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ABSTRACT 

 

Prostate cancer metastasizes preferentially to bone.  The bone 

microenvironment presents the invading cells with a rich supply of growth and 

angiogenic factors.  Because trabecular bone is in a state of resorption and deposition, 

the mineralized matrix is degraded and reformed constantly.  This process also 

releases important growth factors, such as TGF-β, which may aid the survival of 

metastatic prostate cancer cells.  Unpublished data from members of this lab group 

shows a large upregulation of a heparan sulfate proteoglycan, called perlecan, in the 

reactive stroma surrounding prostate epithelial cells.  Perlecan is a structural protein 

located in the basement membranes and the matrix surrounding endothelial, 

mesenchymal and stromal cells.  Among other properties, perlecan, through the 

heparan sulfate side chains, can bind growth factors.  This property of perlecan 

identifies it as a protein that may help promote prostate cancer metastasis by providing 

the mobile cells with a scaffold to store growth and angiogenic factors in close 

proximity to their receptors.  My project was concerned with the large upregulation of 

perlecan in the reactive stroma.  I began my project by characterizing the promoter 

region for perlecan and identifying conserved transcription factor binding sites that 

could participate in transcriptionally regulating perlecan in prostate cancer.  I identified 

several transcription factor binding sites of interest for further study, including NF B 

[-2410 to -2398], CREB ([-1797 to -1777] and [-709 to -689]), Smad3 ([-1301 to -

1293] and [-187 to -179]), Elk-1 [-1699 to -1679], c-Jun ([-2453 to -2441] and [-2496 
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to -2476]) and TCF/LEF-1 ([-1521 to -1505] and [-1247 to -1231]).  I then attempted 

to clone the promoter region from genomic DNA using polymerase chain reaction, and 

encountered several issues.  I attempted to alter the reaction conditions and to try 

different kits to correct the problems.  I found that addition of dimethyl sulfoxide to 

the reaction increased the specificity of the reaction and allowed for the successful 

cloning of the perlecan promoter region into a plasmid vector.  Following the cloning 

of the vector, I began testing the effects of two growth factors, TGF-β and TNF-α, on 

perlecan transcription.  Following treatment for 24 hours, RNA was extracted from 

HS27a bone marrow stromal cells and used to conduct quantitative PCR in order to 

test the levels of perlecan transcript.  Although the data have not yet been analyzed, the 

cell cultures showed growth changes, namely the formation of a cobblestone growth 

pattern, which indicated that the growth factors affected some cellular processes.  

Further research needs to be conducted in order to determine if this effect indicates a 

change in perlecan transcription in order to determine whether perlecan could be a 

viable target for new therapies.
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Chapter 1 

INTRODUCTION 

1.1 Biology of Prostate Cancer 

Excluding skin cancers, prostate cancer is the most commonly diagnosed 

cancer in men in the United States.  The American Cancer Society estimates that about 

186,320 new cases of prostate cancer will be diagnosed and that about 28,660 men 

will die from it in 2008.  On a larger scale, the American Cancer Society estimates that 

about one man in thirty five in the United States will die from prostate cancer 

(American Cancer Society, 2009). It is the most commonly diagnosed non-skin cancer 

in the U.S. and is also one of the leading causes of cancer-related deaths in American 

men, second only to lung cancer.   Overall, prostate cancer in the seventh leading 

cause of death in the United States (Porth and Kunert, 2002). 

Prostate cancer is described clinically by using stages.  There are four 

general stages that are the result of scores in two common staging systems.  The first 

system is the Gleason score, which describes the organization of the cancerous tissue 

and how similar it appears to normal tissue (American Cancer Society 2009).  The 

second system is based on clinical and surgical exams.  It is called the TNM system 

and it serves as a descriptor of tumor size and the extent of close or distant metastasis 

to lymph nodes or other tissues (Porth and Kunert, 2002).  The scores assigned in each 

system are then grouped into stages, with stage I representing a prostate-confined 

tumor in the early stages of development and stage IV representing a more aggressive, 
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less-differentiated tumor with metastasis to surrounding tissue or to distant sites in the 

body.  The first three stages can be treated utilizing standard options, including a 

prostatectomy, radiation therapy, and hormone therapy.  However, stage IV prostate 

cancer with metastases to surrounding or distant tissues is not considered curable and 

current treatments are limited to managing the symptoms (Buijs and van der Pluijm, 

2009; Keller and Brown, 2004; Msaouel et al., 2008; Ye et al., 2007). 

Initial treatments of prostate cancer tumors generally include androgen-

deprivation. Prostate cancer cells are initially hormone-sensitive and respond to 

androgen withdrawal by initiation of apoptosis (Dorkin and Neal, 1997). Androgen-

deprivation therapy may slow progression, but many tumors, especially at metastatic 

sites, will develop an androgen-independent phenotype following androgen-ablation 

therapy (Dorkin and Neal, 1997; Msaouel et al., 2008).  The mechanisms of this 

switch to a hormone-refractory disease are not fully understood, but the difficulties 

associated with treatment underscore the importance of prostate cancer screens to 

identify the tumor earlier since early stage prostate cancer is generally asymptomatic.  

The manifestation of more obvious symptoms is generally indicative of cancer 

metastasis (Porth and Kunert, 2002). Additionally, many men diagnosed with cancer 

that seemingly localized to the prostate will relapse with metastases following a 

prostatectomy, suggesting that many metastases initially go undetected.  These 

metastases will be susceptible to hormone therapy at first, but will eventually 

transform to incurable androgen-independent secondary tumors (Gopalkrishnan et al., 

2001). 

The struggle associated with stage IV prostate cancer is that prostate 

cancer cells preferentially metastasize to the axial skeleton and other bones.  Various 
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studies have reported that up to 90% of patients dying from prostate carcinoma have 

skeletal metastases (Buijs and van der Pluijm, 2009; Bussard et al., 2008; 

Gopalkrishnan et al., 2001; Keller and Brown, 2004; Msaouel et al., 2008; Porth and 

Kunert, 2002).  Despite of the high prevalence of skeletal metastases, the process of 

metastasis is very dangerous for the individual prostate cancer cells.  After invading 

the stroma and escaping into the blood stream by intravasation, most cells will die.  It 

has been estimated that fewer than 0.1% of cells will successfully metastasize 

following intravasation (Gopalkrishnan et al., 2001).  Should the cell survive, it 

theoretically has access to most tissues in the body.  However, prostate cancer cells 

show a clear preference for trabecular bone. The exact mechanism behind this 

preference is not clearly understood, but a commonly accepted hypothesis was 

proposed by Stephen Paget in 1889, known as the ‘seed and soil’ hypothesis (Bussard 

et al., 2008; Msaouel et al., 2008).   

The seed and soil hypothesis states that the circulating prostate cancer 

cells, the seeds, will prefer a host tissue, the soil, with specific factors that aid in 

survival and growth.  This hypothesis is generally combined with another hypothesis 

related to blood flow because vasculature of the prostate is connected to the network 

of veins that drains the pelvic girdle.  This network, Baston’s plexus, is directly 

connected to the marrow spaces of the lower vertebral column, providing a direct route 

from the prostate to the marrow of the axial skeleton (Msaouel et al., 2008).  In reality, 

both hypotheses may work in concert to explain the preferential metastasis of prostate 

cancer cells.  The vasculature of the bone marrow spaces consists of sinusoids, which 

act as a series of lakes in a line of faster flowing rivers.  The circulating prostate cancer 

cells have more time to settle, bind and extravasate into the bone environment due to 
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slowed blood flow.  At the same time, factors both in the cancer cells and the bone 

microenvironment allow for more efficient binding and extravasation in bone than in 

other tissues (Buijs and van der Pluijm, 2009; Bussard et al., 2008; Msaouel et al., 

2008). 

Although it is very important to study and understand the mechanisms 

behind this preferential metastasis, the proposed molecular mechanisms are beyond the 

scope of this report.  Following metastasis to bone, the bone microenvironment 

presents surviving prostate cancer cells a fertile soil to establish secondary tumors.  

Once established, these tumors will inevitably become hormone refractory and create 

tumors resistant to standard treatment options.  Ultimately, the prostate cancer cells 

and bone will interact to drastically change the homeostasis to create a bone 

microenvironment that is even more favorable to prostate cancer cell growth and 

survival. 

1.2 Prostate cancer cells in Bone 

As previously discussed, the bone environment serves as a fertile ‘soil’ 

containing many factors that aid in cancer cell growth and proliferation.  Healthy bone 

is a mineralized collagen network containing many growth factors.  In healthy bone, 

degradation of old bone (osteolysis) and formation of new bone (osteogenesis) is in a 

dynamic state of homeostasis.  Due to this constant remodeling, the mineralized bone 

is broken down and growth factors are released, creating the fertile soil needed for 

metastasis (Buijs and van der Pluijm, 2009; Ye et al., 2007).  Interestingly, trabecular 

bone, the preferred site of metastasis for prostate cancer cells, exhibits a higher rate of 

turnover than cortical bone (Bussard et al., 2008).  The more metabolically active bone 
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will have a higher rate of osteolysis and therefore may have more growth factors 

available to the prostate cancer cells.  

Osteolysis is widely considered to be necessary for prostate cancer 

metastasis (Buijs and van der Pluijm, 2009; Keller and Brown, 2004; Ye et al., 2007).  

Osteoclasts, the cells responsible for osteolysis, are stimulated by factors released by 

prostate cancer cells.  However, bone production eventually increases and bone 

remodeling is increased.  Most cancers that metastasize to bone will usually shift this 

homeostasis to favor bone resorption.  In these osteolytic lesions, the result is 

weakened bone due to net bone loss, as in osteoporosis (Bussard et al., 2008).  Prostate 

cancer cells in bone are different.  Initially, prostate cancer cells will induce osteoclast-

mediated bone resorption which results in the release of factors stored in the bone 

(Msaouel et al., 2008).  This initial osteolytic phase, in terms of the seed and soil 

analogy, basically stirs up soil and releases nutrients to help the seed grow.  Once 

established, the prostate cancer metastases will begin to produce and release their own 

factors into the bone.  These factors and the factors released from bone create a cross-

talk that shifts the homeostatic environment to favor osteoblastic bone deposition.  

This new bone, however, is not organized in the same manner as the bone it replaces.  

Bone in non-diseased state, lamellar bone, is characterized by a much more organized, 

layered structure that lends more strength to adult bone.  The bone deposited by the 

osteoblastic lesions, called woven bone, is characterized by random orientation of 

fibers.  This type of bone, generally seen at growth plates and the fetal skeleton, is 

weaker than lamellar bone and therefore more prone to fractures (Vela et al., 2007).   

There is still some osteoclastic activity in the bone environment, but the 

osteoblasts and prostate cancer cells create a ‘vicious cycle’ interaction that supports 
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both bone deposition and tumor survival.  (Msaouel et al., 2008; Sato et al., 2008; Ye 

et al., 2007).  The factors released by osteoblasts, including transforming growth factor 

beta (TGF-β), support growth and survival of prostate cancer cells, which, in turn, 

secrete factors that activate osteoblasts and inhibit function of osteoclasts (Buijs and 

van der Pluijm, 2009; Vela et al., 2007).  This situation results in an environment rich 

in growth and angiogenic factors that aids in the growth and survival of prostate cancer 

cells in bone.   

It has been reported that the metastatic cells are affected by, and affect, the 

bone microenvironment (Festuccia et al., 1999; Sung et al., 2008).  Specifically, 

cytokines, such as tumor necrosis factor alpha (TNF-α), are produced by various cells 

in bone as part of an inflammatory immune response.  TNF-α, in turn, can activate 

osteoclasts and therefore increase bone resorption, resulting in the release of TGF-β 

from bone.  These factors can stimulate signaling cascades in the prostate cancer cells 

that result in increased growth and proliferation (Bussard et al., 2008).  Initially, TGF-

β is an inducer of epithelial-mesenchymal transition, or EMT.  In bone, it can promote 

osteoblast activity and prostate cancer cell survival  (Buijs and van der Pluijm, 2009).  

Additional studies have shown that in prostate cancer, overexpression of TGF-β 

actually promotes tumor survival (Bierie and Moses, 2006; Padua and Massague, 

2009).  As part of the ‘seed and soil’ hypothesis, these factors that are very prevalent 

in bone act like fertilizers for the metastatic cancer cells, and it is thought that these 

factors act to transcriptionally control various genes in the invading cancer cells.   

Of interest is also β2-Microglobulin signaling because it is released by 

prostate cancer, prostate and bone stromal cells.  In the prostate cancer cells, it is 

responsible for altering gene expression so that the prostate cells mimic the expression 
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profiles of bone cells (Huang et al., 2008).  One study has shown that inhibition of this 

signal pathway results in greatly increased apoptosis while not affecting normal 

prostate cells (Huang et al., 2008).  Many of these signaling pathways may be 

identified as potential therapeutic targets to regulate the production of key factors 

aiding prostate cancer cell survival and growth. 

1.3 Perlecan 

One factor that may promote prostate cancer survival and growth is 

perlecan (Pln).  Pln is a heparan sulfate proteoglycan expressed in nearly all 

vascularized tissues in the body and it can also be found in the matrix surrounding 

epithelial, mesenchymal and stromal cells.  In normal tissue, Pln is primarily restricted 

to the basement membranes.  The protein is very large, with an estimated size of 400-

470 kDa without the heparan sulfate (HS) side chains (Iozzo, 2005).  This core is 

comprised of 5 domains, 4 of which show homology to other proteins, including the Ig 

superfamily and the low density lipoprotein receptor.  Each domain carries a set of 

proposed functions.  For example, it is believed that domain I, the only domain unique 

to Pln, contains glycosylation sites for attachment of the HS side chains (Cohen et al., 

1993; Iozzo et al., 1994).  In addition to the wide distribution of Pln within the body, 

its biological importance can be seen by a very high degree of conservation of each of 

the five domains and the observation that mutations in the gene cause abnormal 

development (Cohen et al., 1993; Iozzo, 2005).  Its distribution also indicates that Pln 

may be important for development of bone marrow (Iozzo et al., 1997). 

The function of Pln has been studied, but it is still not fully understood.  

Besides forming dimeric or multimeric forms, Pln is capable of binding various 

growth and angiogenic factors, including TGF-β and fibroblast growth factor (FGF-2), 



8 

and depends on the presence of HS side chains.  This binding capacity is important in 

cancer because these factors can aid in angiogenesis and also trigger survival pathways 

(Iozzo et al., 1994; Smith et al., 2007).  In conjunction with the pro-angiogenic 

functions of Pln, the protein is important as a scaffolding for metastatic cells on which 

the neovasculature can develop (Savore et al., 2005).  Additionally, when the protein is 

digested, a functional 85 kDa fragment of domain V is produced.  This fragment, 

called endorepellin, has anti-angiogenic properties which can activate the cAMP-

response element binding protein (CREB) via protein kinase A (Datta et al., 2006b; 

Iozzo, 2005).  Pln also has  been implicated in increased Sonic Hedgehog (SHH) 

pathway, which is important in prostate cancer metastasis, and may be important in 

response to other growth factors, such as FGF-2 (Datta et al., 2006b).  In fact, this 

regulation may be important in prostate cancer metastasis to bone.   

Because Pln is prevalent in bone and important to prostate cancer 

metastasis, it may represent a possible therapeutic target that can be used in 

conjunction with current prostate cancer treatments (Datta et al., 2006a).  It is  

adhesive for fibroblasts, endothelial cells and chondrocytes (Iozzo et al., 1997).  

Additionally, Pln has been shown to be greatly upregulated in the reactive stroma of 

the prostate (figure 1).  This large increase in Pln levels outside of the basement 

membranes and surrounding neovasculature further supports the thought that Pln is 

important to tumor growth, survival and metastasis because of its interaction with 

growth and angiogenic factors.   
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Figure 1 Upregulation of Pln in reactive stroma in prostate cancer.  (a) 
Normal prostate tissue stained to show Pln in green (b).  Pln is generally 
confined to the basement membranes (arrow) surrounding the lumen.  In 
prostate where the tumor begins to invade the stroma (c), Pln is found to 
be greatly upregulated in the stroma and around new blood vessels 
(arrows, d). 

Due to this large and unexamined upregulation of Pln in prostate cancer, I 

decided to study potential signaling pathways that control transcription of Pln.  

Previous studies involving Pln have focused largely on the protein core or the 

modifications of the side chains.  However, one study focused on the promoter region 

for Pln.  This study noted that the promoter region is a GC rich region, with areas of up 

to 80% GC pairs (Iozzo et al., 1997).  Based on deletion analyses with a 2500 bp 

region at the 5′ end of the gene as the standard, functional activity is largely located in 
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the region proximal to the start site of transcription, although activity is decreased 

without the 5′ end of the promoter region (Iozzo et al., 1997).  TGF-β was found to 

increase transcription of Pln, but this effect also could be blocked by addition of 

interferon-γ (IFN-γ).  This effect was found to be entirely reversible and the result was 

a growth suppression without cell death (Sharma and Iozzo, 1998).  The functional 

TGF-β response element was found to be located in the region of -461 and -285 bp 

(Iozzo et al., 1997).  This result is significant because a different study indicates that 

bone-derived TGF-β can increase prostate cancer cell proliferation while 

simultaneously activating osteoclast activity.  As previously mentioned, this releases 

additional growth factors, feeding into a ‘vicious cycle’ of tumor growth in bone (Sato 

et al., 2008). 

Based on the prevalence of Pln in the reactive stroma of the prostate tumor 

and the functional activity of the promoter region in response to TGF-β, I believe that 

Pln could potentially be used as a therapeutic target.  When the metastatic prostate 

cancer cells reach bone, they find an environment rich in growth and angiogenic 

factors.  It is clear that the cancer cells and bone stromal cells exert effects on each 

other to create an ideal environment for the growth of a secondary tumor.  It is possible 

that controlling specific signaling pathways to decrease or halt production of Pln in the 

metastatic prostate tumor cells could slow tumor growth or allow current therapies to 

be more effective.  I propose to study the transcriptional control of Pln to identify 

pathways that could be targeted by further studies.  Understanding of the control of Pln 

regulation would allow future studies to examine the importance of this protein to 

tumor growth and metastasis. 
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Chapter 2 

MATERIALS AND METHODS 

2.1 Promoter analysis 

Mouse and human gene sequences for the Pln promoter region (labeled 

HSPG2 in the online databases) were identified using online databases including 

NCBI (www.ncbi.nih.gov), MGI (www.informatics.jax.org) and OMIM 

(www.ncbi.nlm.nih.gov/sites/entrez?db=omim).  Once the location was determined, 

the human sequence was cross-checked on GeneCards 

(www.genecards.org/index.shtml).  The sequences for the mouse and the human 

promoter regions were located and exported from the Ensembl database 

(www.ensembl.org).   Based on the previously published sequence, the 2570 bp DNA 

sequence 5’ of the start site was exported for each sequence and stored online at the 

SDSC Biology Workbench (workbench.sdsc.edu).  The published Iozzo sequence was 

transcribed manually and checked against the Ensembl sequence for accuracy.  The 

exported genomic regions were analyzed to determine the locations of potential 

transcription factor response elements using the online MatInspector program 

(www.genomatix.de/cgi-bin/matinspector/matinspector.pl).  The data, provided in the 

Appendix, were manually compared.  Transcription factor response elements that were 

not present in both mouse and human sequences were eliminated first.  In order to 

further reduce the number of results, the remaining factors were researched and 

evaluated based on their relevance to bone or prostate cancer. 
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2.2 Genomic DNA extraction 

The first extraction was performed on C4-2B cells on passage 18  (p18) 

provided by Lynn Opdenaker (University of Delaware, Biological Sciences) at about 

80% confluence in a petri dish.  The second extraction was performed on a different 

culture of C4-2B cells provided by Lynn Opdenaker at 80% confluence. Both 

extractions were performed using the Qiagen DNeasy Blood & Tissue kit and protocol.  

The elutions were performed twice using 200 µL Barnstead deionized water each time.  

Each elution was collected in a separate tube. The results were quantified by finding 

the absorbance at a wavelength of 260 nm using a BioRad SmartSpec™ 3000 

spectrophotometer.  The final extraction used WIDR colon adenocarcinoma cells 

provided by Benjamin Rohe (University of Delaware, Biological Sciences).  This cell 

line was chosen because they produce high levels of Pln, and therefore the genome 

should be open and unsilenced in the Pln promoter region.  This extraction was also 

performed using the Qiagen DNeasy Blood & Tissue Kit, but both elutions were 

collected in the same tube and the second elution was completed using 100 µL 

Barnstead deionized water instead of 200 µL of Barnstead deionized water. 

2.3 Polymerase Chain Reaction 

Unless otherwise stated, all thermocycling reactions were performed using 

either the PTC-100™ Programmable Thermal Controller (MJ Research, Inc.; 

Waltham, MA) or the GeneAmp® PCR system 9700 (Applied Biosystems; Foster 

City, CA).  All imaging was completed using a MultiImage™ Light Cabinet (Alpha 

Innotech Corporation; San Leandro, CA) and the images were manipulated using 

AlphaImager software v.5.5.  The results of all extractions were quantified by 
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spectrophotometry (wavelength = 260nm) on a BioRad SmartSpec™ 3000 

spectrophotometer. 

2.3.1 Primer Design 

Primers initially were made manually by examining the Pln promoter 

sequence and checking the stability of the primer sequence online using the IDT 

OligoAnalyzer 3.1 (http://www.idtdna.com/analyzer/Applications/OligoAnalyzer/).   

Sets A and B were designed manually and the reverse complement set (set 

C) was made using the REVCOMP feature on SDSC Biology Workbench.  The 

remaining primer sequences were designed using Primer3 on SDSC Biology 

Workbench.  All sequences were checked with the OligoAnalyzer 3.1 program and 

also by using BLAST to confirm sequence specificity.   All primer sequences 

referenced in this paper can be found in table 2.1.  Note: primer set C is the reverse 

complement of primer set A. 
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Table 2.1 Primer Sets.  This table lists sequences and information for every primer 
set ordered for promoter analysis. 

 

Set 

Designation 

Product 

location 
Sequences 

Product 

size (bp) TM (ºC) 

A -2565 to 0 F: 5’- CATGGACAGGCAAGGCCT -3’ 
R: 5’- AGCTCGGGACAGCGCGGC -3’ 2500 58.1 

66.6 

B -1500 to 0 F: 5’- CCTCTCCACCCATCAGCCTCGGG -3’ 
R: 5’- AGCTCGGGACAGCGCGGC -3’ 1492 65.4 

66.6 

C -2565 to 0 F: 5’- GCCGCGCTGTCCCGAGCT -3’ 
R: 5’- AGGCCTTGCCTGTCCATG -3’ N/A 66.6 

58.1 

1 -800 to -167 F: 5’- GCATGTAGGCAATGATGTGG -3’ 
R: 5’- TACTAGGCCTTTGTCTGGGC -3’ 633 54.2 

56.6 

2 -715 to -167 F: 5’-CTTGTTGGGATGTATGCGTG -3’ 
R: 5’- TACTAGGCCTTTGTCTGGGC -3’ 548 54.1 

56.6 

3 
-2390 to -
1083 

F: 5’- TGTGGAGGCTGCTCCTCTAT -3’ 
R: 5’- ATTACAGGCATTGAGCCACC -3’ 1307 57.7 

55.4 

4 
-2432 to -
1083 

F: 5’- CCTGGTGTACTCTCCCCTCA -3’ 
R: 5’- ATTACAGGCATTGAGCCACC -3’ 1349 57.9 

55.4 

5 -2390 to-880 F: 5’- TGTGGAGGCTGCTCCTCTAT -3’ 
R: 5’- ATCTTGGCTCACTGCAACCT -3’ 1510 57.7 

56.9 

6 
-1495 to -
1083 

F: 5’- TTTTCCTCTCCACCCATCAG -3’ 
R: 5’- ATTACAGGCATTGAGCCACC -3’ 412 54.3 

55.4 

7 
-1613 to -
1083 

F: 5’- AACCCAGCCATGAGTTTCTG -3’ 
R: 5’- ATTACAGGCATTGAGCCACC -3’ 530 55.3 

55.4 

8 -1495 to -880 F: 5’- TTTTCCTCTCCACCCATCAG -3’ 
R: 5’- ATCTTGGCTCACTGCAACCT -3’ 615 54.3 

56.9 

9 -1613 to -880 F: 5’- AACCCAGCCATGAGTTTCTG -3’ 
R: 5’- ATCTTGGCTCACTGCAACCT -3’ 733 55.3 

56.9 

10 
-2466 to -
1620 

F: 5’- CTTTCTCATCGGACAGGGAG -3’ 
R: 5’- CAGGAGTGAGGTGAGCTGTG -3’ 846 54.8 

57.5 

11 
-2474 to -
1620 

F: 5’- TTTGAAGCCTTTCTCATCGG -3’ 
R: 5’- CAGGAGTGAGGTGAGCTGTG -3’ 854 52.9 

57.5 

QPCR Pln domain V F: 5’-ACCATCGAGCTGGAGGTTC -3’ 
R: 5’- GAGGCTGATGAAGTCCTTGC -3’ 102 56.9 

55.9 
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2.3.2 GoTaq
®

 Green Master Mix 

Polymerase chain reaction (PCR) was performed using a GoTaq® Green 

Master Mix kit and protocol (Promega; Madison, WI).  Primer set A was used with 

each primer at a final concentration of 0.8 µM in a 25 µL reaction.  Two hundred and 

two nanograms of C4-2B genomic DNA from the first extraction were used in the 

reactions.  The same reaction was conducted using various thermocycling conditions, 

which can be found in figure 3.1.  PCR products were electrophoresed through a 2.0% 

(w/v) agarose/TAE gel containing 2 µL ethidium bromide.  The voltage and duration 

of electrophoresis also varied and the data are included in figure 2.1.  The correctly 

sized products from trials 3 and 4 were extracted from the gel using the QIAquick Gel 

Extraction Kit and protocol (QIAGEN; Valencia, CA).  The extracted products then 

were inserted into a TOPO 2.1 vector  using One Shot® Mach1™-T1R chemically 

competent Escherichia coli (E. coli) cells and the protocol as described in section 2.4 

(Invitrogen; Carlsbad, CA). 
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Figure 2.1 Thermocycling and electrophoresis conditions for GoTaq
®
 Green 

PCR reactions. The diagram above the table details the 
thermocycling conditions for the GoTaq® Green PCR reactions using 
C4-2B genomic DNA from extraction 1.  The annealing temperature and 
the cycle numbers were varied in order to determine the optimal 
conditions for this PCR reaction.  The gel electrophoresis conditions 
were varied based on desired separation. 
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2.3.3 Platinum
®
 Taq DNA Polymerase 

PCR also was performed using the Platinum® Taq DNA Polymerase and 

protocol (Invitrogen).  Two hundred and two nanograms of C4-2B genomic DNA from 

the first extraction were used for these reactions with primer set A at a final 

concentration of 0.2 µM each, as directed in the protocol.  The thermocycling 

conditions consisted of 2 minutes at 94ºC followed by 35 cycles (trial 1) or 42 cycles 

(trial 2) of 30 seconds at 94ºC, 30 seconds at 55ºC and 2 minutes and 30 seconds at 

72ºC, followed by 10 minutes at 72ºC and ending with a hold at 4ºC.  PCR products 

were electrophoresed through a 1.5% (w/v) agarose/TAE gel containing 2 µL ethidium 

bromide at 117 V for about 1 hour.  The correctly sized products were extracted from 

the gel using the QIAquick Gel Extraction Kit and protocol (QIAGEN). 

2.3.4 Gradient PCR 

A Gradient PCR reaction was performed using the HotStarTaq DNA 

Polymerase kit (QIAGEN).  Two reaction sets of four samples each were performed 

simultaneously.  One set used the kit’s special buffer (buffer Q: intended to increase 

specificity and affinity of primers) included in the HotStarTaq kit while the other set 

used MgCl2 instead.  Four hundred and five nanograms of C4-2B genomic DNA were 

used in each sample with primer set A added to a final concentration of 0.4 µM each.  

The thermocycling conditions included an initial 10 minutes at 94ºC followed by 40 

cycles of 1 minute at 94ºC, 1 minute at the varied temperature and 3 minutes at 72ºC, 

followed by 10 minutes at 72ºC and ending with a 4ºC hold.  The four annealing 

temperatures were 49.0ºC, 53.8ºC, 61.0ºC and 65.0ºC.  This reaction was conducted 

using an MG-96G MyGene™ Series Peltier Thermal Cycler (LongGene Scientific 
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Instruments Co., Ltd.).  PCR products were electrophoresed through a 1.25% (w/v) 

agarose/TAE gel with 2 µL ethidium bromide at 117V for about 1 hour.  Products of 

the correct size were extracted from the gel using the QIAquick Gel Extraction Kit and 

protocol (QIAGEN).  The extracted products then were inserted into a TOPO 2.1 

vector using DH5-α T1R chemically competent E. coli cells (Invitrogen) and the 

protocol as described in section 2.4. 

2.3.5 HotStarTaq PCR 

PCR with the HotStarTaq kit was conducted using set C to a final 

concentration of 0.4 µM each with MgCl2 instead of buffer Q.  Three different DNA 

templates were used in three different reaction sets: Four hundred and five nanograms 

of C4-2B genomic DNA, and two separate 2500 bp products (inside a TOPO 2.1 

vector) from the Gradient PCR reaction at about 350 nanograms each.  The 

thermocycling conditions included a 10 minute heating period at 94ºC followed by the 

40 cycles of 1 minute at 94ºC, 1 minute at 61ºC and 3 minutes at 72ºC, followed by 10 

minutes at 72ºC and ending with a hold period at 4ºC.  The products were 

electrophoresed through a 1.5% (w/v) agarose/TAE gel with 2 µL ethidium bromide at 

130V for 40 minutes.  The same thermocycling conditions and DNA template samples 

were used for a separate PCR using primer set B at a final concentration of 0.4 µM 

each.  These samples were electrophoresed through a 1.5% (w/v) agarose/TAE gel 

with 2 µL ethidium bromide at 100 V for 1 hour. 

PCR was also conducted using WIDR genomic DNA as template for all 

three sets of primers: the A set, B set and C set.  In each reaction, each primer was 

added to a final concentration of 0.4 µM.  The samples were electrophoresed through a 

1.5% agarose/TAE gel with 3 µL ethidium bromide at about 90V for 1 hour.  Products 
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of the correct size were extracted from the gel using the QIAquick Gel Extraction Kit 

and protocol (QIAGEN).  The extracted products then were inserted into a TOPO 2.1 

vector  using DH5-α T1R chemically competent E. coli cells and the protocol as 

described in section 2.4 (Invitrogen). 

PCR using the HotStarTaq kit also was used to test primer sets 1, 5, 9 and 

11.  In each reaction, primers were added to a final concentration of 0.4 µM each.  

Four master mixes, one for each primer set, were made according to the HotStarTaq 

protocol, and each set was tested against both WIDR genomic DNA and C4-2B 

genomic DNA.  For WIDR, 600 nanograms of DNA were added to the samples.  For 

C4-2B, 220 nanograms of DNA template were added to each sample.  The 

thermocycling conditions were chosen based on the highest and lowest melting 

temperature (TM) for all primers used.  The program included 15 minutes at 95ºC 

followed by 35 cycles of 94ºC for 1 minute, 50ºC for 1 minute and 72ºC for 2 minutes.  

The set of cycles was followed by 10 minutes at 72ºC and a final hold at 4ºC.  The 

products were electrophoresed through a 1.25% (w/v) agarose/TAE gel containing 2 

µL ethidium bromide for 75 minutes at 80V.  Products of the correct sizes derived 

from WIDR genomic DNA for sets 1 and 11 were extracted from the gel using a 

QIAquick Gel Extraction Kit and protocol (QIAGEN), eluting with 30 µL Barnstead 

water.  The same protocol was repeated, including the gel extraction, using only 

primer sets 1 and 11 and increasing the number of cycles from 35 to 38.  The gel 

extractions from the repeat trial were ligated into a TOPO 2.1 vector (Invitrogen) using 

DH5-α T1R chemically competent E. coli cells as described in section 2.4 
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2.3.6 HotStarTaq kit and Restriction Enzyme Digest 

The Pln promoter sequence was analyzed on SDSC Biology Workbench to 

identify restriction enzyme (RE) cut sites within and around the region.  Enzymes that 

cut within the promoter region were eliminated, leaving a list of enzymes that cut near 

the region.  An area + 1000 bp of each end of the promoter region was examined to 

find any RE that cut a small segment of DNA around the promoter region.  A sample 

of C4-2B genomic DNA and a sample of WIDR genomic DNA were then treated with 

XhoI using 1 µL of RE, 1 µL RE buffer and 10 µL Barnstead water.  1.2 µg of WIDR 

genomic DNA was added to one reaction while 0.8 µg of C4-2B genomic DNA was 

added to the other reaction.  Both RE digests were incubated at 37ºC in a water bath 

for 1 hour and stored overnight at -20ºC.  The samples were electrophoresed through a 

1.5% (w/v) agarose/TAE gel with 2 µL ethidium bromide at 80V for 75 minutes.  

DNA fragments matching the predicted fragment size were then extracted from the gel 

using a QIAquick Gel Extraction Kit and protocol (QIAGEN).  

The XhoI digest was repeated using 3.0 µg of WIDR genomic DNA and 

3.2 µg of C4-2B genomic DNA using the following mix: 4 µL RE 10x buffer, 29.1 µL 

Barnstead water, 0.4 µL acetylated bovine serum albumin (BSA) and 1.5 µL RE.  Two 

additional digests were run using FspI and either 4.8 µg WIDR genomic DNA or 3.2 

µg C4-2B genomic DNA.  The mix for FspI included 4 µL RE buffer, 3µL RE (WIDR 

samples) or 2 µL RE (C4-2B samples) and Barnstead water to make a final reaction 

volume of 40 µL.  Both RE digest sets were allowed to incubate in a 37ºC water bath 

overnight for about 24 hours.  Following the incubation, all four samples (one sample 

of each RE digest for both sets of genomic DNA) were electrophoresed through a 

0.5% (w/v) agarose/TAE gel with 3 µL ethidium bromide at 80V for 1 hour.  Negative 

controls used WIDR genomic DNA without either RE added.  The bands of DNA at 
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the correct size for the XhoI digest then were extracted using the QIAEX II Agarose 

Gel Extraction Kit and protocol (QIAGEN) while the FspI digest product from C4-2B 

genomic DNA was extracted using the QIAquick Gel Extraction Kit and protocol 

(QIAGEN).  

PCR was conducted using the HotStarTaq kit with primer set A, with each 

primer having a final concentration of 0.4 µM each.  Three different templates were 

tested: Both XhoI digest gel extraction products and the FspI digest gel extraction 

product. About 600 nanograms of XhoI digested WIDR DNA was used, while 450 

nanograms each of the XhoI C4-2B DNA digest and the FspI C4-2B extract were used.  

The thermocycling conditions are the same as described in the other HotStarTaq kit 

reactions.  The products were electrophoresed through a 1.25% (w/v) agarose/TAE gel 

with 2.5 µL ethidium bromide at 80V for 90 minutes. 

2.3.7 Dual Restriction Enzyme Digest and PCR 

Genomic DNA was digested by XhoI and FspI simultaneously.  One 

sample of 4.8 µg of WIDR genomic DNA was digested with 3 µL each of XhoI and 

FspI and 4 µL of the FspI reaction buffer.  Barnstead water was added to a final 

reaction volume of 40 µL.  Another sample of 3.2 µg C4-2B genomic DNA was 

digested with 2 µL each of XhoI and FspI in 4µL of the FspI reaction buffer with 

Barnstead water to a final reaction volume of 40 µL.  Both samples were allowed to 

incubate overnight in a 37ºC water bath.  Following incubation, the samples were 

rapidly heated to about 95ºC and allowed to cool slowly to room temperature in order 

to deactivate both enzymes.  This was performed by heating a flask of water to 95ºC, 

floating the samples in the bath and allowing the entire setup cool down to room 

temperature. 
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PCR was conducted for each digest sample using the HotStarTaq kit and 

protocol with primer set A.  For each reaction, 10 µL of one of the deactivated digest 

reactions was added to the mixture to make a final reaction volume of 50 µL.  The 

thermocycling conditions for the reactions included an initial 95ºC hot start for 10 

minutes followed by 35 cycles of 94ºC for 1 minute, 61ºC for one minute and 72ºC for 

2 minutes and 40 seconds.  The program ended with 10 minutes at 72ºC followed by a 

hold at 4ºC.  The products were electrophoresed through a 1.25% (w/v) agarose/TAE 

gel containing 2 µL ethidium bromide at 80V for about 90 minutes.  The DNA area of 

the gel that represents the location of 2500bp products was extracted using the 

QIAquick Gel Extraction Kit and protocol (QIAGEN), skipping the optional wash.  

Next, 25 µL of each products from this extraction was run in a PCR using the 

HotStarTaq kit and protocol and primer set A. The thermocycling conditions were set 

the same as the previous reaction.  The products were electrophoresed through a 

1.25% (w/v) agarose/TAE gel containing 2 µL ethidium bromide for about 110 

minutes at 80V.  Products were extracted from the gel using the QIAquick Gel 

Extraction Kit and protocol (QIAGEN).  The extracted products then were inserted 

into a TOPO 2.1 vector  using DH5-α T1R chemically competent E. coli cells and the 

protocol as described in section 2.4 (Invitrogen). 

2.3.8 Dimethyl Sulfoxide as a PCR Additive 

5% (v/v) final concentration dimethyl sulfoxide (DMSO) was used in PCR 

with the GoTaq® Green Master mix kit and protocol and primer set 1.  Each primer 

was added to a final concentration of 0.4 µM in the 50 µL reaction.  Only C4-2B 

genomic DNA was used: 160 nanograms of template were added to each sample.  

Several control samples also were set up in addition to the 5% DMSO sample: a water 
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blank without genomic DNA or DMSO, DNA water instead of DMSO, water with a 

very low concentration of DMSO (0.25% (v/v) final concentration) and DNA with the 

low concentration of DMSO.  The thermocycling conditions included a 2 minute 

initial heating at 94ºC followed by 30 cycles of 1 minute at 94ºC, 1 minute at 53ºC and 

1 minute 30 seconds at 68ºC.  The program was ended with a final 10 minutes at 68ºC 

followed by a 4ºC hold.  The products were electrophoresed through a 1.25% (w/v) 

agarose/TAE gel containing 2 µL ethidium bromide at 80V for about 90 minutes.  

Products of the correct size were extracted using the QIAquick Gel Extraction Kit and 

protocol (QIAGEN). 

PCR using the GoTaq® Green Master Kit and protocol with DMSO added 

to a final concentration of 5% (v/v) also was conducted using primer set A with 160 

nanograms of C4-2B genomic DNA.  The thermocycling conditions included a 2 

minute initial heating at 94ºC followed by 30 cycles of 1 minute at 94ºC, 1 minute at 

58ºC and 2 minutes 45 seconds at 72ºC.  The program was ended with a final 10 

minutes at 72ºC followed by a 4ºC hold.  The products were electrophoresed through a 

1.25% (w/v) agarose/TAE gel containing 2 µL ethidium bromide at 80V for about 90 

minutes.  Any product of the correct size was extracted using the QIAquick Gel 

Extraction Kit and protocol (QIAGEN).  The extracted product then was inserted into 

a TOPO 2.1 vector  using DH5-α T1R chemically competent E. coli cells and the 

protocol as described in section 2.4 (Invitrogen). 

A final trial PCR was executed using two mixed sets of primers with the 

GoTaq® Green Master Kit and protocol with DMSO added to a final concentration of 

5% (v/v).  The first set included primer 1R with primer 11F, while the second included 

1R with 4F.  Each primer was added to a final concentration of 0.4 µM in the 50 µL 
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reaction.  The thermocycling conditions included a 2 minute initial heating at 94ºC 

followed by 30 cycles of 1 minute at 94ºC, 1 minute at 53ºC and 2 minutes 45 seconds 

at 68ºC.  The program was ended with a final 10 minutes at 68ºC followed by a 4ºC 

hold.  The reaction products were electrophoresed through a 1.25% (w/v) agarose/TAE 

gel containing 2 µL ethidium bromide at 80V for about 90 minutes.  The raw PCR 

product was ligated into a TOPO 2.1 vector (Invitrogen) using One Shot® TOP10 

chemically competent E. coli cells as described in section 2.4. 

2.4 TOPO TA Cloning
®
 Reactions 

All TOPO® cloning reactions were carried out using the pCR®2.1-TOPO® 

vector (Invitrogen) and chemically competent E. coli cells (either DH5-α T1R cells, 

One Shot® TOP10 cells or One Shot® Mach1™-T1R cells).  The kit protocol was 

used, and the cells were streaked on LB agar plates containing either ampicillin or 

kanamycin.  Plates were incubated for 12 to 16 hours at 37ºC.  Overnight cultures were 

grown from colonies on the agar plates. These cultures consisted of 5 ml liquid LB 

media containing 50 µg/ml of the same antibiotic that was used on the agar plates.  

The cultures were incubated overnight at 37ºC while being shaken at 200 rpm.  The 

plasmids were extracted using the QIAprep Spin Miniprep Kit protocol using a 

microcentrifuge.  The results of all plasmid extractions were quantified by 

spectrophotometry on a BioRad SmartSpec™ 3000 spectrophotometer.  A sample of 

the extracted plasmid then was digested with EcoRI in a 37ºC water bath for about 1 

hour.  The product from the RE digest was electrophoresed through a 1-2% 

agarose/TAE gel containing 2 µL ethidium bromide.  The voltage and the duration of 

electrophoresis varied depending on the size of the gel and the extent of separation 

desired.  Any plasmids containing an insert of the correct size were sequenced using 
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the Pre-Mixed DNA Sequencing protocol from Genewiz, Inc. (South Plainfield, NJ) 

and the results were checked with the Ensembl sequence online using tools available 

via the SDSC Biology Workbench.  Glycerol stocks were made of all cultures that 

were sequenced.  The glycerol stocks included 750 µL of the overnight culture in 

liquid LB media mixed with 750 µL 80% (v/v) glycerol in an Eppendorf tube. This 

mixture was then frozen rapidly in 100% (v/v) ethanol mixed with dry ice.  The 

samples then were stored in the -80ºC freezer. 

2.5 Cell culture 

An HS27a cell line, p8, was cultured from a freeze-down stock stored in 

liquid nitrogen.  This cell line was selected to model the prostate cancer stromal cells 

showing the large upregulation of Pln (figure 1).  The cells were grown in high glucose 

Dulbecco’s modified Eagle’s medium (DMEM) with no sodium pyruvate (Gibco) and 

10% fetal bovine serum (FBS).  At p14, the media was switched to low glucose 

DMEM with GlutaMAX™ (Gibco) plus 10% fetal bovine serum (FBS) and 1% 

penicillin-streptomycin.  Cells were passaged at about 80% confluency, by visual 

inspection, and cultured in T75 flasks.  Flasks were trypsinized for 5 minutes, 

incubated at 37ºC and pelleted.  The cell pellet was resuspended in 5ml media and 1ml 

of the suspension was added to 11ml of media in each flask.  For the individual 

treatments, cells were plated in each well of a six-well plate.  They were grown in low 

glucose DMEM with GlutaMAX™ with 10% FBS and 1% penicillin-streptomycin 

until they reached 70-80% confluency.  Once the cells reached 70-80% confluency, the 

media was replaced with serum free low glucose DMEM with GlutaMAX™ containing 

1% penicillin-streptomycin and grown for 24 hours.  After serum-starving for 24 

hours, the media was replaced with glucose DMEM with GlutaMAX™ containing 1% 
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penicillin-streptomycin and either TGF-β [at 0, 1, 5 or 10 ng/ml] or TNF-α [at 0, 0.5, 

1, 5 ng/ml] (Sigma-Aldrich; Saint Louis, MO) and grown for an additional 24 hours. 

2.6 Ribonucleic acid extraction and complementary DNA reaction 

Total ribonucleic acid (RNA) was extracted from the HS27a cells 

following a 24 hour treatment with either TNF-α or TGF-β.  The cells were lysed 

directly on the plate and the RNA was collected and purified using the RNeasy® Mini 

Kit and protocol (QIAGEN).  Following lysis, the suspension was homogenized using 

the QIAshredder™ microcentrifuge tubes (QIAGEN).  Once the RNA was eluted from 

the kit, the eluate was treated with DNase to eliminate possible DNA contamination.  

This step was completed using the DNA-free
™ DNase Treatment & Removal kit 

(Ambion Inc; Austin, TX), incubating for 30 minutes at 37ºC.  The RNA was then 

quantified by spectrophotometry at wavelength 260 nm, as described for the DNA 

extraction. 

After quantifying the RNA samples, a reverse-transcription PCR (RT-

PCR) was conducted to make complementary DNA (cDNA).  All RT-PCR reactions 

were conducted using the Omniscript® RT Kit (QIAGEN) and 0.5-1 µg RNA in a final 

volume of 20 µL.  Each reaction set consisted of the cDNA reactions and control 

reactions lacking the reverse transcriptase, in order to ensure that the RNA samples 

were not contaminated with DNA.  The samples were incubated at 37ºC for 1 hour, 

followed by heat-inactivation of the reverse transcriptase by heating the samples to 

93ºC for 3 minutes. The cDNA were stored at -20ºC. 
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2.7 Quantitative PCR 

Quantitative PCR (QPCR) was used to quantify the effects of signaling 

pathways on Pln transcription.  Reactions were mixed using the SYBR® Green PCR 

Master Mix (Applied Biosystems) to a final reaction volume of 25 µL.  The samples 

were then analyzed using an ABI Prism 7000 Sequence Detection System (Applied 

Biosystems).  The thermocycling conditions consisted of 10 minutes at 95ºC followed 

by 45 cycles of 15 seconds at 95ºC and 1 minute at 58ºC. 
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Chapter 3 

COMPUTATIONAL ANALYSIS OF THE HUMAN PERLECAN PROMOTER: 

RESULTS AND DISCUSSION 

3.1 The Human Pln promoter region is located on the minus strand 

The Pln gene in mouse DNA was found to be located on chromosome 4 

on the plus strand from 136,740,845 – 136,842,706 bp.  In order to obtain the 

promoter region, 2565 bp of DNA sequence 5′ of the start of the gene region 

(136,738,280 – 136,842,706) was downloaded from Ensembl and saved online.  The 

human Pln gene, however, is located on chromosome 1 from bp 22,021,325 to bp 

22,136,377 on the minus strand.  Therefore, two regions of DNA were tested.  The 

first region that was tested was the 2565 bp segment before the start of the gene region 

(starting at 22,018,760).  This was found to be the incorrect promoter sequence when it 

was aligned with the previously published sequence (Iozzo et al., 1997).  I confirmed 

this by including exon 1 at the end of the downloaded sequence.  When I ran analysis 

on this sequence on SDSC Biology Workbench, the amino acid sequence generated by 

what was thought to be exon 1 did not match the known Pln protein code.   

However, when Pln exon 1 was downloaded from Ensembl, I found that 

the reverse complement of the downloaded sequence generated an amino acid 

sequence that matched the known Pln protein sequence.  Interestingly, the generated 

sequence matched a fragment of the protein sequence from Pln domain V at the 3′ end 

of the gene.  Therefore, the promoter region was downloaded from Ensembl from bp 
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22,136,377 to bp 22,138,942, saved to the Biology Workbench and converted to the 

reverse complement sequence using a program available through the Biology 

Workbench.  This sequence was aligned with the previously published sequence 

(Iozzo et al., 1997) and the two sequences differed only slightly (data not shown).   

Therefore, I determined that the correct sequence is on the minus strand of DNA, as 

noted on Ensemble, but that the sequence that is provided is the plus strand.  

When the human and mouse promoter sequences were aligned, there was 

significantly less agreement than between the two human sequences.  The human Pln 

promoter sequence was further examined and found to have a 56.6% GC content.  

Also noted was a region of 23 adenosine nucleotide repeats located about 800 bp 

before the 5′ UTR.  Finally, alignment information indicated that due to gaps and 

disagreements between the published promoter sequence and the Ensembl sequence, 

the lengths of the promoters were slightly different.  In order for the 5′ ends to match, 

the Ensembl sequence had 16 bp clipped from the 5′ end, making it only 2549 bp long.  

Because of these differences, I expected that there would be minor discrepancies in 

presence or location of some transcription factor binding sites. 

As a result of the difficulties with the human Pln promoter sequence, the 

mouse promoter was checked by extracting the exon 1 sequence and comparing the 

theoretical amino acid sequence to the known sequence.  This analysis confirmed the 

downloaded mouse Pln sequence was the correct region of DNA. 

3.2 Pln promoter region contains many highly conserved transcription factor 

response elements 

Despite the low level of agreement in nucleotide sequence between mouse 

and human sequences, the transcription factor response element analysis was 
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completed using the online MatInspector (Genomatix) program.  The raw results from 

the program were sorted manually and are provided in tables A1 – A3 (appendix).  A 

short list of 22 transcription factors was created from highly conserved elements across 

all three promoter sequences (table A4 in the appendix).  While many factors were 

ruled out simply because they were not found to be conserved between human and 

mouse, other factors had to be researched to determine their relevance to prostate 

cancer cell metastasis to bone.  From the short list, four transcription factors were 

chosen for further study: NFκB, Smad3, Elk-1 and CREB.  The locations of these four 

factors were determined within each promoter region.  The results can be found in 

figure 3.1.   

 

Figure 3.1 Human and Mouse Pln promoter region maps Aligned map that 
depicts the conservation of the four transcription factor response 
elements of interest in the Pln promoter region.  The response elements 
were aligned to match the results for the human Pln sequence from 
Ensembl (top line) in order to demonstrate conservation.  The middle 
line represents the promoter region sequence as published by Iozzo 
(1997), and the bottom line represents the mouse sequence from 
Ensembl.  Bar colors: red = NFκB; green = Elk 1; blue = CREB; and 

orange = Smad3. 
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The response elements were found to be spread all throughout the 2565 bp 

region of the Pln promoter.  Although the mouse sequence showed higher numbers of 

potential binding sites, the conserved sites were highly conserved in position as well 

(data available in table A4) suggesting an evolutionary importance for these sites.  In 

addition to the high degree of conservation, all four of these transcription factors have 

been implicated in disease states, either through inflammatory response or through 

aberrant signaling in cancer, as discussed in the introduction.  For these reasons, it was 

decided to attempt to extract the entire 2565 bp from genomic DNA.  Figure 3.2 shows 

the signal pathways that I propose to study.  All of the pathways pictured are 

simplified, and they may overlap through crosstalk mechanisms. 

 

Figure 3.2 Schematic drawing of signaling pathways of interest.  The figure 
illustrates the four signaling pathways of interest.  Each pathway is more 
complicated than drawn and there is greater crosstalk between them. 
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Chapter 4 

CLONING AND PRELIMINARY FUNCTIONAL ANALYSIS OF THE 

HUMAN PLN PROMOTER REGION: RESULTS AND DISCUSSION 

4.1 Extracting the promoter region from genomic DNA using PCR: 

optimization of reaction conditions 

4.1.1 Primer design 

Because the transcription factor response elements were spread throughout 

the Pln promoter region, I designed PCR primers that target the entire promoter region.  

The first primer set I designed was primer set A (see table 2.1).    Eventually the 

reverse complement set A was tested (set C), followed by a truncated set that utilized 

the same reverse primer as set A but had a new forward primer to target only 1500 bp 

of the promoter region.  As will be discussed, these primers were not optimal, and 

therefore new sets of primers were designed.  The online Biology Workbench could 

not produce any primer sets based on the full 2549 bp of the Pln promoter region.  

Because of this, I had to split the promoter into three pieces, with the 3′ segment 

expanded to include the 5′ UTR.  This generated several small segments of the 

promoter that could be spliced together to build the full promoter region.  The target 

regions of each primer set can be found in figure 4.1. 
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Figure 4.1 Map of the primer targets within the human Pln promoter region.  
Detailed information about each primer set can be found in table 2.1.  
This map shows the location and relative length of each primer product 
within the promoter region 
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4.1.2 GoTaq
®

 Green Master Mix and primer set A 

The results of each gel electrophoresis can be seen below in figure 4.2. 

 

Figure 4.2 Gel electrophoresis of PCR products using GoTaq
®
 Green kit.  

Trials 1 and 3 demonstrate the problem with smearing.  All four trials 
show the extent of non-specific binding.  Red arrows indicate the 
location I thought the ladder identified as 2500 bp.  White arrows 
indicate actual site of 2500 bp product. 

In addition to nonspecific primer binding (indicated by multiple bands), 

there was smearing in trials 1 and 3, which may be indicative of problems with the 

thermocycling conditions.  At first it was thought that the thermocycling conditions 

were not ideal, which was causing the primers to release from the template early.  

Because there was product present where I had expected to see it (red arrows in figure 

4.2), I performed a gel extraction on trials 3 and 4.  After extracting the band of DNA 

at the red arrows, I ligated the products into a TOPO 2.1 vector.  Inserting the product 

into this vector would allow me to make a glycerol stock of the E. coli containing the 
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promoter region.  In addition to lending more stability to the stock, it could facilitate 

cloning the product into a reporter plasmid.  When the vectors were sequenced, it was 

discovered that the inserted products did not align to the human Pln promoter 

sequences saved on Biology Workbench.  The sequences were shortened and the 

reverse complements were generated in order to test possible sequencing errors.  

However, these manipulations did not show any positive results and when the product 

sequences were run through BLAST, the program was able to match the sequences to 

over 100 genes or coding regions.  This, in addition to the fact that the sequences were 

shorter than expected forced me to the conclusion that they were not the correct 

products. 

It was later discovered that the wrong ladder key was being used and that 

the site that was thought to signify a 2500 bp product actually only represented an 850 

bp product, which is consistent with the length of the product that was sequenced.  

Seen in figure 4.2, the white arrow indicates the correct location of the Pln promoter 

region in the gel.  Of note is that there is little to no DNA present at the correct size.  

For this reason, I believed that the GoTaq® Green taq polymerase may be releasing 

from the DNA before the full product could be produced.  As a result, I decided to try 

to use the Platinum® Taq kit, which was designed for use with longer PCR products. 

4.1.3 Platinum
®
 Taq PCR with primer set A 

The Platinum® Taq (Invitrogen) kit is designed for use with large 

products.  Because I had been seeing multiple bands with the GoTaq® Green Master 

mix, I thought that the Taq polymerase may have been releasing the DNA template 

before the product was completed.  The results of the PCR trials using the Platinum® 

Taq kit can be seen in figure 4.3 
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Figure 4.3 Gel electrophoresis of PCR products using Platinum® Taq. Both 
images show PCR products using Platinum® Taq kit (Invitrogen) 
electrophoresed through 1.5% (w/v) agarose/TAE gel.  Both images are 
8/30 exposures, showing that very little product is present.  Arrows 
represent the correct location for the human Pln promoter (about 2500 
bp). 

 The largest product present in the gel was extracted and analyzed by 

spectrophotometric analysis.  I found that very little product was present, so the 

product could not be ligated into the TOPO 2.1 vector.  When the reaction was 

repeated, the same results were seen.  The bands in the gel were very faint both in the 

pictures and when the gel was inspected visually.   Because the product was barely 

present in the first trial, the number of cycles was increased from 35 (figure 4.3 panel 

2) to 42 (figure 4.3 panel 1) in order to try to increase the amount of product.  As seen 

in figure 4.3, there was no increase in product. 
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 Because there was not enough product present to extract and the product 

size was slightly smaller than expected, I did not ligate the product into TOPO 2.1 

vector.  Also of note is that the PCR was not specific.  There were smaller products 

present in both trials, indicating that the problems encountered with the GoTaq® 

Green Master Mix were probably due to non-specific primer binding than issues with 

the taq polymerase. As a result of the difficulties with the Platinum® Taq kit, I tried a 

different PCR kit that was designed for increased specificity.   

4.1.4 PCR with the HotStarTaq Kit and protocol 

The gradient PCR was set up using primer set A and the HotStarTaq kit 

and protocol (Invitrogen) in order to try to optimize the annealing temperature for the 

primer set.  The results, shown in figure 4.4, demonstrated the same problems seen 

with the other PCR kits.  Primarily, there was nonspecific binding of the primers when 

MgCl2 was used in place of the special buffer, Buffer Q, included in the HotStarTaq 

kit.  This can be seen in figure 4.4, lanes 5-7, in the multiple bands present and the 

smearing in lanes 5 and 6.  Because these problems were far more severe in lanes 5 

and 6, these two lanes were disregarded.  However, lane 7 showed a band at the correct 

size.  This product was created at an annealing temperature of 61ºC, which also 

showed the most specificity.  The product band at the correct size was extracted and 

ligated into the TOPO 2.1 vector.  The plasmids that showed a product of a correct 

size following RE digest were sent to Genewiz, Inc. for sequencing.  The returned 

sequences were aligned against the Ensembl sequence on the Biology Workbench.  

Although I broke the experimental sequences into smaller sections and tried the 

reverse complement of the sequence, they did not match the Ensembl sequence.  



38 

 

Figure 4.4 Gel electrophoresis results of gradient PCR using HotStarTaq kit.  
The figure shows the results of the HotStarTaq gradient PCR.  Lanes 1-4 
and lane 8 showed no product formation, while lanes 5, 6 and 7 showed 
multiple products and smearing.  There were no products at the correct 
size (arrow) in either lane 5 or 6.  The product band at the 2500 bp 
location was extracted (box). 

1 2 3 4 5 6 7 8 
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Additionally, one of the sequences was degraded and did not sequence.  

When the fragments of the experimental sequences were tested using BLAST, over 

100 results with at least 84% specificity were returned, none of which were located in 

the human Pln promoter region.  This indicated that the experimental sequences were 

not correct.  This information, in addition to the gel results, indicated that the problem 

may have been with the primers.  Since the buffer that is designed to increase the 

specificity of the primers showed absolutely no product formation and the one product 

of the correct size did not match the Ensemble sequence, I tried new primers. 

The first primer set I decided to try was set C.  It was thought that the 

orientation of the gene within the region may be different than what was seen online.  

The orientation found online was not very clear, and not all of the databases agreed.  

Therefore, primer set B was used with HotStarTaq kit and protocol.  There was no 

product formed with genomic C4-2B DNA used as template, and two of the reactions 

using the extracted gradient PCR product as template created products that were twice 

as large as expected.  One product formed from this template showed two bands, while 

another showed a product of the correct size (results not pictured).  This sample was 

not sequenced because it was concluded that it was either the same product or a 

fragment of the TOPO 2.1 vector plasmid.  This conclusion was based on the 

reasoning that the old product was used as template and no products were seen in the 

genomic DNA lanes.  The same protocol was attempted using WIDR genomic DNA as 

template.  No products were found in the lane using buffer Q.  While product was 

found in the lane using MgCl2, it showed the same problems encountered before.  

Primarily, there were multiple, nonspecific products.  There was one product around 
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the 3000 bp marker in the gel.  However, since the product was barely visible and too 

large, it was not sequenced. 

Based on the difficulties encountered with trying to copy the full 2549 bp 

of the promoter region, I opted to study the shorter 1500 bp proximal to the start of 

transcription, as shown in figure 4.1.  This primer set was run with the HotStarTaq kit 

using genomic C4-2B DNA as a template as well as two old 2500 bp experimental 

products that did not match the promoter region.  None of the three templates showed 

a product of the correct size.  Because of this disappointing result, I tried using WIDR 

genomic DNA as template.  The reason for this was because WIDR has been shown to 

produce large amounts of Pln.  Because the gene is so active in WIDR cells, this 

region of the genome should be open so that the transcription proteins have access.  A 

PCR reaction was carried out using this new genomic DNA template with both primer 

set A and primer set B, the 1500 bp product set.  Products were found and extracted 

for both sets of primers.  However, there was also contamination and non-specific 

primer binding (results not pictured).  Nevertheless, the products of the correct size 

were sequenced and found to match the experimental products obtained when using 

C4-2B genomic DNA as template. 

In order to try to increase the specificity of the primers, I tried to digest the 

genomic DNA, separate the fragments and use the fragment containing the promoter 

region as template for PCR with the HotStarTaq kit and primer set A.  In addition to 

reducing the number of sequences that the primers could bind to, this procedure may 

also open up the DNA in the area of the Pln promoter region.  I found that FspI cut a 

fragment of DNA of about 9700 bp that included the promoter region and XhoI cut a 

fragment of about 16,300 bp.  Because of the size of the XhoI fragment, I had to use a 



41 

different kit to extract the fragment from the gel.  In the first trial, DNA was digested 

and the fragments were separated using gel electrophoresis.  Once the desired 

fragments were removed from the gel, they were used as templates in a second PCR 

using the HotStarTaq kit and protocol and primer set A.  However, this method did not 

generate any product.  In the next trial, I decided to combine both XhoI and FspI in a 

single RE digest.  This should generate a fragment of DNA of about 9400bp around 

the Pln promoter region.  Instead of separating fragments through a gel, I decided to 

use the DNA directly from the RE digest so that I did not lose any template during the 

extraction.  This did not generate any results. 

I tried the above technique a second time.  The results can be found in 

figure 4.5.  This time I repeated the PCR and then ran the products through a 1.25% 

(w/v) agarose/TAE gel.  This time, I extracted any DNA in the region of the gel around 

the 2500 bp region.  I then used this as template in a second PCR using the HotStarTaq 

kit.  No difference was seen between WIDR and C4-2B genomic DNA as starting 

material.  The results from the second PCR showed that a small product was targeted 

by the primers and no product was seen in the 2500 bp region of the gel.  I extracted 

the small product and ligated into a TOPO 2.1 vector, but the protocol did not work 

and the E. coli did not grow after the first night.  Because this protocol, designed to 

create a template that is highly specific to the Pln promoter region, did not work, I 

decided to design a new set of primers. 
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Figure 4.5 PCR and double RE digest of genomic DNA.  Image 1 shows the gel 
results of the first PCR using DNA that had been digested with FspI and 
XhoI.  The box indicates the region of DNA that was extracted from the 
gel.  Image 2 shows the results of the PCR using the gel extraction 
products as template.  C = C4-2B genomic DNA starting material; W = 
WIDR genomic DNA starting material. 

4.1.5 PCR using various primer sets 

Following the RE digest and PCR protocol detailed in section 4.1.4, I 

designed new primers using the primer3 application available on Biology Workbench.  

This program did not find any possible primer sets when I used the full 2549 bp 

promoter region, so I divided the region into three pieces.  I also expanded the region 

beyond the 5′ end of the region and into the 5′ UTR.  The results of this analysis can be 

found in table 2.1.  I found 11 potential sets, many with common primers and I tried to 

select primer sets that overlapped.  Overall, the sets span the entire promoter region 

(figure 4.1). 
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I first set up four simultaneous reactions to test primer sets 1, 5, 9 and 11.  

I used the HotStarTaq kit and protocol with samples both C4-2B and WIDR genomic 

used for each primer set, although no difference was seen between the two templates.  

The results, shown in figure 4.6, varied by primer set.  Primer sets 5 and 9 showed less 

specificity and more smearing, indicating that the thermocycling conditions were not 

optimal for these sets.  Because I had set the thermocycling conditions according to the 

four sets of primers together, I may have set the annealing temperature too low for sets 

5 and 9.  However, because I saw distinct bands at the correct sizes for sets 1 and 11, I 

repeated the previous reaction with sets 1 and 11 only. 

 

Figure 4.6 Gel electrophoresis of PCR products using primer sets 1, 5, 9 and 

11.  The boxes indicate the location of the desired product for each 
primer set.  Sets 1 and 11 showed distinct bands in the expected regions 
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The bands in the repeated reaction were much more distinct, and they were 

extracted and ligated into the TOPO 2.1 vector and prepared for sequencing.  

However, I noted that the gel extraction had a very low yield, and that I likely had lost 

most of the product.  After the TOPO plasmid preparation, there were no plasmids that 

showed a product insert of the correct size, so set 11 was not sequenced.  The 

sequencing results for set 1 did not match the Pln promoter region.  Because of the low 

yield from the gel extraction and the difficulties with ligating the product into the 

TOPO 2.1 vector, I proposed that I was losing the promoter sequence in the gel 

extraction process.   

In order to bypass the gel extraction, I needed to increase the specificity of 

the PCR so that I could ligate the product directly into the TOPO 2.1 vector.  

Fortunately, a member of the laboratory sent me a protocol that used DMSO to 

increase the specificity of PCR for difficult products, such as GC rich regions 

(Frackman 1998).  This additive, which functions by interfering with hydrogen bonds 

in the DNA helix, thereby facilitating strand separation, was added to a final 

concentration of 5% (v/v) in a PCR mix using the GoTaq® Green Master Mix kit and 

protocol. 

I tested this protocol first with primer set 1 and found that it eliminated all 

products other than the target product.  Following these results, I tried the protocol 

with primer set A, but no product was seen.  I extracted the product from primer set 1 

and the DMSO protocol to check that it was the correct fragment of the promoter 

region.  Although the extraction resulted in a low yield again, the sequencing 

confirmed that it was the correct product.  After confirming that the DMSO protocol 

did help increase specificity, I mixed primers in order to copy the full 2549 bp of the 
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Pln promoter region.  I initially tried two sets: 1 REV and 11 FOR; and 1 REV and 4 

FOR.  These sets were used in amplification using the GoTaq® Green Master Mix with 

DMSO added to a final concentration of 5% (v/v).  The results were checked using gel 

electrophoresis (figure 4.7).  The product was ligated into the TOPO 2.1 vector using 

raw PCR product instead of gel-extracted product.  This was sent for sequencing. 

 

Figure 4.7 Gel electrophoresis results of PCR with mixed primer sets and 

DMSO.  Lane 1 shows a distinct band in the area of the gel representing 
a 2500 bp product (arrow).  No other product was seen in this lane.  Lane 
2 shows a very slight product, more visible to the naked eye, but also 
showed evidence of primer dimer formation (not shown). 

Genewiz, Inc. reported that the template provided could not be sequenced 

using the standard protocol.  Therefore, I sent the same samples a second time to be 

sequenced using the GC-rich protocol.  The results from this sequencing protocol were 

aligned with the Ensembl sequence on Biology Workbench, and the experimental 

products were found to match.  The results of this sequencing can be found in figure 

4.8.  Because the product was so long, the middle portion was not sequenced. 
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Figure 4.8 Human Pln promoter region with transcription factor binding sites 

and experimental sequences identified. The underlined regions of 
sequence indicate regions of the experimental promoter region that 
either were not sequenced, that were not copied or that did not match the 
Ensembl sequence.  Black bold/italic regions indicate primer binding 
sites.  Red = NFκB binding site; green = Elk-1 binding site; blue = 
CREB binding site; orange = Smad 3 binding site. 
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4.1.6 DMSO aided the successful copying and cloning of the human Pln 

promoter region 

Although a portion of the product was not sequenced, the high degree of 

agreement in the sequenced areas indicated that this product was indeed the human Pln 

product.  Therefore, I concluded that mixed primer set 1 REV/11 FOR used in 

conjunction with GoTaq® Green Master Mix with 5% DMSO was successful in 

extracting the Pln promoter region from genomic DNA.  I have ligated this product 

successfully into a TOPO 2.1 vector and made glycerol stocks of the E. coli colonies 

containing the plasmid + product construct. 

4.2 Cell culture treatments 

The HS27a cells grew slowly for the first few passages after they were 

grown out of the stock stored in liquid nitrogen.  However, following the change in 

media from high glucose DMEM to low glucose DMEM, the doubling time appeared 

to decrease.  Serum-starving the cells did not have visible effects after the first 48 

hours.  However, treatment with TGF-β resulted in a change in culture formation.  It is 

reported that the HS27a cell line can support a cobblestone growth pattern (Graf et al., 

2002; Torok-Storb et al., 1999).  I saw the cells begin to adopt this pattern of growth 

after 24 hours of treatment with TGF-β (figure 4.9). 



48 

 

Figure 4.9 Cobblestone growth of HS27a cells Following a 24 hour serum-
starving and an addition 24 hours treatment with TGF-β, these cells were 

found to organize into this cobblestone pattern, creating a lattice of cells 

Interestingly, these results were only seen when the cells were treated after 

they reached 70% confluency.  When a culture of HS27a cells was treated with TGF-β 

before it reached 70% confluency, this patterning of cells was not observed.  

Additionally, there was slight cobblestone formation present in the cultures treated 

with TNF-α, but it was not as clearly organized as the TGF-β-treated cultures. 

Following treatment, the RNA from each sample was collected and 

analyzed by spectrophotometry.  The RNA concentrations were fairly low, ranging 

from 25 μg/ml to over 200 μg/ml.  Despite these results, I proceeded with the cDNA 

reaction and then utilized the cDNA in a QPCR reaction.  The results from the QPCR 

were gathered but the data have not yet been fully analyzed. 
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Due to time constraints, I was only able to obtain preliminary results.  

However, based on the effects the treatments had on cell growth, it is clear that the 

treatments affect cell processes.  The cobblestone growth response to TGF-β seen 

indicates that the growth factor may have altered cell processes, including extracellular 

matrix (ECM) proteins.  Although this effect is very pronounced when the cell 

concentration is high, there was significantly less response when the cells were treated 

at about 60% confluency.  Finally, TNF-α showed no changes in growth of the 

cultures.  It may have slowed cell proliferation and resulted in cell death, but these 

results were not quantified.  As a future direction of this work, it would be 

recommended to test the CREB and the Elk-1 pathways as well and to attempt to 

quantify and categorize their effects on cell growth and proliferation. 

4.3 Conclusions 

 The properties of the promoter region, including the high GC 

content, produced many difficulties in PCR 

 DMSO stabilized the promoter region and allowed the primers to 

preferentially bind to that region of DNA 

 The difficulties encountered in PCR do not necessarily translate to 

low biological activity of the promoter region.  Various cell 

factors, such as histones, may stabilize this region and allow 

transcription factors to bind.  The large upregulation seen in the 

prostate cancer stromal cells seems to indicate that some 

mechanism promotes this stabilization of the DNA. 

 Preliminary observations of cell culture indicate that TGF-β and 

TNF-α affect cell growth and proliferation in vitro.  QPCR data 



50 

will be needed to show whether these effects manifest in changes 

in Pln transcription. 
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Table A.1 Genomatix Analysis of the Mouse Perlecan Promoter Region 
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Table A.2 Genomatix Analysis of the Human Perlecan Promoter Region 

Published By Renato Iozzo (1997) 
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Table A.3 Genomatix Analysis of the Human Perlecan Promoter Region from 

online Databases 
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Table A.4 Transcription Factor Response Elements in the Pln Promoter 

Sequence The table below represents a list of potential 
transcription factor response elements in the human and mouse Pln 
promoter regions.  The list was compiled by comparing the MatInspector 
data and researching signaling pathways relevant to prostate cancer tumor 
growth and metastasis. 

 
Transcription Factor Iozzo Promoter 

(counting) 

Start = +1, numbers 

are all negative 

Iozzo Promoter 

(MatInspector) 

(-2565 = 1) 

Human Promoter 

from Ensembl 

(-2565 = 1) 

Mouse Promoter 

from Ensembl 

(-2566 = 1) 

NF-CTF1 2527 – 2512 (AP2/NF-
CTF1) 
1947 – 1935 

38 – 58 (-) 
1655 – 1675 (+) 
2329 – 2349 (-) 

55 – 75 (-) 
1665 – 1685 (+) 
2328 – 2348 (-) 

1460 – 1480 (-) 

NFkappaB 2469 – 2460 95 – 107 (+) 
137 – 149 (+) 
138 – 150 (-) 

112 – 124 (+) (c-
Jun/ATF2) 
154 – 166 (+) 
155 – 167 (-) 

99 – 111 (+) 
339 – 351 (+) 

GATA-1 2392 – 2387 
2240 – 2235 
2109 – 2104 
2058 – 2053 
2000 – 1995 
1840 – 1835 
1830 – 1825 
1727 – 1722 
1558 – 1545 (GATA-
1/CEBP) 

170 – 182 (-) 
321 – 333 (-) 
504 – 516 (-) 
561 – 573 (-) 
733 – 745 (+) 
743 – 755 (-) 
835 – 847 (-) 
1004 – 1016 (-) 
1712 – 1724 (-) 
(Lmo2, GATA ½ site) 

187 – 199 (-) 
338 – 350 (-) 
471 – 483 (-) 
521 – 533 (-) 
578 – 590 (-) 
750 – 762 (+) 
760 – 772 (-) 
852 – 864 (-) 
1022 – 1034 (-) 

445 – 457 (+) (Lmo2, 
GATA ½ site) 
479 – 491 (+) 
1111 – 1123 (-) 
1635 – 1647 (-) 

AP-2 2527 – 2512 (AP2/NF-
CTF1) 
2375 – 2368 
1701 – 1694 
1489 – 1476 (AP2, H-
APF-1) 
1362 – 1355 
1036 – 1029 
317 – 310 
303 – 293 (2 AP-2) 
271 – 263 (AP-2/Sp1) 
259 – 252 
157-150 
132 – 122 (AP-2/Sp1) 
73 – 66 

1642 – 1656 (-) (AP-
2α) 
1690 – 1704 (+) (AP-
2) 
2431 – 2445 (-) (AP-
2α) 

1652 – 1666 (-)(AP-
2α) 
1700 – 1714 (+) 
2432 – 2446 (-)(AP-
2α) 

1352 – 1366 (+) (AP-
2) 
1352 – 1366 (-)(AP-
2α) 
2407 – 2421 (+)(AP-
2α) 
2483 – 2497 (+)(AP-
2α) 

Glucocorticoid 

Receptor 

1901 – 1896 
512 – 507 

2043 – 2061 (+)  
--Not present— 
 

829 – 847 (-) 
1486 – 1504 (-) 

c-Ets-1 1802 – 1795 965 – 985 (+) 
2205 – 2225 (+) 

983 – 1003 (+) 
2205 – 2225 (+) 

1239 – 1259 (+) 
1355 – 1375 (-) 

Sp1 

1688 – 1683 
1125 – 1117 
1071 – 1066 

873 – 887 (-) 
2293 – 2307 (-) 
2366 – 2380 (+) 

890 – 904 (-) 
2293 – 2307 (-) 
2366 – 2380 (+) 

2334 – 2348 (+) 
2355 – 2369 (+) 
2413 – 2427 (+) 
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948 – 940 
917 – 909 
698 – 690 
271 – 263 (AP-2/Sp1) 
232 – 227 
197 – 189 
132 – 122 (AP-2/Sp1) 
35-29 

2435 – 2449 (+) 
2446 – 2460 (+) 
2485 – 2499 (-) 
2503 – 2517 (+) 
2508 – 2522 (+) 
2528 – 2542 (+) 

2436 – 2450 (+) 
2447 – 2461 (+) 
2483 – 2497 (+) 
2503 – 2517 (+) 
2508 – 2522 (+) 
2512 – 2526 (+) 
2528 – 2542 (+) 

2509 – 2523 (+) 
2528 – 2542 (+) 

CEBP 1558 – 1545 653 – 665 (+) (CHOP, 
C/EBPα) 

670 – 682 (+)(CHOP, 
C/EBPα) 2034 – 2048 (+) 

TEF-1 811 – 803 1801 – 1813 (-) 1310 – 1326 (+) 
138 – 150 (-) 
255 – 267 (-) 
1651 – 1663 (-) 

Pu. 1 763 – 758 

487 – 507 (-) 
1797 – 1817 (+) 
(Pu120) 
2059 – 2079 (+) 
2184 – 2204 (+) 

504 – 524 (-) 
2062 – 2082 (+) 
2184 – 2204 (+) 
2517 – 2537 (+) 
(Pu120) 

614 – 634 (-) 
1729 – 1749 (+) 

ATF/CREB 

Tax/CREB 

729 – 722 
451 – 443 

52 – 72 (-) (c-
Jun/ATF2) 
53 – 73 (+) (ATF2) 
357 – 377 (+) (ATF) 
751 – 771 (-) 
(Tax/CREB) 
1829 – 1849 (+) 
(CREB) 
1832 – 1852 (+) (ATF) 
1849 – 1869 (-) 
(Tax/CREB) 

69 – 89 (-) (c-
Jun/ATF2) 
768 – 788 (-) 
1856 – 1876 (-) 

511 – 531 (+) (CREB 
only) 
871 – 891 (+) 
1580 – 1600 (-) 
2395 – 2415 (+) 

GC Box 

119 – 106 
99 – 81 (2) 
62 – 49 

2466 – 2480 (+) 
2471 – 2485 (+) 

2467 – 2481 (+) 
2472 – 2486 (+) 

2453 – 2467 (+) 
2489 – 2503 (+) 

TCF/LEF-1 

 
 
--Not identified-- 

1026 – 1042 (+) 
1305 – 1321 (+) 

1044 – 1060 (+) 
1318 – 1334 (+) 

428 – 444 (-) 
607 – 623 (-) 
810 – 826 (-) 
1304 – 1320 (+) 
 

Consitutive 

Androstane 
--Not identified-- 1236 – 1260 (-) 

1357 – 1387 (+) 1368 – 1392 (+) 803 – 827 (-) 

Smad3 
 
--Not identified-- 

1238 – 1246 (+) 
1247 – 1255 (+) 
2378 – 2386 (-) 

1264 – 1272 (+) 
2378 – 2386 (-) 

1106 – 1114 (+) 
1762 – 1770 (-) 
2277 – 2285 (-) 

Elk-1 
 
--Not identified-- 849 – 869 (-) 866 – 886 (-) 

78 – 98 (-) 
193 – 213 (-) 
1125 – 1145 (-) 
1826 – 1846 (+) 

CKrox --Not identified-- 1819 – 1835 (-) 1828 – 1844 (-) 2524 – 2540 (+) 

RREB1 
 
--Not identified-- 

2364 – 2378 (-) 
2473 – 2487 (-) 

631 – 645 (-) 
2364 – 2378 (-) 
2474 – 2488 (-) 
2528 – 2542 (-) 

2264 – 2278 (-) 
2425 – 2439 (-) 
2542 – 2556 (-) 
2550 – 2564 (-) 

GFI1 
 
--Not identified-- 

1186 – 1200 (-) 
1291 – 1305 (-) 
1398 – 1412 (-) 

1204 – 1218 (-) 
1304 – 1318 (-) 
1335 – 1349 (-) 
1408 – 1422 (-) 

1569 – 1583 (+) 

Androgen Receptor 

 
 
--Not identified-- 

89 – 107 (-) 
110 – 128 (+) 

106 – 124 (-) 
127 – 145 (+) 

139 – 157 (+) 
139 – 157 (-) 
866 – 884 (+) 
969 – 987 (+) 
1675 – 1693 (-) 
1719 – 1737 (-) 

PBX1 --Not identified-- 1303 – 1319 (+) 1338 – 1354 (+) 1564 – 1580 (+) 
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heterodimer 
1746 – 1762 (+) 
homodomain 

Nkx3.2 --Not identified-- 259 – 273 (-) 276 – 290 (-) 
1936 – 1950 (+) 480 – 494 (+) 

 
 


