


MOLECULAR PATHWAY IDENTIFICATION USING 

MICROARRAY TECHNOLOGY 

by 

Matthew David Tress 

A Thesis Submitted to the Faculty of 

The Charles E. Schmidt College of Science 

In Partial Fulfillment of the Requirements for the Degree of 

Master of Science 

Florida Atlantic University 

Boca Raton, Florida 

August2004 



MOLECULAR PATHWAY IDENTIFICATION USING 

MICROARRAY TECHNOLOGY 

by 

Matthew David Tress 

This thesis was prepared under the direction of the candidate's thesis advisor, 
Dr. Ramaswamy Narayanan, Department of Biological Sciences, and has 
been approved by the members of his supervisory committee. It was 
submitted to the faculty of The Charles E. Schmidt College of Science and 
was accepted in partial fulfillment of the requirements for the degree of 
Master of Science. 

SUPERVISORY COMMITTEE 

Q_ . ~ ~ 'IS' ~ / C!!lt...V-- Ol..4A 

Thesis Advisor 



ACKNOWLEDGEMENTS 

I would first like to thank Dr. Narayanan for his encouragement, 

guidance, and support during the course of this project. It has been a 

pleasure working in his laboratory over the past few years. I would also like 

to thank Dr. Perry and Dr. Weissbach for their advice and for agreeing to 

serve on my thesis committee. 

It has been a pleasure working with many individuals over the past few 

years namely, Dr. Phil DeYoung, Mirielle Aleman, Martha Keegan, Hema 

DaMania, Lieselot Devos, and Pat Keeting . I would also like to thank my 

family and friends for their continued support over the past few years. 

Most importantly, I would like to express my profound thanks to my 

wife Candida. Her continued love, patience, friendship, and encouragement 

has helped me to keep moving forward and enabled me realize my potential. 

iii 



Author: 

Title: 

Institution: 

Thesis Advisor: 

Degree: 

Year: 

ABSTRACT 

Matthew Tress 

Molecular Pathway Identification Using Microarray 

Technology 

Florida Atlantic University 

Dr. Ramaswamy Narayanan 

Master of Science 

2004 

Harnessing the human genome using bioinformatics lead to the discovery of a 

highly cancer-selective gene, Single Minded 2 gene (SIM2). An isoform of 

the SIM2 gene, the short-form (SIM2-s), was shown to be specific to colon, 

pancreas, and prostate tumors. Antisense inhibition of SIM2-s in a colon 

carcinoma derived cell line (RKO) caused inhibition of gene expression, 

growth inhibition and apoptosis in vitro and in nude mice tumorigenicity 

models. To understand the mechanism of Sim2-s antisense, the antisense 

treated RKO colon cancer cells were monitored for genome wide expression 

using Affymetrix GeneChip® technology. A list of apoptosis related genes 

was generated using GeneSpring® software. Select GeneChip® output was 

validated by Quantitative RT-PCR. Relevance of a key gene, Growth arrest 

and DNA damage inducible (GADD45a), in the SIM2-s pathway was 

established . These results will provide a basis for the future experiments to 

understand the mechanism underlying Sim2-s activation in specific tumors. 
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INTRODUCTION 

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

Cancer Institute (NCI) has thousands of ESTs encompassing both known and 

novel genes 1
. Various data mining tools such as Digital Differential Display 

(DDD) and Digital Gene Expression Display (DGED), Serial Analysis of Gene 

Expression, and X-profiler are available to data mine these EST sequences. 

Using one of these tools, DDD from CGAP, Dr. Narayanan's laboratory has 

recently demonstrated the usefulness of the CGAP database in cancer gene 

discovery 2. A vast assortment of normal and tumor derived novel ESTs was 

reduced to 200 novel Unigenes by this approach. 

One of the genes, Single Minded 2 gene (SIM2-s), from this collection was 

recently validated for cancer specificity in Dr. Narayanan's laboratory 3.4. A 

potential drug therapy use of the SIM2-s gene using antisense technology 

was demonstrated recently in colon and pancreatic cancer models 5
·
6

. These 

results imply that a novel cancer drug target may be at hand 7
. Despite our 

understanding of the expression of SIM2-s in human tumors, the molecular 

pathways SIM2-s is involved in and its role in cancer are still unknown. 
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The SIM2 gene is present in chromosome 21 at the Down Syndrome Critical 

Region, which in triplication is associated with diverse phenotypic 

characteristics of Down syndrome 8
. Members of the SIM family include SIM1 

and SIM2 which map to 6q16.3-q21 and 21q22.2 respectively 9 and belong to 

a family of transcription factors containing a basic helix-loop-helix (bHLH) 

motif, two PAS (PER/ARNT/SIM) domains and the HST (HIF1a/SIM/TRH) 

domains. In Drosophila, SIM is a master regulator of fruit fly neurogenesis, 

regulating midline gene expression. The SIM2 gene exists in two distinct 

forms, the long and short form (SIM2-I and SIM2-s) due to alternative 

splicing9
. The actual role of either of these isoforms in humans is not known. 

Monitoring gene expression is an important component of medical and 

biological research, allowing researchers to classify diseases, understand 

basic biological processes, and identify new drug targets. Until recently, 

comparing mRNA expression levels across different tissues or cells was 

limited to tracking one or a few genes at a time. By using Affymetrix 

GeneChip® arrays, it is now possible to measure thousands of mRNA 

expression levels simultaneously. 

Researchers have used GeneChip® probe arrays to study the regulation of 

gene expression associated with a wide variety of basic biological functions, 

including development 10
, hormonal signaling 11

, and circadian rhythms 12
. 
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Also, many studies have used GeneChip® probe arrays to tackle diseases 

such as Alzheimer's disease 13 and cancer 14
• 

GeneChip® probe arrays are designed to have a high level of sensitivity and 

reproducibility. Their ability to assess the contribution of nonspecific signals 

in a probe-specific manner allows the detection and quantitation of low 

abundance transcripts. GeneChip® probe arrays also provide a high level of 

specificity. For example, by using probes representing regions of genes that 

are significantly unique between family members, arrays can distinguish 

transcripts that are up to 90% identical. 

There is a wide variety of GeneChip® arrays available from Affymetrix 

including human, mouse, drosophila, c. elegans, and yeast genome arrays. 

The main human GeneChip® array is the Human Genome U133 Set. This 

set consists of two GeneChip® arrays (U 133A and U 1338 ). U 133A consists 

of approximately ninety-five percent known genes and five percent novel 

genes. The U133B array consists of approximately ninety-five percent novel 

genes and five percent known genes. Together they contain almost 45,000 

probe sets representing more than 39,000 transcripts derived from 

approximately 33,000 well-substantiated human genes. This set design uses 

sequences selected from GenBank, dbEST, and RefSeq. The sequence 

clusters were created from the UniGene database (Build 133, April 20, 2001 ). 
3 



They were then refined by analysis and comparison with a number of other 

publicly available databases including the Washington University EST trace 

repository and the University of California, Santa Cruz Golden Path human 

genome database (April 2001 release). 

There are numerous microarray data analysis software packages that are 

commercially available. One of these software packages, called 

GeneSpring® (Silicon Genetics Inc.), is available in Dr. Narayanan's 

laboratory. GeneSpring is a powerful visualization and data analysis program 

designed for use with genomic expression data. It is capable of displaying 

and analyzing large datasets on a typical desktop computer. GeneSpring is 

widely used in combination with Affymetrix GeneChip® output data 15
-
17

. 

Understanding the mechanism of SIM2-s antisense and identifying SIM2-s 

target genes is crucial to the diagnostic and therapeutic use of the gene. 

Efforts were undertaken using a combination of antisense and GeneChip® 

technology to create a fingerprint of SIM2-s antisense regulated genes. In 

view of the fact that SIM2-s antisense caused apoptosis in colon cancer cells, 

select apoptotic related genes from the GeneChip® output were tested to see 

if they were critical for SIM2-s antisense mediated apoptosis. The results of 

this study will be presented. 
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PREVIOUS RESULTS FROM THE LABORATORY 

Recently, Dr. Narayanan's laboratory performed an exhaustive mRNA 

expression study using RT-PCR to identify the expression pattern of SIM2-s. 

The study included various tissue panels, including adult normal, fetal normal, 

and matched tumor vs. normal tissue panels. As seen in Figure 1, SIM2-s 

was found to be specifically expressed in colon, pancreas and prostate 

tumors. It was also only found to be expressed in normal kidney and tonsil 

tissues. Also seen in Figure 1, SIM2-s expression was seen in all stages of 

colon carcinoma including polyp, adenocarcinoma and tumor stages. 

5 
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Figure 1: Expression profile of SIM2-s 

SIM2-s 

ACTIN 

Random primed cDNAs were analyzed by RT-PCR. (A) Tumor (T) and normal (N) 
tissues (matched) from breast, colon , lung, ovary, pancreas, and prostate 
carcinomas; (B) CLONTECH pooled multiple normal tissue; (C) CLONTECH fetal 
tissue; (0) CLONTECH digestive tissue; (E) matched tumor and normal tissues from 
14 independent colon carcinoma patients; and (F) cDNAs from normal colon, polyp 
(P), duodenal adenoma (DA) and colon adenoma (CA), and colon tumors were 
analyzed for SIM2-s and Actin expression. PCR products in E and F were hybridized 
with an internal oligomer probe. *, Matched tissues from the same patient; M, 1 00-bp 
ladder; negative, template minus PCR control; positive, colon tumor eDNA; - RT, 
reverse transcriptase minus control. One representative experiment from three 
independent experiments is shown. (DeYoung et al, PNAS 2003) 

Based on these findings, additional studies into the protein expression of 

SIM2-s were performed with colon tumor and colon normal samples. As seen 

in Figure 2, only colon tumor and adenoma tissues stained positive for SIM2-s 

using immunohistochemical staining . Also seen in Figure 2, real-time PCR (a 

more sensitive form of RT -PCR) was used to further validate the mRNA 

expression specificity of SIM2-s in colon tumors . 
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Figure 2: Correlation of SIM2-s 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 SIM2-s-specific affinity-purified polyclonal antibodies (A). All sections were 
counterstained with hematoxylin (x360). Real-time quantitative RT-PCR of the same 
matched specimens are shown in B. (DeYoung et al, PNAS 2003) 

Based on the expression specificity of SIM2-s in colon tumors, an antisense 

oligonucleotide was designed and tested in RKO colon carcinoma cells. As 

seen in Figure 3, antisense inhibition of SIM2-s in RKO cells inhibited SIM2-s 

mRNA expression and resulted in apoptosis. 
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Figure 3: SIM2-s antisense efficacy in vitro 
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(A) RKO cells were treated with either 300 nM of control oligomers (C) or indicated 
concentrations of the antisense oligomers (AS) using the Lipofectin protocol, and 
48 h later the RNA from the treated cells was analyzed by RT-PCR with S/M2-s and 
actin primers. Neg, template minus PCR control. (B) RKO cells were treated with 
300 nM of control (C) or antisense (AS) oligomers for 48 hand the cells were 
analyzed by IHC by using the SIM2-s-specific antibody. The arrow indicates nuclear 
stain (x 130). (C) The control (C)- or antisense (AS)-treated RKO cells were analyzed 
48 h later by using an Apotag kit (x 130). (D) Genomic DNA from control (C) or the 
antisense (AS)-treated RKO cells for 48 h was probed with 32P-Iabeled EcoR1-
digested normal human DNA. Ethidium bromide-stained agarose gel is shown above 
the autoradiogram. An overexposed version of the autoradiogram is shown. Arrow 
indicates ladder representing oligosomes. (DeYoung et al , PNAS 2003) 

Further studies using the SIM2-s antisense were performed in vivo using a 

nude mice tumorigenicity model. As seen in Figure 4 , in vivo inhibition of 

SIM2-s using antisense resulted in SIM2-s mRNA and protein inhibition and 

there was also significant tumor weight reduciton in the antisense treated 

mice. 
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Figure 4: Antisense efficacy in a colon tumor model in vivo 

Antisense efficacy in a colon tumor model in vivo. Nude mice were injected with 
RKO-derived tumors s.c. and 48 h later were treated with the antisense {&), control 
(t) , or vehicle (•) at 1 mg/kg, twice weekly s.c. on the contra lateral side for 28 days, 
and the tumor volume was measured weekly (A). Mean tumor weight is shown in 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 (C). Neg, template 
minus PCR control; M, 1 00-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 (D). (DeYoung et al, PNAS 2003) 

Based on these findings, the following hypothesis was developed to elucidate 

the role of SIM2-s in apoptosis. 

9 



HYPOTHESIS 

A distinct subset of genes involved in apoptosis is regulated by SIM2-s in 

colon cancer cells. 
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PROPOSED EXPERIMENTS 

The following experiments were proposed to help elucidate the molecular 

pathways involved with the SIM2-s antisense. 

1. GeneChip® Analysis: In a time course dependent manner (1 0, 14, 

18 and 24 hours) mRNA from RKO cells, treated with either 100nM 

SIM2-s antisense or control oligonucleotide, will be analyzed using the 

Affymetrix U133A GeneChip® array. U133A was chosen because it 

encompasses most of the known genes (95% ). 

2. Statistical Filters: Using GeneSpring software (Silicon Genetics Inc.) 

the Affymetrix GeneChip® output will be filtered down by using 

statistical filters based on normalization signals, p-values, and fold 

changes. 

3. Create subsets of GeneChip® output: Using Gene Ontology based 

molecular classifications, the fold change filtered data will be 

categorized into the following classes of molecules: apoptosis, cell 

adhesion, cell cycle, chaperone, differentiation, enzyme, immunity 

11 



protein, kinase, ligand, oncogene, phosphatase, receptor, transcription 

factor, transport and tumor suppressor. 

4. GeneChip® output validation: 

a) Q-RT -PCR: In the RKO samples used for GeneChip® analysis, the 

mRNA level of select genes will be quantified using Quantitative RT

PCR (Q-RT-PCR) analysis. 

b) Flow Cytometry: In RKO cells treated with either 1 OOnM SIM2-s 

control or antisense oligonucleotide, the protein levels of select genes 

from the validated Q-RT-PCR list will be measured using Flow 

cytometry analysis. 

c) Functional Assay: Depending on which genes are validated, an 

appropriate assay will be chosen and used to test the select gene's 

functionality in the RKO treated SIM2-s antisense cells. 

12 



RESULTS 

GeneChip® Analysis of RKO colon cancer cells 

RKO colon carcinoma cells were treated in vitro with either the control (C) or 

the antisense (AS) oligonucleotide (100 nM). At 10, 14, 18 and 24 hours 

after treatment was initiated, RNA from the treated cells was analyzed using 

the Affymetrix U133A Human genome array. Figure 5 shows a schematic 

diagram of the microarray experimental design used in this study. To develop 

better reliability, each RNA was analyzed using duplicate chips (chip 

replication) from two independent experiments (biological replicate). The 

entire raw Affymetrix GeneChip® output is submitted to Array Express 

(http://www.ebi.ac.uklmiamexpress/) accession# E-MEXP-1 01. 

13 
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Figure 5: Microarray Experimental Design 

As shown in figure 5, duplicate chips were used from two independent 

experiments (experiment 1 and experiment 2) for both antisense and control 

treated RKO cells . The output was then filtered using statistical and 

bioinformatics filters. The resulting output was categorized as being either 

upregulated or downregulated in the antisense treated cells. 
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Statistical and GeneOntology Filters 

Starting with 22,283 genes per time point, GeneSpring software was used to 

filter the GeneChip® output down to a statistically significant set of genes 

(less than 6,000 genes total). The output was subjected to the following 

statistical filters: normalization (1 00% concordance of the hits from chip and 

biological replication), p-value (<0.05) and fold change (>2-fold increase or 

decrease). Table 1 shows the number reduction that took place with each 

filter. 

10hr 14hr 18hr 24hr 

I 22,283 11 22,2831 1 22,283 1 22,283 
Statistical Filter 
normalization 15,105 16,062 15,664 16,034 
p-value < 05 5,961 4,519 4,900 4,155 
> 2 fold change 1,387 759 880 597 
< 2 fold change 690 581 394 478 

Table 1: Statistical Filtering 

Using a Gene Ontology molecular classification tool within GeneSpring 

software, the fold change filtered list of genes was categorized into the 

following groups of molecules: apoptosis, cell adhesion, cell cycle, 

chaperone, differentiation, enzyme, immunity protein, kinase, ligand, 

oncogene, phosphatase, receptor, transcription factor, transport and tumor 

suppressor. Table 2 shows the number of genes at each time point, either 

15 



upregulated {>2 fold) or downregulated {< 2 fold), belonging to each class of 

molecules. 

Gene Ontology Fllte1 > 2 fold change < 2 fold change 
10hr 14hr 18hr 24hr 10hr 14hr 18hr 24hr 

Apoptosis 28 23 18 10 15 11 8 13 
Cell Adhesion 36 26 41 24 8 6 1 1 

Cell Cycle 24 13 18 14 14 15 11 10 
Chaperone 30 21 19 5 20 18 7 16 

D iffe rent i at ion 31 17 26 16 7 3 5 4 
Enzyme 186 111 124 93 129 116 70 86 

Immunity Protein 54 33 41 25 4 4 6 3 
Kinase 85 27 28 22 36 26 15 25 
Ligand 47 25 35 23 6 7 5 4 

Oncogene 28 18 16 10 17 15 6 10 
Phosphatase 17 10 16 9 16 12 10 6 

Receptor 49 28 27 17 6 5 2 4 
Transcription Factor 76 65 78 47 73 47 31 49 

Transport 116 59 69 49 67 57 38 45 
Tumor Suppressor 7 5 4 5 4 4 3 4 

Table 2: Gene Ontology Filtering 

Table 3 shows the full list of apoptotic genes (from table 2) deregulated at 

each time point. Table 3 was used as the starting point to identify genes that 

might be critical for the SIM2-s antisense mediated apoptosis. 

16 
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Tl.lllOI' s._essing subtronsfer- condidole 3 3.47 3.01 2.53 TIA 1 cytaoxlc iror>.Jie-associaled RNA-bincliro!j praei'l 2.29 2.13 2.27 

leucile-rich and deoth domoi'l c<nlonng 2.42 3.38 2.95 B-cel receptor-associaled prcleh BAP29 2.22 

11a-Mh arrest and DNA-<Jomoge-M.Jctlle 34 2.20 2.73 2.33 2.16 ,_;s homolog 6 (E coil 6.19 

2.17 2.81 2.03 COP-dioc:Mcorol synthase 4.77 4.27 

gro-Mh orrest and DNA-<Jomoge-inciJcible, beta 3.06 2.71 2.78 Acid-i'l<iJcible phosphoprciein 2.17 2.04 

growth arrest end DNA-damage-i1ducible, gammo 3.34 BCL21adenovirus E1 B 191<0-i'lteroetng prcien 3-lke 3.49 

meciaor of DNA damage cneckpolnt 1 1016 BCL21odenollirus E1 B 191<0-nteroethg praen 2 2.05 

cell divislcn cycle 25C 2.21 MRE11 meiotic rocornbinalioo 11 homolog A 3.93 

Aryl hy<i'ocorbcn receptor 8.11 ubiqutn-cOf'IU!jtllhg enzyme E2B (RAD6 homolog) 2.16 

Co"'lUU!!Iioo foetor I (tt.-ont>n) 5.91 RAD54B homolog 2.08 

Nerve !10wlh foetor receptor 5.55 

Tl.lllOI' necrosis foetor receptor superfomiy, member 12 5.42 

De.rh effector tiomenl- forr!W>g C~-ike apoptosis prae 513 

P53-rego.Joted apoptosis.MJchg proton 1 3.92 

Ttmll necrosis foetor receptor superfamly, meml:lef7 332 

i'lterleuki'l17 3.27 

Hortlki'i, BCL2-interoethg prctein 3.15 

Ne<.ron.r thread praen 2.61 

Ttxnor nocrosis foetor receptor superfamily , member 6 2.20 

Tl.lllOI' necrosis foetor receptor superfamily, member lOb 2.04 

tekxnet'Me reverse tramcripte~se 6.9'1 

C014 ortigen 6.72 

Islet omytoid polypeptide 4.9'1 

payrnerose (~ drected), eta 4.79 

Micraurule-ossocioted prctei'l tau 3.74 

Myeq,eroxidese 3.45 

TNFRSf1A-ossocioted viii deeth dornoi'l 3.26 

Bocutovi'oiiAP repeot-c<nloi'ling 3 2.87 

Cllorioric !jOilO<Ictropin, beto polypept<le 2.75 

Tl.lllOI' necrosis foetor receptor superfamily, member 10c, 2.70 

Ptrinergic receJtor P2X, igand-gated ion chaMOI , 1 2.37 

three prlne repar exOOJCiease 1 2.27 

X-roy.repoir complementhg detective 2.56 

Adenosile A2a rece;:tor 246 

22S 

St 00 calcium-binding prcleh, beto (neuno) 2.27 

BCL2-irleroetng kier (apoptosis-nducing) 2.26 

dtrnoge-specific DNA bildhg praen 2, 48kDo 2.24 

Tl.lllOI' nocrosis foetor receJior superfamily, member 1 Od 2.10 

Table 3: Apoptosis Gene List 
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GeneChip® Output Validation 

Q-RT-PCR was used to validate the mRNA expression of SIM2-s and select 

up-regulated genes (14hr timepoint) from various gene ontology categories 

(Table 2). The results from this set of experiments are shown in figure 6. 
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Figure 6: Q-RT -PCR Validation 
Q-RT-PCR was performed on RKO cells treated with 100nM SIM2-s control 
(C) or antisense (AS) oligonucleotide. Fold change was calculated by 
dividing the normalized antisense mRNA level by the normalized control 
mRNA level. Genes validated include SIM2-s, EGR1 (Early growth response 
1 ), GADD34 (Growth arrest and DNA damage inducible 34 ), GADD45a 
(Growth arrest and DNA damage inducible 45a), LIF (Leukemia inhibitory 
factor), NGFR (Nerve growth factor receptor), and TNFRSF6 (Tumor necrosis 
factor receptor superfamily 6). 

As can be seen in figure 6, genes that were predicted to be up-regulated by 

GeneChip®, were validated as being up-regulated at the mRNA level. Two 

of the Q-RT-PCR validated genes, TNFRSF6 and GADD45a, were selected 

for further validation . 
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TNFRSF6 Validation 

TNFRSF6 (also known as Fas) was chosen for further validation because of 

its known involvement in the initiation of apoptosis 17
. It was hypothesized 

that if this gene's mRNA level was being upregulated by SIM2-s antisense, it 

could be responsible for initiating apoptosis in our model. Flow cytometric 

analysis was used to validate the TNFRSF6 protein expression level in the 

SIM2-s antisense treated cells (figure 7). Cisplatin (30uM) was used as a 

positive control for the upregulation of TNFRSF6 protein 18
. TNFRSF6 protein 

was not upregulated in the SIM2-s antisense treated cells, but it was 

upregulated in the positive control. To further validate this negative 

observation, enzymatic activity linked with TNFRSF6 was analyzed. The 

activation of the enzyme caspase 8 is linked with the upregulation and 

activation of TNFRSF6 19
. Caspase 8 activity was monitored in SIM2-s 

antisense treated cells, again using cisplatin (30uM) as a positive control 

(Figure 7). Caspase 8 activity did not increase in the SIM2-s antisense 

treated cells, but it did increase in the cells treated with cisplatin. 
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Figure 7: TNFRSF6 Validation 

Caspase 8 Activity 

o SIM2-sAS 

• Clsplatin 

TNFRSF6 protein and Caspase 8 activity were measured in either 1 OOnM 
treated SIM2-s antisense,control or 30uM Cisplatin treated,untreated RKO 
cells 24 hours after treatment. Protein fold change was calculated by dividing 
the FL 1 mean fluorescent intensity of treated by the FL 1 mean fluorescent 
intensity of control. Caspase 8 activity fold change was calculated by dividing 
the mean absorbance at 405nm of treated vs. the mean absorbance at 
405nm of control. A representative experiment (one of two) is shown. 

GADD45 Validation 

GADD45a was chosen for further validation because of its known 

involvement in cell cycle arrest and apoptosis 20
·
21

. It was hypothesized that 

if GADD45a mRNA level was being upregulated by SIM2-s antisense, it might 

be a critical mediator of apoptosis in our model. Flow cytometric analysis, 

using a monoclonal antibody against GADD45a protein, was used to validate 
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the protein expression level in the SIM2-s antisense treated cells. One 

representative result from this experiment can been seen in figure 8. 
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Figure 8: GADD45a Validation 
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GADD45a protein was measured in either 1 OOnM treated SIM2-s control (C) 
or antisense (AS) RKO cells 14 hours after treatment. An isotype control 
antibody was used to measure the background in the samples. A 
representative experiment (one of three) is shown. 

As seen in figure 8, GADD45a protein was up-regulated in the SIM2-s AS 

treated RKO cells (as predicted by GeneChip®) 
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As seen in figure 9, the up-regulation of GADD45a protein (3.5 fold) 

correlated with GeneChip® prediction (2.81 fold) and Q-RT-PCR results (3.37 

fold). 
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Figure 9: GADD45a Correlation 
GADD45a fold change correlation as measured by GeneChip®, Q-RT -PCR, 
or flow cytometry in SIM2-s AS treated RKO cells (14hrs). 

Cell Cycle Analysis of SIM2-s antisense treated RKO cells 

Enforced expression of GADD45a in diverse cell types causes growth 

suppression and activation of G2/M checkpoint 22
. The upregulation of 

GADD45a mRNA and protein expression raised the possibility that the 

observed apoptosis induced by the SIM2-s antisense may be a consequence 

of cell cycle arrest. Hence we performed cell cycle analysis of the antisense 

treated RKO cells (Figure 1 0). As a positive control, methyl methane 

sulfonate (MMS) was used which has been shown to cause G2/M arrest in 
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RKO cells 23
. As seen in figure 10, no discernable difference was seen 

between the control or the antisense-treated RKO cells. Significant G2/M 

arrest was seen between MMS and untreated RKO cells. 
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Figure 10: Cell Cycle Analysis 
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Cell cycle profile of RKO treated for 24 hours with either, MMS (25 ug/ml), 
1 OOnM control oligonucleotide (C), or 1 OOnM SIM2-s antisense 
oligonucleotide (AS). Untreated cells were used as negative control. A 
representative experiment (one of three) is shown. 

GADD45 mediation of apoptosis 

We hypothesized that if upregulation of GADD45a is functionally relevant, 

then in the absence of GADD 45a, the SIM2-s antisense mediated apoptosis 

should be inhibited. The availability of RKO-GADD45a antisense isogenic 

cell line (RKO-AS45.1) provided an opportunity to test this hypothesis. The 

RKO/RKO-AS45.1 cells were treated with 1 00 nM of either the control or the 

SIM2-s antisense oligonucleotides and at 10, 14,18 and 24 hrs the cells were 

analyzed for extent of apoptosis by an ELISA (Figure 11 ). 
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Figure 11: Protection of Apoptosis 
Level of apoptosis (enrichment) measured at 10, 14, 18 and 24 hours in 
100nM SIM2-s control treated RKO (x) and RKO-AS45.1 (•) cells vs. 100nM 
SIM2-s antisense treated RKO (•) and RKO-AS45.1 ("')cells. The average 
of two experiment is shown. 

As shown in figure 11 , the SIM2-s antisense-mediated apoptosis was 

significantly inhibited (> 66%) in the RKO-GADD 45a antisense cells. These 

results suggested that GADD 45a expression is necessary for the SIM2-s 

antisense induced apoptosis. 

24 



DISCUSSION 

Colon cancer is a disease that is commonly diagnosed in both men and 

women. In 2004, it is estimated that 146,940 new cases of colon cancer will 

be diagnosed, and out of that number 56,730 deaths will occur (American 

Cancer Society: Cancer Facts and Figures 2004. Atlanta, GA). It is estimated 

that about 75% of patients with colon cancer have a sporadic form of the 

disease, with no apparent evidence of having inherited the disorder. The 

remaining 25% of patients with colon cancer have a family history of colon 

cancer which suggests either a genetic contribution, some common form of 

exposure to a carcinogen among family members, or a combination of both. 

Researchers have discovered various genetic mutations as the cause of 

inherited cancer risk in some colon cancer-prone families; these mutations 

are estimated to account for only 5% to 6% of colorectal cancer cases overall. 

The cause of the remaining 95% of colon cancer cases are yet to be 

discovered. 

(http://www.nci.nih.gov/cancerinfo/pdq/genetics/colorectal). 
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With the completion of the human genome project, researchers are now better 

equipped to identify genes that are specifically linked to various diseases. As 

a result, highly specific rational molecular targets are likely to emerge and take 

the place of the traditional chemotherapeutics. Our identification of the SIM2-s 

gene from the human genome and the subsequent validation of expression 

specificity to colon, pancreatic and prostate tumors raise a possibility that this 

gene may be a novel target for solid tumors. The preliminary proof of concept 

with the antisense technology that has been recently demonstrated in the 

colon tumor model 5 from Dr. Narayanan's laboratory, provides one of the first 

few examples of the genes-to-drugs paradigm 7
. Understanding the molecular 

mechanism of SIM2-s antisense in colon tumors would be crucial to 

developing this gene as a solid tumor target. 

Using GeneChip® technology allows one the opportunity to get a snapshot of 

the entire genome response during a particular experimental design. 

Researchers have already started to harness the power of GeneChip® 

technology to help elucidate molecular pathways involved with various genes 

and biological processes 24
•
25

. Researchers have also used GeneChip® 

technology to identify the genetic fingerprint of various chemotherapeutic 

drugs 26
·
27

. We predicted that by combining antisense technology with 

GeneChip® technology, we would be able to get a glimpse of RKO's genetic 

response when SIM2-s function is inhibited, and hence obtain a genetic 

fingerprint of the SIM2-s antisense mechanism of action. 
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Two genes from the GeneChip® apoptosis output were tested for biological 

expression at the mRNNprotein level and then tested for their functionality in 

our model. The first gene, TNFRSF6 (also known as CD95 and Fas), was 

chosen because it is a death receptor known to initiate the extrinsic apoptosis 

cascade 17
. Figure 12 shows how TNFRSF6 is involved in apoptosis. 

Figure 12: TNFRSF6 (FAS) involvement in apoptosis: Photo courtesy of 
BioCarta Pathways (www.biocarta .com) 

As seen in figure 12, when TNFRSF6 (Fas) is triggered by its ligand it intiates 

the processing of the inactive zymogen pro-caspase 8 to its active form, 

caspase 8. This then triggers a proteolytic cascade that eventually results in 

the fragmentation of DNA. We predicted that the upregulation of TNFRSF6, 

in the SIM2-s antisense treated cells, could be a cause of apoptosis seen in 
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the antisense treated cells. TNFRSF6 mRNA expression correlated with 

GeneChip® prediction but its protein expression did not correlate. To validate 

the lack of TNFRSF6 protein expression in our model, caspase 8 activity was 

tested. Caspase 8 is an initiator caspase that is activated by TNFRSF6. This 

activation ultimately results in two of the hallmarks of apoptosis, DNA 

fragmentation and nuclear blebbing 28
•
29

. There was no difference in 

caspase 8 activity seen between SIM2-s antisense and control treated cells. 

This set of results (lack of protein expression and caspase 8 activity) indicate 

that TNFRSF6 is not likely to be involved in the mechanism of SIM2-s 

antisense mediated apoptosis. More importantly, these results show that it is 

essential to go in depth into GeneChip® data output analysis and move 

beyond mRNA expression validation all the way to protein/function validation. 

The second gene tested from the GeneChip® output was GADD45a. 

GADD45a is a gene that has been shown to be involved in cell cycle arrest 

and the induction of apoptosis 20
·
21

. GADD45a was identified by GeneChip® 

as being upregulated in RKO cells during SIM2-s antisense treatment. 

GADD45a mRNA and protein expression levels were validated and 

GADD45a expression was then shown to be essential for SIM2-s antisense 

mediated apoptosis. Since SIM2 is currently thought to be a transcriptional 

repressor 30
·
31 and in view of the fact that GADD45a expression was 

upregulated when SIM2-s expression was inhibited, we reasoned that 

GADD45a could be a direct transcriptional target of SIM2-s. To test this 
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prediction, bioinformatics approaches were taken to identify a potential SIM2-

s binding site within the promoter and intronic DNA sequences of GADD45a. 

The SIM family of protein belongs to basic helix-loop-helix-PAS (bHLH-PAS) 

domain transcription factors 32
·
33

. Other members include Arlyhydrocarbon 

receptor (AhR) and the Ah receptor nuclear translocator (ARNT) 34
•
35

. The 

SIM proteins are essential for the CNS midline precursor expression MLP 32
. 

A conserved 5 bp sequence (ACGTG) called E-box motif with a consensus (5' 

CANNTG 3') is necessary for bHLH mediated dimerization and DNA binding 

36
. A dioxin responsive Xenobiotic Response Element (XRE) of a consensus 

GT (G/A)CGTG, present in multiple copies in responsive gene enhancers, 

binds to these transcription factors (SIM/AhR/ARNT) in a heterodimeric 

complex. The AhR/SIM/ARNT proteins binds to the high affinity half site 

T(C/T)GC, GT(G/A)C (5' half site) and GTG (3 ' half sites) respectively 37
. 

The specific binding site of the SIM2-s gene is not yet known. Preliminary 

experiments generated in Dr. Narayanan's laboratory, with bacterially purified 

SIM2-s protein (PanVira, Madison, Wi.), suggest specific binding to the E

box/XRE consensus motif element. 

The University of California Santa Cruz (UCSC) Genome Bioinformatics 

database (http://genome.ucsc.edu/index.html?org=Human) was used to 

obtain the promoter (-2000bp upstream of start codon) and intronic DNA 

sequences for GADD45a. These sequences were then scanned for the 
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presence of the E-box/XRE consensus motif. There was no E-box/XRE 

consensus motif identified (data not shown) in any region of either GADD45a 

promoter or intronic DNA sequences. These results indicate that SIM2-s is 

not likely to repress the expression of GADD45a at the transcriptional level. 

However, since the experimental validation of an authentic SIM2-s DNA 

binding site has not been shown, it is still possible that an unidentified SIM2-s 

DNA binding site exists in the promoter region of GADD45a. Future 

experiments are still needed to define with a bona fide SIM2-s DNA binding 

sequence. Alternatively SIM2-s might repress GADD45a through protein

protein interactions. Future experiments involving co-immunoprecipitation will 

be needed to address this concept. 

In view of the fact that GADD45a has been shown to be upregulated by 

various apoptosis inducing agents, including the retroviral over expression of 

MDA-7 21
, sodium butyrate 38

, and Taxol 39
; it is possible that the upregulation 

of GADD45a in response to SIM2-s antisense is a consequence of apoptosis 

and is not directly linked with the inhibition of SIM2-s function. This would 

suggest that while GADD45a upregulation is essential for SIM2-s antisense 

mediated apoptosis, GADD45a itself is not likely to be a direct target of SIM2-

s. This issue however remains to be clarified. 

While GeneChip® technology was able to be used to identify a subset of 

30 



apoptotic genes involved in SIM2-s antisense mediated apoptosis, how 

relevant those genes are to the actual SIM2-s antisense mechanism still 

needs to be addressed. One of the genes tested, TNFRSF6, turned out to be 

a false lead. The other gene, GADD45a, might be more closely linked with 

apoptosis rather than directly linked with SIM2-s itself. The GeneChip® set of 

experiments generated a tremendous amount of data and it is possible that 

the list of genes from the initial fingerprint was too large (>5000). It may be 

possible to explain the apoptosis induction by inhibition of SIM2-s function 

from such a large set, but the identification of direct molecular targets of 

SIM2-s may require the use of other model systems. 
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CRITICAL ISSUES 

Whereas, the cancer specificity of the SIM2-s gene has been established, the 

mechanism of activation of the SIM2-s gene is unclear. 

1. What causes the SIM2-s to be selectively activated in tumor cells? 

2. What is the role of SIM2-s in normal cells such as kidney? 

3. What, if any, will be the toxic consequence of inhibition of SIM2-s in the 

kidney? 

4. What are the molecular targets of SlM2-s in tumor versus normal 

cells? 

5. Does SIM2-s elicit function other than DNA-binding (for ex. Protein 

binding)? 
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FUTURE DIRECTIONS 

The bioinformatics prediction of SIM2-s cancer specificity, validation of SIM2-

s expression using patient tissue repository and proof of concept of drug 

therapy use by antisense technology suggests that a novel cancer target is at 

hand. The initial database of genes that has been generated using the 

GeneChip® technology can provide a starting point for understanding the 

mechanism of not only the SIM2-s antisense, but also the target gene, SIM2-

s. Additional bioinformatics filters may have to be developed to filter the 

GeneChip® data into more relevant categories. Antisense-treatment of 

normal renal epithelial cells and subsequent GeneChip® analysis would 

provide a dataset of genes that may allow us to identify the tumor specific 

fingerprint of the antisense. 
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SUMMARY 

The preliminary results presented in this thesis provide a framework for 

understanding the mechanism of SIM2-s antisense mediated apoptosis in 

colon cancer cells. Future experiments in the laboratory will address the 

mechanism of the SIM2-s antisense in causing tumor cell-selective apoptosis 

and the possible toxic consequences that may occur in select normal cells in 

which the SIM2-s gene is expressed . The work presented has provided a 

basis for establishing the GeneChip® technology in the laboratory, which is 

now provided as a core facility. The results underscore the potential 

advantages and inherent drawbacks of this new technology. 
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MATERIALS AND METHODS 

Cell Culture Techniques 

RKO and RKO AS45.1 colon cancer cells were obtained from American Type 

Tissue Culture (Manassas, VA). Cells were maintained in Dulbecco's 

Modified Essential Medium (DMEM) supplemented with 10% heat-inactivated 

fetal bovine serum, L-glutamine, and penicillin/streptomycin (Invitrogen 

Corporation, Carlsbad, CA). Cells were incubated at 37°C with 5% C02 . 

Medium was changed every 3 days and the cells were trypsinized using 

trypsin-EDT A (Invitrogen). Cells were routinely passaged upon reaching 75% 

confluence. Seeding density for all 1 OOmm dish experiments was 8x1 05 

cells/ml. Seeding density for all 96 well plate experiments was 5x1 03 

cells/ml. 

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 
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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. 

Microarray Experimental Design 

RKO cells were plated in 1 OOmm dishes and allowed to attatch for 22 hours. 

Cells were transfected using the Lipofectin protocol (Invitrogen, Carlsbad, CA) 

with either 1 OOnM of the control oligonucleotide or SIM2-s antisense drug (5'

GAGAGCAAGAAAGCACAGCAAGCC-3'). At 10, 14, 18 and 24 hours after 

transfection, total RNA was isolated. Each biological experiment was 

performed twice. 

RNA Isolation 

Cells were lysed directly in a culture dish by adding 1 ml of TRIZOL reagent 

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 
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diameter (1 ml per 10 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. 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 10 

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 - 50ul of molecular biology grade water and incubated 

for 10 minutes at 60°C. RNA must be stored at -80°C. 

Quality Control Analysis of RNA 

For quality control, the optical density of the RNA at A2so 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 
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(A25o * 500 * 40ug/ml, where 500 = dilution factor from above i.e., 1 ul RNA I 

499ul water and 1 0.0. 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. The quality of RNA was also validated by visualization of 

total RNA on a 1% agarose formaldehyde gel. 1 ul of the RNA (1J.!giJ..tl 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 1 xMEN buffer at 60 - 80V. The gel was destained in 

distilled water for 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 18S band is a result of degraded or broken down RNA. 

Microarray Probe Preparation 

The RNA samples were processed as recommended by Affymetrix (Santa 

Clara, CA). Briefly, total RNA was prepared from frozen cells using the above 
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mentioned method. Reverse transcription was performed on 10 1.1g of total 

RNA with the use of SuperScript II (Invitrogen, Carlsbad, CA) 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, using clean up method mentioned in 

eDNA synthesis section, and dissolved in 12ul of water, of which 5ul 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 94 oc for 35 min in 5X RNA Fragmentation Buffer (200 mM Tris

acetate, pH 8.2; 500 mM KOAc; 150 mM MgOAc). 

Hybridization and Scan 

Each fragmented biotinylated cRNA (0.28-0.35 I.Jg/IJI) was hybridized to two 

independent HG-U133A chips (Chip replication) for 16 h at 40 oc in the 

GeneChip® Fluidics Station 400 (Affymetrix). After hybridization, the 

GeneChip® arrays underwent a series of stringency washes and were stained 

with streptavidin-conjugated phycoerythrin (Molecular Probes, Eugene, OR). 

Probe arrays were scanned with a Hewlett-Packard Laser Scanner at the 

excitation wavelength of 488nm. The amount of light emitted at 570nm is 

proportional to bound target at each location on the array. 
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GeneChip Analysis 

All chips underwent "per chip" normalization as they were being scanned by 

the laser (TGT value was set at 65). Raw data was then imported into 

GeneSpring 6.1 (Silicon Genetics), where each time point was treated as an 

individual experiment. All the samples in each experiment underwent "per 

gene" normalization to the mean of the experiment control samples. Data 

analysis was performed in log of ratio mode with global gene error model 

turned off. Genes were then filtered by first filtering out genes whose control 

normalized value was less than .95. A t-test was then applied to this list and 

only those genes that received a p-value < .05 were kept for further analysis. 

Genes were then filtered on their fold change, with 2 fold being set as the 

minimum cut-off value for both up and down regulated genes. The final list of 

genes was then categorized using GeneOntology classifications. 

GeneChip® Data Submission 

The entire unfiltered GeneChip® data (.chp, .eel, and .exp files) was 

submitted to the European Bioinformatics Institute ArrayExpress database 

(http://www.ebi.ac.uk/miamexpress/) accession # E-MEXP-1 01. During the 

submission process, standardized guidelines for microarray data submission 

were adhered to. These guidelines, known as Minimum Information About a 

Microarray Experiment (MIAME), were developed by the Microarray Gene 

Expression Data (www.mged.org) Society. 
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eDNA Synthesis 

Two 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 

DTT, 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. eDNA was then 

placed on ice to stop the reaction. eDNA and cleaned up with the addition of 

300ul of 1XTE buffer, 2ul glycogen (40mg), 160ul Phenol, 160ul of 

chloroform/isoamyl alcohol and 4ul of 0.5M EDT A. 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 RNA isolation section and later dissolved in 20ul of water. All 
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cDNAs were tested in independent RT-PCR reactions with 3-5 different 

housekeeping genes to ensure of quality. 

Quantitative RT -PCR 

~2 Microglobulin (~2M) standards (Roche Applied Sciences, Indianapolis, IN) 

were used to generate a standard curve, to which all eDNA's levels of ~2M 

were normalized. Test genes were given a normalized level, compared 

against their ~2M level, and a fold change was determined between test and 

control samples. Product authenticity was validated by Tm measurement of 

the different PCR products, and by agarose gel electrophoresis. All reactions 

were run in duplicate and all fold changes were calculated using two 

independent biological experiments. The PCR parameters included a 1 0-min 

denaturation step, then 45 cycles of amplification at 95°C, 10 sec; 60°C, 

10 sec; 72°C, 30 sec; and an acquisition temperature of 81 oc for 2 sec. This 

was followed by a melting curve analysis, which consisted of one cycle at 

95°C for 1 sec; 65°C, 15 sec; and continuous acquisition reading up to 95°C. 
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Q-RT -PCR Primers 

The exon-specific primers used were: 

SIM2-s: Sense: 5'-AGC AGC TCG TCT CCA GCT AAA A -3', 
Antisense: 5'-AAG TTT GCC CAA AGC GTG AG -3' , 
Amplicon: 193 bp 

EGR1 : Sense: 5'-TTC GGA CAT GAC AGC AAC CTT TT-3' 
Antisense: 5'-ATT GTT GGC CAA TAG ACC TTC CAC-3' 
Amplicon: 216 bp 

GADD34: Sense: 5'- GGC CAT CTA TGT ACC TGG AGA GAA-3' 
Antisense: 5'-CAG CCA GGA AAT GGA CAG TGA-3' 
Amplicon: 179 bp 

GADD45a : Sense: 5'-AAC GGT GAT GGC ATC TGA ATG A-3' 

LIF: 

NGFR: 

Antisense: 5'-TTCCTTCCTGCA TGGTTCTTTGT -3' 
Amplicon: 274 bp 

Sense: 5'-GCA TTT CCC TGC AGA TGG TAC AGA-3' 
Antisense: 5'-CCA AGG CCA TGT GCT TTT CA-3' 
Amplicon: 170 bp 

Sense: 5'-TGG CAA TTC TTT GAC CTC AAC CT-3' 
Antisense: 5'-CCC AGA ACC AAA CAC ATG CTA AA-3' 
Amplicon: 172 bp 

TNFRSF6: Sense: 5'-AGG AGT GTA TGC AGA GGA TGA AAG A-3' 
Antisense: 5'-CTG TGC AAA GGT CTT TGA GGT AGA G-3' 
Amplicon: 333 bp 
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Flow Cytometry Analysis of TNFRSF6 Protein 

RKO cells were plated in 1 OOmm dishes and allowed to attach for 22 hours. Cells 

were then transfected with either 1 OOnM SIM2-s control or antisense oligos. Cells 

were harvested via trypsinization 14 hours after oligo treatment. Cells were spun 

down for 5 minutes at BOO rpm, resuspended in 1 ml of medium and counted with 

tryphan blue. Cell concentration used per sample was 1 x1 06 cells/ml. Cells were 

washed once with cold PBS solution (1X PBS/2% FBS) and then resuspended in 

50ul of PBS solution. 50ul of human lgG was added to samples and they were 

incubated on ice for 10 minutes. 20ul of either Fluorescein (FITC) anti-human 

CD95 (Fas) (11-0959) or Fluorescein (FITC) Mouse lgG1 lsotype Control (11-4719) 

was then added to samples and incubated on ice for 30 minutes. Samples were 

washed twice with cold PBS solution and then resuspended in a final volume of 

750ul PBS solution. Samples were then scanned on an Epics XL-MCL Flow 

Cytometer (Beckman Coulter, Fullerton, CA). All antibodies used were obtained 

from E Biosciences, San Diego, CA. Amber colored micro tubes were used to 

protect fluroescein conjugated antibodies from the light. 

Flow Cytometry Analysis of GADD45a Protein 

RKO cells were plated in 1 OOmm dishes and allowed to attach for 22 hours. 

Cells were then transfected with either 1 OOnM SIM2-s control or antisense 

oligos. Cells were harvested via trypsinization 14 hours after oligo treatment. 

Cells were spun down for 5 minutes at BOO rpm, resuspended in 1 ml of 
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medium and counted with tryphan blue. Cell concentration used per sample 

was 1 x1 06 cells/ml. Cells were then gently resuspended in cold fixation 

buffer (20% formaldehyde in 1 Ox PBS) and incubated on ice for 30 minutes. 

Cells were then rinsed with cold 1 x PBS, resuspended in -20°C 

permeabilization buffer (90% methanol in H20), and incubated on ice for 15 

minutes. Cells were then rinsed in cold FCM wash buffer (1% BSA, .05% 

N3Na, 1x PBS) and then resuspended in 100ul of FCM wash buffer. 20ul of 

either GADD45{X-PE conjugated antibody (sc-6850 PE) or its lgG1 isotype 

controi-PE conjugated antibody (sc-2866) was then added to cells and 

incubated for 1 hour at room temperature in the dark. Cells were then 

washed two times with cold FCM buffer, resuspended in cold FCM buffer and 

scanned on an Epics XL-MCL Flow Cytometer (Beckman Coulter, Fullerton, 

CA). Antibodies were obtained from Santa Cruz Biotechnology, Santa Cruz, 

CA. 

Caspase 8 Assay 

Caspase 8 inhibition assay was performed following the BD Biosciences 

ApoAiert™ Caspase Colorimetric Assay Kit (BD Biosciences, Palo Alto, CA). 

Briefly, 2x1 06 cells of either 1 OOnM antisense or control treated RKO cells 

(18hrs) were centrifuged for 5 minutes at 800g. The supernatant was 

removed and 50ul of chilled Cell Lysis Buffer was added. Samples were 

then incubated on ice for 1 0 minutes. Cell lysates were centrifuged at 
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maximum (14,000rpm) for 15 minutes at 4°C to precipitate cellular debris. 

Supernatants were then transferred to a new tube and placed on ice. 50ul of 

a 2X Reaction Buffer/OTT Mix (1 OmM F.C. OTT) was added to each sample. 

5ul of 4mM Caspase-8 substrate (IETO-pNA;200uM F.C.) was added to each 

tube and then the samples were incubated at 37°C for 1 hr. in a water bath. A 

negative control was set up that just contained the lysis buffer and the 

reaction buffer/OTT mix. Absorbance of samples was read in a 96 well plate 

reader at 405nm. Background absorbance was obtained from negative 

control and subtracted from absorbance of samples. 

Cell Cycle Analysis 

RKO cells were plated in 1 OOmm dishes and allowed to attach for 22 hours. 

Cells were then transfected with either 1 OOnM SIM2-s control or antisense 

oligos. Cells were harvested 24hr after oligo treatment, rinsed twice in 1 x 

PBS, counted, and fixed at 4°C overnight in 1 ml of 70% ethanol (1x106 

cells/ml). After fixation, cells were then spun down for 5 minutes at 1 OOOrpm. 

The ethanol was carefully removed and cells were resuspended in 1x PBS. 

Cells were treated with 20ug/ml RNaseA (Sigma, St. Louis, MO) for 30 

minutes at 37°C. Cells were then stained using 60ug/ml of propidium iodide 

(Molecular Probes, Eugene, OR) at room temperature for 30 minutes. Cells 

were then stored on ice (no more than 24hrs) until being scanned by an Epics 

XL-MCL Flow Cytometer (Beckman Coulter, Fullerton, CA). Cell cycle 
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distribution was calculated using Multicycle v.3.1.1 software (Phoenix Flow 

Systems, San Diego, CA). 

Cell Death Detection Elisa 

Apoptosis in the antisense-treated cells was monitored at 10, 14, 18, and 24 

hours after transfection using the Cell Death Detection ELISAPius (Roche 

Applied Science, Indianapolis, IN). This assay qualitatively and quantitatively 

measures cytoplasmic histone-associated mono- and oligonucleosomes. 

RKO cells were plated in a 96-well plate at a cell density of 5x1 03 cells/well in 

1 OOul of medium for 24 hours. Cells were then transfected with either the 

antisense (AS) or control (C) oligo (1 OOnM F.C.) and analyzed at 10, 14, 18 

and 24 hours later. Controls included untreated RKO 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 calorimetrically 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 . 
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Drug Treatment 

RKO cells were treated in 1 OOmm dishes with Cisplatin (Bristol Laboratories, 

New York, NY) continuously for either 24 or 48 hours at a final concentration 

of 30uM. RKO cells were treated in 100mm dishes with methyl methane 

sulfonate (MMS) (Sigma, St. Louis, MO) continuously for 24 hours at a final 

concentration of 25ug/ml. Both drugs were added in the dark due to light 

sensitivity. 
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Abstracts 

DeYoung MP, Damania H, Tress M, Scheurle D and Narayanan R: 
Identification of Down's syndrome critical locus gene SIM2 as a novel drug 
target for pancreatic cancers (presented at Lustgarten pancreatic cancer 
foundation meeting, Houston, Tx. June, 2002). 

Purpose: Discovery of novel molecular targets for the treatment and 
diagnosis of pancreatic cancers from the Human genome Sequencing efforts. 
Methods: Cancer genome Anatomy project (CGAP) of the National Cancer 
Institute has thousands of Expressed sequence Tag (EST) information from 
diverse tumor and normal tissue derived eDNA libraries. We have used an 
on-line tool from the CGAP database called Digital Differential Display (ODD) 
to predict distinct solid tumor specific genes (Scheurle et a/. Cancer res. 
60:4037 -4043,2000). One of the EST thus identified was the human Single 
Minded gene (SIM 2). The SIM 2 gene is located in a minimum region of the 
chromosome 21 often implicated in trisomia called Down's Syndrome Critical 
Region (DSCR). The SIM protein belongs to a family of transcription factors, 
which shares common motifs and is implicated in the inactivation of chemical 
carcinogens. The involvement of SIM protein in solid tumors has not yet been 
reported. 
Results: We report here that the SIM2 gene was expressed (monitored by 
RT -PCR analysis), in an isoform specific manner selectively in the pancreas, 
colon and carcinomas, but not in the corresponding normal tissues nor in 
other solid tumors. The SIM2-s gene is expressed in very few normal adult 
tissues. Developmental expression was inferred from the analysis of the fetal 
tissues. Immunohistochemical analysis of the paraffin sections of the 
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pancreatic cancers showed specific antigen staining. Reasoning that 
inhibition of function would provide a rationale for drug discovery, antisense 
oligos were designed using a novel backbone. Blocking the function of SIM2-
s by antisense technology induced apoptosis in pancreatic and colon cancer 
cells and caused inhibition of tumor growth in vivo. A time course GeneChip 
analysis of the antisense treated cells provided a Gene Expression Profile 
based snapshot of the mechanism of the antisense drug. Specificity and 
toxicogenomics studies using the GeneChip® analysis were performed. Our 
results provide the first evidence that SIM2-s may be a novel pancreatic 
cancer drug therapy target. 

Conclusion: The SIM2-s gene has previously not been implicated in solid 
tumors. The lack of expression in many organs and the efficacy of the 
antisense drug suggest less toxic treatment potential for pancreatic cancer. 
Efforts are underway to take this drug to the clinic. 
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Research Publications 

1. Proceedings of the National Academy of Sciences of the United States 
of America, 2003 Apr 15;100(8):4760-5. Epub 2003 Apr 03 

Identification of Down's syndrome critical locus gene SIM2-s as a 
drug therapy target for solid tumors. 

DeYoung MP, Tress M, Narayanan R. 

Center for Molecular Biology and Biotechnology and Department of 
Biology, Florida Atlantic University, 777 Glades Road, Boca Raton, FL 
33431, USA. 

We report here a cancer drug therapy use of a gene involved in Down's 
syndrome. Using bioinformatics approaches, we recently predicted 
Single Minded 2 gene (SIM2) from Down's syndrome critical region to be 
specific to certain solid tumors. Involvement of SIM2 in solid tumors has 
not previously been reported. Intrigued by a possible association 
between a Down's syndrome gene and solid tumors, we monitored SIM2 
expression in solid tumors. lsoform-specific expression of SIM2 short
form (SIM2-s) was seen selectively in colon, prostate, and pancreatic 
carcinomas but not in breast, lung, or ovarian carcinomas nor in most 
normal tissues. In colon tumors, SIM2-s expression was seen in early 
stages. Antisense inhibition of SIM2-s expression in a colon cancer cell 
line caused inhibition of gene expression, growth inhibition, and 
apoptosis. The administration of the antisense, but not the control, 
oligonucleotides caused a pronounced inhibition of tumor growth in nude 
mice with no major toxicity. Our findings provide a strong rationale for 
the genes-to-drugs paradigm, establish SIM2-s as a molecular target for 
cancer therapeutics, and may further understanding of the cancer risk of 
Down's syndrome patients. 

51 



2. Cancer Letters 2003 Oct 8;200(1 ):25-31 

Down's syndrome-associated Single Minded 2 gene as a pancreatic 
cancer drug therapy target. 

DeYoung MP, Tress M, Narayanan R. 

Center for Molecular Biology and Biotechnology and Department of 
Biology, Florida Atlantic University, 777 Glades Road, Boca Raton, FL 
33431, USA. 

We report here a pancreatic cancer drug therapy utility of a gene 
involved in Down's syndrome. Single Minded 2 gene (SIM2) from Down's 
Syndrome Critical Region was expressed in pancreatic cancer-derived 
cell lines as well as in tumor tissues, but not in the normal pancreas. A 
related member of the SIM family, SIM1, did not show similar specificity. 
Inhibition by antisense technology of one of the isoforms of SIM2, the 
short-form (SIM2-s) expression in the CAPAN-1 pancreatic cancer cell 
line, caused a pronounced growth inhibition and induced cell death 
through apoptosis. The specificity of antisense was inferred from 
inhibition of SIM2-s mRNA but not the related members of SIM family. In 
view of the high mortality rate of pancreatic cancer patients, these 
findings have important implications for the future of pancreatic cancer 
treatment. 
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