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In sea turtles, the study of the etiology and development of 

fibropapillomatosis is not fully understood.  Sea turtle fibropapillomatosis is a 

disease characterized by the proliferation of skin fibropapillomas and occasional 

internal fibromas. In this study, sea turtle fibropapilloma tumor and healthy tissue 

samples were used to look at VEGF, BCL-2 and Bax expression. Cancer tumors 

have a well established pattern of protein expression that involves 

overexpression of vascular endothelial growth factor (VEGF), responsible for the 

growth of new blood vessels, and a high BCL-2 to Bax ratio that leads to 

uncontrolled cell proliferation. Real time PCR was used to analyze VEGF 

expression, and Western blot techniques were used to measure BCL-2 and Bax 

expression. The results indicated that expression of VEGF was not significantly 
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higher in tumor vs. skin tissue. For the differential expression of BCL-2 and Bax, 

the results were not in agreement with the established levels found in cancer 

studies, showing no significant change in BCL-2 expression and significantly 

higher levels of Bax in tumor vs. healthy tissue.  
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INTRODUCTION 
 

Current Status of Sea Turtles 
 

Sea turtles are air-breathing marine reptiles that, with the exception of the 

nesting females who return to the beach to lay eggs, are committed to a life at 

sea. Mating and foraging is done at sea, where turtles migrate long distances. 

Sea turtles inhabit tropical and sub-tropical waters around the world. In Florida 

green sea turtles (Chelonia mydas) and loggerhead sea turtles (Caretta caretta) 

not only utilize the beaches as nesting grounds, but are also closely associated 

with inshore waters when foraging as late juveniles and adults.  

Loggerheads and greens have a complex life history, involving terrestrial, 

coastal and open ocean habitats, and extensive migrations.  Their life history 

begins when females arrive at the beaches to lay eggs at the beginning of 

summer and throughout the warm months. Loggerhead turtles can start laying 

eggs as early as February and together with green turtles their nesting season 

can last until October. The beaches of Brevard, Indian River, St. Lucie, Martin 

and Palm Beach counties are the most important nesting areas for loggerheads 

in the Western hemisphere (Florida Fish and Wildlife Conservation Commission 

2006). Eggs incubate for approximately 60 days and hatchlings emerge from the 
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nest in late summer until October. Hatchlings emerge from the nest, immediately 

crawl toward the sea, and are believed to move to the open ocean where they 

forage on the surface. The pattern of movement for hatchlings and early juvenile 

loggerhead turtles on the Eastern coast of the United States is known. Telemetry 

studies demonstrate that loggerhead turtles entrain into the Gulf Stream, which 

takes them on a transoceanic journey following the North Atlantic Gyre. The 

North Equatorial current later returns these turtles to their beaches of origin 

(Luschi et al. 2003). Green turtles throughout the southeastern coast of North 

American are thought to follow the same movement pattern during the early 

juvenile stage. Late juvenile turtles settle in neritic foraging areas, in close 

association with adult turtles and other juveniles, and geographically near their 

natal beaches. The current belief is that late juveniles remain mainly in these 

areas until sexual maturation, and return to these areas during their inter-

reproductive periods (Luschi et al. 2003). 

The broad range of environments and the highly migratory nature of these 

turtles render them vulnerable not only to the natural stresses (direct predation 

by beach megafauna or open water predators) but also to anthropogenic 

stresses (polluted waters, egg harvesting, and reduction of nesting areas)(Milton 

and Lutz 2003; Moore et al. 2002). Nesting areas are in decline as a result of 

coastal development and beach renourishment projects that alter the topography 

and sand composition of the beaches. Because of their late maturation, sea turtle 

populations respond very slowly to nesting and habitat threats, so a population 

decline can take up to 30 years to realize (Fish et al. 2005). 
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In the past decades, the new threat of green turtle fibropapillomatosis 

(GTFP) disease emerged. Beginning in the mid 1980s, there has been a steady 

increase in the number of reports of sea turtles with grotesque tumors in their soft 

tissues. These tumors were first recorded in 1938 by Smith and Coates. At the 

New York Aquarium, Smith and Coates noticed papillomas in green sea turtles 

that had been shipped from Key West (Smith and Coates 1938). 

 

Fibropapilloma Tumors 
 

The tumors first described by Smith and Coates are now a well-described 

condition known as Fibropapilloma Disease (FP), or Green Turtle Fibropapilloma 

disease (GTFP). Tumors are found in the skin, mouth, eyes, and other soft 

tissues, and about 25% of turtles with GTFP also have tumors in their internal 

organs, especially the lungs, kidneys and heart (Quackenbush et al. 1998; 

Greenblatt et al. 2004; Work 2005). The tumors have roots in either the 

epidermis, the dermis or in both, and range from less than 1 cm to over 30 cm 

(Bennet et al. 1999; Aguirre 1998, Herbst 1994). The tumors’ histological study 

revealed that they are composed of connective tissue matrix and fibroblasts. 

Tumors have also been found in internal organs, and have been characterized as 

fibromas, myxofibromas, or fibrosarcomas of low-grade malignancy (Norton et al. 

1990; Work et al. 2004). It has been suggested that the lesions progress from 

papilloma to fibropapilloma to fibroma in the latest stages of the disease. 

Fibropapillomatosis (FP)  affects mainly juvenile green turtles (Chelonia 

mydas) of about 40 to 90 cm of carapace length (Ehrhart 1991). The disease has 
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been also reported in loggerhead (Caretta caretta) turtles, olive ridleys 

(Lepidochelys olivacea), in at least one reported case of the highly endangered 

Kemp’s Ridley (L. kempii) (Barragan and Sarti 1994), and possibly one case in a 

leatherback (Dermochelys coriacea) turtle (Aguirre 1998).  

Among neoplastic diseases of free ranging animals, fibropapillomatosis is 

unique in that it affects a high percentage of animals. The highest incidence of 

fibropapilloma disease in green sea turtles is currently found around Hawaii and 

in the Indian River Lagoon in Florida. Incidence rates in these areas have soared 

in the past 15 years reaching 50-90% (Quackenbush et al. 1998; Greenblatt et al. 

2004; Aguirre 1998; Herbst 1994). Although green turtles are greatly affected in 

both these areas (Hawaii and Florida), there are some patterns that are still being 

investigated. For example, in the West coast of the island of Hawaii, the disease 

is rare although turtles with FP can be found in all foraging areas around the 

Hawaiian Islands. Also, Hawaiian turtles with FP are also affected with tumors in 

the glottis, whereas the turtles from Florida are not. Interestingly, all stranded 

turtles with FP have concomitant infections with blood flukes. This characteristic 

resembles Schistosomiasis, a human chronic parasitic disease (Work 2005). 

There is not yet a definitive causative agent identified for the disease; 

studies point to a possible viral etiology but the causes are likely to be complex 

and multifactorial. The most studied viral suspect for FP is a virus recently named 

green turtle herpesvirus (GTHV). The pathogenic association between this virus 

and fibropapilloma disease in green turtles has been confirmed in recent studies 

in which tumor tissues showed substantial expression of GTHV DNA 

(Quackenbush et al. 1998; Lackovich et al. 1999; Lu et al. 2000a, and Lu et al. 
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2000c). In contrast, tissue from non-tumored green turtles showed no detectable 

expression of the herpesvirus gene (Lu et al. 2003). However, there are studies 

that dispute the presence of viral DNA in samples extracted from the tumors 

(Jacobson et al. 1989; Brown et al. 1999).  

Studies that have tried to relate fibropapilloma disease to this particular 

herpes virus have demonstrated that tumor cells homogenates can be manually 

injected into healthy turtles which later develop tumors (Herbst et al. 1995, and 

Herbst et al. 1999). However, the same scientists working on transmission 

studies have been unable to culture the virus in vitro, failing to fulfill Koch’s 

postulates, a process necessary to place the virus as the causative agent of the 

disease (Lackovich et al. 1999). Some of the questions raised by these studies 

derive from the fact that, until now, the viruses associated with fibropapilloma 

disease have not been found in the blood of turtles positive for FP (Greenblatt et 

al. 2004). In addition, although the virus has been found in tumor cells, the 

majority of the findings actually report latent virus particles, and the cellular 

indications of active virus were found in only 2% of tumors (Greenblatt et al. 

2004). Interestingly, the same ratio of latent to active virus is seen in some 

human tumor cells. The same study also found more abundant viral DNA along 

the surface of the tumors, suggesting a possible direct contact mode of 

transmission (Greenblatt et al. 2004). The life stage at which turtles are infected 

was studied using molecular genetics techniques, and the study led researchers 

to conclude that the turtles were being infected during their approach to neritic 

areas as juveniles (Ene et al, 2005). 
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Some parasitic organisms are suspected of being vectors of the virus. 

These parasites include trematodes, marine leeches, blood flukes, bladder 

parasites, barnacles, amphipods, as well as the saddleback wrasse, Thalassoma 

duperrey (Lu et al. 2000b). 

Other theories have also suggested that the recent high incidence of the 

disease might be due to an outbreak of a mutated herpesvirus among sea turtles. 

However, as Herbst et al. (2004) recently argued in their findings, after thorough 

comparisons of herpes virus lineages from turtles around the globe, it appears 

that this virus has been unique to sea turtles for millions of years. They 

concluded that the recent widespread incidence of the virus is not due to an 

outbreak, but more likely, to environmental or ecological factors (Herbst et al. 

2004). Environmental contaminants have been linked to impaired health not only 

in sea turtles (Keller et al. 2004) but also in bottlenose dolphins (Bossart 2007). 

According to one theory (Aguilar et al. 1999), toxins such as organochlorides 

may accumulate in the fat tissue of the turtles throughout the time they are 

exposed to the pollutants. Later, as these turtles develop fibropapillomatosis, 

starvation triggers the release of fat stores at which time the contaminants get 

mobilized into the animal’s system.  

Treatment of these tumors has been mostly limited to surgical removal, 

and the tumors have had varied recurrence rates, in which males seem to have 

less recurrence than females. As alternative treatment, an experimental drug, 

Dermex, has been tried on Hawaiian turtles with tumors, and the injection and 

cream application of the drug has successfully “dissolved” the tumors where it 

was applied. Although information on the ongoing experimental use of this drug 
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is limited, the results suggested that large isolated tumors responded best to the 

drug (Morris and Balazs 2002)  

 

Fibropapillomas and Cancer Tumors 
 

Regardless of the etiology of FP disease, the tumors grow much like 

cancer tumors do in mammals, with rapid cell proliferation that results in 

differently sized growths.  

In cancer tumors, cancer cells fail to undergo apoptosis and quickly 

proliferate, outstripping the oxygen carrying capacity of surrounding vessels. The 

process of undisrupted cell proliferation transforms the microenvironment 

surrounding the tumor cells into areas characterized by low oxygen; low pH, 

resulting from the production of lactic acid and other acids; and low availability of 

nutrients (Dang and Semenza 1999; Murphy 2004). Despite the low quality of the 

environment, cells still proliferate within solid tumors and cancers. Cells 

contained in masses of as little as 1-2mm in diameter cannot get sufficient 

oxygen through diffusion and eventually must increase oxygen delivery to 

survive. This observation, coupled with the ability of tumors to progress, has led 

cancer researchers in search of a mechanism that allows these cells to survive in 

such low oxygen conditions.  

In tumor progression, the first stage is characterized by no net growth, 

where the rate of mitosis and the rate of apoptosis are equal. As tumor cells 

adapt, vascularization increases and mitosis occurs faster than apoptosis. At this 

stage, the vessels are unorganized and aberrant, and oxygen consumption is still 
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high, so hypoxia acts as a selective force against tumor growth. As hypoxic 

conditions continue, cells activate expression of growth and transcription factors 

that allow the cell to survive (Dang and Semenza 1999). 

 

Adaptation to hypoxic environment 
 

One pathway that increases cell survival is the activation of hypoxia 

inducible factor-1 (HIF-1), a transcription factor induced by hypoxia that is well 

correlated now with tumor progression and aggression. By binding to the Hypoxia 

Response Element (HRE) in the genes, the HIF -1 complex upregulates more 

than 60 identified genes for hypoxia survival responses (Ratcliffe et al. 1998), 

such as insulin-like growth factor-2 (IGF2), tumor growth factor (TGF), 

erythropoietin (EPO), and angiogenesis promotion by vascular endothelial growth 

factor (VEGF) (Semenza 1998, 1999, and 2000). Shweiki et al. (1992) 

demonstrated that mRNA levels of the angiogenic promoter vascular endothelial 

growth factor (VEGF) were higher in cell cultures exposed to a few hours of 

hypoxia. They also analyzed tumor specimens and observed that production of 

this angiogenesis factor was concentrated in a group of cells located immediate 

to necrotic foci, which are presumed to be hypoxic, as well as around clusters of 

capillaries next to VEGF producing cells. Hypoxic tumors in humans have also 

been shown to result in larger tumor extensions (for cervical hypoxic 

carcinomas), to become more aggressive, and to be resistant to radiation therapy 

(Murphy 2004). 
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Therefore, angiogenesis and the growth factors associated with the 

angiogenic event, are critical to the growth of the tumor, to its expansion into the 

vascular system, and to its pathogenicity.  

 

Vascular Endothelial Growth Factor 
 

Vascular Endothelial Growth Factor (VEGF) belongs to a family of Platelet 

Derived Growth Factors (PDGF). In this family, VEGF-A is the factor most 

studied and considered of most importance for the development of vasculature 

(GeneCards 2008). It is a 27kD homodimer protein of 232 amino acids. VEGF-A 

functions in the body promoting angiogenesis, vasculogenesis, endothelial cell 

growth, endothelial cell proliferation, cell migration, and permeabilization of blood 

vessels. It also inhibits apoptosis (GeneCards 2008).  As a result of alternative 

splicing, VEGF-A has several known isomers: VEGF-A 121, 165, and 189, which 

seem to be widely expressed, and the less common VEGF-A 145 and 206. 

These isomers seem to react in the same manner in vitro, but in vivo they have 

different chemical and physical properties and are differentially regulated 

according to different stimuli and pathological conditions (Dvorak 2005). For 

example, the 189 isomer is found in all tissues while the 206 isomer is present 

only in embryonic tissue (Pagès and Pouysségur 2005).  

 VEGF-A is a potent mitogen, not only promoting angiogenesis by 

increasing vessel permeability, but also promoting cell proliferation, migration of 

endothelial cells, and inhibition of apoptosis ( Ferrara and Davis-Smyth 1997; 

Mohamed et al. 2004). This mitogen activity is specific to certain types of cells 



 

10 
 

such as endothelial cells from arteries, veins and lymphatics. VEGF-A’s function 

in tumor metastasis and growth has been correlated to its ability as a 

permeability inducer, allowing tumor cells to enter the blood stream, move to 

another area in the body, and exit the bloodstream in order to invade additional 

tissue through proliferation (Ferrara and Davis-Smyth 1997). Its angiogenic 

activity increases the blood supply to tumors’ rapidly dividing cells, providing 

tumor cells with oxygen and nutrients essential for their survival.  

It has also been suggested that VEGF-A affects tumor growth by helping 

tumor cells avoid immune system detection. Gabrilovich et al. (1996) found that 

VEGF-A can inhibit immature dendritic cells or antigen presenting cells, a 

process that would prevent these cells from inducing the immune response 

against tumor cells.  

Dysfunction of the VEGF-A gene is thought to be involved in numerous 

disorders, including pathologic neovascularization in general, neoplasm, 

neoplasm metastasis, retinal neovascularization, proliferative diabetic 

retinopathy, malignant neoplasm, ovarian hyperstimulation syndrome, and solid 

tumor formation and growth (GeneCards 2008).  

  Levels of the VEGF-A protein in tumor tissue have been positively 

correlated with poor tumor prognosis in studies that quantitatively measured 

VEGF-A. Underscoring the importance of VEGF-A in cancer, tumor growth 

impairment has been demonstrated in studies where VEGF-A antibodies were 

neutralized and in experiments where the signaling of VEGF-A was inhibited 

(Mohamed et al. 2004). Processes, such as cancer, that depend on microvessel 

development to grow, and cancer metastases, that depend on vessel 
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permeability and development to infect other organs, rely on VEGF-A for 

regulation. However, recent findings revealed  important associations between 

VEGF-A and nerve cells, where the promotion of VEGF-A allows regeneration of 

some neurons and specific nerve cells and offers protection from hypoxia 

damage by increasing axonal growth (Storkebaum et al. 2004).  

Other studies also revealed VEGF-A’s protective role in cerebral ischemia 

and in amyotrophic lateral sclerosis (ALS) (Dvorak 2005). VEGF-A is such a 

biologically important molecule in embryonic development and vessel 

differentiation in mice that the loss of just one VEGF-A allele results in embryo 

mortality (Ferrara and Davis-Smyth 1997).   

 Studies that found VEGF-A to be greatly upregulated in the majority of 

mammalian tumors provide not only the foundation for possible therapeutic 

intervention but also a research target for other types of animal tumors. 

Notwithstanding, the regulation of VEGF-A in cancer therapies is more 

problematic than it seems since angiogenesis is not just a pathogenic marker, 

but also an event crucial for life.  

 As important as this molecule is for vasculogenesis, its receptors are just 

as significant in normal and in pathological processes. Of these receptors, the 

most studied ones are VEGFR-1 and VEGFR-2. It is thought that it is the binding 

of VEGF-A to the VEGFR-2 molecule that triggers the cascade of events that 

lead to the angiogenic function. VEGFR-1, on the other hand, has a less clear 

role and it could even be inhibitory of VEGF-A’s function (Dvorak 2005). 

It is clear that in order to grow, cells need the nutrients provided by blood 

and delivered by blood vessels, and also that VEGF is an integral part of cell 
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survival in that it allows blood vessels to grow and new vessels to be born. But 

ultimately what determines whether a cell lives or dies is now known to be a 

balance between apoptotic and survival pathways, specifically pathways 

involving proteins of the BCL-2 family (Tang and Kehrer 2007). Members of this 

BCL-2 family of proteins include proteins that can sense stress or DNA damage, 

and can both promote and prevent cell death pathways (Cory et al. 2003). The 

most studied cell death pathway is that executed by the caspase proteolytic 

cascade, which if triggered, results in an organized dismantling of the cell. Two 

important members of this BCL-2 family are BCL-2 itself, which is an anti-

apoptotic protein, and Bax, a pro-apoptotic protein. The balance between these 

two proteins is known to be an indicator of whether the cells are in a growing 

stage (where BCL-2 is overexpressed), in a cell death stage (where Bax is 

overexpressed), or in a balanced no net growth stage (where both BCL-2 and 

Bax are “in balance”) (Cory et al. 2003).  

 

 BCL-2 
 

In addition to VEGF, p53 (protein 53), BCL-2 (B-cell lymphoma 2) and Bax 

(BCL-2 associated X protein) are three other components of the 

apoptosis/survival balance in tumor cells (Harmey 2004).  p53, a gene that has 

been extensively studied in the molecular pathology of cancer, is intimately 

associated with cell cycle, inducing apoptosis through several pathways and thus 

considered a tumor suppressor gene (Entrez Gene 2009). In one of the tumor-

associated pathways, p53 inhibits the expression of BCL-2, a protein known to 
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improve tumor cell survival by inhibiting apoptosis, and promoting expression of 

Bax, a protein that is involved in cell death, thereby shifting the balance in favor 

of cell death (Bowen 1998). In cancer tumors, a common finding is a mutation of 

p-53 where its function is diminished and the gene can no longer inhibit BCL-2. 

This dysfunction of p-53 may bring about an overexpression of  BCL-2 protein, 

allowing cells to avoid apoptosis and giving tumor cells an advantage to survive 

(Tang and Kehrer 2007). 

 The study of protein expression in cancer has been extensive, and much 

has been done regarding the relationship between p-53, BCL-2, VEGF and other 

proteins in, for example colon cancer (Perrone et al. 2004; Katsumata et al. 

2003; Buckholm and Nesland 2000), pancreatic cancer (Garcea et al. 2005) and 

small cell lung cancer (Fontanini et al. 1998). This sea turtle tumor study selected 

BCL-2 as a protein which is possibly being overexpressed in their tumor tissue. 

All proteins associated with tumors are known to have complex and intertwined 

interactions. One of these interactions is the mutual activation effect of VEGF 

and BCL-2 (Harmey 2004).  The involvement of Bcl-2 in the ability of tumors to 

grow is related to its ability to increase cell invasion, migration and the production 

of gelatinase, at least in vitro. The growth, metastasis and progression of tumors 

are angiogenesis dependent events, and the role of Bcl-2 has been established 

in at least some histotypes where overexpression of Bcl-2 significantly increases 

the expression of VEGF (Harmey 2004). However, it appeared that only in the 

presence of hypoxia this relationship was true. To complicate things further, 

VEGF also appears to be able to induce expression of Bcl-2 thereby promoting 

tumor cell survival (Pidgeon et al. 2001). 
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In addition, a study on non-small cell lung cancer, a strong inverse 

association was found between BCL-2 expression and microvessel density, 

suggesting lower VEGF expression when Bcl-2 was overexpressed. Fontanini et 

al. (1998) found this to be the case when comparing VEGF and Bcl-2 using 

immunostaining techniques. However, this relationship was not found if the group 

looked at results from VEGF RT-PCR and Bcl-2 immunostaining, so that in that 

case the results were technique- dependent.  

 

Bax 
 

Bax (BCL-2 associated x protein), is a proapoptotic member of the BCL-2 

family of proteins, and, together with BCL-2, is also a player in the apoptosis 

pathway. BCL-2 and Bax work against each other in a way that when Bax is 

more abundant, cells undergo apoptosis, but when BCL-2 is dominating, 

apoptosis is inhibited and cells survive (Lockshin et al. 1998). In cell proliferation 

disorders such as cancers, the relevant indicator is therefore the ratio between 

these two proteins. A “high BCL-2 ratio”, in which BCL-2 is expressed in excess 

of Bax, is characteristic of many types of tumors (Korsmeyer 1999; Tang and 

Kehrer 2007). 

In light of this observed balance between these two key pro and anti 

apoptotic proteins in cancer tumors, this study attempts to evaluate Bax as well 

as BCL-2 in an effort to establish a relationship between these two proteins in 

sea turtle tumors.  
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Objectives 
 

To date, no studies have explored the possible role of tumor-associated 

proteins such as VEGF, Bcl-2, or Bax in the vascularization and tumorigenesis of 

sea turtle tumors. During the course of this study, VEGF expression in sea turtle 

tissues was measured to determine whether VEGF is being overexpressed in the 

tumor tissue of sea turtles relative to healthy sea turtle tissue. As papilloma 

tumors in sea turtles grow beyond 2mm in diameter, a size at which diffusion 

alone is not enough to deliver oxygen to the tissues, mechanisms ought to get 

activated to ensure cell survival at the core, which would otherwise be critically 

hypoxic. Since studies have demonstrated a strong correlation between tumor 

vascularization and levels of vascular endothelial growth factor (VEGF), and 

since sea turtle tumors are known to reach sizes of up to 20 cm in diameter (The 

Turtle Hospital 2008) and are highly vascularized, it is quite likely that VEGF 

expression in sea turtle tumors is high relative to non-tumored tissue.  In addition, 

the study attempted to measure levels of Bcl-2 and Bax proteins to determine if a 

relationship between these proteins could be found that could explain the 

massive cell growth that characterizes these tumors. Both, healthy and tumor 

tissue were evaluated to see if the levels of Bax and BCL-2 may be contributing 

to tumor growth and survival through promotion of cell survival and suppression 

of apoptosis.   

Three aims were identified in this study in order to establish clear 

hypotheses: First, since there are currently no primers designed specifically for 

sea turtle vascular endothelial growth factor (VEGF), there was a need to design 

species-specific VEGF primers to use in this study and in further sea turtle VEGF 
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studies. The species-specific primers not only allow their use for future sea turtle 

studies, but also expand the pool of primers available as we move away from 

traditional model organisms such as mouse and human. Second, it was 

necessary to identify the presence of VEGF and quantify its expression in sea 

turtle tumor tissues and skin tissue from healthy turtles using real time PCR. 

Lastly, the study required an evaluation of BCL-2 and Bax protein expression in 

tumor samples vs. healthy skin samples using protein extraction and Western 

blotting. These aims were identified with the purpose of addressing two 

questions: First, if the level of VEGF mRNA is significantly higher in sea turtle 

tumor tissue than in healthy tissue, and second, if sea turtle tumor tissue has a 

higher BCL-2/ Bax ratio than healthy tissue. 
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MATERIALS AND METHODS 
 

This research was carried out under Florida Fish and Wildlife 

Conservation Commission Permit TP#053. All studies were also approved by 

FAU IACUC. 

 

Tissue Biopsies and Collection sites 
 

For the segment of this study concerned with measuring VEGF, 16 of the 

sea turtles were captured at the Indian River Lagoon system in Florida ( IRL ), 

Sebastian Reef, (SR) and in the Trident Submarine Basin in Port Canaveral, 

Florida (TRI) as part of a routine long-term study carried out by students of Dr. 

Llewellyn Ehrhart. Seven (7) additional samples (FPL) were collected personally 

from turtles captured as part of a sea turtle protection plan implemented at the 

FPL Power Plant, St. Lucie County, FL. Three (3)  tumor samples, originally from 

the Marathon Sea Turtle Hospital, were kindly provided by Dr. L.H. Herbst. The 

samples used for BCL-2 and BAX protein measurements were collected by 

Allissa Deming at the Trident Basin and kindly provided for this study.  

Table 1 presents the clinicopathological and collection site data for the turtles 

used for the VEGF expression part of this study. 
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Table 1. Sea turtle clinicopathological data including Sample ID, Location (site of collection, species, 
fibropapilloma presence, curved carapace length (CCL), straight carapace length (SCL) and weight 
in kilograms (Wt (kg)). 
 
 

Sample ID  
Location 

Species  
Papilloma Tumors 

 
CCL 

SCL  
Wt (kg) 

6+ FPL Chelonia mydas No       
7+ FPL Chelonia mydas No       
8+ FPL Chelonia mydas No       

FPL 316+ FPL Chelonia mydas No 37.6 36 5.5 
FPL 834 + FPL Chelonia mydas No       
FPL CCB+ FPL Caretta caretta No       

SR 6+ Sebastian Reef Chelonia mydas No 36.6 34.7 5.7 
TRI 19+ Trident Basin Chelonia mydas No 30.1 36.7 3 
TRI 14 + Trident Basin Chelonia mydas No 27.7 26.9 4 
IRL 23+ Indian River Lagoon Chelonia mydas No 35.1 33.2 5 

IRL 12cc +N Indian River Lagoon Chelonia mydas No 37.2 35.1 5.6 
IRL 3cc +N Indian River Lagoon Chelonia mydas No 45.2 42 10.2 
IRL 10cc -N Indian River Lagoon Caretta caretta No 73.7 71.2 96 

IRL 24 Indian River Lagoon Chelonia mydas No 58.8 55.8 30.2 
GL 4 Gumbo Limbo Caretta caretta No       
TRI 9 Trident Basin Chelonia mydas No 31.8 30.5 4 

TRI 17 skin Trident Basin Chelonia mydas No 39.2 36.8 6.8 
IRL 6+ Indian River Lagoon Chelonia mydas Yes 40.5 37.8 7.5 

T2+ Turtle Hospital Chelonia mydas Yes       
IRL 12cc+T Indian River Lagoon Chelonia mydas Yes 37.2 35.1 5.6 
IRL 3cc +T Indian River Lagoon Chelonia mydas Yes 45.2 42 10.2 
IRL 20+T Indian River Lagoon Chelonia mydas Yes 42.6 42.8 10 
TRI 16 (2) Trident Basin Chelonia mydas Yes 44 42.5 7 

T5 Turtle Hospital Chelonia mydas Yes       
IRL 14 Indian River Lagoon Chelonia mydas Yes 43 40.5 10.2 

 

 

For the primer design section of the study, skin biopsies from 2 healthy 

green turtles (Chelonia mydas) and from 2 healthy loggerhead sea turtles 

(Caretta caretta) were used. Finally, skin biopsies from 16 healthy green turtles 

(CmN) and 10 tumor biopsies from green turtles with GTFP disease (CmT) were 

used to address expression of Vascular Endothelial Growth Factor.  
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The protocol delineated by Jacobson (1999) was followed for the 

collection of healthy and tumor biopsies: In the posterior inguinal area, the 

dermal region for the skin biopsies was treated with a local anesthetic (Bactine, 

Bayer Healthcare LLC, Morristown NJ, USA). The biopsy site and the region 

around it were scrubbed with 70% alcohol alternated with surgical iodine soap. 

Biopsies were taken with a disposable 4mm or 8mm biopsy punch (Uni-Punch, 

Premier Medical Products, PA, USA). A skin sample of 2-4 mm deep was taken 

and cut off with sterile scalpel. On the site of the biopsy, VetBond tissue adhesive 

(3M Animal Care Products, St Paul, MN, USA) was applied to prevent bleeding 

and seal the wound site. Samples were then frozen in dry ice, transported to the 

lab, and stored at -80°C until processing. 

The biopsies and protein extractions used to study expression levels of 

BCL-2 and Bax were kindly performed by Alissa Deming, following the same 

protocol. Clinicopathological data for this second group of turtles are not 

presented. 

 

VEGF 
 

Primer Design: 

Using VEGF primers developed previously in our laboratory for the fresh-

water turtle Trachemys scripta and total DNA extracted from tissues of two 

species of sea turtles (Chelonia mydas and Caretta caretta), the DNA section 
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was first amplified by PCR and later purified. The purified product was then 

cloned, sequenced and compared with known DNA sequences. 

For this process, 4 samples were used: 2 from C. mydas and 2 from 

C.caretta. First, DNA was extracted from the tissue using a DNA lysis buffer 

(composed of Tris, EDTA, NaCl, SDS, Proteinase K and water) and chloroform: 

The tissue was triturated with the DNA lysis buffer, and incubated at 37˚C while 

rotating overnight. 125uL of 5M NaCl were added drop-wise to form a precipitate.  

The tubes were then incubated at 4˚C for 3 to 4 hours while rotating. Tubes were 

then spun at 12,000g for 10 minutes. The supernatant was removed and the 

pellet extracted with 500uL phenol-chloroform. Again the tubes were spun for 10 

minutes. The pellet was then precipitated with isopropanol and mixed. Again 

tubes were spun for 10 minutes. The pellet was then washed with ethanol and 

spun for 10 minutes. Ethanol supernatant was removed and the pellet air dried. 

The final product was resuspended in 50uL TE with RNAse.  

  The DNA product was amplified by polymerase chain reaction (PCR), 

using forward and reverse VEGF primers designed for freshwater turtle, 

Trachemys scripta:  

Forward Primer: 5’ CTGGTGGANATNTTCCAG 3’ where “N” could be A/G/C/T   

Reverse primer:   5’  TCTTTCTTTGGTCTGCATT  3’ with a 233 bp PCR product. 

All four samples were quantified and qualified by running an agarose gel 

at 100V for 30 minutes. The gel was then processed with Qiagen QIAquick Gel 

Extraction Kit (Qiagen, Inc. Valencia, CA, USA), following manufacturer’s 

protocol. 
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The extracted DNA from the gel was transformed using TOPO TA 

Cloning® Kit for Sequencing (Invitrogen Corporation, Carlsbad, CA, USA) 

following manufacturer’s protocol. Cells were then spread onto plates and 

incubated overnight, and two colonies were cultured in liquid LB medium. 

Plasmids from the cultures were retrieved with Promega’s Wizard® Plus SV 

Minipreps DNA Purification System (Promega Corp. Madison, WI, USA), and 

results verified with a gel. 

 

RNA Extraction:  

I.  Phase Separation: 

The tissue samples were homogenized with 1ml of Trizol® Reagent 

(Invitrogen Corporation, Carlsbad, CA, USA), and the mixture was incubated at 

ambient temperature for 5 minutes to allow for complete dissociation of 

nucleoprotein complexes. After incubation, 0.2 ml of chloroform were added. The 

tubes were capped and shaken for 15 seconds, and incubated again at room 

temperature for 2-3 minutes. The tubes were centrifuged at 12,000g maximum 

for 15 minutes at 2-8ºC.  The mixture was then separated into a lower red, 

phenol-chloroform phase, an interphase, and a colorless upper aqueous phase 

that contained the RNA.  

 

II.  RNA Precipitation  

The upper aqueous phase was transferred to a clean tube and the organic 

phase (containing DNA and protein) was saved for future work. The RNA was 
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precipitated from the aqueous phase with 0.5 ml of isopropyl alcohol. The 

samples were incubated at room temperature for 10 minutes and centrifuged at 

12,000g for 10 minutes at 4°C. The precipitate formed a gel-like pellet on the side 

of the tube. 

The supernatant was removed, and the RNA pellet washed with 1ml of 

75% ethanol. To wash the RNA pellet, the sample was mixed by vortexing it, and 

centrifuged at 7500 g max for 5 minutes at 4°C. The RNA was dried briefly by 

inverting the tubes on a paper towel for 5-10 minutes, and then resuspended in 

30 uL of RNase free water. Finally, the tubes were incubated at 50-60°C for 5 

minutes. 

The quality of the RNA was verified for each sample by gel 

electrophoresis, with a 2% agarose gel in formaldehyde buffer for 30 minutes at 

100V. RNA samples were also analyzed for quality and quantity through 

spectrophotometry (BioPhotometer 6131, Eppendorf, Hamburg Germany). 

Once the RNA was quantified, the volumes of the samples were adjusted to 

include 2pg of RNA in each sample before proceeding to the reverse 

transcription step. RNA was also treated with DNAse to avoid contamination of 

exogenous DNA. 

 

Reverse Transcription 

The RNA from the tissues was then reverse transcribed into their 

complementary DNA (cDNA) using the following procedure: First,  “X” uL DNAse-

treated RNA were used, adjusting “X” to be the number of microliters needed to 
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include 2pg of RNA in the sample. This RNA was put together with 0.5 uL of the 

forward primer, 0.5 uL of the reverse primer, 4 uL of 2.5mM dNTP mix, and filled 

with sterile distilled water to obtain 13 uL in total. This was heated for 5 minutes 

at 65°C. Then 7 uL of a 4:1:1:1 mix of  5X First Strand Buffer, 0.1 M DTT, RNAse 

out, and Superscript were added to each tube. The tubes were then mixed and 

heated for 5 minutes at 25°C. 

The mixture was run on a Techne TC-412 PCR lightcycler (Midwest Scientific, St. 

Louis MO), programmed to run at 50°C for 50 minutes, and then at 70°C for 15 

minutes. 

 

Real Time PCR 

Real Time (RT-PCR) or quantitative (QPCR) was then used to measure 

the number of transcript copies of the VEGF gene. A comparison of the level of 

VEGF transcription in each tissue type indicates if VEGF is being expressed 

differently in tumors than in skin tissue.  

Runs were combined in the LightCycler (Roche Diagnostics) so as to 

include representative samples from each group. The cycler holds 32 capillaries; 

therefore, only 8 samples of healthy turtles (CmN) and 8 samples of GTFP turtles 

(CmT) and their positive and negative controls were included in each run. Three 

replicates were done on each sample. A negative control containing no RNA and 

water instead of primers was included in each run.  

The experimental protocol used for the LightCycler is shown on Table 3: 
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Table 2. Lightcycler FastStart DNA Master plus SYBR Green I Protocol according to manufacturer 
instructions (Roche Applied Science). 
 

Analysis Mode Cycles Segment Target Temperature Hold Time 
Acquisition 
Mode 

Denaturation 
None 1   95° C 10 min none 

Amplification 
Quantification 45 Denaturation 95° C 10 sec none 
    Annealing primer dep 10 sec none 
    Extension 72° C   single 

Melting Curve 
Melting Curves 1 Denaturation 95° C 0 sec none 
    Annealing 65° C 15 sec none 
    Melting 95° C  Slope=0.1° C/sec 0 sec continuous 

Cooling 
None 1   40° C 30 sec none 

      
 

 

Statistical Analysis 

The data analysis was generated using SAS software, Version 9.1 of the 

SAS System for Windows (Copyright © SAS Institute). For all analyses, the data 

were transformed by multiplying the values by 1000 and then transformed 

logarithmically to avoid working with negative results. For the analysis of VEGF 

expression in sea turtle tumors vs skin tissue, a Student T-test was performed 

with the same software. For the Student T-test both absolute values of VEGF 

expression and values of VEGF relative to β -actin expression were used. Also, 

correlation analyses were performed to evaluate expression of VEGF according 

to carapace length (CCL=curved carapace length, and SCL=straight carapace 

length), and to weight. 
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BCL-2 and Bax   
 

Protein Extractions 

Samples were collected and protein extractions were performed by Alissa 

Deming using the following protocol: Biopsies were kept in liquid nitrogen until 

sample was removed and weighted. Then, the samples were placed in aluminum 

foil, submerged into liquid nitrogen for 30 seconds for hardening, then struck with 

a hammer to allow perfusion of cell lysate throughout the sample. With a glass 

Dounce homogenizer, samples under 0.02g were extracted with 0.5 mL of cell 

lysis buffer and 6 µL of protease inhibitor. Samples of more than 0.02 g were 

extracted with 1.0 mL of cell lysis buffer and 12 µL of protease inhibitor. The 

homogenate was then centrifuged at 12,000 rpm at 2-4°C for 10 minutes and the 

supernatant was collected. Protein concentration assays were run in duplicate 

using a conventional bicinchonic acid assay (BCA™, Pierce). 

 

Western Blots  

According to protein concentration assay results, skin and tumor samples 

were diluted to equal concentrations, added to sample buffer and denatured at 

100°C for 8 minutes. Protein samples were  loaded to equal concentrations (33 

µg/mL) on one-dimensional hand casted SDS-polyacrylamide (10%) gel and 

separated for 1-1.5 hrs at 150-175V on BioRad® mini gel vertical electrophoresis 

rig (Protean II or III) using standard Laemmli (1970) method.  

A molecular marker (Fermentas, SM0671) was used to determine the 

specific mobility of protein along the gel. After SDS separation, proteins were 
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transferred to a nitrocellulose membrane (Hybond ECL, Amersham) using 

BioRad® mini trans-blot cell for 1.5-2 hrs. Membranes were blocked for 1-2 hrs at 

room temperature on a shaker platform in blocking solution (5% non-fat dry milk 

in Tris buffered saline ( TBS, 10mM  Tris, 50mM NaCl)). Membranes were 

washed thrice in TBS containing 0.05% Tween® 20 and incubated with 

Bax(Santa Cruz Biotechnology SC-7480)/ Bcl2 (Chemicon, AB1720) antibodies 

overnight at 4°C on a shaker platform. Membranes were then washed three 

times for 10 minutes each with TBS containing 0.05% Tween®20, and then 

incubated at room temperature for 2 hours  with a secondary antibody (for Bax: 

Southern Biotech Rabbit anti-mouse IgG, 6170-05.; for BCL2: Southern Biotech 

Goat anti-rabbit IgG, 4050-05). After incubation with the secondary antibody, 

membranes were washed 2 times for 10 minutes each with TBS containing 

Tween®20, and then one time for 10 minutes with TBS without Tween®20 to 

avoid possible interference of Tween product with the electro luminescence 

detection. Finally, the protein antibody complex was identified by enhanced 

chemoluminescence (ECL, Amersham) and membranes were exposed to 

autoradiography film (Kodak, BioMax XAR) for 20 seconds to several minutes 

until the image of the Western bands appeared. The film was then processed 

with Kodak M35 X-OMAT film processor and density of the Western bands was 

analyzed using Image J software (v. 1.33u, National Institute of Health). Images 

were converted to grayscale, background subtracted, and then lanes were 

analyzed by Image J software for its average integrated density.   
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Statistical Analysis 

The average integrated density of each band signal was obtained, and  

the samples from tumor and skin were compared as well as the samples from 

tumor/receding and tumor/healthy skin when these were available.  To measure 

protein expression for BCL-2 and BAX, a single-factor ANOVA analysis was 

performed to compare average integrated density of bands between healthy, 

receding and tumor tissue samples. A paired two-sample T-test was performed 

to compare BCL-2 levels in healthy/tumor, healthy/receding, and tumor/receding 

pairs within the same animal. Lastly, BCL-2/Bax ratio was calculated in healthy, 

receding, and tumor tissue types. 
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RESULTS 

 

VEGF 
 

After DNA was extracted, the purified DNA sections were sent out for 

sequencing. Once sequences were received, they were verified by first excising 

the plasmid out (pCR® 4-TOPO) and then by comparing the remaining sequence 

(the actual PCR product) with known DNA sequences via the Nucleotide-

nucleotide BLAST function of the National Center for Biotechnology Information 

(NCBI) (Zhang et al. 2000).   

Table 3: Trimmed DNA sequences from the four extractions. (a)C.mydas 1, (b) C. mydas 2, (c) 
C.caretta 1, and (d) C.caretta 2. The 222 shared nucleotide sequences are highlighted. 
__________________________________________________________________________ 
 
(a) 
CTGGTGGANATNTTCCAGGAGTACCCTGATGAGATCGAGTACATCTTCAAGCCATCCTGTGTGCCCCTGATGCGAT
GCGGGGGCTGCTGCAATGACGAGGGCCTGGAGTGTGTGCCCACTGAGGAGTCCAACATCACCATGCAGATTATG
CGGATCAAACCTCACCAAGGCCAGCACATAGGAGAGATGAGCTTCCTACAGCACAACAAATGTGAATGCAGACCA
AAGAAAGAA 
 
(b) 
CTGGTGGAAATGTTCCAGGAGTACCCTGATGAGATCGAGTACATCTTCAAGCCATCCTGTGTGCCCCTGATGCGAT
GCGGGGGCTGCTGCAATGACGAGGGCCTGGAGTGTGTGCCCACTGAGGAGTCCAACATCACCATGCAGATTATG
CGGATCAAACCTCACCAAGGCCAGCACATAGGAGAGATGAGCTTCCTACAGCACAACAAATGTGAATGCAGACCA
AAGAAAGAA 
 
(c) 
CTGGTGGACATGTTCCAGGAGTACCCTGATGAGATCGAGTACATCTTCAAGCCATCCTGTGTGCCCCTGATGCGAT
GCGGGGGCTGCTGCAATGACGAGGGCCTGGAGTGTGTGCCCACTGAGGAGTCCAACATCACCATGCAGATTATG
CGGATCAAACCTCACCAAGGCCAGCACATAGGAGAGATGAGCTTCCTACAGCACAACAAATGTGAATGCAGACCA
AAGAAAGAA 
 
(d) 
CTGGTGGACATGTTCCAGGAGTACCCTGATGAGATCGAGTACATCTTCAAGCCATCCTGTGTGCCCCTGATGCGAT
GCGGGGGCTGCTGCAATGACGAGGGCCTGGAGTGTGTGCCCACTGAGGAGTCCAACATCACCATGCAGATTATG
CGGATCAAACCTCACCAAGGCCAGCACATAGGAGAGATGAGCTTCCTACAGCACAACAAATGTGAATGCAGACCA
AAGAAAGAA
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Results from the BLAST search indicated that the four samples shared a 

222 nucleotide sequence with all VEGF gene sequences in the NCBI genomic 

database (Table 3). The blast query reported a 100% identity match with human 

VEGFA sequences. No other gene or transcript sequences besides VEGF were 

shown as matches for the 222 nucleotide sequence search.  

This result indicated that only one set of primers was necessary for both 

species involved, C. mydas and C. caretta. Two different sets of primers were 

ordered: One set for nucleotides 1- 111 (F1 and R1) and one set for nucleotides 

112-222 (F2 and R2). With these, three different combinations were tested on 

RNA samples (see RNA extraction and RT-PCR procedures below): F1 and R1 

(targeting the first half of the sequence), F1 and R2 (spanning the whole 222 

nucleotide sequence), and F2 and R2 (targeting the second half of the sequence. 

The best results, visible with gel electrophoresis, were obtained with F1 and R1.   

Primer sequences: 

Forward Primer (F1): 5’ TTC CAG GAG TAC CCT GAT GAG 3’ 

Reverse Primer (R1): 5’ CTC AGT GGG CAC ACA CTC C 3’   

 

Real Time PCR 

 A typical result from the real time PCR lightcycler shows a curve such as 

the one shown in Figure 1, with the first four curves showing the standards and 

the remaining curves belonging to the samples and the negative and positive 

controls.          
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Fig.1. Representative results from real- time PCR lightcycler.  
 

In this study, the results showed a range of VEGF expression from 

0.003985 to 2.9965 copies VEGF mRNA/ng RNA. 

The results were first evaluated as absolute number of mRNA copies 

detected by the Lightcycler and then as ratios between VEGF and β -Actin 

(relative measurements). The data analysis was generated using SAS software, 

Version 9.1 of the SAS System for Windows (Copyright © SAS Institute Inc).  

For absolute values, no significant difference in VEGF expression was 

found (Fig.2) between normal vs tumor tissue ( t-value was 0.90 (F=1.66, 

p=0.3855)). The same analysis was performed for values of relative expression 

of VEGF/ β-actin results (Fig. 3). The results of the Student t-test for this analysis 

indicate a t-value of 2.21 (F=1.98, p=0.1236), which means that when measured 

relative to B-actin, VEGF expression was found to be significantly higher in 

healthy skin tissue than in tumor tissue. This pattern is opposite to that found in 
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typical tumor tissues, where overexpressed VEGF is used as an indicator of 

tumor aggressiveness and is correlated with a poor prognosis.   
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Fig.2.  Absolute expression of VEGF (log transformed VEGF values) in sea turtle skin and tumor 
tissue. 
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Fig. 3. Expression of VEGF (log transformed VEGF values) relative to expression of β -actin in sea 
turtle skin and tumor tissue. 
 

 
 
Correlation Analyses 

Additional analyses were conducted in an effort to reveal correlations 

between VEGF expression and carapace curved length (CCL), straight carapace 

length (SCL) and weight (WT). These correlations were measured in samples for 

which morphometric information was available. The morphometric data from the 

turtles show parameters such as age that can be a factor in VEGF expression. 

Table 4 lists the correlation coefficients, the P values for significance, and N 
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(number of samples), and Figure 4 shows the correlation graphs. Significant 

correlations were not found in the statistical or the graphic analyses.   

 
Table 4: Statistical analysis of correlation between VEGF expression and carapace curved length 
(CCL), straight carapace length (SCL) and weight (WT). 
* Correlation: Pearson Correlation Coefficients  
P value: Prob > |r| under H0: Rho=0  
N: Number of Observations 
 

Group Statistics* CCL SCL WT  

VEGF 

Correlation 
-

0.08946 

-

0.03992 
0.04423 

P value 0.7328 0.8791 0.8661 

N 17 17 17 

 

CCL 

Correlation 

— 

0.418 0.197 

P value 0.121 0.481 

N 15 15 

 

SCL 

Correlation 

— — 

0.797  

P value 0.000375  

N 15  
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Fig.4. Correlation graphs for a) VEGF vs CCL (carapace curved length), b) VEGF vs SCL (straight 
carapace length), and c) VEGF and weight. 
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BCL-2 and Bax 
 

Western Blot Results 

The method used to measure expression levels of BCL-2 and Bax requires 

that the gels be developed and later the resulting film be scanned and analyzed 

with Image J software (National Institutes of Health). The software was used to 

analyze the integrated density of the bands, and the tissue types were graphed 

against the density of the bands. In a comparison between all tissue types, the 

level of BCL-2 was not seen to be significantly different between healthy, 

receding and tumor tissue (Fig 5).  

 

 

Fig.5. Bcl-2 expression as average integrated density (Image J software analysis) by type of tissue. 
 

In the case of Bax, on the other hand, a significant difference was found 

between tumor and healthy tissue (Fig 6), but not between healthy and receding 
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tumor or between tumor and receding tumor tissue. In addition, this expression 

pattern for Bax is unlike that shown in mammalian tumor vs. healthy tissues.  

 

 

Fig. 6. Levels of Bax protein expression as average integrated density (Image J software analysis) by 
type of tissue. Bax expression significantly higher in tumor tissue than in healthy tissue (P<0.05). 
 

The real indicator of the anti-apoptotic state of tumors is given by the ratio 

between BCL-2 and Bax, where a higher BCL-2 expression over Bax favors this 

anti apoptosis trend. However, as a result of  the higher Bax expression found in 

the sea turtle tumor tissue compared to healthy sea turtle tissue, the opposite 

pattern for this BCL-2/Bax ratio emerged (Fig 7).  When BCL-2 and Bax ratios 

were calculated, healthy tissue was found to have a significantly higher BCL-

2/Bax ratio than tumor tissue.  
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: 

Fig. 7. The BCL-2/ Bax ratio was higher in healthy tissue than in receding or tumor tissue, a  trend 
opposite to that found in the BCL-2/Bax ratio of mammalian cancer tumors.  
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DISCUSSION 
 

Little is known about the etiology, characteristics, or cell behavior of tumor 

tissue in sea turtle fibropapillomatosis. The intent of this study was to evaluate 

the expression of cancer indicator proteins in tumor and healthy tissue of green 

and loggerhead sea turtles to get a better understanding of their expression 

patterns. Although the initial aim included only vascular endothelial growth factor 

(VEGF), it was possible to get a preliminary assessment on BCL-2 and Bax 

proteins. 

 

VEGF  
 

The results of these studies showed that, in the tissue samples evaluated, 

the expression of VEGF was not significantly higher in tumor versus healthy 

tissue, as is expected from studies in cancer tumors.  

Several issues were found in the literature that could have contributed to these 

unexpected results. For example, sea turtle tumors are thought to have a viral 

etiology. Although VEGF is a clear angiogenesis indicator in many types of 

cancer, in the case of virus-associated tumors, the protein situation is less clear. 

Virus-infected cells have extraneous DNA and proteins of viral origin, which 
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make for a difficult task of elucidating a protein expression map for the organism. 

Quackenbash et al. (2001) have shown that the viral DNA load in turtle tumors

was higher than in healthy tissue, leading to a possible higher tainting of the 

tumor tissue.  

  An additional factor to consider is another protein involved: 

thrombospondin. Herbst (2001) found that in FP derived fibroblasts, a human 

homologue of thrombospondin was underexpressed. Thrombospondin (TSP) is a 

well known tumor-suppressor anti-angiogenic factor found to be underexpressed 

in some neoplastic diseases and also in cells infected with a herpesvirus. In 

cancer tumors, some studies point to the balance between TSP and VEGF as 

the indicator of ongoing angiogenesis, where healthy subjects have a higher 

TSP/VEGF ratio than cancer patients do in serum (Gonzalez et al. 2004). If TSP 

is underexpressed in these sea turtle tumors, the need for a higher VEGF 

expression may not be there. In this study, TSP was not one of the measured 

factors, so this ratio could not be established, but it is an interesting topic to 

explore in the future. The levels were measured in serum which is also an easier 

tissue to work with in future studies. 

Mueller and Fusenig (2002) also discuss that in benign epithelial tumors, 

the angiogenic activity is transient. If sea turtle tumors are in fact benign, they 

may be subjected to a short lived activity of angiogenic factors such as VEGF, in 

which case, older more necrotic tumors may not show VEGF activity any longer. 

The tumor tissue in this study was not classified by the age of the tumor, but this 
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“newer” vs “older” tumor issue is clearly one that cannot be left out in subsequent 

sea turtle tumor studies. 

Another issue raised by Mueller and Fusenig (2002) is that in both, the 

malignant and benign tumors they studied, VEGF was equally regulated. 

However there was a differential upregulation of the VEGFR-1 and VEGFR-2 

receptors. An abundance of VEGF receptors could result in a higher VEGF 

angiogenic activity without necessarily raising the levels of VEGF itself. This sea 

turtle study did not get into the more complex issue of measuring receptor 

expression, but this could have been another factor contributing to the 

inconclusive results.  

Mueller and Fusenig (2002) also looked at PDGF (platelet derived growth 

factor). This is another growth factor involved in blood vessel formation albeit a 

different mechanism than VEGF. The authors’ additional suggestions are 

interesting to apply to the sea turtle model: they show in their epithelial studies 

how PDGF induces stromal development by increasing keratinocyte proliferation 

but not angiogenesis development, thus inducing a benign tumor formation. It 

would be interesting to study the role of PDGF in the sea turtle tumors. 

In particular with VEGF, one interesting study (Yamasaki et al. 2005) 

mentions the difficulty of making accurate quantitative measurements of VEGF in 

tumors. Contamination by fibroblasts and inflammatory cells associated with non- 

neoplastic cells may lead to an underestimation of the levels of VEGF in the 

tumor samples. A different method that yields exact amounts of tissue, such as 

the one used by Yamasaki et al (2005) in the VEGF analysis of breast cancer 
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tissue, could have reduced some of the within-sample variation. The current 

study used a spectrophotometer to measure RNA present in the samples. This 

method may not yield results with the necessary accuracy or precision needed 

for the study.  

Also, a histological examination of the sea turtle samples could have 

revealed more about the cell types and possibly allow for establishing an 

additional correlation with VEGF expression. 

Lastly, the location of the actual samples within the tumor could have been 

another factor affecting the results of VEGF expression. Shweiki et al. (1992) 

analyzed tumor specimens and observed that production of VEGF was 

concentrated in a group of cells located immediate to necrotic foci, which are 

presumed to be hypoxic, as well as around clusters of capillaries next to VEGF 

producing cells. Hypoxic tumors in humans have also been shown to result in 

larger tumor extensions (for cervical hypoxic carcinomas), to become more 

aggressive, and to be resistant to radiation therapy (Murphy 2004). A more 

detailed recording of the site of the samples within the tumor itself may have 

revealed a differential VEGF expression depending on whether the sample was 

taken from a more necrotic area or a more active growing area of the tumor. 

Since this difference was not determined for the samples used in this study, this 

particular analysis was not performed, but it is likely that, with the sea turtle 

tumors reaching sizes of 20 cm, these tumors harbor very different 

microenvironments. 
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Correlation analyses were not revealing either. The levels of VEGF 

expression did not show any correlation with the length or the weight of the 

turtles. With age, not only the composition of the different VEGF isoforms in the 

body changes with age, but also there is a general decrease in VEGF levels 

(Hofstaetter et al. 2007). The carapace length of the turtles is indicative of their 

age and the correlation could have revealed a general trend in VEGF expression 

between older and younger turtles. However, this was not the case.  

 

BCL-2 and Bax  
 

BCL-2 is a protein closely associated with solid tumors, and known to 

enhance cell survival by inhibiting apoptosis. In cancer tumors, BCL-2 is 

overexpressed, favoring an anti apoptotic cell phenotype. Although the expected 

result was one where BCL-2 was overexpressed in the sea turtle tumor tissue, 

the results obtained from Western blot analyses did not show a significant 

difference between BCL-2 expression in sea turtle tumors vs. healthy tissue. In 

contrast to these results, an earlier study done by our lab identified significantly 

higher levels of BCL-2 in tumor tissue vs healthy tissue, and also significant 

differences in BCL-2 levels within tumors of different scores: Categories 1 and 2 

tumors, hypothesized of being actively growing, had higher levels of BCL-2 than 

categories 0 (healthy) and 3 (older and more necrotic tumor tissue) (Deming 

2008) 
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Again, the possible factors contributing to this result were evaluated. For 

example, in the literature, there is evidence of BCL-2 being selectively expressed 

in different types of cancer. In one particular study, in which inverted papillomas 

and transitional cancer cells were evaluated, the authors found that BCL-2 was 

being expressed only in basal-layer cells, and Bax was expressed in superficial 

cell layers (Bilim et al. 1998).  The samples used in this sea turtle study were 

extracted from the center of the tumor with an 8mm biopsy punch, removing a 

tissue portion 2-4 mm deep (Deming 2008). This size allows for both superficial 

and deeper epithelial cell layers to be present. The type of fine cell analysis 

suggested by Bilim et al. (1998) was not undertaken in the current thesis study, 

but may be necessary as the size of the tumors in these turtles can be very large, 

reaching 30 cm in diameter.  

Bax expression, on the other hand, was found to be significantly higher in 

tumor tissue than in healthy tissue. As a pro-apoptotic protein, Bax activation 

normally confers protection against cancer cells by promoting cell death. 

Therefore, the results conflict with the literature that cites that Bax expression is 

significantly lower in tumor tissue than in healthy tissue.   

One interesting thought about this higher Bax expression circles around 

the fact that sea turtles are diving reptiles. Although sea turtles routinely perform 

dives of up to 25 m and stay underwater for up to 40 minutes (Hochscheid 1999), 

they can also reach depths of 178m ( Polovina et al. 2003) and remain 

underwater for up to 7 hours (Hochscheid 2005). Just as other air breathing 

diving animals, such as marine mammals, sea turtles must have adaptations to 
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survive the resulting hypoxia from these dives. The specific molecular 

adaptations for sea turtles have not been studied as in depth as they have in 

marine mammals. However, we do know that the ringed seal can count, among 

its adaptations, a high level of HIF-1 alpha in its tissues as possible protection 

against oxidative damage that can result from the diving activity (Johnson et al. 

2005). Incidentally, some of the literature also reveals that there is not only a 

positive correlation between HIF-1 alpha and Bax but also an inverse correlation 

between HIF-1 alpha and BCL-2 in lung and colorectal cancers (Wincewicz et al. 

2007; Li-fang et al. 2002). Based on this, we could hypothesize that sea turtles 

may also have high levels of HIF-1 alpha as a possible protection factor against 

oxidative damage that is also intervening in the expression of Bax and BCL-2.  

   The consensus in the literature seems to be that the relationship between 

VEGF, BCL-2 and other tumor promoting proteins is complex (Maddika et al. 

2007) and it appears to be particular to tumor type, tissue type, and 

microenvironment (Harmey 2004). In addition, in protein expression assays, 

several factors come into play, including the techniques used for sampling of 

tissue or those used for measuring protein or RNA concentration as well as 

sample size. In this study, the sample size was small, and, given that the 

obtained pattern of expression does not agree with the classic tumor pattern of 

high Bcl-2/low Bax, the results may possibly not be as noteworthy as those 

obtained with a larger sample size. 
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Future directions 
 

It is interesting to note that there is evidence that patients bearing solid 

tumors have increased circulating levels of tissue factor pathway inhibitor (TFPI) 

(Dvorak 2005). Since blood may be a better tissue to work with, future studies 

should attempt to investigate the presence of this factor in sea turtle blood and 

measure its levels using a method of blood extraction and analysis. 

Also as a future direction, the analysis of the tumor-stroma interactions in 

sea turtle tumors may reveal additional information on the behavior of these 

fibropapillomas. The importance of the stroma, the connective framework and 

microenvironment supporting and surrounding the tumor, is increasing as studies 

are showing that in some cases, modifications to the cancerous cells alone may 

not be enough to trigger malignancies or further tumor growth. The importance of 

the stroma-tumor interactions is also being emphasized in the case of epithelial 

cancers, where the activity of proteases seems to be more crucial than in other 

types of tissue cancers (Mueller and Fusenig 2002).  
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