp: 63°C; Product Tm: 87°C 

Sense: 5'-TCA AGT ACA CGA CGG TGA GCA AGA-3' 
Antisense: 5'-TGT CAT CGG GGG TTT CAA GTC A-3' 
Annealing Temp: 63°C; Product Tm: 92°C 

Sense: 5'-AATTGC TGC CTA CGT CCA CTT T-3' 
Antisense: 5' -CAT TTT GGT CTT GCC ACT TTT CC-3' 
Annealing Temp: 60°C; Product Tm: 85°C 
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ICT1: Sense: 5'-ATG GTG CAA AGC AAG CCG ACA-3' 
Antisense: 5'-GCC TAT AAA GAG GTC TGC AAC CA-3' 

Annealing Temp: 60°C; Product Tm: 88°C 

8.9 - Northern Blot Hybridization 

CCRG Northern blot was performed using the Clontech Human 12-Lane Multiple Tissue 

Northern (MTN) Blot (Palo Alto, CA). 25ng of CCRG eDNA clone (G6) was labeled with 

100uCi [a-32P] dATP using the Random Primers DNA Labeling System (Life 

Technologies, Gaithersburg, MD). The reaction was set up according to the 

manufacturer's instructions and incubated at 25°C for 2 hours. Probe purification was 

done using Sephadex G-50 spin columns (Amersham Biosciences, Piscataway, NJ), 

and the probes radioactivity (1.2x108 total cpm) was counted via scintillation. The MTN 

blot was prehybridized for 3 hours at 68°C in 5ml of ExpressHyb (Ciontech, Palo Alto, 

CA), 11 ul of denatured sheared salmon testes DNA (20mg/ml), 11 ul of yeast tRNA 

(20mg/ml), and 11 ul of poly A RNA (1 Omg/ml). The CCRG probe was then heat 

denatured and added to 5ml of fresh hybridization solution and allowed to incubate with 

the blot overnight (-18hrs.) at 68°C. The blot was washed using 2X SSC/0.5% SDS 3 

times for 15 minutes at room temperature and then with 0.1 X SSC/0.1% SDS twice for 

twenty minutes at 60°C. The membrane was exposed to Kodak X-OMAT film (Fisher 

· Scientific, Norcross, GA) at multiple exposures. 
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8.1 0 - Southern Blot Hybridization 

In Figures 8, 9E, and 9F, the authenticity of the RT-PCR products was verified by 

hybridization to a SIM2-s specific internal oligonucleotide probe (5'-CAG GTC TGC TCG 

TGG GGA AGG T-3'). One half of the RT-PCR product was ran on a 2% agarose gel so 

that the tracking dye traveled % the distance of the gel. The gel was then depurinated in 

0.25N HCI for 8 minutes, soaked in denaturing solution (1 .5M NaCI, 0.2M NaOH) for 8 

minutes, and then soaked in neutralization solution (0.5M Tris, 3.0M NaCI) for 15 

minutes. Next, the gel was placed on a gel box and layered with a nitrocellulose 

membrane, 2 pieces of Whatmann paper, six pieces of blotting paper, and then wrapped 

in saran wrap and blotted overnight in 6X SSC. The following day, the nitrocellulose 

membrane was baked in a vacuum oven for 2 hours at 80°C. The membrane may be 

stored dry in a vacuum sealed bag protected from light until use. Prior to hybridization, 

the membrane was soaked thoroughly in 'water. The probe was end-labeled using the 

RTS T4 Kinase Labeling System (Life Technologies, Gaithersburg, MD) and 100uCi of 

[y-32P] dATP. Removal of unincorporated radionucleotides was performed using 

Sephadex G-50 spin columns (Amersham Biosciences, Piscataway, NJ), and the probes 

radioactivity (6.5x1 06 total cpm) was counted via scintillation. The blot was 

prehybridized for 30 minutes at 37°C in Sml of ExpressHyb (Ciontech, Palo Alto, CA) 

and in the presence of 25ul of denatured sheared salmon testes DNA (20mg/ml). The 

end-labeled probes were added to Sml of fresh hybridization solution and allowed to 

incubate with the blot overnight ( -18hrs.) at 37°C. The blot was washed using 2X 

SSC/0.5% SDS 3 times for 15 minutes at room temperature and then with 0.1 X 
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SSC/0.1% SDS twice for twenty minutes at room temperature. The membrane was 

exposed to Kodak X-OMAT film (Fisher Scientific, Norcross, GA) at multiple exposures. 

8.11 - Western Blot Hybridization 

Recombinant CCRG protein (75ng) was boiled in 2X tricine sample buffer (Invitrogen, 

Carlsbad, CA) with 1M OTT. Proteins were separated on 16% tricine-SDS-PAGE gels at 

125V for 90 minutes and electroblotted onto lmmobilon polyvinylidene fluoride (PVDF) 

membranes (Biorad Laboratories, Hercules, CA) in the presence of Towbin buffer 

(25mM Tris, 190mM glycine, 20% MeOH) for 15 hours at 63V. The membrane was then 

blocked in 5% nonfat dried milk for 4 hours at 4°C and then probed with rabbit affinity 

purified polyclonal antiserum to a CCRG-specific peptide, CSLDSVMDKKIKDVL, 

(1: 1 000) for one hour and with goat anti rabbit lgG-horseradish peroxidase conjugate 

(Biorad Laboratories, Hercules, CA) secondary antibody (1 :3000) for 1 hour. Detection 

was done using an enhanced chemi-luminescence detection system (Biorad 

Laboratories, Hercules, CA). Recombinant CCRG was generated either in a bacterial or 

baculovirus expression system as a C-terminal Hexa His-tagged protein (Panvera 

Corporation, Madison, WI). The protein was purified by affinity chromatography using 

NiNTA (Qiagen, Valencia, CA). To establish specificity by competition, the antibody was 

incubated v,~ith 20-fold excess CCRG peptide overnight prior to analysis. 
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8.12 Immunohistochemistry of Paraffin-Embedded 
Tissues (IHC) 

Archival paraffin sections of tissues at various stages of colon, pancreas, and prostate 

cancer and normal tissues (matched sets when possible) were obtained from the 

Cooperative Human Tissue Network (CHTN) under an lAB approved protocol. Tumor 

tissues from the nude mice experiment came from Anticancer Inc. (San Diego, CA). 

Control slides included SW-480 colon carcinoma cells, CAPAN-1 pancreatic cancer 

cells, and DU-145 prostate carcinoma cells, with MDA 231 breast carcinoma cells as a 

negative control. The slides were re-hydrated with xylene and ethanol followed by 

unmasking of the antigenic sites by heat treatment in retrieval buffer from DAKO 

(Amersham Pharmacia; Denmark). IHC was performed using the Rabbit lmmunocruz 

Staining System (Santa Cruz Biotechnology Inc., Santa Cruz, CA). For analysis of 

CGRG, the purified antiserums used were raised against either CCRG recombinant 

protein ( 1.4mg/ml) or to two different CCRG-specific hydrophobic peptides, C4-1 

(CSLDSVMDKKIKDVL, 1.3mg/ml) and C4-2 (KSQGRPSSCPAGMAV, 1.7mg/ml). A 

primary antibody dilution factor of 1 :200 was used for CCRG analysis. For SIM2-s, 

affinity-purified rabbit antiserum to a SIM2-s specific hydrophobic peptide, 

SHGGGWQMETEPSRF (2.5 mg/ml), was used (1 :200). All antiserums were generated 

by Sigma Genosys (The Woodlands, TX) and affinity purified using the Protein A 

Antibody Purification Kit from Sigma-Aldrich (St. Louis, MO). Additional negative 

controls included substitution of primary antibodies with pre-immune serum from the 

rabbits used to raise antibodies. To establish specificity, the antibodies were incubated 

with 2-20 fold excess of whole protein or peptide overnight, prior to analysis. For 

primary antibody detection, a biotinylated secondary antibody complexed with 
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horseradish peroxidase-streptavidin substrat~ was used, and counterstaining of the 

sections was done using Hematoxylin. In the preliminary SIM2-s diagnostic study, an 

arbitrary scoring system was established: 0 for no staining, 1 + for staining of more than 

1 0% of tumor cells; 2+ for staining of more than 25% of tumor cells and 3+ for staining of 

more than 50% of tumor cells. 

8.13 - Immunohistochemistry of Cells in Tissue Culture 

RKO colon carcinoma cells and CAPAN-1 pancreatic carcinoma cells treated with either 

SIM2s antisense oligos or control oligos in tissue culture were analyzed by IHC using 

affinity-purified rabbit antiserum to a SIM2-s specific hydrophobic peptide (2.5mg/ml) at 

a concentration of 1 :200. IHC was performed in 6-well culture dishes. Cells were fixed 

in 1 ml of prechilled methanol for 15 minutes at -20°C. Staining was performed using 

the Rabbit lmmunocruz Staining System (Santa Cruz Biotechnology Inc., Santa Cruz, 

CA). IHC was performed in a similar manner to paraffin-embedded tissues, however, all 

reactions were performed in 1 ml volumes to sufficiently cover the bottom of the wells. 

All wash steps were done in 2ml of 1 X PBS. Cells were mounted in aqueous Gel 

Mount, covered with a glass coverslide, and stored at 4°C. To establish specificity by 

competition, the antibody was incubated with 20-fold excess SIM2-s specific peptide 

overnight prior to analysis. 
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8.14 - Electrophoretic Mobility Shift Assay (EMSA) 

RKO cells were collected and pelleted for the preparation of cytoplasmic and nuclear 

extracts. The cell pellet was washed and spun down twice in cold buffer A (10mM 

Hepes, 1.5mM MgCI2, 1 OmM KCI, 0.5mM DTT, 1 X complete protease inhibitors (Roche 

Molecular Biochemicals, Indianapolis, IN)) and then resuspended in 2.5 cell volumes of 

cold buffer A plus 0.1% NP-40. The solution was rocked gently for 10 minutes at 4°C 

and then spun down at 8000 x g for 10 minutes at 4°C. This supernatant contained the 

cytoplasmic extract. The nuclei were lysed by adding 1.5 cell volumes of Buffer C 

(20mM Hepes, 0.42M NaCI, 1.5mM MgCI2, 0.2mM EDTA, 0.5mM DTT, 25% glycerol, 

and 1 X complete protease inhibitors (Roche)). This solution was rocked gently for 30 

minutes at 4°C and then spun down at 10,000 x g for 10 minutes at 4°C. The EMSA 

probe used, 5' -GCA GT A CGT GAG CTC GAG A TC CT A TG-3', was synthesized by 

Sigma Genosys (The Woodlands, TX). The probe was labeled using 2ul (125ng) of 

annealed double-stranded probe, 3~1 of [a-32P] dATP (60uCi), 3ul of [a-32P] dCTP 

(60uCi), 4ul of 5X First Strand Buffer, 1ul of 0.1M DTT, 1ul of 10mM dTTP, 1ul of 10mM 

dGTP, 1 ul of SuperScript II Reverse Transcriptase (Invitrogen, Carlsbad, CA), and 4ul of 

water (20ul total reaction volume). The reaction mix was incubated at 42°C for 45 

minutes, then 1 OOmM cold dNTP mix was added and allowed to incubate further for an 

additional 15 minutes. Removal of unincorporated radionucleotides was performed 

using Sephadex G-50 spin column~. (Amersham Biosciences, Piscataway, NJ) and the 

probes radioactivity ( -106 cpm/ng) was counted via scintillation. Nuclear and 

cytoplasmic extracts (5ug) and/or SIM2-s recombinant protein (10ug), 2X binding buffer, 

1 ug of dl-dC, and 1 ng of radiolabeled probe were used in the binding reactions (20ul 
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total volume). The reaction mixture was incubated at room temperature for 20 minutes, 

resolved on a 4% nondenaturing polyacrylamide gel, dried down, and then exposed to 

autoradiography. If competition was performed, then cold competitor probe (25-SOng) 

was incubated with the protein mixture for 5 minutes prior to probe addition. SIM2-s 

supershift was performed using 1, 2, or Sui of antibody from Santa Cruz Biotechnologies 

(Santa Cruz, CA). Antibody was incubated with protein for 10 minutes prior to probe 

addition. For detergent disruption of heterodimers, extracts were treated with 0.8% 

sodium deoxycholate for 10 minutes at room temperature followed by the addition of NP-

40 to a final concentration of .1 .2%. 

8.15 - Cell Culture Conditions 

COS-7, RKO, HCT116, SW480, MDA231, and CAPAN-1 cells were maintained in 

Dulbecco's Modified Essential Medium (DMEM}, supplemented with 10% heat

inactivated fetal bovine serum, L-glutamine, and penicillin/streptomycin (Life 

Technologies, Gaithersburg, MD) and incubated at 37°C with 5% C02• Cells were 

routinely passaged upon reaching 75% confluency, and early passages were frozen 

back into liquid nitrogen. Primary early passage colon smooth muscle cells, kidney 

epithelial cells, and prostate epithelial cells were obtained from Clonetics Biowhittaker 

(Walkersville, MD) and were cultured following the manufacturer's instructions. 
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8.16 - CCRG Bioactivity Studies 

COS-7 cells were transfected with either 2ug of pEAK8-CCRG mammalian expression 

vector (Edge Biosystems, Gaithersburg, MD) or with empty vector using the Lipofectin 

reagent protocol for transfection of COS-7 (Life Technologies Inc., Gaithersburg, MD). 

Cells were grown in 1 OOmm cell culture dishes. Forty-eight hours later, medium was 

changed to serum free medium. Conditioned medium was collected after 18 hours and 

concentrated using an Amicon Centriprep device (Millipore Corporation, Billerica, MA) 

with a 10kDa cut-off. Concentrated conditioned medium was stored at -20°C. To assay 

the conditioned medium, RKO cells were plated in a 96-well plate at 1 x1 04 cells/well. 

Twenty-four hours later, cells were treatedwith either 1, 10, or 20% (v/v F.C.) of CCRG

containing medium, empty vector medium, or heat-inactivated CCRG-containing 

medium. After 24 hours, the cells were pulsed with 3H-thymidine (1 uCi/well) and 

incubated for an additional 24 hours. Cells were then collected and counted via 

scintillation for measurement of growth by thymidine incorporation. Quantitation of DNA 

synthesis during proliferation was also confirmed using the BrdU Labeling and Detection 

Kit Ill from Roche Molecular Biochemicals (Indianapolis, IN) following the manufacturer's 

instructions. Similar seeding conditions and conditioned medium concentrations were 

used here, and fixed cells with BrdU-Iab~led DNA'were partially digested after 36 hours. 

lmmunodetection was performed using a mouse monoclonal antibody conjugate. 

Colorimetric analysis was done using a Thermo Max microplate reader from Molecular 

Devices (Menlo Park, CA). 
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8.17 - SIM2-s Antisense Drug 

The antisense (AS), 5'-GAGAGCAAGAAAGCACAGCAAGCC-3' and reverse antisense 

(C), 5'-CCGAACGACACGAAAGAACGAGAG-3' drugs were synthesized as a second 

generation chimera (phosphorothioate-2' -0-methyl RNA chimera) by Oligos Etc 

(Wilsonville, Oregon). Additional control sequences included sense and scrambled 

oligomers. The antisense sequence was chosen corresponding to the 3' end within the 

coding region of the SIM2-s gene, which encodes the short form-unique region. The 

sequence was BLAST verified and from the secondary structure, no stem loop structure 

was predicted. The oligomers were HPLC purified, and purity ascertained by analytical 

ion exchange HPLC and Capillary Electrophoresis (>90%). Two independent 

preparations were tested. Cells were treated with either antisense or control oligos by 

transient transfection using the Lipofectin protocol (Life Technologies Inc., Gaithersburg, 

MD.). 

8.18 - MTS Cell Proliferation Assay 

The CeiiTiter 96 Aqueous One Solution (Promega Corporation, Madison, WI.) contains a 

tetrazolium compound [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-

sulfophenyi)-2H-tetrazolium, inner salt; MTS], and an electron coupling reagent 

(phenazine ethosulfate; PES) which is bioreduced by NADPH or NADH produced by 

dehydrogenase enzymes in metabolically active cells. The MTS tetrazolium compound 

(Owen's reagent) is converted into a colored formazan product that is soluble in tissue 
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culture medium. CAPAN-1 cells were plated in a 96-well plate at a cell density of 5x103 

cells/well in 1 OOul of medium. After 48 hours, cells ·. were transfected with either the 

antisense or control oligo at varying concentrations (50, 100, 200, 300nM). Forty-eight 

hours later, 20ul of MTS solution was added to each well and the plate was incubated at 

37° C, in a 5% C02 humidified chamber. Every hour, for three hours, absorbance 

readings were taken using a Thermo Max micro plate reader from Molecular Devices 

(Menlo Park, CA) at 450nm. Growth inhibition was measured as percent inhibition of 

control-treated cells. An average of two experiments is shown. 

8.19 - Apoptag Peroxidase In Situ Apoptosis Detection 
Kit 

Detection of fragmented DNA was performed using the Apoptag® Apoptosis Detection 

Kit (Serologicals Corp., Norcross, GA) according to the manufacturer's specifications. 

RKO cells in a 6-well plate were transfected with either the antisense (AS) or control (C) 

oligo (300nM F.C.) and analyzed 48 hours later. Briefly, cells were trypsinized and 

formalin-fixed onto slides to perform the assay. DNA fragments were then end-labeled 

in situ at the free 3'-0H DNA termini with digoxigenin-labeled and unlabeled nucleotides. 

The nucleotides contained in the reaction buffer are enzymatically added to the DNA 

modified nucleotides by terminal deoxynucleotidyl transferase (TdT). The incorporated 

nucleotides form a heteropolymer which was recognized by an antibody (anti-

digoxigenin) containing a conjugated reporter enzyme (peroxidase). A signal was then 

generated by enzyme catalysis of a 3, 3'-diaminobenzidine (DAB) substrate. The slides 

were evaluated and photographs were taken using a Zeiss ICM 405 (Germany); 

magnification 1 OOX. 
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8.20 - DNA Laddering Assay 

RKO cells in 6-well plates were transfected with either the antisense (AS) or control (C) 

oligo (300nM F.C.) and collected 48 hours later. Genomic DNA was isolated using 

DNAzol Reagent (Life Technologies, Gaithersburg, MD) according to the manufacturer's 

protocol. The DNA was incubated with RNAse PLUS (5 Prime ~ 3 Prime, West 

Chester, PA) at 37°C for 20 minutes, ran on a 1.2% agarose gel so that the tracking dye 

traveled% the distance of the gel, and transferred onto a nitrocellulose membrane (refer 

to Southern blot method, section 8.1 0). Control oligo-treated genomic DNA was 

digested with 60U of EcoR I (New England BioLabs, Beverly, MA) for 3 hours, 

precipitated, and half of the digested DNA was used for probe synthesis. 1 OOuCi [a-32P] 

dA TP was used with the Random Primers DNA Labeling System (Life Technologies, 

Gaithersburg, MD). The reaction was set up according to the manufacturer's 

instructions and incubated at 25°C for 2 hours. Probe purification was done using 

Sephadex G-50 spin columns (Amersham Biosciences, Piscataway, NJ) and the probes 

radioactivity (2.5x1 08 total cpm) was counted via scintillation. The membrane was 

prehybridized for 3 hours at 60°C in 5mL of ExpressHyb (Ciontech, Palo Alto, CA) and in 

the presence of 25ul of denatured sheared salmon testes DNA (20mg/mL). The probe 

was then heat denatured and added to 5mL of fresh ExpressHyb solution with goodies 

and allowed to incubate with the blot overnight ( -18hrs.) at 60°C. The blot was washed 

using 2X SSC/0.5% SDS 3 times for 15 minutes at room temperature and then with 0.1 X 

SSC/0.1% SDS twice for twenty minutes at 60°C. The membrane was exposed to 

Kodak X-OMAT film (Fisher Scientific, Norcross, GA) at multiple exposures. 
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8.21 - Cell Death Detection ELISA 

Apoptosis in the antisense-treated cells was monitored forty-eight hours after 

transfection using the Cell Death Detection ELISAPJus (Roche Applied Science, 

Indianapolis, IN). This assay qualitatively and quantitatively measures cytoplasmic 

histone-associated mono- and oligonucleosomes. CAPAN-1 cells were plated in a 96-

well plate at a cell density of 5x1 03 cells/well in 1 OOul of medium for 48 hours. Cells 

were then transfected with either the antisense (AS) or control (C) oligo (300nM F.C.) 

and analyzed 48 hours later. Controls included untreated CAPAN-1 cells, lipofectin only

treated cells, and the kit positive control. Cells were lysed· directly in the wells with 200ul 

of lysis buffer for 30 minutes. The cytoplasmic extracts were spun down and cleared 

and 20ul of extract/sample was used to perform the assay. Monoclonal antibodies 

directed against DNA and histones were incubated with cytoplasmic extracts for two 

hours at 25°C to form a sandwiched immunocomplex. Unbound antibodies were 

removed by washing, and the remaining complexes were then detected colorimetrically 

with ABTS as a substrate using a Thermo Max microplate reader from Molecular 

Devices (Menlo Park, CA). Extent of apoptosis was quantified as specific fold 

enrichment (mU) of mono- and oligonucleosomes in the treated cells in comparison with 

control oligonucleotide-treated cells. An average of two experiments is shown. 

8.22 - Tumorigenicity Assay 

Tumorigenicity assays were done using the MetaMouse model (Anticancer Inc., San 

Diego, CA). Briefly, NCr nu/nu, non-irradiated male and female 5-6 week old, 22-24g 
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body weight mice (n=1 0) were injected subcuteneously with RKO colon carcinoma cell

derived stock tumors (four fragments per mouse), and forty-eight hours later, the mice 

were treated either with vehicle (PBS), antisense (AS) or reverse antisense (C), 1 mg/kg 

twice weekly subcuteneously on the contralateral side for four weeks. The mean body 

weight and tumor volume (W2X U2) were calculated on a weekly basis. The tumor 

volume was assessed by the Student-t test with an a= 0.05 (two-sided). Spleen weight 

was measured at sacrifice and tumors were characterized by histology. One 

representative experiment is shown. 

8.23 - Microarray Probe Preparation 

The RNA samples were processed as recommended by Affymetrix (Santa Clara, CA). 

Briefly, total RNA was prepared from frozen cells (see section 8.2.3) with the use of 

Trizol reagent (Invitrogen, Carlsbad, CA) and purified using a Qiagen RNeasy Mini Kit 

(Qiagen, Valencia, CA). Reverse transcription (see section 8.3) was performed on 10 Jig 

of total RNA with the use of SuperScript II (Life Technologies, Gaithersburg, Maryland) 

and an oligo-(dT)24 primer with a T7 RNA polymerase promoter (Genset, La Jolla, CA). 

Second strand synthesis was performed as recommended by Affymetrix. The double 

stranded eDNA was cleaned up (see section 8.3) and dissolved in 12ul of water, of 

which Sui was used for cRNA synthesis. An RNA Transcript Labeling Kit (Enzo 

Diagnostics, Farmingdale, NY) was used for the production of biotin-labeled cRNA 

targets by in vitro transcription from T7 RNA polymerase promoters, purified with the 

RNeasy Mini Kit (Qiagen) and fragmented to sizes from 50 to 200 bases by incubation at 

119 



94 oc for 35 min in 5X RNA Fragmentation Buffer (200 mM Tris-acetate, pH 8.2; 500 

mM KOAc; 150 mM MgOAc). 

8.24 - Hybridization and Scan 

The biotinylated cRNA (0.28-0.35 pg/pl) was hybridized for 16 hours at 40°C to the 

Human Genome U133 (HG-U133) Set of chips in a hybridization oven. After 

hybridization, the GeneChip® array underwent a series of stringency washes and was 

stained with streptavidin-conjugated phycoerythrin (Molecular Probes, Eugene, OR) in 

the GeneChip® Fluidics Station 400 (Affymetrix). Probe arrays were scanned with a 

Hewlett-Packard GeneArray Scanner (Affymetrix) at the excitation wavelength of 488nm. 

The amount of light emitted at 570nm is proportional to bound target at each location on 

the array. 

8.25 - GeneChip® Analysis 

The scanned results were analyzed with Microarray Suite 5.0 (Affymetrix, Santa Clara, 

CA), and the fold change between the hybridization intensities of reference (untreated) 

and test (antisense-treated) samples was obtained. The chip output was filtered using 

two algorithm calls (quantitative and qualitative changes) according to Affymetrix data 

analysis software. Only the hits consistent with both algorithms were subjected to 

follow-up analysis. The statistical evaluation of the hits was scored using P-value 

analysis. For model building the moderate calls were eliminated since the statistical 

significance of these hits is questionable. The remaining hits (absent and present) were 
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sorted as up- and down-regulated hits, their signal log intensities were calculated, and a 

cluster of genes was identified. The genes in each cluster were annotated using 

UniGene, GeneCard, OMIM, CGAP; and Source databases. 

121 



Chapter 9 - References 

1. Fannon MR. Gene expression in normal and disease states--identification of 

therapeutic targets. Trends Biotechnol., 14:294-298, 1996. 

2. Collins FS, Patrinos A, Jordan E, Chakravarti A, Gesteland R, and Walters L. New 

goals for the U.S. Human Genome Project: 1998-2003. Science, 282: 682-689, 

1998. 

3. Subramanian G, Adams MD, Venter JC, and Broder S. Implications of the human 

genome for understanding human biology and medicine. J. Am. Med. Assoc., 286: 

2296-2307, 2001. 

4. Powledge, T.M. Bear market slashes at human genome. The dropping guesses 

about the number of human genes challenges researchers to explain human 

complexity with so few genes. EMBORep., 1:212-214, 2000. 

5. Hanahan D and Weinberg RA. The hallmarks of cancer. Cell, 100:57-70, 2000. 

6. Brent R. Genomic biology. Cell, 100:169-183, 2000. 

122 



7. Garrett MD and Workman P. Discovering novel chemotherapeutic drugs for the third 

millenium. Eur. J. Cancer, 35: 2010-2030, 1999. 

8. Chung CH, Bernard PS, and Perou CM. Molecular portraits and the family tree of 

cancer. Nature Genet., 32:533-540, 2002. 

9. Johnson JR, Bross P, Cohen M, Rothmann M, Chen G, Zajicek A, Gobburu J, 

Rahman A, Staten A, and Pazdur R. Approval Summary: lmatinib Mesylate Capsules 

for Treatment of Adult Patients with Newly Diagnosed Philadelphia Chromosome

positive Chronic Myelogenous Leukemia in Chronic Phase. Clinical Cancer Res., 9: 

1972-1979, 2003. 

10. Milenic DE. Monoclonal antibody-based therapy strategies: providing options for the 

cancer patient. Curr. Pharm. Des., 8:1749-1764, 2002. 

11. Herbst AS and Kies MS. ZD1839 (lressa) in non-small cell lung cancer. Oncologist, 

7: 9-15, 2002. 

12. Workman P. Changing times: developing cancer drugs in genome-land. Curr. Opin. 

Pharmacol., 1:342-352, 2001. 

13. Clarke PA, Poele A, Wooster A, and Workman P. Gene expression microarray 

analysis in cancer biology, pharmacology, and drug development: progress and 

potential. Biochem. Pharmacol. 62: 1311-1336, 2001. 

123 



14. lacobuzio-Donahue CA, Maitra A, Shen-Ong GL, van Heek T, Ashfaq R, Meyer R, 

Walter K, Berg K, Hollingsworth MA, Cameron JL, Yeo CJ, Kern SE, Goggins M, and 

Hruban RH. Discovery of novel tumor markers of pancreatic cancer using global 

gene expression technology. Am. J. Pathol. ·160: 1239-1249, 2002. 

15. Han H, Bearss DJ, Browne LW, Calaluce R, Nagle RB, Von Hoff DD. Identification of 

differentially expressed genes in pancreatic cancer cells using eDNA microarray. 

Cancer Res. 62: 2890-2896, 2002. 

16. Templin MF, Stoll D, Schrenk M, Traub PC, Vohringer CF, and Joos TO. Protein 

microarray technology. Trends Biotechnol., 20:160-166,2002. 

17. Lee KH. Proteomics: a technology-driven and technology-limited discovery science. 

Trends Biotechnol., 19:217-22, 2001. 

18. Macgregor PF. Gene expression in cancer: the application of microarrays. Expert 

Rev. Mol. Diagn., 3: 185-200, 2003. 

19. Strausberg RL, Dahl CA, and Klausner RD New opportunities for uncovering the 

molecular basis of cancer. Nat. Genet., Spec No: 415-416, 1997. 

20. Lal A, Lash AE, Altschul SF, ·Velculescu V, Zhang L, Mclendon RE, Marra MA, 

Prange C, Morin PJ, Polyak K, Papadopoulos N, Vogelstein B, Kinzler KW, 

124 



Strausberg RL, and Riggins GJ. A public database for gene expression in human 

cancers. Cancer Res., 59:5403-5407, 1999. 

21. Wheeler DL, Chappey C, Lash AE, Leipe DO, Madden TL, Schuler GO, Tatusova 

T A, and Rapp BA Database resources of the National Center for Biotechnology 

Information. Nucleic Acids Res., 28:10-14, 2000. 

22. Baxevanis AD. The molecular biology database collection: 2002 update. Nucleic 

Acids Res., 30:1-12, 2002. 

23. Garner HR and Pertsemlidis A. Computational biology: biological insights from 1s 

and Os. Biosilico, 1: 27-35, 2003. 

24. Scherf U, Ross DT, Waltham M, Smith LH, Lee JK, Tanabe L, Kohn KW, Reinhold 

WC, Myers TG, Andrews DT, Scudiero DA, Eisen MB, Sausville EA, Pommier Y, 

Botstein D, Brown PO, and Weinstein JN. A gene expression database for the 

molecular pharmacology of cancer. Nat Genet. 24:236-244, 2000. 

25. Stratowa C and Wilgenbus KK. Gene expression profiling in drug discovery. Curr. 

Opin. Mol. Ther., 1: 671-679, 1999. 

26. Apweiler A. The rise of computational drug discovery? Biosilico, 1: 5-6, 2003. 

125 



27. Riggins GJ and Strausberg RL. Genome and genetic resources from the Cancer 

Genome Anatomy Project. Hum. Mol. Genet., 10:663-667, 2001. 

28. Scheurle D, DeYoung MP, Binninger OM, Page H, Jahanzeb M, and Narayanan R. 

Cancer gene discovery using digital differential display. Cancer Res., 60:4037-4043, 

2000. 

29. DeYoung MP, Damania H, Scheurle D, Zylberberg C, and Narayanan R. 

Bioinformatics based discovery of a novel factor with apparent specificity to colon 

cancer. In Vivo, 16:239-248, 2002. 

30. DeYoung MP, Scheurle D, Damania H, Zylberberg C, and Narayanan R. Down's 

Syndrome-associated Single Minded Gene as a novel tumor marker. Anticancer 

Res., 22: 3149-3158, 2002. 

31. DeYoung MP, Tress M, and Narayanan R. Identification of a Down's syndrome 

critical locus gene SIM2-s as a drug therapy target for solid tumors. Proc. Natl. Acad. 

Sci. U.S.A., 100: 4760-4765, 2003. 

32. DeYoung MP, Tress M, and Narayanan R. Down's Syndrome associated Single 

Minded 2 gene as a pancreatic cancer drug therapy target. Cancer Lett., 2003 (in 

press). 

33. Cancer facts and figures 2002. Atlanta: American Cancer Society, 2002. 

126 



34. Fearon ER, Hamilton SR and Vogelstein B. Clonal analysis of human colorectal 

tumors. Science, 238:193-197, 1987. 

35. Fettman MJ, Butler RN, McMichael AJ, and Roberts-Thomson I C. Metabolic 

phenotypes and colorectal neoplasia. J. Gastroenterol. Hepatol., 6: 81-89, 1991. 

36. Deschner EE, De Cosse JJ, and Sherlock P. Chemical and Environmental agents in 

gastrointestinal carcinogenesis. Clin. Gastroenterol., 10:755-71, 1981. 

37. Hilgers W and Kern SE. Molecular genetic basis of pancreatic adenocarcinoma. 

Genes Chromosomes Cancer, 26:1-12, 1999. 

38. Perugini RA, McDade TP, Vittimberga FJ Jr, and Callery MP. The molecular and 

cellular biology of pancreatic cancer. Crit. Rev. Eukaryot. Gene Expr., 8: 377-393, 

1998. 

39. Friess H, Kleeff J, Korc M, and Buchler MW. Molecular aspects of pancreatic cancer 

and future perspectives. Dig. Surg., 16:281-290, 1999. 

40. Pontius JU, Wagner L, and Schuler GD. UniGene: a unified view of the 

transcriptome. The NCBI Handbook, 20: 2002. 

41. Ferrante K, Winograd B, and Canetta R. Promising new developments in cancer 

chemotherapy. Cancer Chemother. Pharmacal., 43 Suppl: S61-8, 1999. 

127 



42. Fearnhead NS, Wilding JL, and Bodmer WF. Genetics of colorectal cancer: 

hereditary aspects and overview of colorectal tumorigenesis. Br. Med. Bull., 64: 27-

43,2002. 

43. McCormick MK, Schinzel A, Petersen MB, Stetten G, Driscoll DJ, Cantu ES, 

Tranebjaerg L, Mikkelsen M, Watkins PC, and Antonarakis SE. Molecular genetic 

approach to the characterization of the "Down syndrome region" of chromosome 21. 

Genomics, 5: 325-331, 1989. 

44. Chrast R, Scott HS, Chen H, Kudoh J, Rossier C, Minoshima S, Wang Y, Shimizu N, 

and Antonarakis SE. Cloning of two human homologs of the Drosophila single

minded gene SIM1 on chromosome 6q and SIM2 on 21 q within the Down syndrome 

chromosomal region. Genome Res., 7: 615-624, 1997. 

45. McGuire J, Coumailleau P, Whitelaw ML, Gustafsson JA, and Poellinger L. The basic 

helix-loop-helix/PAS factor Sim is associated with hsp90. Implications for regulation 

by interaction with partner factors. J. Bioi. Chern., 270:31353-31357, 1995. 

46. Nambu JR, Lewis JO, Wharton KA, Jr., and Crews ST. The Drosophila single

minded gene encodes a helix-loop-helix protein that acts as a master regulator of 

CNS midline development. Cell, 67: 1157-1167, 1991. 

128 



47. Thomas JB, Crews ST, and Goodman CS. Molecular genetics of the single-minded 

locus: a gene involved in the development of the Drosophila nervous system. Cell, 

52:133-141, 1988. 

48. Swanson HI, ChanWK, and Bradfield CA. DNA binding specificities and pairing rules 

of the Ah receptor, ARNT, and SIM proteins. J. Bioi. Chern., 270: 26292-26302, 

1995. 

49. Probst MR, Fan CM, Tessier-Lavigne M, and Hankinson 0. Two murine homologs of 

the Drosophila single-minded protein that interact with the mouse aryl hydrocarbon 

receptor nuclear translocator protein. J. Bioi. Chern., 272:4451-4457, 1997. 

50. Wharton KA, Jr., Franks RG, Kasai Y, and Crews ST. Control of CNS midline 

transcription by asymmetric E-box-like elements: similarity to Xenobiotic responsive 

regulation. Development, 120: 3563-3569, 1994. 

51. Sharma HW, Perez JR, Higgins-Sochaski K, Hsiao R, and Narayanan R. 

Transcription factor decoy approach to decipher the role of NF-KB in oncogenesis. 

Anticancer Res., 16: 61·70, 1996. 

52. Bock KW. Aryl hydrocarbon or dioxin receptor: biologic and toxic responses. Rev. 

Physiol. Biochem.Pharmacol., 125:1-42, 1994. 

129 



53. Agrawal S and Kandimalla ER. Antisense therapeutics: is it as simple as 

complementary base recognition? Mol. Med. Today. 6: 72-81, 2000. 

54. Mcintyre KW, Lombard-Gillooly K, Perez JR, Kunsch C, Sarmiento UM, Larigan JD, 

Landreth K T, and Narayanan R. A sense phosphorothioate oligonucleotide directed 

to the initiation codon of transcription factor NF-kappa B p65 causes sequence

specific immune stimulation. Antisense Res. Dev., 3: 309-322, 1993. 

55. Alon U, Barkai N, Notterman DA, Gish K, Ybarra S, Mack D and Levine AJ. Broad 

patterns of gene expression revealed by clustering analysis of tumor and normal 

colon tissues probed by oligonucleotide arrays. Proc. Natl. Acad. Sci .U.S.A., 96: 

6745-6750, 1999. 

56. Cooper CS. Applications of microarray technology in breast cancer research. Breast 

Cancer Res., 3:158-175, 2001. 

57. Elek J, Park KH, and Narayanan R. Microarray-based expression profiling in 

prostate tumors. In Vivo, 14:173-182, 2000. 

58. Shearman, LP, Zylka MJ, Weaver DR, Kolakowski LF, Jr., and Reppert SM. Two 

period homologs: circadian expression and photic regulation in the suprachiasmatic 

nuclei. Neuron, 19:1261-1269, 1997. 

130 



59. Fuentes JJ, Pritchard MA, and Estivill X. Genomic organization, alternative splicing, 

and expression patterns of the DSCR1 (Down syndrome candidate region 1) gene. 

Genomics, 44: 358-361, 1997. 

60. Palsson BO. What lies beyond bioinformatics? Nat. Biotechnol., 15:3-4, 1997. 

61. Rawlings CJ and Searls DB. Computational gene discovery and human disease. 

Curr. Opin. Genet. Dev., 7:416-423, 1997. 

62. Szallasi Z. Bioinformatics, gene expression patterns, and cancer. Nat. Biotechnol., 

16:1292-1293, 1998. 

63. Elek J, Pinzon W, Park KH, and Narayanan R. Relevant genomics of neurotensin 

receptor in cancer. Anticancer Res., 20:53-58, 2000. 

64. Schmitt AO, Specht T, Beckmann G, Dahl E, Pilarsky CP, Hinzmann B, and 

Rosenthal A. Exhaustive mining of EST libraries for genes differentially expressed in 

normal and tumour tissues. Nucleic Acids Res., 27: 4251-4260, 1999. 

65. Zhang L, Zhou W, Velculescu VE, Kern SE, Hruban RH, Hamilton SA, Vogelstein B, 

and Kinzler KW. Gene expression profiles in normal and cancer cells. Science, 276: 

1268-1272, 1997. 

66. Leong KG and Karsan A. Signaling pathways mediated by tumor necrosis factor 

alpha. Histol. Histopathol., 15: 1303-1325, 2000. 

131 



67. Mason AJ. Functional analysis of the cysteine residues of activin A. Mol. Endocrinol., 

8: 325-332, 1994. 

68. Kinoshita K, Taupin DR, ltoh H, and Podolsky OK. Distinct pathways of cell migration 

and antiapoptotic response to epithelial injury: structure-function analysis of human 

intestinal trefoil factor. Mol. Cell. Bioi., 20:4680-4690, 2000. 

69. Holcomb IN, Kabakoff RC, Chan B, Baker TW, Gurney A, Henzel W, Nelson C, 

Lowman HB, Wright BD, Skelton NJ, Frantz GO, Tumas DB, Peale FV, Jr., Shelton 

DL, and Hebert CC FIZZ1 , a novel cysteine-rich secreted protein associated with 

pulmonary inflammation, defines a new gene family. EMBO J., 19:4046-4055, 2000. 

70. Steppan CM, Bailey ST, Bhat S, Brown EJ, Banerjee RR, Wright CM, Patel HR, 

Ahima AS, and Lazar MA. The hormone resistin links obesity to diabetes. Nature, 

409:307-312, 2001. 

71. Steppan CM, Brown EJ, Wright CM, Bhat S, Banerjee RR, Dai CY, Enders GH, 

Silberg DG, Wen Z, Wu GD, and Lazar MA. A family of tissue-specific resistin-like 

molecules. Proc. Natl. Acad. Sci. USA, 98:502-506, 2001. 

72. Su LK, Kinzler KW, Vogelstein B, Preisinger AC, Moser AR, Luongo C, Gould KA, 

and Dove WF. Multiple intestinal neoplasia caused by a mutation in the murine 

homolog of the APC gene. Science, 256: 668-670, 1992. 

132 



73. Kubota T, Kawano S, Chih DY, Hisatake Y, Chumakov AM, Taguchi H, and Koeffler 

HP. Representational difference analysis using myeloid cells from 0/EBP epsilon 

deletional mice. Blood, 96:3953-3957, 2000. 

74. Banerjee RR and Lazar MA. Resistin: molecular history and prognosis. J. Mol. Med., 

81:218-226, 2003. 

75. Banerjee RR and Lazar MA. Dimerization of resistin and resistin-like molecules is 

determined by a single cysteine. J. Bioi. Chern., 276: 25970-25973, 2001. 

76. Rajala MW, Lin Y, Ranalletta M, Yang XM, Qian H, Gingerich R, Barzilai N, and 

Scherer PE. Cell type-specific expression and coregulation of murine resistin and 

resistin-like molecule-alpha in adipose tissue. Mol. Endocrinol., 16:1920-1930, 2002. 

77. Chen J, Wang L, Boeg YS, Xia B, and Wang J. Differential dimerization and 

association among resistin family proteins with implications for functional specificity. 

J. Endocrinol., 175:499-504, 2002. 

78. Cancer facts and figures 2000. Atlanta: American Cancer Society, 2000. 

79. Bond JH. Colon polyps and cancer. Endoscopy, 33:46-54, 2001. 

80. Jackson JF, North ER, Thomas JG. Clinical diagnosis of Down Syndrome. Olin. 

Genet. 9: 483-487, 1976. 

133 



81. Epstein CJ. The phenotypic mapping of Down Syndrome and other aneuploid 

conditions. Progress in Clinical and Biological Research. Proceedings of a National 

Down Syndrome Society Conference. New York (NY): Wiley-Liss, 1-26, 1993. 

82. Nizetic D. Functional genomics of the Down Syndrome. Croat. Med. J., 42:421-427, 

2001. 

83. Goolsby MJ. Use of PSA measurement in practice. J. Am. Acad. Nurse Pract., 13: 

246-248, 2001. 

84. Scheurle D, Jahanzeb M, Aronsohn RS, Watzek L, and Narayanan R. HER-2/neu 

expression in archival non-small cell lung carcinomas using FDA-approved Hercep 

test. Anticancer Res., 20: 2091-2096, 2000. 

85. Taylor BLand Zhulin lB. PAS domains: Internal Sensors of Oxygen, Redox Potential, 

and Light. Microbiology and Mol. Biology Rev., 63: 479-506, 1999. 

86. Rushmore TH and Kong AN. Pharmacogenomics, regulation and signaling pathways 

of phase I and phase II drug metabolizing enzymes. Curr. Drug Metab., 3: 481-490, 

2002. 

87. Swanson HI, Bradfield CA. The AH-receptor: genetics, structure and function. 

Pharmacogenetics, 3: 213-230, 1993. 

134 



88. Hankinson 0. The aryl hydrocarbon receptor complex. Annu. Rev. Pharmacol. 

Toxicol., 35:307-340, 1995. 

89. Nebert OW, Roe AL, Dieter MZ, Solis WA, Yang Y, and Dalton TP. Role of the 

aromatic hydrocarbon receptor and [Ah] gene battery in the oxidative stress 

response, cell cycle control, and apoptosis. Biochem. Pharmacol., 59:65-85, 2000. 

90. Fahey JW, Haristoy X, Dolan PM, Kensler TW, Scholtus I, Stephenson KK, Talalay 

P, and Lozniewski A. Sulforaphane inhibits extracellular, intracellular, and antibiotic

resistant strains of Helicobacter pylori and prevents benzo[a]pyrene-induced 

stomach tumors. Proc. Natl. Acad. Sci. U.S.A., 99:7610-7615, 2002. 

91. Matikainen T, Perez Gl, Jurisicova A, Pru JK, Schlezinger JJ, Ryu HY, Laine J, Sakai 

T, Korsmeyer SJ, Casper RF, Sherr DH, and Tilly JL. Aromatic hydrocarbon 

receptor-driven Bax gene expression is required for premature ovarian failure caused 

by biohazardous environmental chemicals. Nat. Genet., 28:355-60, 2001. 

92. Woods SL and Whitelaw ML. Differential activities of murine single minded 1 (SIM1) 

and 81M2 on a hypoxic response element: cross-talk between basic helix-loop

helix/Per-Arnt-Sim homology transcription factors. J. Bioi. Chern., 227: 10236-10243, 

2002. 

93. Hunter T. Oncoprotein networks. Cell, 88:333-346, 1997. 

135 



94. Steele RJ, Thompson AM, Hall PA, and Lane DP. The p53 tumour suppressor gene. 

Br. J. Surg., 85:1460-7, 1998. 

95. Helder MN, Wisman GB, and van der Zee GJ. Telomerase and telomeres: from 

basic biology to cancer treatment. Cancer Invest., 20:82-101, 2002. 

96. Berg JM, Karlinsky H, and Holland AJ, editors. Alzheimer's disease, Down syndrome 

and their relationship. New York (NY): Oxford University Press, 1993. 

97. Haste H, Clemmensen IH, and Mikkelsen M. Risks of leukaemia and solid tumours in 

individuals with Down's syndrome. Lancet, 355: 165-169, 2000. 

98. Boker LK and Merrick J. Cancer incidence in persons with Down syndrome in Israel. 

Downs Syndr. Res. Pract., 8: 31-36, 2002. 

99. Hill DA, Gridley G, Cnattingius S, Mellemkjaer L, Linet M, Adami HO, Olsen JH, 

Nyren 0, and Fraumeni JF, Jr. Mortality and cancer incidence among individuals with 

Down syndrome. Arch. Intern. Med., 163:705-711, 2003. 

100. Kohne T, Kawanishi M, Matsuda S, Ichikawa H, Takada M, Ohki M, Yamamoto T, 

and Yokota J. Homozygous deletion and frequent allelic loss of the 21q11.1-q21 .1 

region including the ANA gene in human lung carcinoma. Genes Chromosomes 

Cancer, 21: 236-243, 1998. 

136 



101. Groet J, lves JH, Jones TA, Danton M, Flomen RH, Sheer D, Hrascan R, Pavelic 

K, and Nizetic D. Narrowing of the region of allelic loss in 21 q11-21 in squamous 

non-small cell lung carcinoma and cloning of a novel ubiquitin-specific protease 

gene from the deleted segment. Genes Chromosomes Cancer, 27: 153-161, 2000. 

102. Yang Q, Rasmussen SA, and Friedman JM. Mortality associated with Down's 

syndrome in the USA from 1983 to 1997: a population-based study. Lancet, 359: 

1019-1025,2002. 

103. Touchette N. Mouse-to-Mouse Revelation: Genome Yields Cancer Drug Target. 

Genome News Network, April 18, 2003. 

104. Sharma HW and Narayanan R. The therapeutic potential of antisense 

oligonucleotides. Bioessays, 17: 1 055-1 063, 1995. 

105. Higgins KA, Perez JR, Coleman TA, Dorshkind K, McComas WA, Sarmiento UM, 

Rosen CA, and Narayanan R. Antisense inhibition of the p65 subunit of NF-kB 

blocks tumorigenicity and causes tumor regression. Proc. Natl. Acad. Sci. U.S.A., 

90: 9901-9905, 1993. 

106. Wang H, Cai Q, Zeng X, Yu D, Agrawal S, and Zhang R. Antitumor activity and 

pharmacokinetics of a mixed-backbone antisense oligonucleotide targeted to the 

Ria. subunit of protein kinase A after oral administration. Proc. Natl. Acad. Sci. 

U.S.A. 96:13989-13994, 1999. 

137 



107. Tamm I, Darken B, and Hartmann G. Antisense therapy in oncology: new hope for 

an old idea? Lancet, 358:489-497, 2001. 

108. Narayanan R, Klement JF, Ruben SM, Higgins KA, and Rosen CA. Identification 

of a naturally occurring transforming variant of the p65 subunit of NF-kappa B. 

Science, 256:367-370, 1992. 

109. Torres A, Schreiber-Agus N, Morgenbesser SD, and DePinho RA. Myc and Max: a 

putative transcriptional complex in search of a cellular target. Curr. Opin. Cell Bioi., 

4:468-474, 1992. 

110. Agrawal S, Tan W, Cai Q, Xie X, and Zhang A. In vivo pharmacokinetics of 

phosphorothioate oligonucleotides containing contiguous guanosines. Antisense 

Nucleic Acid Drug Dev., 7:245-249, 1997. 

111. Krieg AM. From bugs to drugs: therapeutic immunomodulation with 

oligodeoxynucleotides containing CpG sequences from bacterial DNA. Antisense 

Nucleic Acid Drug Dev., 11:181-188,2001. 

112. Hutvagner G and Zamora PD. RNAi: nature abhors a double-strand. Curr. Opin. 

Genet. Dev., 12: 225-232, 2002. 

138 



113. Manche L, Green SR, Schmedt C, and Mathews MB. Interactions between double

stranded RNA regulators and the protein kinase DAI. Mol. Cell Bioi., 12: 5238-

5248, 1992. 

114. Narayanan R. Harnessing the power of antisense technology for combination 

chemotherapy. J. Natl. Cancer lnst., 89:107-8, 1997. 

115. Taupin JL, Pitard V, Dechanet J, Miossec V, Gualde N, and Moreau JF. Leukemia 

inhibitory factor: part of a large ingathering family. Int. Rev. lmmunol., 16:397-426, 

1998. 

116. Timmer, T., de Vries, E. G., and de Jong, S. Fas receptor-mediated apoptosis: a 

clinical application? J. Pathol., 196: 125-134, 2002. 

117. Thompson, C. B. Apoptosis in the pathogenesis and treatment of disease. Science, 

267:1456-1462, 1995. 

118. Scholze! S, Zimmermann W, Schwarzkopf G, Grunert F, Rogaczewski B, and 

Thompson J. Carcinoembryonic antigen family members CEACAM6 and 

CEACAM7 are differentially expressed in normal tissues and oppositely 

deregulated in hyperplastic colorectal polyps and early adenomas. Am, J. Pathol., 

156: 595-605, 2000. 

139 



119. van Belzen N, Dinjens WN, Eussen BH, and Bosman FT. Expression of 

differentiation-related genes in colorectal cancer: possible implications for 

prognosis. Histol. Histopathol., 13: 1233-42, 1998. 

120. Rosenbaum PR. Replicating effects and biases. Am. Stat., 55:223-227, 2001 . 

121. Holloway AJ, van Laar RK, Tothill RW, and Bowtell DO. Options available--from 

start to finish--for obtaining data from DNA microarrays II. Nat Genet., 32:481-489, 

2002. 

122. Slonim OK. From patterns to pathways: gene expression data analysis comes of 

age. Nat Genet., 32: 502-508, 2002. 

123. Quackenbush J. Microarray data normalization and transformation. Nat Genet., 32: 

496-501, 2002. 

124. Ellis M, Davis N, Coop A, Liu M, Schumaker L, Lee RY, Srikanchana R, Russell 

CG, Singh B, Miller WR, Stearns V, Pennanen M, Tsangaris T, Gallagher A, Liu A, 

Zwart A, Hayes OF, Lippman ME, Wang Y, and Clarke R. Development and 

validation of a method for using breast core needle biopsies for gene expression 

microarray analyses. Clin. Cancer Res., 8:1155-1166, 2002. 

125. LaTulippe E, Satagopan J, Smith A, Scher H, Scardino P, Reuter V, and Gerald 

WL. Comprehensive gene expression analysis of prostate cancer reveals distinct 

140 



transcriptional programs associated with metastatic disease. Cancer Res., 62: 

4499-4506, 2002. 

126. Stamey TA, Warrington JA, Caldwell MC, Chen Z, Fan Z, Mahadevappa M, 

McNeal JE, Nolley R, and Zhang Z. Molecular genetic profiling of Gleason grade 

4/5 prostate cancers compared to benign prostatic hyperplasia. J Urol., 166: 2171-

2177, 2001. 

127. Luo J, Duggan DJ, Chen Y, Sauvageot J, Ewing CM, Bittner ML, Trent JM, and 

Isaacs WB. Human prostate cancer and benign prostatic hyperplasia: molecular 

dissection by gene expression profiling. Cancer Res., 61:4683-4688, 2001. 

128. Hess KR, Zhang W, Baggerly KA, Stivers DN, and Coombes KR. Microarrays: 

handling the deluge of data and extracting reliable information. Trends Biotechnol., 

19:463-468, 2001. 

129. Rajeevan MS, Vernon SD, Taysavang N, and UngerER. Validation of array-based 

gene expression profiles by real-time (kinetic) RT-PCR. J. Mol. Diagn., 3: 26-31, 

2001. 

130. Kallioniemi OP, Wagner U, Kononen J, and Sauter G. Tissue microarray 

technology for high-throughput molecular profiling of cancer. Hum. Mol. Genet., 10: 

657-662, 2001. 

141 



131. Hoos A and Cordon-Cardo C. Tissue microarray profiling of cancer specimens and 

cell lines: opportunities and limitations. Lab Invest., 81: 1331-1338, 2001. 

132. Pan W. A comparative review of statistical methods for discovering differentially 

expressed genes in replicated microarray experiments. Bioinformatics, 18: 546· 

554,2002. 

133. Stoeckert CJ Jr, Causton HC, and Ball CA. Microarray databases: standards and 

ontologies. Nat Genet., 32:469-473, 2002. 

142 



Chapter 10 - Biographical Sketch 

PERSONAL 

Date of Birth: July 6, 1974; Citizenship: U.S.A. 

EDUCATION 

1999-2003 Doctor of Philosophy, Chemistry- Florida Atlantic University 
Boca Raton, Florida 
Thesis: Discovery of Novel Molecular Targets in Cancer Using 
Bioinformatics 
Principal Investigator: Ramaswamy Narayanan 

1992-1996 Bachelor of Science, Biological Sciences - Florida State University 
Tallahassee, Florida 

COURSEWORK (Ph.D.) 

Organic Synthesis and Characterization: B+ 
Bioinformatics: A 
Advanced Bioinformatics: A 
Biology of Cancer: A 
Proteins and Enzymes: A 

TEACHING ASSISTANTSHIPS 

Biotechnology Lab I 
Biotechnology Lab II 
Microbiology Lab 
General Chemistry I 
General Chemistry II 

BSCL4403 
BSCL4405 
MCBL 3020 
CHML2045 
CHML2046 

143 

Instrumentation: A
Molecular Therapeutics: A 
Functionai .Genomics: A 
Molecular Genetics: A 
Kinetics and Energetics: A-



RESEARCH SKILLS 

Bioinformatics-based gene discovery 
Standard molecular biology techniques (DNA, RNA, protein) 
Microarray technology (Ciontech AtlasT" and Affymetrix GeneChip® platforms) 
Antisense technology 
Cell culture techniques/maintenance 

HONORS 

Phi Kappa Phi Honor Society Graduate Scholar- 2001 
AACR - Pharmacia Scholar-in-Training Award - 2002 
FAU Graduate Grants Committee Travel Awards- 03/02 & 06/02 
FAU Graduate Fellowship for Academic Excellence- 2002-2003 
FAU Division of Research and Graduate Studies Excellence in Research Award- 2003 

PUBLICATIONS 

Scheurle D, DeYoung MP, Binninger OM, Page H, Jahanzeb M, Narayanan R: Cancer 
gene discovery using digital differential display. Cancer Res., 60: 4037-4043, 2000. 

DeYoung MP, Damania H, Scheurle 0, Zylberberg C, Narayanan R: Bioinformatics 
based discovery of a novel factor with apparent specificity to colon cancer. In Vivo, 16: 
239-248, 2002. 

DeYoung MP, Scheurle D, Damania H, Zylberberg C, Narayanan R: Down's Syndrome
associated Single Minded gene as a novel tumor marker. Anticancer Res., 22: 3149-
3157, 2002. 

DeYoung MP, Tress M, Narayanan R: Identification of Down's Syndrome Critical Locus 
gene SIM2-s as a drug therapy target for solid tumors. Proc. Natl. Acad. Sci. U.S.A. 100: 
4760-4765, 2003. 

DeYoung MP, Tress M, Narayanan R: Down's Syndrome associated Single Minded 2 
gene as a pancreatic cancer drug therapy target. Cancer Lett., (in press) 

ABSTRACTS 

DeYoung MP, Damania H, Narayanan R: Bioinformatics based discovery of a novel 
factor with apparent specificity to colon cancer (presented at the AACR - Colon Cancer: 
Genetics to Prevention meeting, Philadelphia, PA. March, 2002). 

DeYoung MP; Damania H, Tress M, Scheurle 0, Narayanan H: Identification of Down's 
Syndrome Critical Locus gene SIM2 . as a novel drug target for pancreatic cancers 
(presented at The Lustgarten Foundation for Pancreatic Cancer Research meeting, 
Houston, TX. June, 2002). 

144 




	de_young_maurice_phillip_2003-1
	de_young_maurice_phillip_2003-2
	de_young_maurice_phillip_2003-3
	de_young_maurice_phillip_2003-4
	de_young_maurice_phillip_2003-5
	de_young_maurice_phillip_2003-6
	de_young_maurice_phillip_2003-7
	de_young_maurice_phillip_2003-8
	de_young_maurice_phillip_2003-9
	de_young_maurice_phillip_2003-10
	de_young_maurice_phillip_2003-11
	de_young_maurice_phillip_2003-12
	de_young_maurice_phillip_2003-13
	de_young_maurice_phillip_2003-14
	de_young_maurice_phillip_2003-15
	de_young_maurice_phillip_2003-16
	de_young_maurice_phillip_2003-17
	de_young_maurice_phillip_2003-18
	de_young_maurice_phillip_2003-19
	de_young_maurice_phillip_2003-20
	de_young_maurice_phillip_2003-21
	de_young_maurice_phillip_2003-22
	de_young_maurice_phillip_2003-23
	de_young_maurice_phillip_2003-24
	de_young_maurice_phillip_2003-25
	de_young_maurice_phillip_2003-26
	de_young_maurice_phillip_2003-27
	de_young_maurice_phillip_2003-28
	de_young_maurice_phillip_2003-29
	de_young_maurice_phillip_2003-30
	de_young_maurice_phillip_2003-31
	de_young_maurice_phillip_2003-32
	de_young_maurice_phillip_2003-33
	de_young_maurice_phillip_2003-34
	de_young_maurice_phillip_2003-35
	de_young_maurice_phillip_2003-36
	de_young_maurice_phillip_2003-37
	de_young_maurice_phillip_2003-38
	de_young_maurice_phillip_2003-39
	de_young_maurice_phillip_2003-40
	de_young_maurice_phillip_2003-41
	de_young_maurice_phillip_2003-42
	de_young_maurice_phillip_2003-43
	de_young_maurice_phillip_2003-44
	de_young_maurice_phillip_2003-45
	de_young_maurice_phillip_2003-46
	de_young_maurice_phillip_2003-47
	de_young_maurice_phillip_2003-48
	de_young_maurice_phillip_2003-49
	de_young_maurice_phillip_2003-50
	de_young_maurice_phillip_2003-51
	de_young_maurice_phillip_2003-52
	de_young_maurice_phillip_2003-53
	de_young_maurice_phillip_2003-54
	de_young_maurice_phillip_2003-55
	de_young_maurice_phillip_2003-56
	de_young_maurice_phillip_2003-57
	de_young_maurice_phillip_2003-58
	de_young_maurice_phillip_2003-59
	de_young_maurice_phillip_2003-60
	de_young_maurice_phillip_2003-61
	de_young_maurice_phillip_2003-62
	de_young_maurice_phillip_2003-63
	de_young_maurice_phillip_2003-64
	de_young_maurice_phillip_2003-65
	de_young_maurice_phillip_2003-66
	de_young_maurice_phillip_2003-67
	de_young_maurice_phillip_2003-68
	de_young_maurice_phillip_2003-69
	de_young_maurice_phillip_2003-70
	de_young_maurice_phillip_2003-71
	de_young_maurice_phillip_2003-72
	de_young_maurice_phillip_2003-73
	de_young_maurice_phillip_2003-74
	de_young_maurice_phillip_2003-75
	de_young_maurice_phillip_2003-76
	de_young_maurice_phillip_2003-77
	de_young_maurice_phillip_2003-78
	de_young_maurice_phillip_2003-79
	de_young_maurice_phillip_2003-80
	de_young_maurice_phillip_2003-81
	de_young_maurice_phillip_2003-82
	de_young_maurice_phillip_2003-83
	de_young_maurice_phillip_2003-84
	de_young_maurice_phillip_2003-85
	de_young_maurice_phillip_2003-86
	de_young_maurice_phillip_2003-87
	de_young_maurice_phillip_2003-88
	de_young_maurice_phillip_2003-89
	de_young_maurice_phillip_2003-90
	de_young_maurice_phillip_2003-91
	de_young_maurice_phillip_2003-92
	de_young_maurice_phillip_2003-93
	de_young_maurice_phillip_2003-94
	de_young_maurice_phillip_2003-95
	de_young_maurice_phillip_2003-96
	de_young_maurice_phillip_2003-97
	de_young_maurice_phillip_2003-98
	de_young_maurice_phillip_2003-99
	de_young_maurice_phillip_2003-100
	de_young_maurice_phillip_2003-101
	de_young_maurice_phillip_2003-102
	de_young_maurice_phillip_2003-103
	de_young_maurice_phillip_2003-104
	de_young_maurice_phillip_2003-105
	de_young_maurice_phillip_2003-106
	de_young_maurice_phillip_2003-107
	de_young_maurice_phillip_2003-108
	de_young_maurice_phillip_2003-109
	de_young_maurice_phillip_2003-110
	de_young_maurice_phillip_2003-111
	de_young_maurice_phillip_2003-112
	de_young_maurice_phillip_2003-113
	de_young_maurice_phillip_2003-114
	de_young_maurice_phillip_2003-115
	de_young_maurice_phillip_2003-116
	de_young_maurice_phillip_2003-117
	de_young_maurice_phillip_2003-118
	de_young_maurice_phillip_2003-119
	de_young_maurice_phillip_2003-120
	de_young_maurice_phillip_2003-121
	de_young_maurice_phillip_2003-122
	de_young_maurice_phillip_2003-123
	de_young_maurice_phillip_2003-124
	de_young_maurice_phillip_2003-125
	de_young_maurice_phillip_2003-126
	de_young_maurice_phillip_2003-127
	de_young_maurice_phillip_2003-128
	de_young_maurice_phillip_2003-129
	de_young_maurice_phillip_2003-130
	de_young_maurice_phillip_2003-131
	de_young_maurice_phillip_2003-132
	de_young_maurice_phillip_2003-133
	de_young_maurice_phillip_2003-134
	de_young_maurice_phillip_2003-135
	de_young_maurice_phillip_2003-136
	de_young_maurice_phillip_2003-137
	de_young_maurice_phillip_2003-138
	de_young_maurice_phillip_2003-139
	de_young_maurice_phillip_2003-140
	de_young_maurice_phillip_2003-141
	de_young_maurice_phillip_2003-142
	de_young_maurice_phillip_2003-143
	de_young_maurice_phillip_2003-144
	de_young_maurice_phillip_2003-145
	de_young_maurice_phillip_2003-146
	de_young_maurice_phillip_2003-147
	de_young_maurice_phillip_2003-148
	de_young_maurice_phillip_2003-149
	de_young_maurice_phillip_2003-150
	de_young_maurice_phillip_2003-151
	de_young_maurice_phillip_2003-152
	de_young_maurice_phillip_2003-153
	de_young_maurice_phillip_2003-154
	de_young_maurice_phillip_2003-155
	de_young_maurice_phillip_2003-156
	de_young_maurice_phillip_2003-157
	de_young_maurice_phillip_2003-158
	de_young_maurice_phillip_2003-159
	de_young_maurice_phillip_2003-160

