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ABSTRACT 

Prostate Cancer (PCa) is the most diagnosed type of cancer in men in the 

United States. The 5 year survival rate in men for nonmetastatic cancer is around 

100%, but when the cancer turns metastatic the 5 year survival rate drops to 30%. The 

issue for doctors is that it is difficult to tell whether a cancer will turn metastatic and if 

antibody therapy and excision of the tumor are not enough then patients do not have a 

successful options for therapy. Sikes’ lab studied the bone microenvironment and how 

bone cells interact with PCa cells to aid in PCa invasion and proliferation. It was 

found that HS-5 cells secret a factor that induces apoptosis in PCa cells. That factor 

was found to be fibulin-1. At metastatic sites, cancers recruit other neighboring cells to 

aid in the PCa invasion and proliferation due to the factors the PCa secretes or 

upregulates in other cell types. One of those factors highly secreted in tumor 

supportive cells is TGF beta, once HS-5 cells are incubated in TGF beta they lose their 

ability to induce apoptosis to PCa, as well as the expression of fibulin-1. This has led 

to the supposition that the bone is originally a hostile place for PCa metastasis until 

HS-5 is remodeled. This being said, fibulin-1 has potential to be utilized as a marker in 

serum of PCa patients to determine the relative risk of the prostate cancer spreading 

and possibly a treatment.  
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Chapter 1 

INTRODUCTION 

The prostate is about the size and shape of a pre-cracked walnut. It is located in 

front of the rectum and below the bladder while surrounding the intersection where the 

urethra and ejaculatory duct intersect. Although it is not necessary for reproduction, 

the prostate operates as an accessory organ along with the seminal vesicles in the male 

reproductive system to vastly increase the sperm viability and motility as well as to 

protect the sperm. The prostate secretes a slightly alkaline fluid (7.2-7.8) that works to 

aid the sperm by combating the vaginal acidic environment. Another key secretion is 

citrate, which the sperm use as an energy source to power their flagella the prostate 

also secretes proteolytic enzymes to liquify the semen after ejaculation(1).  Ironically 

although not necessary for life after puberty, it is the most common site for cancer 

development in men. (2) Although there are elevated risks with certain ethnicities, 

such as African Americans, on average any given boy will have an 11.6% chance of 

developing PCa over the course of his life(3).  

Like all cancers early detection is key in PCa, the blood can be tested for 

Prostate Specific Antigen  (PSA) as well as conduct a Digital Rectal Exam (DRE). A 

PSA test shows the serum levels of PSA which is a protein synthesized mainly by 

prostate cells. Normally there a PSA level of 4.0ng/ml or lower in serum, any level 

above that could indicate an above normal level of prostate cell growth. Since every 

male has varying biological levels, there can be many false positives and false 

negatives. Another test, DRE, physically detect lumps through the anterior wall of the 
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rectum which borders the prostate.  All cancers are nonrandom in their choice of 

metastasis. The most common site for PCa metastasis is to the bone, where 90% of 

men with advanced PCa will acquire bone metastasis (4). The mechanisms by which 

PCa metastasizes to bone remains complex and elusive, when coupled with the 

struggle to determine which PCa will cause metastasize to bone has lead Sikes’ Lab 

investigations in the direction of how PCa interacts with the bone microenvironment.  

 

1.1 Prostate Cancer Treatments and Statistics 

Nixon’s war on cancer was the inertia breaking step to earlier detection, better 

treatments and finding cures for cancer patients. There have been many breakthroughs 

in the past half century such as increasing the 5 year survival rate from ~10% in 1972 

to ~90% in childhood leukemia in 2012 (5). Although cancer has been at the research 

forefront for decades but alas, still takes the lives of millions of people every year, in 

the US alone 609,000 cancer deaths are projected. PCa is the most diagnosed cancer 

among men in the United States with 172,258 diagnoses and 28,343 deaths in 2014 

and projected to have over 164,000 new cases in 2018 (2, 6, 7). In the course of a 

lifetime as a male there is a 1 in 9 chance he will develop prostate cancer. PCa tends to 

be more prevalent in economically developed countries along with French colonized 

countries (8). A study in 2012 showed that four of the top ten countries for the highest 

PCa incidence are France or French colonized countries; Martinique, France, New 

Caledonia, French Polynesia. PCa accounts for 19% of all cancer diagnosis in men(3). 

The risk of PCa increases as men get older with 97% of all PCa diagnosis being in 

men 65 years of age or older.  
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As a part of a normal prostate check-up a Digital Rectal Exam (DRE) or 

Prostate Specific Antigen (PSA) are used as diagnostic markers for PCa development. 

If markers determine there is potential for developed PCa then a biopsy is necessary to 

confirm the presence of PCa, which would be given a Gleason score. Partin tables are 

used to correlate PSA levels and Gleason scores to the probability of PCa organ 

confinement, extraprostatic extension as well as metastasis to lymph nodes or seminal 

vesicles. PSA and DRE tests alone produce many false positives and false negatives. 

The PSA test is done by drawing blood and testing the serum levels of a protein, PSA, 

that is mainly found in the prostate. When PSA levels are high it could indicate BM 

degradation in the prostate, growth of cells in the prostate or prostate cells are growing 

outside the prostate. The threshold value for this test is 4.0ng/ml. The test seems to be 

straightforward but there is a large variability in basal PSA values that result in 70% of 

all patients having values above 4.0ng/ml not having cancer basically these are false 

positives. On the contrary, 15% of all patients have PSA readings below 4.0ng/ml that 

actually have cancer; these are false negatives. It is more accurate to base the PSA test 

on previously recorded PSA levels from that Px. A DRE detects lumps in the prostate 

by physically examining the prostate through the wall of the rectum. Together, the 

PSA and DRE can determine if there if the patient has an statistical likelihood for PCa 

and a biopsy is performed.  

A biopsy takes up to 15 tissue samples from the prostate to determine tissue 

normality. The histologist will examine the glandular architecture to determine the 

deviation of the tissue sample from the normal, whether it appear poorly or well-

differentiated. The progressive loss of identifiable glandular features yields a score 

from 1 to 5, respectively, from each biopsy specimen. The two scores occurring most 
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often are added together to get a Gleason sum or score from 1-10. The Gleason score 

is one system for identifying histological grade(9). A score of 6 or lower has relatively 

low risk for development of distant metastasis. A score of higher then 8-10 is 

considered to be high risk for metastatic PCa. A score of 7 is problematic and difficult 

to categorize due to the nature of the primary number being either 3 or 4. Although 

PCa diagnosis is prevalent, not all PCa needs treatment. When the PCa is localized to 

the prostate gland, the patient has a 5-year survival rate of almost 100% but a patient 

with metastatic PCa has a survival rate of less than 30%.  

Determining how far the cancer has spread is called staging. The stages of 

cancer denote the extent to which the cancer has detached from its localized 

environment and spread to different sites around the body, there are four broad stages. 

The first stage is having the cancer only at the primary tumor site where sub stages are 

given to the size of the tumor. Stage two means that the cancer has spread to away 

from the primary site but is still contained in the prostate. Stage three is where the 

tumor has spread to nearby organs such as the bladder neck or the seminal vesicles. 

Stage four, the final stage, is where the cancer has spread to distant organs and have 

created secondary tumors also called metastatic sites (9). At times it is difficult to 

accurately diagnosis of the stage of cancer because some metastatic tumors may not be 

apparent until the tumors are more well developed and start to present symptoms.  

If risk is low shown by the biopsy, the standard care for the patient is 

surveillance, radiotherapy and/ or prostatectomy. For a patients with metastatic PCa, 

androgen deprivation therapy (ADT) is given by means of chemical or physical 

castration (10). Treatments work to deprive the body from production of testosterone 

from the testis as well as the adrenal glands. ADT tends to fend off the PCa for 1.5-3 
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years but after that the Px starts to develop a more aggressive, ADT unresponsive form 

of PCa termed, castrate resistant prostate cancer (CRPC), in which the PCa no longer 

needs testosterone to grow and thus will not respond to ADT (11). Once CRPC 

develops the average survival time for the patient drops to less than 2 years. Prior to 

2004 only palliative care was given after diagnosis of CRPC, now docetaxel in 

combination with a glucocorticoid which has shown to increase survival rates slightly 

and is now the gold standard (12). Docetaxel binds to and impedes microtubule 

formation in order to cause apoptosis in rapidly growing cells. Glucocorticoids 

competitively bind to androgen receptors in PCa cells to which attempts to limit the 

further proliferation of PCa cells(13). This chemotherapy comes with complications 

and the average addition to the Px life is around 2 months, development of more 

effective and less harmful treatment is needed.  

1.2 Mechanism of Prostate Cancer Bone Metastasis 

 Although other mechanisms for metastasis are possible, the most common type 

of hematogenic metastasis from prostate cancer is to the bone, with 85% of dying 

patients containing these lesions (14).  PCa metastasis is correlated highly with the 

long bones and/or marrow producing bone where there are three types of bone lesions 

caused by PCa, osteoblastic, osteolytic and combination of the two, osteosclerotic 

(15). Osteolytic metastasis causes the breakdown the hydroxyapatite in bone, which 

causes the bone to become more fragile. Different from osteolytic metastasis, 

osteoblastic and osteosclerotic bone metastasis causes deposition of bone which 

creates an unusual pattern of compact bone. The osteoclast/blast start from the marrow 

spaces, endosteal, instead from the trabecular surface. This new bone is considered 

woven bone which is fibroblast-like instead of calcified. Not only does woven bone 
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compromise the structural integrity of the bone, making it more susceptible to break or 

fracture, but it also tends to come with considerable amount of bone pain. These 

together these symptoms greatly reduce the quality of life for PCa Px(16).  

 Bone metastasis being one of the major underlying causes for Px death, the 

mechanism behind PCa bone metastasis remains elusive. For over a century the 

presumed theory of PCa metastasis to bone was Dr. Stephen Paget’s ‘seed and soil’ 

theory created in 1889. It was originally developed as an explanation why primary 

tumors have a preference to initiate metastasize in certain tissues rather than others. 

This suggests that the cancer acts as a seed and that every seed has a favorable soil to 

grow in and the soil being the microenvironment of any tissue (17) As for PCa, the 

thought was that the bone was a favorable environment for growth and metastasis, but 

recent studies have shown that the bone can actually be a hostile environment to PCa 

(18).  

 In general, cancer metastasis is a multistep process including invasion, local 

migration, intravasation, circulation and extravasation, colonization of the new 

metastatic niche followed by expansion (19). For PCa cells, in order to start this 

process the cancerous cell will detach from surrounding cells. This is done by 

epithelium to mesenchymal transition (EMT), which is a fine-tuned process in 

embryonic development to convert epithelial cells to mesenchymal cells. This process 

is signaled from an external growth factor or cytokine(s) that activates master 

regulators SNAI1 and Twist. These master regulators downregulate epithelial 

adherence factors (E-cadherin) and upregulate mesenchymal adherence factors (N-

cadherins). PCa tumors with EMT have been shown to have a higher Gleason score as 

well as an increase in migration and invasion (20).  
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 Once the PCa is freed from neighboring cells it is still barred from moving 

about the extracellular matrix (ECM) or going through the basement membrane (BM). 

In order to move about in the local environment the ECM must be degraded. The 

ECM and BM in the prostate are made from glandular epithelial cells. These cells lay 

down a meshwork of collagenous protein such as collagen type (coll) I and III along 

with non-collagenous proteins such as elastins and fibronectin(21, 22). In order to 

disassemble the ECM these proteins need to be degraded this is done by the secretion 

of proteolytic enzymes by PCa cells. Previous studies have shown that PCa cells 

secrete matrix metalloproteinases (MMP) to degrade the ECM more specifically 

MMP-2 and -9 for which coll IV is a target. Some studies suggest that decreasing the 

inhibitor of MMPs, tissue inhibitor of metalloproteinase-1 (TIMP-1), also can promote 

motility. Moreover the increase of MMP-2 and -9 to TIMP-1 ratio allows for the 

degradation of ECM proteins (21). Also cysteine proteases such as Cathepsins (Cath) 

degrade many ECM components including laminin, coll IV and fibronectin which can 

be inhibited by a protease inhibitor; stefin. As opposed to benign prostate hyperplasia 

(BPH) and normal tissue, PCa cells have been shown to have a higher ratio of Cath-

B/-S to stefin, which aids in the metastasis in PCa cells (23). Moreover, another 

protease, PSA, can degrade fibronectin. Like MMP’s, PSA has inhibitors such as α1-

antichymotrypsin (ACT). With a higher ratio between PSA and ACT there has been a 

correlation to PCa rather than BPH, due to the over activity of the protease PSA on 

fibronectin(24). Lastly urokinase plasminogen activator (uPA), a serine protease, has 

been shown to cleave plasminogen among other proteins. Plasminogen is then 

converted to another serine protease, plasmin, which further degrades parts of the 
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ECM and BM. It also activates GFs to produce MMP-2 and -9 to degrade the ECM 

further(25).     

 Once free from the microenvironment and passed into the circulatory system, 

the PCa is up against its toughest battle through the whole process. Coupled with the 

added sheer stress from fluid flow sheer in the circulation cancer cells will have to 

fend off the immune system. Cancer cells sometimes will have the ability for more 

mutations to arise based off a mutation that damages the cells ability to repair its own 

genome. These will eventually cause some proteins to have incorrect amino acids, 

termed passenger mutations, which the adaptive immune system will recognize the 

cell and induce extrinsic apoptosis. A disseminated PCa cell that is destroyed by the 

immune system cannot be metastatic seed.  Our immune system is coordinated to 

recognize disseminated cells, target and induce apoptosis (26). There are two main 

ways PCa cells evade this pathway: 1. Inactivate the apoptotic pathway and/or 2. 

Cloak themselves as a hematopoietic stem cell. As for the apoptotic pathway, the 

under expression or inactivation causing mutation of proapoptotic effectors such as 

Bax, Apaf1 and caspases as well as overexpressing the antiapoptotic proteins Bcl2, 

BclXL and Mcl1 can be useful mechanisms for PCa to evade apoptosis (27) (28). PCa 

can also trigger a factor on platelets, TCIPA, which activate platelets to attach to the 

PCa cells and shield them from the immune system.  

 Although there is such a high incidence of PCa metastasis to bone the 

mechanism is not entirely elucidated for the preference. More and more studies are 

backing chemotaxis as the possible cause for this homing of disseminated prostate 

cancer cells (DPCs) to bone. To get into the bone, discontinuous blood vessels called 

sinusoid are passed through to enter into the bone marrow. Commonly used by HSCs, 
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these sinusoids in the trabecular bone are more easily perforated by cells then normal 

circulatory endothelium because of the discontinuous basal lamina in the epithelial 

lining(29). To aid in the entrance into bone, some PCa cells have been shown to have 

homotypic aggregate properties in order to further slow the perfusion rate(30).  

Another driving force to enter the bone is the chemotaxis of PCa cells to bone. PCa 

cells produce CXCR4 and the marrow stromal cells produce its only known ligand 

CXCL12. When a neutralizing antibody is used to sequester free CXCL12, the homing 

ability of PCa cell lines to bone decreases(31). After CXCL12 binding, PCa cells will 

produce αvβ3 integrin, which works with other cell adhesion molecules to bind to 

bone marrow (BM) stromal cells. Endothelial cells in the BM express constitutively 

high levels of adhesive proteins such as P/E selectins, intercellular adhesion molecule 

(ICAM) and vesicular cell adhesion molecule (VCAM1) for which endothelial cells in 

other tissues need an inflammatory stimulus to express these proteins. These 

interactions aid in the localization and docking of PCa to BM endothelium (32).  

1.3 Bone Microenvironment and Prostate Cancer Adherence 

1.3.1 Interaction of Osteoblast/Osteoclast/Osteocyte in Bone 

Once localized to the bone the disseminated PCa cells (DPC) must interact 

with the bone microenvironment to grow and colonize. To understand how the 

disseminated PCa cell hijacks the bone microenvironment, the bone microenvironment 

needs to be well understood without the presence of the PCa. Then the remodeling 

process of the bone by PCa can be fully understood.   

The bone microenvironment consists of a biologically active heterogenous 

mixture of various cell types such as osteocytes, osteoblasts, osteoclasts, 
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osteoprogenitor cells, fibroblasts, immune cells and endothelial cells along with 

various growth factors as well as various ECM proteins. The bone also is mineral 

based in the cortical and spongy bone consisting of hydroxyapatite but within the 

minerals are imbedded growth factors, which are deposited upon formation of the 

bone by osteoblasts. PCa bone metastasis occurs primarily bones that contain 

hematopoietic stem cells or currently undergo hematopoiesis, such as the pelvis, 

vertebra, sternum, ribs and femur. Most of these bones are long bones which contain a 

periosteum, which is a layer that is contiguous with ligaments and fibers in order to 

connect the bone to other bone and muscles. The inside of the periosteum also 

contains osteogenic stem cells that will mature into osteoblasts for bone 

remodeling(33). Under the periosteum the cortical bone is found which constitutes a 

majority of stability for the bone. Cortical bone consists of elongated, overlapping 

cylinders of bone called osteons, which descend down the bone alongside one another. 

In each osteon there is a Haversian canal containing blood and lymphatic vessels to 

nourish the bone. The PCa will utilize this microenvironment in order to invade and 

colonize the bone.  

One of the most important signaling pathways in bone is the Nuclear Factor-

κB (NF-κB)/ receptor activator Nuclear Factor-κB Ligand (RANKL) pathway. In the 

bone marrow, osteocytes and preosteoblasts causes macrophage precursors to 

differentiate into osteoclasts by releasing NF-κB(34). Preosteoclasts contain the 

receptor activator nuclear factor-κB (RANK), which, when activated by RANKL 

causes the formation of NF-κB, which is a regulator of osteoclast genes.  

In quiescent bone the osteocyte releases Dickkopf-related protein -1/-2 (DDK-

1/-2) and sclerostin, which inhibit Wnt signaling to impede osteoblast formation. An 
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increase in mechanical load on an osteocyte suppresses sclerostin whereas a decrease 

in mechanical load will induce sclerostin expression to inhibit and induce bone 

formation respectively (35). The remodeling process begins by osteocytes sensing 

mechanical load in the form of fluid flow sheer stress the full mechanism is still up to 

debate but ultimately results in osteocyte apoptosis. At first sense of increased 

mechanical load DDK-1/-2 and sclerostatin are downregulated, which activates the 

Wnt pathway and in concert depletes osteoprotegerin (OPG) (36, 37) This 

simultaneously inhibits osteoblastogenesis by depleting β-catenin and also causes 

osteoclastogenesis by increasing the RANKL/OPG ratio.  Unloaded bone conditions 

cause osteocytes to release active TGF beta, which inhibits osteoclastogenesis but 

once load is sensed that signal is removed and allows for osteoclastogenesis while also 

expressing other osteoclastogenic factors such as RANKL and macrophage 

stimulating factor 1 (MSF-1) to induce bone remodeling (34).  Once the multinuclear 

osteoclast is formed it secretes HCl into a hemivacuole in order to burrow a cone into 

the bone also causing the ionization of hydroxyapatite as well as apoptosis of 

osteocytes in the way of the path of the osteoclast allowing for further degradation (38, 

39). After degradation of the bone by activating osteoclasts, the growth factors that 

previous osteoblasts laid down in the bone promote new osteoblast differentiation and 

subsequent bone formation in the osteon. Osteoblasts lay down a meshwork of type I 

collagen as well as embedding other growth factors such as insulin-like growth factors 

(IGFs), bone morphogenic proteins-2/-4 (BMP), thrombospondin, Wnt, TGF beta and 

protease inhibitors such as TIMP-1 (40, 41). These proteins embedded in the bone 

matrix will be released by osteoclasts to promote new osteoblasts.  The activation of 

Wnt pathway leads to osteoblastogenesis.  
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Osteoblastogenesis is regulated by runt-related transcription factor 2 (Runx2). 

This gene is transcribed by the activation of, Smad-dependent, canonical TGF beta 

and BMP signaling, as well as their non-Smad-dependent non-canonical pathways. 

Once TGF beta receptor I (TGFβRI) and BMP receptor I (BMPRI) are activated by 

their external ligands, which cause the phosphorylation of Smad2/3 and Smad1/5/8, 

respectively (42).  

1.3.2 PCa and Bone Microenvironment  

In the bone microenvironment, metastatic PCa cells compete for the same 

niche as hematopoietic stem cells (43). In vitro, PCa cells have been shown to 

metastasize preferentially to human bone marrow endothelium (HBME) rather than 

other endothelium (44). When a co-culture of HBME and PC-3 cells were grown on 

ECM proteins from the bone, kidney and placenta there was a significant increase 

amount of adhesion in the PC-3 to the bone ECM rather than the kidney. This study 

went on to show how ECM proteins found in the bone like collagen I and laminin play 

a large role in movement and adherence, of the PCa, from the endothelial cell to the 

ECM. To impede attachment and slow PCa progression, targeted therapies have been 

implemented to target the cascade of intracellular events focusing on the inhibition of 

formation of the intermembrane proteins like αvβ1-4 which binds to proteins like 

fibrinogen, laminin and collagen (45).  

PCa bone metastases have been shown to activate or mimic osteoclasts and 

osteoblasts in order to create mixed lesions known as osteosclerotic lesions, leading to 

the creation of woven bone. PCa cells release RANKL, which interacts with RANK on 

preosteoclasts to induce osteoclastogenesis leading to bone resorption, osteolysis(46). 

Upon bone resorption growth factors that were imbedded in the matrix by prior rounds 
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of osteoblast activity are released, such as, TGF beta1, IGF-1 and IL-6, which promote 

the proliferation of both osteoblasts and PCa cells (47). In recent years 

RANK/RANKL targeted therapies have arose such as Denosumab, a monoclonal 

antibody toward RANKL, in order to inhibit osteoclastogenesis; however, the 

treatment was not approved due to the resulting osteonecrosis of the jaw (48). Like 

osteoblasts, PCa cells can activate latent TGF beta1 to its active form but use proteins 

like PSA and uPA instead of osteoclast derived protease (41).  In early stages of PCa 

TGF beta is tumor suppressive, but in the later stages becomes tumor supportive by 

activating supporting cells in the tumor. 

Parathyroid hormone related peptide (PTHrP) induces osteoblast maturation by 

activating RANKL and downregulating OPG in osteoblasts. In PCa cells, PTHrP is 

overexpressed, which inhibits osteoblast apoptosis and stimulates osteoclast 

maturation (41). This allows osteoblasts to release more inactive TGF beta that is 

activated by uPA cleavage or by osteoclast derived protease for increased osteoclast 

activity to aid in osteosclerotic lesions resulting in the “vicious cycle” (49). 

Furthermore, PTHrP expression causes a decreased expression of DDK1, which 

allows for the activation of the Wnt pathway (50). This leads to added pressure for 

osteoblast maturation and proliferation.  

1.3.3 Bone Marrow and the hematopoietic niche  

The bone marrow makes a good host for PCa metastasis is due to its ability to 

aid in PCa tumor growth and production of more metastasis by utilizing the  “vicious 

cycle”. The “vicious cycle” is a complex of interactions between PCa cells, 

osteoclasts, osteoblasts, the mineralization of the bone matrix and a cast of tumor of 
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other tumor supporting cells. The various growth factors released by one of the cell 

types causes the activation, release or disbarment of growth factors from another.  

 

 

 

 
Figure 1: Illustration of two of the types of bone lesions caused by PCa, the bone 

breaking down then reforming osteosclerotic and the bone  breaking down osteolytic. 

The colonization of PCa in the hemopoietic niche can cause further 

complications as well as promoting tumor growth and proliferation. In normal prostate 

tissue there is cell mediated immune responses (51). So it is no surprise that PCa 

metastatic sites utilize immune cells in order to proliferate. The bone marrow is the 

location where native immature myeloid cells (iMCs) differentiate into various white 

blood cells; neutrophils, granulocytes and macrophages. When iMCs interact with the 

bone microenvironment and PCa tumor, the normal differentiation is blocked and 

differentiation is funneled into producing myeloid-derived suppressor cells (MDSCs). 

MDSCs support tumor growth by secreting angiogenic factors, quelling immune cell 

activation as well as the ability to respond to RANKL to differentiate into osteoclasts 
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(52, 53). This osteoclast activity causes further bone resorption causing the release of 

more growth factors. When coupled with MDSCs production of TGF beta1, which 

causes further osteoblastogenesis and PCa proliferation occur that accelerate the 

vicious cycle.  

 PCa tumors usually are accompanied by innate immune cells that can aid the 

mass in a wide variety of ways. MDSC’s can further differentiate into tumor 

associated macrophages (TAMs) as well as tumor associated neutrophils (TANs). 

Macrophages differentiate into either a pro-inflammatory phenotype by 

lipopolysaccharides or anti-inflammatory phenotype by IL4/10/13, M1 and M2 

respectively(54). TAMs have been shown to have more of a M2 phenotype, which 

could be due to PCa overexpression of IL-6 but more research would need to done for 

validation. TAM’s have been correlated with poor prognosis in PCa by secreting 

proteolytic enzymes, chemotactic ligands, angiogenic factors as well as contributing to 

immune suppression. This aids in the PCa cells mobility as well as evasiveness (55, 

56). TANs develop and differentiate from MDSCs largely because of active TGF beta 

and as we learned in the last section about bone remodeling process releasing pro-TGF 

beta, which the PCa can activate, allows the TANs to associate with the PCa forming a 

relationship in which both cells aid in each other’s proliferation (41, 47, 56). The 

blocking of TFG beta in mice changes the characteristic of these cells to more of an 

anti-tumorigenic phenotype(57). In TFG-β-rich tumors neutrophils have been shown 

to produce angiogenic factors and MMPs (58).   

 Lastly cancer associated fibroblasts (CAFs) have been shown to play a role in 

promoting tumor growth and invasion. CAF’s are the most abundant cells in tumor 

stroma mainly because they are specifically recruited by the tumor by cell-secreted 
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platelet-derived growth factor. (54) CAF’s have been shown to secrete enhanced 

levels of TGF-β and migration stimulating factor (MSF). TGF beta acts by enhancing 

the “vicious cycle” by promoting osteoblast differentiation. MSF works by activates 

mTORC1 signaling through the Atk pathway in order in increase protein synthesis and 

inhibit autophagy.  

Like cancer cells, T cells utilize sugar as an energy source. The activation of 

mTOR in PCa enhances the rate of glycolysis in and around the tumor. This depletion 

of glucose in turn leads to enhanced immunosuppression (59). Lowering the serum 

glucose lowers the functionality of T cells (60). These cell types together leave a 

repository of growth factors and cytokines for the growth and proliferation of PCa 

cells (61).   

1.3.4 Bone Marrow Stromal Cells and Prostate Cancer Colonization  

In order to obtain a cell line that accurately represents bone marrow stromal 

cell secretions to support hematopoiesis in vetro, multiple BMS cell lines were created 

by Roecklein and Torok-Storb(62). Cells were harvested from the bone marrow of a 

healthy, 30 year old male donor and seeded on a culture dish under long-term culture. 

The adherent cells were immortalized using a retroviral vector LXSN-16, containing 

the human papilloma immortalizing genes E6 and E7. Clones were selected under 

G418 pressure. This produced many cell lines that were termed Human Stromal (HS) 

1-27 (62).  HS-5 and HS-27α are used frequently in studies due to their wide range of 

abilities that mimic the hematopoietic niche. HS-5 to secrete a variety of cytokines 

that support the growth of bone marrow progenitor cells. HS-27α does not secrete any 

known cytokines to enhance bone marrow progenitor cells but does express hJagged1, 

which is a Notch1 ligand, that is proposed to influence bone marrow progenitor cell 
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fate(63). With these cell lines being so integral to the hematopoietic niche it is 

postulated that these cell lines could be one of the first cells that the PCa cell would 

interact with once extravasated.  

 Previous research in the Sikes Lab investigated the effects of these cell lines on 

PCa. Since both HS-5 and HS-27α play a large role in matrix composition by secreting 

proteins into the matrix, the conditioned media (CM) from these cell lines were taken 

and treated on LNCaP progression cell lines. The HS-5 CM induced a high level of 

apoptosis in the LNCaP cells and the surviving cells acquired a neuroendocrine 

phenotype whereas the HS-27α had no such effect. Since PCa Px with metastasis tend 

to have higher serum levels of TGF beta, HS-5 and HS-27α were treated with 10ng/ml 

TGF beta(64). Afterward the CM of HS-5 was treated onto LNCaP cell lines and it 

was found that the HS-5 cells lost their ability to induce apoptosis to the PCa cells. 

This lead to the speculation regarding Dr. Stephen Pagett’s original “seed and soil’ 

theory for cancer where specific tissue environments are inherently favorable to 

cancers then others. To be refined to follow our observations suggesting that the bone 

microenvironment is inherently hostile toward the cancer but must be remodeled in 

order to be a fertile soil for the invading PCa. In order to determine the biomolecule 

responsible for the apoptotic action, CM was treated with trypsin digestions, heat 

treatment, high and low pH, disulfide bond reduction and size exclusion to determine 

what type of molecule is causing this effect. It was found to be a protein between 30-

100kD. Analysis was then done on the excreted proteins of HS-5, by MS/MS, to see 

the changes in protein levels before and after TGF beta treatment. The most prominent 

candidates for selection were 3 MMPs and a protein named Fibulin-1. A 

CRISPR/Cas9 knockdown of Fibulin-1 was done in HS-5 cells and the apoptotic 
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ability was knocked down and thereby  providing a strong association between 

Fibulin-1 and PCa cell apoptosis(18).  

1.4 Characterization of Fibulin Proteins 

 The Fibulin protein family consists of seven genes encoding glycosylated 

secretory proteins that reside in the basement membrane of the ECM. Fibulins contain 

three core domains; I, II and III. Domain I consists of a signal peptide and a variant 

region which either contain an anaphylatoxin (AT) domain as in Fibulin-1 and -2, an 

immunoglobulin domain as in Fibulin-6 or no variant region at all, as seen in Fibulin-

3,-4 and -5. Anaphylatoxin aids in the immune response and host defense by binding 

to complement peptides to produce a local inflammatory response (65). Working 

toward the C-terminus, in domain II there are a series of calcium binding epidermal 

growth factor (cbEGF) domains, normally found in membrane bound proteins, are 

used as spacers for protein-protein interactions or structural stabilization of the protein 

(66). Lastly, at the C-terminus in domain III a fibulin domain resides which contains a 

globular like structure that is unique to each fibulin.   

 The fibulins are divided into 2 sub-groups, seen in figure 1, dependent on the 

presence or absence of the anaphylatoxin domain. Fibulin-1/-2 are in the first sub-

group, whereas fibulins -3 to -6 are all in the second sub-group. The fibulins in the 

first sub-group containing the anaphylatoxin domain are larger than the other fibulins, 

except fibulin-6, being between 100-200kDa. The anaphylatoxin group also could give 

fibulin-1/-2 a specialized immune function because of a role in the host immune 

response. This immune response can be activated by proteolytic cleavage. Once 

activated these anaphylatoxins trigger secretions or degranulation from endothelial 

cells, mast cells or phagocytes, which can cause the release of histamine, vasodilation 
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and smooth muscle contraction to name a few (67). More research needs to be done on 

the specific function of AT in fibulin proteins to see if cleavage occurs to create an 

immune response. Fibulin-6, the largest of the fibulins at 615kDa, contains a 44 

tandem immunoglobulin repeat and 6 thrombospondins type-I modules bulking up the 

protein (68). More recently discovered there is a fibulin-8, which closely resembles 

the fibulin-6 structure (69).  

 

 
Figure 2: Structure of all the known proteins in the Fibulin family and all known splice 

variants. Different subgroups of fibulins are shown.(68). 

1.5 The Fibulin-1 Subfamily 

 Fibulin-1 was the first to be discovered in 1989 by Argraves et. Al. and has 

been studied wildly over the 30 years since (70). As of now there are four known 

splice variants of fibulin-1, denoted A,B,C and D. These proteins all contain the same 

amino acids in domain I and II; however, the proteins differ in domain III. Domain I 

contains the signal peptide and 3 AT domains. Domain II contain seven cbEGF 
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domains with an EGF domain flanking each side. Domain III is splice variant specific 

where all the fibulin-1 proteins contain a different module; variant A creates a stop 

codon to have no extra amino acids, B has 35 extra amino acids, C has 117 and D has 

137. Also, a version of Fibulin-1D has been found that is not secreted and contains a 

similar C-terminus but lacks the signal peptide and AT domains (71). This protein 

most likely has a different start site on the gene. 

 Basement membranes are thin layers of ECM that separate two 

morphologically distinct tissues from another, which play a major role in the 

development, maintenance, adherence, migration and proliferation of tissues. The 

basement membrane is comprised of many proteins that make up a supramolecular 

structure. Some of the main components are collagen IV, perlecan, laminin and 

nidogen. In many tissues Fibulin-1 is deposited into the ECM of basement membranes 

by fibroblasts. Fibulin-1 was also shown to co-localize with Fibulin-2 in elastic fibers 

located in the aorta and neuronal structures(72). Due to their similar structure, the 

fibulins may be co-localizing because of having the same binding partners rather than 

binding to one another(72). Fibulin-1 and -2 both bind to the α2 subunits in laminins 

as well as the γ2 domain in laminins to aid in epithelial adhesion. The G domain in the 

laminins play roles in cell adhesion, migration and integrin binding. In addition, 

Fibulin-1 also binds to α1 subunit of the G domain. The γ2 subunit is found in 

laminin-322 is an element of the anchoring subunit to link cells to the basement 

membrane (73). Fibulin-1 and -2 also bind the globular domains of nidogen-1 through 

their Fibulin and EGF domains. Fibulin variant 1D domain region does not bind as 

strongly to nidogen-1 compared to 1C. Nidogen-1 has been identified as a binding 

partner of perlecan and laminin-322. The interaction of these Fibulins with the 
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basement membrane may provide the foundation to support tissue adherence (74, 75). 

Fibulin-1 was identified by being a binding partner of the β subunit of fibronectin 

receptor(70). Another binding partner in the ECM is endostatin (76).   

In the ECM, the chondroitin sulfate proteoglycans versican and aggrecan bind 

to Fibulin-1. Versican is found in articular cartilage of the knees and femoral head. 

Aggrecan contains large chondroitin sulfate chains, which form large aggregates with 

other protein complexes to provide mechanical strength and resist compression in 

joints. Fibulin-1 seems to play a role in stabilization of cartilage. ADAMST (A 

disintegrin-like and metalloprotease with thrombospondin motifs) is a metalloprotease, 

which cleaves aggrecan among others. Fibulin-1 binds to ADAMTS-1 along with 

aggrecan to form a tertiary complex to enhance aggrecan turnover as well as tissue 

remodeling(77).  

Circulating Fibulin-1 was found to be at a relatively high concentration in 

human and mouse serum samples (10-50µg/ml) (78). Fibulin-1 also binds to 

fibrinogen and is incorporated into fibrin clots while also mediating platelet adhesion. 

Fibulin forms a bridge between fibrinogen, collagen I/IV and fibronectin (75). Around 

1-2% of all testosterone is freely circulating in the blood and thus biologically active. 

Sex-hormone binding globulin (SHBG) binds to free hormones in the blood rendering 

them temporarily inactive. Fibulin-1 has been shown to bind to SHBG, which then 

inhibits SHBGs ability to bind to testosterone. This shows that Fibulin-1 may play a 

role in hormonal regulation (79).  

Fibulin-1 is imperative to proper vertebrate development, homozygous 

knockout mice for Fibulin-1 have perinatal lethality(80). Lack of Fibulin-1 inhibited 

the development of many cardiac tissues or blood vessel stages including the 
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myocardial wall, aortic arch and ventricular septum defects to name a few. Defects in 

cranial nerves also were seen in the Fibulin-1 null mice. What connects these defects, 

from a developmental standpoint, is where these tissues are derived from; neural crest 

cells (NCCs). NCCs must delaminate from the neural tube/epidermal boarder after the 

neural tube is formed and migrate ventral and caudally by expressing MMPs 

specifically ADAMTS. NCCs must undergo a full or partial EMT, results from the 

null fibulin-1 mice are similar to the results seen when NCCs are completely ablated 

from the embryo. Fibulin-1 could interrupt this process by either or the combination of 

the halting the EMT or the absence of fibulin-1 binding to ADAMTS, decreasing 

protease activity. ADAMTS has shown to be involved in the myocardial compaction 

and closure of the secondary plate (81).  

1.6 Fibulin-1 C/D and Cancer  

The Fibulin-1C/D isoforms have shown to bind to many of the same proteins; 

however, they have various effects on tumor attachment and growth. To date, studies 

have shed light on their effects on bladder, prostate, breast and ovarian cancers. 

Fibulin-1 expression has been shown to be altered in various cancers with some 

difference in expressed isoforms. In some cases the ratio of 1C to 1D in tumor tissue is 

higher then in normal tissue (ovarian, breast, prostate); however, in other cases, 

Fibulin-1 is absent by means of promoter methylation (bladder, gastric, hepatocellular 

carcinoma, renal cell carcinoma).  

In non-muscle invasive bladder cancer, researchers showed that 

hypermethylation of the promoter region of fibulin-1 downregulated its gene 

expression. When non-muscle invasive bladder cancer cells were subjected to Fibulin-

1 in conditioned media it significantly inhibited cell growth and as increased apoptosis 
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levels (82). This study shows that Fibulin-1 can be a novel marker for identification of 

non-muscle invasive bladder cancer. The Fibulin-1 isoform that was used in this study 

was not divulged.  

Breast and ovarian cancers contain many similarities when it comes to Fibulin-

1 and its regulation. Estradiol induction of the Fibulin-1 promoter causes a 3 fold 

increase in Fibulin-1C expression in breast cancer cell lines. Mutagenesis of the Sp1 

binding site -57bp from the transcriptional start site completely abolished the ability of 

estradiol to induce Fibulin expression. The study goes on to show that estradiol 

induction lowers the half-life of the Fibulin-1D mRNA but more research would need 

to be done to elucidate a mechanism (83). Interestingly, TGF beta causes a 2 fold 

increase in Fibulin-1 expression in breast cancer cell lines, but in HS-5 cells TGF beta 

causes the abolishment of Fibulin-1 expression suggesting crosstalk of repressive and 

activation pathways (18, 84). Studies have been done with the breast cancer cell line, 

MDA-MB-361, on Matrigel®, which mimics a specific ECM environment to which 

doxorubicin was added. The Matrigel®, which contains Fibulin-1, have shown to 

decrease the effect of the doxorubicin. When antibodies were used to extract Fibulin-1 

from the Matrigel® the function of doxorubicin was restored concluding that Fibulin 

has a protective effect on breast cancers. The results showed that with the Fibulin not 

present in the Matrigel® the MDA-MB-361 cells had a higher apoptotic level. This 

study also could not elucidate between the Fibulin-1 variant that was being studied 

because there is no isotype specific Fibulin-1 antibody (85).  

 In metastatic PCa it has been shown that inflammation around the PCa induces 

the release of CXCL1/GROα. These factors have been shown to correlate with 

increased ATK activation and IκB kinase α phosphorylation leading to the activation 
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of NF-κB. NF-κB leads to the activation of HDAC1, which in turn leads to 

deacetylation of H3and H4 on the histones that attach to the Fibulin-1 gene leading to 

the downregulation of Fibulin-1D mRNA. This mechanism somehow does not affect 

the transcript level of Fibulin-1C(86). Fibronectin being one of the major ECM 

proteins to coordinate cell adhesion and motility when Fibulin-1D is bound it blocks 

the ability of fibronectin to bind to tumor cells, an effect not seen with Fibulin-1C(76). 

This inhibits the cancer cells from binding to the matrix. Splice-variant expression 

could be an underlying cause of tumor cell adherence and proliferation(18). 

Previously, the Sikes’ lab has shown that HS-5 cells induce apoptosis in LNCaP cell 

lines by Fibulin-1; the PCa cells that lived differentiated into a neuroendocrine 

phonotype. After qRT-PCR of the Fibulin-1 isoform secreted by HS5 it was 

determined that HS-5 expresses 5 fold higher levels of variant 1D then variant 1C(18). 

Leading to the hypothesis that Fibulin-1D is the variant from HS-5 cells inducing 

apoptosis in LNCaP progression model cell lines whereas Fibulin-1C induces the 

neuroendocrine phenotype. 
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Chapter 2 

MATERIALS AND METHODS 

2.1  Miniprep 

While fusing multiple procedures, this miniprep I have found to give the 

greatest yield as well as the most pure DNA while also attempting to cut down on the 

time required to do this miniprep.  

2.1.1 Reagents  

STE =Tris-HCl 1mM, EDTA = 0.1mM, NaCl= 0.1M 

 

Alkaline Lysis Solution I = 50mM Glucose, 25mM Tris-HCl (pH=8.0), 10mM EDTA, 

(pH = 8.0) 

  

Alkaline Lysis Solution II ( < 2 weeks old ) = 1% SDS, 0.2N NaOH 

 

Alkaline Lysis Solution III = 3M KOAc, 0.115M Glacial Acetic Acid dissolved in 

water 

 

Ethanol 100% 

 

KOAc 3M pH=5.2 

 

2.1.2 Procedure  

All centrifugation at max speed at 14,000xg, unless otherwise stated. 

Centrifuge 1.5mL of overnight culture  for 1 minute then aspirate supernatant. Proceed 

to resuspend pellet in 0.25 v/v of original culture, in this case ~0.4ml. Then centrifuge 

for 1 minute and aspirate off supernatant.  Resuspend completely in 100µl Alkaline 

Lysis Solution I and incubate for 2 minutes. Add 200µl of Alkaline Lysis Solution II 

and incubate for 3 mins on ice. Next, add 150µl of Alkaline Lysis Solution III 

incubate for 5 minutes on ice. Pellet in 4°C centrifuge for 10 minutes at ≥14,000xG, 
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afterward pour supernatant into new 1.5ml Eppendorf tube (Eppendorf, Hamburg, 

Germany) containing 1mL of -20C° 100% EtOH. Incubate on dry ice for 10mins then 

centrifuge at 4°C for 10 mins at ≥14,000xG. To remove RNA, add 300µl of TE buffer 

containing 20µg/ml of RNase A (Fisher Scientific, Pittsburgh, PA) incubate for 10 

mins. After, add 300µl of Phenol/Cholroform/Isoamyl Alcohol 25/24/1 (P/C/I) (Fisher 

Scientific, Pittsburgh, PA)  and vortex for 5 seconds then centrifuge for 5 mins. 

Carefully remove 200µl from the top layer being cautious not to perturb the interface 

between the 2 phases (contains proteins). Add 20µl of 3M KOAc for a final 

concentration of 0.3M and vortex for 5 seconds. Add 1ml of -20C° 100% EtOH and 

mix fully by tapping the bottom of the tube while upside down. (If it is not fully mixed 

after the dry ice step there will be frozen liquid where a pellet would form) Incubate 

on dry ice for 10 mins then centrifuge at 4°C for 10 mins. 

2.2 Preparation of Chemically Competent Cells  

Chemically competent cell protocol was received from Dr. William Cain (UD 

Department of Biological Sciences). Previous attempts at the process yielded 

transformation frequencies of 108Transformants/ µg of plasmid DNA. I was able to 

achieve 5x106 transformants/ µg of DNA which was sufficient for my cloning.  

2.2.1 Reagents  

Transformation Buffer 

Add 3.35g PIPES (10mM), 2.2g CaCl2·2H2O (15mM), 18.64g KCl (250mM) 

to 950mL of ddH2O. The pH was adjusted dropwise to 6.7 with 1M KOH. To make 

this solution add 10.9g of MnCl2·4H2O (55mM) then the water level was brought to 
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1L with the addition of ddH2O. The liquid was then sterile filtered (Millipore, 

Burlington, MA) and stored at 4°C.  

All media solution reagents were bought from Thermo Scientific, Waltham, MA) or 

otherwise stated, those solutions were:  

Luria-Bertani Medium (LB) 

10 g/L Tryptone, 5g/L Yeast Extract and 10g/L NaCl then autoclave  

Super Optimal Broth (SOB)  

(20g/L) Tryptone 5g/L Yeast Extract and 0.5g/L NaCl and stir till dissolved. 

Add KCl (Fisher Scientific, Pittsburgh, PA) in H2O to achieve a final concentration of 

2.5mM, then autoclave on liquid cycle. Once finished add a preautoclaved solution of 

MgCl2 (Fisher Scientific, Pittsburgh, PA) to achieve a final concentration of 10mM. 

Super Optimal broth with Catabolite repression (SOC) 

Use SOC and add glucose (Fisher Scientific, Pittsburgh, PA) to a final 

concentration of 20mM 

LB agar plates  

Take LB medium and add 15g/L of agar then autoclave. After cooling if 

antibiotics are needed add accordingly after temperature has reached below 50°C then 

mix. Pour LB agar onto 10cm plates and wait to solidify.  

2.2.2 Procedure 

To precede the preparation of competent cells, DH5α were streaked on a LB 

plate then grown at 37°C overnight. The next day a single, isolated colony was picked 

and placed in 5mL of LB in a 10mL polystyrene culture tubes (Fisher Scientific, 

Pittsburgh, PA) at 37°C and shaken at 225rpm for 7 hours. 100mL of SOB was then 

inoculated with 1mL of the starter culture and grown at 20°C and 200rpm overnight. 
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Early in the morning the OD600nm was examined and monitored until it reached 0.5-

0.75 absorbance units. Once reached the culture was transferred to ice and gently 

swirled periodically to allow for even cooling over 10 minutes. The culture was then 

transferred to 2, 50mL polypropylene Falcon tubes (Fisher Scientific, Pittsburgh, PA). 

Cultures were centrifuged at 2500xg for 10 minutes at 4°C using a Thermo Scientific 

Sorvall Legend XTR centrifuge. Supernatant was discarded and the pellet was 

resuspended gently in 17mL of Transformation Buffer and put on ice for the next 

10minutes. Th cells were pelleted again at 2500g for 10 minutes at 4°C and the 

supernatant discarded. The pellet was resuspend gently in 4mL of Transformation 

Buffer and 140µL of DMSO was added. Cells were then put on ice for 5 minutes. 

Next an additional 140µL of DMSO was added and the cells were put on ice for 10 

minutes. The cells were flash frozen in 500µL aliquots of competent cells in 1.5mL 

Eppendorf tubes in dry ice and EtOH, store in -80°C until needed.  

2.3 Ligation Protocol  

For ligations 800ng of cut and purified vector DNA (7.0pM) was pipetted into a PCR 

strips (Invitrogen, Waltham, MA) along with a 1:3 molar ratio and 1:6 molar ratio of 

vector to insert. 2µL of 10x T4 ligase buffer (Thermo Scientific, Waltham, MA) then 

was added and the volume of the reaction was brought to 19µL with ddH2O. The stock 

T4 ligase (Thermo Scientific, Waltham, MA) was in concentration of 5U/µL and was 

diluted to have 1U/µL. 1U was added to the reaction to bring the final volume to 

20µL. The reaction was placed in a thermocycler overnight at 16°C with a hot lid to 

prevent evaporation onto the lid. Transformation followed ligation. 
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2.4 Transformation Protocol and Colony Growth  

To transform, 5µl of the ligation mixture was added to 100µL of competent 

E.coli, strain DH5α. All transformations were kept on ice for 30 mins then heat 

shocked for 45 seconds at 42°C then put back on ice for 2 minutes. 300µl of Super 

Optimal Broth (SOB) was added to the transformation and the cells were grown at 

37°C  for 1 hour with shaking. 250µL of transformation mixture was plated on LB 

plates with 100µg/mL of ampicillin. The next day, colonies were picked and grown in 

LB with 100µg/mL of ampicillin at 37°C in a 10mL polystyrene culture tubes at 

225rpm and grown overnight. 

2.5 Creation of V5 and myc/His epitope in pcDNA3.1A  

In order to be able to add different ratios of Fibulin 1C/D and be able to 

quantify after purification, different epitope tags were needed for Fibulin 1 C/D, I 

chose to use myc/His and V5, respectively. The eukaryotic expression vector 

pcDNA3.1 myc/His A (Thermo, V80020) was used for transient expression of Fibulin 

1C/D (NM_006486). In order to amplify the V5 epitope a V5-Par4 vector was 

graciously supplied by Dr. Donna Woulfe (UD Department of Biological Sciences) 

pGFP2-N2 (6310014). After amplification, I directly dropped the V5 epitope into the 

region where the myc/His had previously resided. Overhangs were designed on the 

primers for V5 so that there were 5 random bases before the XbaI (Thermo, FD0684) 

and after the PmeI (Thermo, ER1342) cut sites for 5’ and 3’ ends respectively. Shown 

below are the primers used to amplify the V5 fragment.  

 



 30 

 

Figure 3: Host vector on the top left was used to amplify its V5 epitope tag with 

overhanging XbaI and PmeI cut sites. Restriction digest were done to pcDNA3.1A and 

amplified V5 fragment. Digests were purified and ligated together. The end product 

was the vector on the bottom. MCS = Multiple cloning site  

 

 
Figure 4: Primers used to amplify the V5 epitope for ligation into pcDNA3.1 A 

 

Amplification of V5 epitope was done with DreamTaq and DreamTaq green 

buffer for 35 cycles with an initial denaturation temperature = 95°C for 30 seconds, 

Tm=52°C for 30 seconds and ramped at 2°C/second to reach an extension at 72°C 

held for 30 seconds. PCR product was confirmed on a 1.5% gel. Subsequent cut with 

0.5U XbaI (Thermo, FD0684) and 1.5U PmeI (Thermo, ER1342) in 1x Tango buffer 

in 30µl. The vector, pcDNA3.1, was cut also in a similar fashion, afterward the vector 

was EtOH precipitated and subsequently incubated with CIAP (Thermo, Waltham, 

MA).  
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2.6 Creation of recombinant Fibulin 1C/D Proteins with V5 & myc/His epitopes  

The human Fibulin 1C and 1D cDNAs were given to the Sikes lab by Dr. 

Marion Cooley from The Medical University of South Carolina in pcDNA1 

(kanamycin resistant) and pcDNA3.1 (ampicillin resistant), respectively. The cut sites 

NotI (Thermo, FD0595) , 5’, and XbaI (Thermo, FD0684), 3’, were used to excise the 

inserts of Fibulin 1C/D and were ligated into pcDNA3.1 A V5 and pcDNA3.1 A 

myc/His respectively. These clones were called NF1C V5 and NF1D myc/His 

(NF=Coding Sequence Not Fused to Epitope Tag).   

 

 

 
Figure 5: Vectors on the left were used to excise Human Fibulin-1C/D with NotI and 

XbaI and ligated into the vectors on the right pcDNA3.1A with the same cut sites. 

Completed clones are NF1C myc/His and NF1D V5 (NF= signal peptide Not Fused to 

coding sequence)   

 

2.7 Removal of the 3’ UTR 

Due to the presence of the 3’ UTR in both the 1C and 1D, the epitope tag was 

not continuous with the coding sequence, basically, a STOP codon would have 

prevented the translation of the epitope tag. To remove this 3’UTR reverse PCR using 

DreamTaq polymerase from the start of the V5 and finishing at the end of the coding 
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sequence of Fibulin-1C. Also DreamTaq polymerase was used to amplify the start of 

the myc/His epitope to the end of the coding sequence of Fibulin-1D along with XbaI 

overhangs of 1C and 1D was amplified. The sequences were amplified using 35 cycles 

of 30 seconds at 95°C followed by 30 seconds at 55°C and lastly hold at 72°C for 6 

minutes. 

 

 
Figure 6: Primers used for the reverse PCR of Fibulin-1C V5 and Fibulin-1D myc/His 

in order to fuse the coding sequence of the Fibulins with their epitopes.  

 

 
Figure 7: Primers were designed to amplify the entire plasmid on pcDNA3.1 A Fib1C 

myc/His and pcDNA3.1A Fib1D V5 in order to eliminate the STOP codon and 3’UTR 

in both plasmids. The coding sequence was fused to the 3’ epitope with an XbaI cut 

site.  

The amplicon was purified with P/C/I and EtOH precipitates. The purified 

amplicons were cut with XbaI (Thermo, FD0684) and DpnI (Thermo, ER1701) using 
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1x Tango buffer. Amplicons were EtOH precipitated and ligated with T4 ligase 

(Thermo, EL0014) overnight at 16°C with a 50°C lid. 5µL of ligation was transformed 

and incubated on ampicillin an plate overnight. Colony growth was examined the next 

day. Minipreps were done on 3 to 6 colonies all clones were sent for sequencing.  

2.8 Removal of errors from Fibulin 1D  

To remove these errors the Gibson cloning method would be used so that 

primers homologous were made that contained the base correction for both mutations. 

The bolded bases are the mutation correction.   

 

 
Figure 8: Primers for Gibson Cloning error removal in Fibulin-1D myc/His. Bolded 

letters were the corrected bases. 

The R1825 and F2243 were used to amplify the portion in between the 

mutations to get a band size of 428bp as well as F1825 and R2243 that created a band 

of ~7.7kbp that have the base corrections at 1825 and 2243. The insert was amplified 

with Radiant HiFi polymerase under standard reaction protocol with a Tm= 56°C. 

After amplification DpnI (Thermo, ER1701) digestion in 1x Tango buffer was done 

for 1 hour to cleave template DNA. To further purify, P/C/I phase extraction and 

subsequent EtOH precipitation was done to the PCR products. The Gibson Cloning 

was performed by NEBuilder HiFi DNA Assembly Master Mix (New England 

BioLabs, E2621S) 0.1pmol of the large segment was used and 0.01pmol of the small 
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segment was used. The reaction was set at 50°C with the lid at 95°C for 15mins then 

immediately transformed into DH5α. The cells were then plated on LB plates with 

100µg/ml of ampicillin and incubated overnight at 37°C. The next day colonies were 

picked and grown in LB with 100µg/mL of ampicillin at 37°C at 225 rpm using I2500 

Series (New Brunswick Scientific, Edison, NJ). The next day minipreps were done on 

all cultures and purified plasmids were sent to Genewiz for sequencing.  

 

 
Figure 9: Mutations and direction of error correcting primers are shown. Primers were 

homologues of each other with a single base change included corresponding to the 

mutations found in the coding sequence.  

2.9 Removal of 13 extra amino acids on F1C V5 

After sequencing F1C there was 39 nucleotides at the end of the V5 tag before 

a STOP codon. This was done on purpose when I chose my primers, when I made the 

primers I did not think would be that detrimental to the protein in my first semester at 

UD. The area at the end of the tag was very GC rich and I figured it would create 

problems priming. I later found out I was wrong in both instances.  

Since I had so much experience with reverse PCR I once again chose this 

method to sneak in a STOP codon immediately after the V5 tag in the pcDNA3.1 A 
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V5 F1C vector. The V5 tag was amplified with an overhanging STOP codon and an 

overhanging ApaI cut site.   

 

 

 
Figure 10: Primers shown that were used to eliminate 29bp between the end of the V5 

epitope and the stop codon.  

2.10 Creation of recombinant Fibulin 1C/D truncates  

Creation of truncated proteins was rather simple, reverse PCR was once again 

implemented where the forward primer started at the beginning of the variant C-

terminal region. The reverse primer began at the end of the signal peptide. Both 

primers contained overhanging BamHI cut sites so that after amplification restriction 

digestion and ligation could be done to complete the vector.  

 

 

 
Figure 11: Depiction of F1C V5 and F1D V5 (left) Reverse PCR to eliminate 

canonical region is shown with BamHI cut sites to create F1Ct V5 and F1Dt myc/His 

(right).  
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2.11 Cell Lines and Cultures 

MDA-MB-231, a human breast adenocarcinoma cell line, and HS5, a human 

bone marrow stromal cell line, were both cultured in Dulbecco’s Modification of 

Eagle’s Medium (DMEM) (Corning CellGro, Tewksbury, MA) supplemented with 

10% Fetal Bovine Serum (FBS) (Atlas Biologicals, Fort Collins, CO) (v/v) and 100X 

Antibiotic-Antimicotic (Gibco, Franklin, TN). All cells were incubated in a sterile 

incubator at 37°C in a humidified atmosphere of 95% air and 5% CO2. Media was 

changed every 3 days or less depending on confluency. To passage, DPBS, trypsin 

(Corning CellGro, Tewsbury, MA), DMEM (Corning CellGro, Tewsbury, MA) were 

warmed to 37°C in a water bath. Media on 10cm dishes (Eppendorpf, Hamburg, 

Germany) were aspirated and rinsed with 5mL of DPBS 2 times. 1.5mL of 0.25% 

trypsin (Corning CellGro, Tewsbury, MA) was added to the dishes and placed in the 

37°C incubator for 2 minutes. Cells were analyzed under a microscope to detect 

detachment from the plate. 3.5mL of DMEM was added to plates and 5mL of 

DMEM/trypsin mixture was added to a 15mL Eppendorf tube. Tubes were centrifuged 

for 3 minutes at 300xg at room temperature. Supernatant was aspirated and cells were 

resuspended in 5mL of DMEM and added to new 10cm plates to a total volume of 

10mL. Passage numbers were between 20 and 30. 

2.12 Fibulin-1 Collection from Conditioned Media (CM)   

CM was collected from 100% confluent plates. When plates were at 70-90% 

confluency new 10% FBS containing media for 24 hours. At 24 hours cells were 

rinsed with 37°C DPBS (Corning cellgro, Tewksbury, MA) and near or at 100% 

confluency they were then rinsed with DPBS two times and were replaced with serum 

free media (SF) SF-DMEM (Corning cellgro, Tewksbury, MA) supplemented with 
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100X Antibiotic- Antimicotic (Gibco, Franklin, TN). Serum was collected at 48 hours 

and cells were replenished in DMEM with 10% FBS and Antibiotic-Antimicotic. 

CM’s were sterile filtered through 0.22µm hydrophilic polyethersulfonate filter (EMD 

Millipore, Burlington, MA).  

 

2.13  Transformation and selection  

 MDA-MB-213 cells were plated the day before transfection so that cells would 

be 70-90% confluency the next day. Lipofectamine 3000 (Invitrogen, Waltham, MA) 

was used for transfection the following day. About 1 hour before transfection, cells 

were washed with 5ml DPBS and washed with 5ml of Opti-MEM (Gibco, Franklin, 

TN) then given Opti-MEM. The manufacturers protocol for lipofectamine was 

followed for 10cm2 cell culture dish scaled up and pEGFP-C1 (ClonTech, Palo Alto, 

CA) vector was used as a transfection control and subsequent control for Geneticin 

selection. For each 10cm dish transfection reaction, media on plates were aspirated 

washed with DPBS and given 10mL of Opti-MEM. In a separate reaction 500µL of 

Opti-MEM was mixed with 30µL of Lipofectamine 3000 reagent. In a separate tube 

500µL of Opti-MEM was mixed with 35µL of P3000 reagent and 20µg of DNA. The 

two reaction tubes were mixed and let sit for 10 minutes. Afterward 1mL of the 

reaction was pipetted onto the 10cm dishes.  

Selection on MDA-MB-231 cells was done by resuspending 1g Geneticin 

(G418) (Thermo Scientific, Waltham, MA) and creating a 350µg/µl solution after 

compensating for the potency of 714mcg/mg. This gives a 500x solution for an active 

concentration of 700µg/ml, which was used for MDA-MB-231 cells. Prior to selection 

cells were given fresh complete DMEM 24 hours before selection. Cells were 
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incubated with complete DMEM with 700µg/ml of Geneticin and given fresh media 

with Geneticin every 3 days for 2 weeks. Transformation and selection efficiency was 

determined by totaling the number of cells with GFP compared to all cells. Cells were 

analyzed every 3 days along with fresh media delivery to detect cell viability.  

 

  

2.14 Size Selection  

HS-5, MDA-MB-231 and MDA-MB-231 with Fused Fibulin-1 C V5 (F1C V5) 

and Fused Fibulin-1D myc/His (F1D myc/His) CM were filtered through Amicon 

Ultra-15 centrifugal filters for 30 kDa cutoff (Millipore, Burlington, MA) MDA-MB-

231 with Fused Fibulin 1C truncated V5 (F1Ct V5) and Fused Fibulin-1D myc/His 

(F1Dt myc/His) were filtered through Amicon Ultra-15 centrifuge filters for 10 kDa 

cutoff (Millipore, Burlington, MA). After adding 12mL of CM to filter devices the 

tubes were centrifuged at 4000 x g for 35 minutes and 20 minutes for  30 kDa and 10 

kDa cutoff respectively.   

2.15 Western Blotting  

After CM was collected protein concentration was determined by a Bradford 

Protein Assay Dye (Bio-Rad, Hercules, CA) using BSA to standardize the curve. 

Twenty micrograms were subjected to a 6x solution of Laemmli SDS sample buffer, 

non-reducing (Fisher Scientific, Pittsburgh, PA) (85%) mixed with 2-Mercaptoethanol 

(Fisher Scientific, Pittsburgh, PA) (15%) (v/v) and incubated for 5 mins at 99°C in 

order to denature proteins. Samples were loaded into a Bio-Rad TGX Stain Free 

FastCast 10% polyacrylamide gel (Bio-Rad, Hercules, CA). Gels were run at 250V for 
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30 minutes in Tris-Glycine SDS 1x buffer (KD Medical, RGH-0390). Before transfer, 

blotting papers (Bio-Rad, Hercules, CA) were soaked in Trans-Blot Turbo buffer (Bio-

Rad, Hercules, CA) and Polyvinylidene Difluoride (PVDF) Transfer Membrane 

(Thermo Scientific, Waltham, MA) was soaked in Methanol (Fisher Chemical, 

Pittsburgh, PA). In a semi-dry transfer apparatus Trans-Blot Turbo (Bio-Rad, 

Hercules, CA) was used and the stacking in the apparatus started with one soaked 

blotting paper was used as the base followed by the soaked PVDF membrane followed 

by the gel and lastly a final soaked blotting membrane. Gels were transferred to the 

transfer membrane at 25V for 7 minutes. Membranes were stained with 0.1% Ponceau 

in 5.0% glacial acetic acid in dH2O for 5 minutes then washed with water until protein 

bands become apparent. ddH2O was exchanged every 5 minutes until red bands 

disappeared. Membranes were blocked with 5% non-fat dry milk (NFDM) (Boston 

Bio Products, Ashland, MA) in PBST (0.05% Tween 20®) by w/v for 1 hour. All 

primary antibodies were diluted in 5% NFDM in PBST and incubated at 4°C 

overnight. The next day the membranes were washed 3 x 5 minutes with 5% NFDM in 

PBST and diluted secondary antibody in 5% NFDM in PBST was added for 1 hour. 

After an hour they were washed 3 x 5 minutes with 5% NFDM in PBST. Primary 

antibodies used were rabbit anti Fibulin-1 monoclonal antibody (Invitrogen, Waltham, 

MA) (PA5-51612) at 1:500 dilution, rabbit Anti-V5 Epitope Tag polyclonal antibody 

(Millipore, Burlington, MA) (AB3792) at 1:5000 dilution and mouse IgG1 anti-myc 

antibody (Thermo Scientific, Waltham, MA) (46-0603) at 1:5000 dilution . Secondary 

antibodies used are goat anti rabbit IgG conjugated with horseradish peroxidase 

(Pierce, Waltham, MA) (31460) at 1:40,000 dilution and rabbit anti mouse IgG 
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conjugated with horseradish peroxidase (Abcam, Cambridge, England) (ab97046) at a 

1:20,000 dilution.  
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Chapter 3 

RESULTS 

3.1 Vectors 

Amplification of V5-Par4 vector by DreamTaq was successful and ligation 

into pcDNA3.1 A using XbaI and PmeI cut sites were used to replace the myc/His 

epitope with V5. After transformation, colony selection and miniprep I tested the 

ligation of V5 with PCR seen in Figure 11.   

 

 

 
Figure 12: After ligation of V5 into pcDNA3.1a the vector was used to amplify V5 of 

see if the V5 was inserted. Band indicated is around 106bp and the expected size of 

amplified V5.  PD = Primer Dimer  
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Figure 13: Vector map of pcDNA3.1A V5 

 The next step in cloning was to cut out the full length Fibulin-1C and Fibulin-

1D out of their host vectors, pcDNA1, using restriction digests and into pcDNA3.1 A 

V5 and pcDNA3.1 A myc/His, respectively. Fibulin-1 C/D coding sequences were 

excised from host vectors using NotI and XbaI for the 5’ and 3’ ends, respectively. 

This was the full length mRNA and included a 5’UTR, Signal Peptide, START and 

STOP codons and the 3’UTR to go along with the coding sequence.   
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Figure 14: After ligation of coding sequence of Fibulin-1 C into pcDNA3.1 V5 

plasmids were cut using NotI and XbaI. Bands for NF1C9,10,11 and 15 dropped out 

our insert. Black arrow shows insert, ~2.2kb, dropping out which is the size of 

Fibulin-1C with UTRs. Yellow arrow indicates incomplete digestion of insert and 

plasmid.  (NF-Coding sequence is Not Fused to epitope tag) (1C- Fibulin-1C) 
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Figure 15: After ligation of coding sequence of Fibulin-1 D into pcDNA3.1 myc/His 

plasmids were cut using NotI and XbaI. Bands for NF1D1 & 5 dropped out Fibulin 1D 

insert. Black arrow shows insert, ~2.2kb, dropping out which is the size of Fibulin-1D 

with UTRs. Yellow arrow indicates incomplete digestion of insert and plasmid. (NF-

Coding sequence Not Fused to epitope tag) (1D- Fibulin-1D) 

Removal of 3’UTR in the Fibulin-1 clones was completed by utilizing primers 

to amplify around that region and conjoin the sides with XbaI cut site. Cut with XbaI 

then ligating the cut sites together. Figures 10 and 11 show the amplified reverse PCR 

products before clean up and cutting.  
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Figure 16: Gel shows reverse PCR product of Fibulin-1C V5. Product was around 

8kb.shown in amplification F1C V5 1, 3 and 4. 

 

 

 

 

 

  
Figure 17: Gel shows reverse PCR product Fibulin-1D myc/His. Product was around 

8kb shown in F1D 1 and 2.  
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Figure 18: Vector map of pcDNA3.1A Fibulin 1C V5  

 

3.2 Vector Corrections 

After sequencing full length 1C/D fused coding sequence to the C-terminal 

epitope it was apparent that there were three mutations in F1D coding sequence. One 

of the three was a silent mutation at 1600 but the other two mutations at 1825 and 

2243 caused amino acid changes. Errors are shown in Figures 12 and 14 from the 

clone pcDNA3F1D11. Errors were removed simultaneously with, PCR, reverse PCR 

and subsequent Gibson cloning techniques. When amplifying F1D vector the test 
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reaction of DreamTaq (Thermo, EP0701) worked with under standard conditions with 

a Tm= 51.4-56°C but when the reaction was repeated with the high fidelity 

polymerase, Radiant HiFi (Alkali Scientific, HF1020), there was no amplification. 

Thus the amplicon from DreamTaq was used for the large segment. Clones with errors 

removed are shown in Figures 13 and 15 show as F1D_12. After mutations were 

corrected truncates were created. Vectors were sequenced by Genewiz and compiled 

onto CLC Workbench.  

 

 

 
Figure 19: Shows sequence analysis of the Fibulin-1D mutation at 1825. Mutation was 

changed from a thymine to an adenine. Sequencing provided by Genewiz, analysis of 

reads were compiled on CLC Workbench. 
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Figure 20: Sequence analysis of the error removal at 1825 in Fibulin-1D by means of 

Gibson cloning. Corrected Gibson primers changed the adenine to a thymine. 

Sequencing provided by Genewiz, analysis of reads were compiled on CLC 

Workbench. 

 

 

 

 

 

 

 

 
Figure 21: Shows sequence analysis of the Fibulin-1D mutation at 2243. Mutation was 

changed from a cytosine to a adenine. Sequencing provided by Genewiz, analysis of 

reads were compiled on CLC Workbench. 
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Figure 22: Sequence analysis of the error removal at 1825 in Fibulin-1D by means of 

Gibson cloning. Corrected Gibson primers changed the adenine to a cytosine. 

Sequencing provided by Genewiz, analysis of reads were compiled on CLC 

Workbench.  

 

 
Figure 23: Vector map of pcDNA3.1A Fibulin 1D myc/His 
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3.3 Creation of Truncated Variant Regions 

 After creation of full length corrected of F1C V5 and F1D mvc/His clones, the 

next step was to eliminate the canonical region of the coding sequence to create F1Ct 

V5 and F1Dt myc/His. This was done by joining the Signal Peptide with the C-

terminal variant region while also preserving the C-Terminal epitope tag. Figure 16 

shows the amplified reverse PCR product of the variant C-terminal region to the end 

of the signal peptide as show in Figure 6. The PCR product was EtOH purified, cut 

with BamHI, ligated with T4 ligase, colony selected and sequence with Genewiz. The 

BamHI also created 2 new amino acids in the coding sequence, Gly and Ser, between 

the Signal Peptide and the C-terminal variant region.   

 

 

 

  
Figure 24: Figure shows the Reverse PCR of F1Ct in the first lane. In the third and 

fourth show amplification of F1Dt myc/His. Signal peptide and variant regions were 

conjoined by BamHI.  
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Figure 25: Vector map of pcDNA3.1A Fibulin 1C truncate V5 
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Figure 26: Vector map of pcDNA3.1A Fibulin 1D myc/His 

 

3.4 Protein analysis  

Prior to transfection, HS-5 cells which endogenously produce Fibulin-1 and 

MDA-MB-231 which we were testing for production of Fibulin-1, were seeded on 

10cm cell culture dishes and conditioned media was taken and concentrated with 30kd 

MWCO spin filter (Millipore, Burlington, MA), after a day in serum free media. A 

western blot was done to confirm that HS-5 produced Fibulin-1 and that MDA-MB-

231 did not express Fibulin-1 (Figure 21). MDA-MB-231 was transfected with all four 

clones, F1C V5, F1D myc/His, F1Ct V5 and F1Dt myc/His, into MDA-MB-231 along 

with a GFP control to show transformation efficiency. After a day transformation 
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efficiency was around 60% for the GFP control. Cells were recovered for a day in 

DMEM and 10% FBS and then serum starved for a day. Conditioned media was taken 

and used to confirm the presence of Fibulin-1 from the full length clones. Cell lysate 

also was collected. Conditioned media and lysate western blot analysis are shown on 

Figure 21. A 10 hour transfection of full length clones and GFP was also done and cell 

lysate was taken from them to test for the presence of Fibulin-1 shown in Figure 21.  

 

 

 

 

  
Figure 27: Lanes from 1-10 (MDA MB 231=231) (1-Ladder, 2-CM HS-5, 3-CM in 

231, 4-CM F1C V5 in 231, 5-CM F1D myc/His in 231, 6-cell lysate F1C V5 in 231, 

7-cell lysate F1D myc/His in 231, 8- cell lysate GFP in 231, 9-cell lysate 10 hour 

transfection of F1C V5 in 231 and 10-cell lysate of 10 hour transfection of F1D 

myc/His in 231.) 
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Chapter 4 

DISCUSSION  

4.1 Vector Design  

Fibulin-1C V5, fibulin-1C variant V5, fibulin-1D myc/His and fibulin-1D 

variant myc/His were sequenced and all coding sequence was in alignment after 

fusion. There are many issues that arise when creating novel proteins including folding 

and toxicity issues to cells.  In hindsight it would have been more accurate and 

efficient to use the Gibson cloning method throughout my cloning escapade. The 

engineered internal cut site from BamHI in the truncated proteins denoted for extra 2 

amino acids that are not native to the protein. The amino acids added by BamHI were 

Glycine and Serine, which glycine is harmless but the hydroxyl group could cause the 

protein to fold incorrectly. Less of a problem are the XbaI cut sites between the 

protein coding sequence and the epitope tag, due to the protein being entirely before 

the cut site. With Gibson cloning there would be no extra amino acids due to residual 

cut sites.  

4.2 Toxicity of Fibulin to MDA MB 231  

After analyzing my western blot of CM from transfections with F1C, F1D and 

GFP vectors from with anti-His and V5 there was no fluorescence. Due to not 

possessing proper controls to the V5 and myc antibodies I believed that there could be 

one of two issues; the first being either there was no Fibulin 1 present or I had 

problems with my antibodies binding to my epitope tags on Fibulin 1. So anti-Fibulin-

1 was used as a control to see if there was full length Fibulin 1 present in the CM of 

transfected cells. As my fluorescence control I had Fibulin-1 in the HS-5 CM shown 
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as lanes 4 and 5 for 1C and 1D in Figure 17, respectively. Maybe being an issue of 

concentration or trouble being excreted out of the cell a cell lysate was done on the 

transfected MDA MB 231 cells to see if that could be the issue. Also shown in Figure 

17 in lanes 6, 7 and 8 are 1C, 1D and GFP, respectively. Knowing that it is not being 

expressed in these cells after knowledge of successful transfection by showing GFP, 

successful lysate protein collection shown on a ponceau stain and successful antibody 

binding I believed the protein could be toxic to MDA MB 231. 

 

 

 

  
Figure 28: Ponceau Stain showing in lanes 2-6 CM collection and 30KDa MWCO of 

F1C, F1D, F1Ct, F1Dt and GFP after one day transfection one day recovery and one 

day of serum starvation. Lanes 9-13 show their cell lysates.  

 So I performed a 10 hour transfection. The transfection cell lysates of 1C and 

1D are shown in Figure 17 as lanes 9 and 10, respectively.  
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This leaves the problem residing with the vector itself. Since I used DreamTaq 

to reverse PCR to fuse the coding sequence to the epitope tag, the DreamTaq could 

have easily caused a mutation in the promoter or elsewhere in the vector preventing 

the sequence from being transcribed.  

4.3 Cloning Issues   

In my first year on this project I was attempting to use pBABEpuro as a viral 

vector to add fibulin-1C/D and truncates into the genome of a mammalian cell in order 

to produce as much protein as possible in the easiest way. After attempting to cut this 

vector with restriction enzymes for a few months and aimlessly fiddling around with a 

very complicated miniprep to which I had no success. At first my PI and I believed 

that I was doing something wrong with my set up of the reaction but after a while I 

sent the vector out for sequencing and a majority of the MCS was missing. As I 

explained before, I also received a coding sequence that was mutated in multiple 

locations which I had to fix with Gibson Cloning, to give an accurate representation of 

the protein. If I learned anything from this experience is to sequence every piece of 

DNA prior to attempting to clone. Also it can be applied to premade clones for protein 

production. You cannot trust items that are given to you from other people, as a 

scientist it is up to you to determine if all of your starting materials are what you 

believe they are. In my research if we would have known of these problems prior to 

starting cloning it would have saved me 9 months of time trying to clone into sites that 

didn’t exist.  

Another thing I have learned was the importance of positive and negative 

controls. In all aspects of molecular biology research it is crucial to have at lease one 
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positive control to troubleshoot your problems. Without a control, a failed experiment 

is exactly what it is called but a failed experiment with controls gives you direction 

and can point you in the correct direction of where your errors are in your experiment. 

In terms of western blots, when you receive no signal in a blot with no controls there 

is no direction to where your problem could be. With a control if your control shows 

no band in a western there is an issue with your procedure of blotting or antibody 

binding. Also, if the control illuminates you can be sure there is none of your protein 

of interest in the sample you tested.  
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Chapter 5 

FUTURE DIRECTION AND SIGNIFICANCE 

5.1 Future Directions  

Previous lab members in Sikes lab have shown that HS5 cells secreted a 

soluble protein that induced apoptosis in PCa cells. This protein was found to be 

Fibulin-1. The removal of Fibulin-1 from HS-5 conditioned media decreased apoptotic 

ability to PCa cells. In order to test this hypothesis of the apoptotic ability of Fibulin-

1C/D and truncates on PCa, the proteins can be added to media with PCa cells to see if 

proteins alone without any other factors from HS-5. Also if truncates alone would be 

able to induce apoptosis or if the canonical region is imperative for induction of 

apoptosis. Further studies to confirm this hypothesis would be to use shRNA to 

specifically knockdown each variant individually in HS-5. After transfection, qRT-

PCR could be used to determine mRNA levels and western blot using fibulin-1C/D 

specific antibodies for protein levels of each variant to see if knockdown was 

successful. Apoptotic ability could be analyzed by a live/dead assay.   

In order to see specific variant expression antibodies for variant specific 

fibulins need to be developed in order to test for Fibulin-1C/D levels and ratios in 

vivo. First removing each variant separately from HS-5 CM to see if there is a loss or 

gain of apoptotic ability or if a neuroendocrine phenotype is shown. Based on previous 

data in the report there is a very good chance that the apoptotic inducing protein is 

Fibuin-1D rather than Fibulin-1C. We also created truncated versions of this protein in 

order to see if there is specificity for PCa cell death in only the Fibulin-1D variant 

region. If this proves true truncate binding partners need to be analyzed and determine 

how Fibulin-1D truncate can lead to apoptosis in PCa cells.  
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 Serum levels of fibulin-1 and ratio between C/D could be measured in PCa 

patients to determine if there is a correlation to bone metastasis overtime. These 

results could result in Fibulin-1 being a biomarker for patients who are at a higher risk 

and further could lead to a treatment prior to obtaining any metastasis.  

Immunoprecipitation and subsequent purification of full and truncated fibulin-

1 proteins could be useful. Purified proteins can be added to PCa media to see if they 

alone can induce apoptosis or other factors are needed from HS-5. The mechanism by 

which Fibulin-1 induces apoptosis is not fully understood to which many proteins 

could be needed for Fibulin-1 to induce apoptosis. Fibulin-1 has been show to attach 

to many different proteins and could need the coordination of many proteins in order 

to induce apoptosis.  

Co-immunoprecipitations (IP) could be done to fibulin-1C/D and truncates to 

determine possible differences in binding ability in CM to induce intracellular 

signaling pathway in PCa. Also proteins in the basement membrane could be tested to 

determine the ability to anchor cells. Knockout or knockdown of proteins that co-IP 

with Fibulin-1 could lead us to their importance to PCa cell death as well as fibulins 

role.  

Furthermore, immunodeficient mice could be given a highly aggressive and 

tumorigenic PCa cell line like, C4-2B, in order to grow tumors in vivo. Varying levels 

of the recombinant Fibulin-1C/D or truncated domains could be given intravenously to 

see if tumor growth or metastasis decreases with each different variant, dose levels or 

ratios of 1C to 1D.  

Due to HDAC1 coordinating the 1C and 1D variants in PCa cell lines, it would 

be advantageous to see FAIRE-seq data from this to see how the splice variants are 
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coordinated. To see how tightly packed the DNA is and further what histones the 

HDAC1 is actually deacetylating in that area to cause this splice difference.  

5.2 Significance  

PCa is the most diagnosed cancer in men and the second leading cause of 

cancer related deaths in men. 90% of men who die from PCa have bone metastasis 

upon death. Bone metastasis causes a decrease in mobility, life expectancy and 

increased bone pain. Today, prostate tissue Gleason scores combined with PSA tests 

are the standard for determining if a PCa has the potential to be metastatic and thus 

require treatment or excision of the growth(15). The difficult part of treatment is 

whether or not to excise the entire tumor while a majority of the time tumors are left 

alone. This research into Fibulin-1 could lead to another marker to show the potential 

risk for PCa cells to adhere and metastasize the bone microenvironment and possibly a 

treatment. This will allow doctors to more accurately diagnose PCa patients and excise 

tumors with more metastatic ability then others. More research into Fibulin-1 and PCa 

is needed to prove any of these assumptions.  
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