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Difference in Prostate Cancer Rates Between the United States and Spain: Effect of Vitamin D

1. Introduction and Hypothesis

Prostate cancer is the most commonly diagnosed type of cancer in men in industrialized nations.1, 2  In the United States, 1 in 6 men will develop prostate cancer in his lifetime and one in 34 will die from the disease.  Prostate cancer mortality is second only to lung cancer in cancer deaths in American men.3 Americans have the highest rates in the world, but the incidence of prostate cancer is increasing worldwide.2 
The study done by Hsing, Tsao, and Devesa compared the incidence rates of prostate cancer for 15 countries around the world between 1972 and 1988.2  The results of this study showed that Asian countries had the lowest incidence rates of prostate cancer while North American populations like the United States had the highest incidence rates.  Shanghai, China had the lowest rate of all nations studied.  Europeans had higher rates of prostate cancer than Asians, but the rates varied geographically.  Southern Europeans had lower rates than Northern Europeans.2, 4  Specifically; Spain has among the lowest prostate cancer rates in the European Union.5  Despite Spain having lower incidence rates than the United States, prostate cancer still affects a large number of men in Spain.  Prostate cancer represented 10% of all newly diagnosed cancers in Spain and was the second leading cause of cancer death.5  
The age-adjusted incidence rate of prostate cancer of each of the fifteen countries was compared to the incidence rate of Shanghai, China in the Hsing study.  It was found that Navarra, Spain, had an incidence rate of 27.2 per 100,000 person-years and an incidence ratio of 10.4.  Americans, on the other hand had the highest rates of prostate cancer. White Americans were ranked second highest having an incidence of 100.8 per 100,000 person-years, and an incidence ratio of 43.8.  The rate of prostate cancer among Caucasian Americans is about four times that of Spain.  Black Americans had the highest rank with an incidence rate of 137.0 per 100,000.  The incidence ratio of 59.6 was about five times the incidence ratio of Spain.2
The aim of this thesis is to find a reason for why there is such a great disparity between prostate cancer rates in the United States and Spain.  The central hypothesis is that vitamin D metabolism is a critical factor in prostate cancer development.  In this thesis, two distinct modulators of Vitamin D metabolism, namely sunlight exposure and Vitamin D Receptor (VDR) polymorphisms will be examined.  Specifically differences in the amount of sunlight exposure and proportion of VDR polymorphism between the United States and Spain and their possible effect on prostate cancer incidence will be investigated. 


This hypothesis is based on data demonstrating that Vitamin D is one nutrient found to have protective qualities against the formation and spread of cancer.1  Large amounts of sunlight exposure, especially in the ultraviolet (UV) regions of light, increase the amount of vitamin D present in the body.  Studies have found an inverse relationship between sunlight and prostate cancer.  Both  Bodiwala and colleagues and Luscombe found that men with prostate cancer had significantly lower ultraviolet exposure than the men with Benign Prostatic Hyperplasia (BPH), a common non-cancerous prostate disease.6, 7  The study done by Bodiwala et al., found that men having less than 1.9 hours of sunlight exposure per day (the lowest quartile), were found to have 3 times the risk of developing prostate cancer than men in the highest quartile.6  Thus, in nations where there is more ultraviolet exposure, more vitamin D could be produced.  Increases in vitamin D levels have been found to lower prostate cancer rates.  

Another factor which may play a role in preventing prostate cancer is the vitamin D receptor (VDR) protein.  Normal genetic differences in the population, or polymorphisms, in the gene that codes for this protein have been found to influence prostate cancer incidences.  Three markers for polymorphisms of the VDR, which have been linked with higher prostate cancer rates, are TaqI, BsmI, and FokI. 
It is projected that the Spanish populations will have more ultraviolet sun exposure and higher proportion of protective VDR alleles.  Both of these could contribute to the lower prostate cancer rates compared to the United States. 
To test this hypothesis, searches of Medline and Academic Search Premier, from EBSCOhost, were performed looking for studies of the United States and Spain focusing on population VDR polymorphisms and/or the ultraviolet index for these countries.  Other studies that examined how the amount of UV exposure and Vitamin D status affected prostate cancer were also read, even if they involved other populations, but not used in calculations.  Studies which had empirical data about the frequency of the various VDR polymorphisms were compared using statistical methods. 

2. Background and Literature Review
a. Prostate function and prostate cancer
The prostate is a male exocrine gland. It is about the size of a walnut, located just below the bladder and in close contact with the urethra. The prostate provides about 30% to 40% of the seminal fluid which mixes with sperm to form semen during ejaculation. The fluid contains a mixture of several different compounds.  It has nutrients such as zinc, amino acids, citric acid, vitamins and sugar which help keep the sperm healthy; enzymes such as acid phosphatase and prostate specific antigen (PSA) which help increase semen fluidity so the sperm can swim; and prostaglandins.  Prostaglandins are hormone-like chemicals which assist in the reproductive process by altering the cervix to allow sperm to pass more readily and causing the vagina walls to contract possibly pushing the sperm further into the vagina.8

In the normal functioning prostate, cells will grow, divide, and die on a regular basis.  During cancer, the cells of the prostate divide and grow uncontrollably; either because cells do not undergo their regularly scheduled cell death, or because they grow and divide too rapidly.  As the tumor grows, it is possible for the cancerous cells to spread, or metastasize, to other parts of the body.  There is no cure for cancer, and while there are effective treatments that can stop or slow the growth of cancer, prevention is still the best method.  To best prevent cancer one should avoid or limit exposure to known risk factors. 
b. Prostate cancer risk factors

While it is possible for any man to develop prostate cancer, the American Cancer Society has determined five risk factors which may increase the likelihood that a man will develop it.  They are age, family history, race, nationality, and diet.3  As humans get older, their ability to regulate cell division and eliminate injurious cancer cells diminishes.  Thus, the risk of developing any type of cancer increases with age.  Prostate cancer is very rare for men under the age of 45, but is much more common in men 65 years of age or older.  In fact, 80% of diagnosed cases are older than 65 years old.9

Other than growing older, having a family history of prostate cancer puts a man at greater risk.  Risk increases with the number of relatives who have had prostate cancer, the age at which those relatives developed prostate cancer, and how closely related those relatives are to the man. For example, a man whose father and brother both developed prostate cancer before age 50 would have a much higher risk than if he had an cousin who developed cancer at age 75.  This study will look at how genetics play a role in prostate cancer susceptibility, but the familial link will not be specifically examined. 

The effect that the other risk factors, nationality, diet, and to a lesser extent, race, have on prostate cancer rates will be investigated.  It has been found that African Americans have much higher rates of prostate cancer than do their Caucasian counterparts.  Their mortality rate is also increased.  The exact reason for this is unknown; however factors such as decreased sunlight conversion of vitamin D due to more skin pigment or consumption of different dietary components may contribute.

 African Americans are not the only ones whose prostate cancer risk appears to be affected by ethnicity.  While African Americans are at an increased rate, Asian men have the lowest prostate cancer incidence rates in the world.  Being a member of these different ethnic groups may affect a man’s likelihood of developing prostate cancer. 
Although ethnic and genetic differences may account for the inter-country discrepancy in incidence rates, migration studies strongly suggest lifestyle factors or the environment play the critical role.  Outwardly it can be difficult to separate the effects of environmental and genetic factors, but migration studies can help to differentiate between them.  In migration studies, prostate cancer rates of native Japanese were compared to prostate cancer rates of Japanese who had recently migrated to the United States.  It was found that prostate cancer rates were much higher in the Japanese men who moved to the United States.  The increase in prostate cancer risk was found regardless of the age at migration, suggesting that environmental and lifestyle factors play a much larger role than ethnic or genetic differences.  Similar results were found when rates of native Chinese were compared to Chinese Americans.2  
Despite the widely different rates of active prostate cancer, a study done by Weinrich et al. found that the rates of latent prostate cancer are roughly equivalent between nations.10  Prostate cancer is considered to be latent if cancer is present, but it is not actively growing or is not life threatening.  The latent prostate cancer rates being equivalent also suggests that environmental factors may trigger the latent cancers to begin to grow. 

Among lifestyle factors, diet has been determined by the American Cancer Society to contribute to prostate cancer.  Several dietary components have been examined for possible links to prostate cancer.  Excess consumption of fat, and generally high caloric intake, has been correlated with an increase in prostate cancer. Excess saturated fat consumption increases one’s risk of mortality from prostate cancer threefold.1  On the other hand, lycopene, which gives tomatoes their red color, and the mineral selenium have been found to have protective qualities.11  Vitamins such as Vitamin E (α-tocopherol)1 and Vitamin D have also been found to play a protective role for prostate cancer. 
c. Vitamin D function

While the anticancer effects of vitamin D have been studied recently, the primary function in the body is calcium regulation.  Vitamin D and the vitamin D receptor bind together and turn on transcription of the calbindin protein.  The calbindin protein increases the uptake of calcium from the intestine.  Vitamin D is also involved in the maintenance of steady blood calcium levels by assisting in the storage and release of calcium and phosphorus in the bone.

Vitamin D works through a variety of mechanisms which can help reduce the occurrence of cancer or limit tumor growth. Vitamin D functions by binding to the vitamin D receptor (VDR) forming a heterodimer and then altering gene transcription.  Some of the genes that it regulates are involved in apoptosis.12  Maintenance of regular cell death is a critical factor in preventing tumor formation. Vitamin D, interacting with other proteins, is also involved in the inhibition of tumor angiogenesis (production of new blood vessels to feed the tumor).13  By restricting blood flow to the aberrant cells it prevents them from receiving necessary nutrients which limits their growth and division.
To gain the positive anticancer benefits, adequate vitamin D is needed in the body.  One way to achieve this is through consuming it in the diet. Salt water fish, such as salmon, tuna, and sardines are a good source of vitamin D, as are other animal products, such as eggs, beef and liver. Since calcium deficiency is a problem in the United States, and vitamin D aids in calcium absorption, the Food and Drug Administration (FDA) has fortified several calcium-rich foods with vitamin D hoping to reduce the prevalence of rickets, a bone disease related to vitamin D deficiency.  Milk, margarine, butter and some cereals have all been fortified with vitamin D.

Most other vitamins cannot be synthesized by the body and therefore must be consumed in the diet.  Vitamin D is unique that by using energy from sunlight, it is possible to convert cholesterol in the skin to vitamin D precursors.  Despite this ability, consumption of vitamin D is still a major factor in maintaining sufficient levels of the vitamin, especially when sun exposure is limited.  
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Figure 1: Structure of vitamin D3.The four steroid cholesterol rings are noted. Ring B has been broken.  Adapted.14  

Vitamin D, also known as calciferol, shown in figure 1, has a four member steroid ring structure, since it is derived from cholesterol.  However, vitamin D is considered a secosteroid because one of the rings has been broken.  In the case of vitamin D, ring B been broken between bonds 9 and 10.   Vitamin D is further altered by hydroxylation along the carbon chain off of the D ring.  The location of hydroxylation determines the activity of vitamin D.
 
d. Vitamin D metabolism
As mentioned previously, a precursor to Vitamin D can be made endogenously in the skin using sunlight.  7-dehydrocholesterol, a type of cholesterol found in the skin, is converted to pre-vitamin D when exposed to ultraviolet (UV) radiation from sunlight. 

 Not all sunlight has the energy to convert cholesterol to pre-vitamin D.  Only rays in the very high energy UVB range have the energy to break the bond in the B ring of cholesterol.  The wavelength that is most effective for the conversion is between 295nm and 300nm; however the entire UVB range, shown in figure 2, from 280nm to 320nm, can convert the vitamin D.15  After 2 to 3 days, the pre-vitamin D produced in the skin thermally isomerizes into vitamin D.14
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Figure 2: The electromagnetic spectrum: the wavelength of various types of light.  As shown the Ultraviolet region is just above the visible light range in terms of energy.  UVB ranges being in the 280 to 320nm range. 16

Regardless if it was synthesized in the skin or obtained through the diet, vitamin D goes through a series of alterations before it reaches its most active potential.  Vitamin D is first converted into 25-hydroxyvitamin D (25OH) in the liver by 25-hydroxylase.  In the body, the majority of vitamin D is found as 25OH and while this does have some metabolically active potential, it is generally considered to be the inactive form.  It is the most stable with a half life of 10 days to three weeks.13, 14 The active form of vitamin D, 1α, 25-dihydroxyvitamin D (1,25OH), has a half life of only 4-6 hours.14  25OH is often used as the marker to determine vitamin D status because the production is unregulated.  Since the action of 25-hydroxylase is not tightly regulated, the levels of circulating 25OH can vary widely.  25OH is also used as a marker for vitamin D deficiency because circulating levels in the body are indicative of the total amount of vitamin D present, whether it was obtained from diet through sunlight exposure. There are two possible fates for 25OH: to be activated to 1,25OH by 1-alpha hydroxylase (1-alpha-ase) or to be converted to 24R,25-dihydroxyvitamin D (24,25OH) through 24-hydroxylation.12  
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Figure 3: Conversion of 25OH to its two main metabolites.  With 24-hydroxylation it is turned into 24,25OH and with 1-alpha-ase it is converted to 1,25OH. Adapted.14

The actions of 24,25OH have been studied less than, 25OH and 1,25OH.  It has been found that all are necessary to produce the complete spectrum of vitamin D effects.  24,25OH is thought to produce effects in the bone, intestine, and kidney.17  Norman and colleagues found that 24,25OH is essential hormone for the process of bone fracture healing.18  Conversion of 25OH to form 24,25OH can lead to localized vitamin D deficiency, because it lowers the amount of 25OH available for activation. 24-hydroxylase, the enzyme that converts 25OH, has been found to be oncogenic, which means a mutation to this protein could to lead to cancer growth.12  One possible mechanism for the increase in cancer could be that if 24-hydroxylase was activated then too much 25OH would be converted to 24,25OH.  This would limit the amount of 25OH available for activation to 1,25OH.  
If not converted to 24,25OH, 25OH is activated by 1-alpha hydroxylase (1-alpha-ase) to form 1α, 25-dihydroxyvitamin D (1,25OH), the most active form of vitamin D.  This has 500 to 1000 times the activity of 25OH19 but is found at only 1/1000 the concentration.13  1,25OH performs the majority of vitamin D’s functions, and contributes to the antiproliferative action, apoptosis, inhibiting tumor cell invasiveness, and suppressing tumor-induced angiogenesis.12  1,25OH works by binding to the Vitamin D Receptor (VDR) and, in turn, that complex binds with the vitamin D response elements to regulate transcription.20  Further explanation of VDR function and its relation to prostate cancer will be discussed later.
Due to the powerful action of 1,25OH, the amount of 1,25OH present in the body is tightly regulated by a number of factors.  These include concentrations of 1,25OH present, levels of calcium in the blood and amounts of parathyroid hormone. Low blood calcium levels trigger the parathyroid hormone which in turn increases the amount of 25OH being activated by 1-alpha-ase in the kidney.  25OH is stored in the liver until it is needed for activation.  Once released from the liver, it travels to the kidney through the blood stream.  The conversion of 25OH to 1,25OH in the kidney by 1-alpha-ase is used to maintain the ratio of active to inactive metabolites.  
To maintain sufficient 1,25OH levels it is necessary for 1-alpha-ase to have adequate 25OH levels. Therefore it is important to get the recommended amount of vitamin D.

e. Vitamin D deficiency
The National Academy of Sciences-Institute of Medicine recommends different amounts of vitamin D for different age groups, since people absorb less as they get older.  The recommendation is 200 International Units (IU) for people under the age of 50, 400 IU for ages 51 to 70, and 600 IU for adults over the age of 71.13  The World Health Organization (WHO) defines one IU of vitamin D to be 0.025 μg.17  Due to the nature of vitamin D absorption, and the rise in serum 25OH levels, there is little to no concern about reaching the toxic levels of 2000 IU daily.13
A marker for vitamin D deficiency is low serum levels of 25OH.13  Serum studies have an advantage in that they measure the amount of vitamin D in the body, regardless if it came from the diet or through sun exposure and its production is generally unregulated. The historical definition of deficiency is having 25OH levels of less than 15ng/mL or less than 37.5nmol/L.21 This value was obtained based on information on the presence or absence of bone disease and may not be adequate for the prevention of prostate cancer.  Most likely serum levels higher than those suggested to prevent deficiency, would be needed for cancer preventative action.21 Evidence suggesting this is that serum levels twice the deficiency level (30ng/mL) have been associated with an increased risk of colon cancer13 which, like prostate cancer, is similarly affected by vitamin D status.

f. Vitamin D and prostate cancer

Studies have shown an inverse relationship between adequate vitamin D status and prostate cancer.  Reduced levels of 25OH have been studied for their relationship with prostate cancer.  One investigation examining the effect that 25OH serum levels had on prostate cancer rates found that men with deficient levels of 25OH, below 16ng/mL, had 1.7 times higher prostate cancer incidence rates.13, 22   In that study, the younger men, less than 52 years old, were 3.5 times more likely to develop prostate cancer if they had low levels of 25OH.22  Another study determined 1,25OH serum levels of healthy men and later compared those levels to the men who developed prostate cancer.  The men who developed prostate cancer were found to be significantly lower serum 1,25OH levels years before their cancer developed.23
However not all studies have found an association with 1,25OH levels or 25OH levels and an increased risk of prostate cancer.  The findings of a study done by Jacobs and colleagues did not support a relationship between circulating vitamin D levels, either 25OH or 1,25OH, and prostate cancer risk.  This study had a small sample size of only 83 participants which could have caused the different result, but the most likely reason for not finding the association is that 85% of their participants had a range of 20ng/mL or greater, which is in the normal range.11 Since so many of the participants had adequate levels of vitamin D, their data could not really examine the effects of vitamin D deficiency on the development of prostate cancer. 

Another study that examined Finnish, Norwegian, and Swedish men found a U-shaped association with prostate cancer risk and vitamin D levels; both high and low levels of vitamin D were linked to increased prostate cancer risk.  Men found to be at the lowest risk had vitamin D levels from 40nmol/L to 59nmol/L, which is in the range of vitamin D sufficiency.12  Those with the lower levels of vitamin D were considered to be deficient and their risk may be due to the lack of substrate available for activation to 1,25OH.  From their study, it appears that having too much vitamin D in the body is also harmful, as circulating 25OH levels that were greater than 59nmol/L were also found to increase prostate cancer risk.12  One explanation proposed by the authors for this occurrence was that the higher levels of 25OH increased 24-hydroxylation.  By converting 25OH into 24,25OH, there is less 25OH available for activation.  This ultimate lack of 1,25OH could produce a weaker antiproliferative action.12 

In addition to vitamin D serum levels affecting the onset of prostate cancers, some studies have examined the effect that they have on cancer aggressiveness.  One study determined that the men who were deficient in vitamin D had 6.3 times higher chance of having invasive prostate cancer.13  Another study found that the men with low levels of 25OH were also at increased risk of non-localized prostate cancer.22 

Prostate cells producing their own 1,25OH from 25OH may also help to explain why adequate levels of 25OH also play a role in preventing prostate cancer development.11 With 1,25OH having the most activity, factors which influence the concentrations of this metabolite could be the most detrimental to normal prostate functioning.  The amount and efficiency of the 1-alpha-ase enzyme’s ability to convert 25OH to 1,25OH is one such factor.  The reduction of the enzyme’s ability has been associated with prostate cancer development.13, 21, 24  It may even be that the 1-alpha-ase enzyme, and the activation of vitamin D, plays the largest role in prostate cancer progression.13

The activity of 1-alpha-ase has been found to be lower in prostate cancer cells than in cells of benign prostatic hyperplasia (BPH), a common, but non-cancerous, prostate disease.21, 24 It has been found that inactivation of 1-alpha-ase occurs early in prostate cancer development.24  This also suggests that lacking at this enzyme may allow prostate cancer to grow uncontrollably.  
The majority of 1-alpha-ase enzyme is found in the kidney, but it is also found in the skin, intestine and bone14 and in tissue, like the prostate.  The presence of 1-alpha-ase in the prostate signifies that the prostate may need a regular supply of 1,25OH for normal functioning, and thus the enzyme is found here rather than depending solely on the kidney for active vitamin D.  

To combat the reduced ability of the 1-alpha-ase in men with prostate cancer, the use of the active form (1,25OH) of vitamin D as a therapeutic agent for prostate cancer has been considered. Normal prostate epithelial cells have vitamin D receptors which are highly sensitive to 1,25OH,13 so treatment could be effective.  In a trial with patients with advanced prostate cancer, 1,25OH treatment caused a rapid decrease in prostate specific antigen (PSA) levels.1 PSA levels are measured using a simple blood test.  Higher PSA levels are indicative of prostate cancer or other prostate problems. Reduction of these levels through treatment of 1,25OH shows that treatment was having an impact on prostate functioning.  However use of 1,25OH as a therapeutic agent is limited by systemic hypercalemia24 which can eventually lead to soft tissue calcification.17 

Older adults have a reduced ability to synthesize 1,25OH, which may contribute to why prostate cancer is so much more common among older men. 10  Lacking 1,25OH, or simply having lowered levels greatly reduces the effectiveness of vitamin D. Changes in the metabolism of this and other vitamin D metabolites, as well as different sunlight exposure patterns and changes in VDR activity, may help to explain why older adults are at increased risk.  Absorption of vitamin D reduces with age so older adults would need to consume larger amounts of the vitamin to achieve the same effect.13 Changes in VDR expression also varies with age.  Between the ages of 20 and 59 VDR expression increases, but after age 60 it begins to diminish.  This also correlates with the higher likelihood that prostate cancer will develop after age 60.25 

Lastly, elderly populations are often not exposed to as much UV radiation. This is especially true of older adults who are housebound or only have limited access to sunlight.  Limited exposure prevents conversion of 7-dehydrocholesterol into vitamin D.  It seems that at every step in the process; sunlight conversion, absorption, activation of vitamin D and function with VDR, elderly men can experience difficultly with vitamin D metabolism.  All of these factors may help to explain the high prevalence of vitamin D deficiency among older men worldwide9 and why prostate cancer develops rarely occurs before age 45.  
g. Sunlight exposure

Since vitamin D can be produced in the skin, sunlight exposure is a large determinant of vitamin D status, and has been inversely linked to prostate cancer risk.  The study by Freedman found residential sun light exposure was negatively and significantly associated with prostate cancer mortality.26  As mentioned before, studies examining the difference in sunlight exposure between men with prostate cancer and BPH, found that men with prostate cancer had significantly lower ultraviolet exposure than the men with BPH.6, 7  These studies strongly suggest that sunlight exposure can lower a man’s risk of developing prostate cancer.  Through regular amounts of sun exposure a person could maintain adequate levels of vitamin D in their body regardless of how much is consumed in the diet. 
Increased UVB exposure does not directly elevate circulating levels of 1,25OH because its concentrations are so tightly regulated.13  Sunlight exposure increases levels of 25OH.  The levels of 25OH can increase with exposure and since 25OH has some biological activity, there would be an increase in vitamin D antiproliferative action, but the effect would be minimal.  The majority of the effects would only be seen after 1,25OH levels were raised through activation of 25OH levels by 1-alpha-ase.

Maintenance of adequate vitamin D levels is necessary in the prevention of prostate cancer.  However there are many factors that inhibit or limit the conversion of skin cholesterol to pre-vitamin D.  The primary obstacle is obtaining enough UVB sunlight exposure.  The American lifestyle is not conducive to creating large amounts of vitamin D, since UVB cannot penetrate through many barriers.  Wearing clothing and working indoors both reduce the amount of UVB that a person will receive.  

Many doctors and beauty professionals are recommending sunscreen to be worn at all times with the threat of skin cancer growing.  Sunscreen completely blocks the conversion of 7-dehydrocholesterol to vitamin D, and it is currently worn periodically by half of the American population.13  Wearing sunscreen at all times may have some negative effects because not enough vitamin D will be produced.  

To attain the requirements of 25OH, only 5 minutes of sun exposure during the summer and 20 minutes in early fall or late spring is needed daily. This is most efficient if done between the hours of 11 am and 2pm with clear skies and exposure on arms, shoulders, and back.  After this time, the amount of 7-dehydrocholesterol that is converted is minimal.  It was found that whether after 30 minutes or 8 hours of exposure at the equator, where sunlight is the strongest, the amount of 7-dehydrocholesterol converted to pre-vitamin D remained constant at 15%.6  Therefore, there is some mechanism to limit UV vitamin D production, so frequent short term exposure is most productive for creating sufficient levels of vitamin D.  If exposure is going to continue after 15 to 30 minutes, sunscreen should be applied to prevent skin damage or cancer.
Another factor which influences vitamin D conversion is skin pigmentation.  People with darker skin tones are not able to absorb as much UVB as those with lighter skin tones.  Due to the presence of more skin pigment, African Americans need twice the amount of sunlight to obtain adequate vitamin D status.  As a result, African Americans only have about half of the levels of circulating 25OH that Caucasians have.13 They do, however, have equivalent levels of 1,25OH, the more biologically active form of vitamin D.9  The darker pigmentation may be one of the reason why African American males have much higher rates of prostate cancer.  They are not able to produce as much vitamin D when out in the sun. 


Geographic location is another factor which influences the amount of UV exposure a person acquires.  Northern latitudes receive much less ultraviolet exposure than those at the equator, which receives the highest amount of exposure.  Prostate cancer incidence has been found to vary with the amount of UV exposure the region receives which is consistent with findings that the numbers of vitamin D deficiencies21 and prostate cancer incidence are more common at northern latitudes.  Men living in northern United States had a two fold increased risk of dying from prostate cancer than in the south.27  The reduction in production of vitamin D was also found to increase their tumor development27 presumably because without vitamin D, tumor angiogenesis was able to occur. 
The amount of UVB exposure also varies with the seasons.  Less UVB is received in the winter than the summer. Due to cloud cover and pollution, the northeastern United States receives little UVB exposure during the winter months,13 so the vitamin D needs would need to be fulfilled from the diet.  In the West and other parts of the United States, there is some UVB exposure during the winter, but cold temperatures limit both the duration and surface area of exposure.13  Lastly, altitude affects the amount of exposure a region will receive.  Places at high altitudes are closer to the sun and the rays have less opportunity to be absorbed by the atmosphere, so the exposure is greater. 


One way to measure the amount of UVB exposure an area receives is using the Ultraviolet Index.  The number ranges from zero to about 20. In general the further north one travels the lower the UV index and the lower amount of UVB exposure one receives. Low levels of UV light are between 0 and 3, Moderate 4-6, High 6-8, Very High 8-10, and Extreme for values greater than 10.28  The WHO recommends certain precautions be taken when at various UV Indices, such as limiting mid-day exposure, wearing protective clothing, such as a broad brimmed hat and sunglasses, and wearing sunscreen.29

Not everyone agrees with the hypothesis that increased UV exposure is negatively correlated with prostate cancer mortality.  Nomura and Kolonel feel that the correlation is often overstated since Hawaii has the most UV exposure in the United States yet the prostate cancer rates among whites is also among the highest.19  This may be due to other factors that increase incidence rates regardless of the protective sunlight, such as other dietary risk factors or increased genetic risk. 


In areas where there is minimal UVB exposure, consumption of vitamin D is necessary to maintain adequate levels of vitamin D in the body.  However, during sunny times, the amount received through photoconversion may be enough to satisfy vitamin D needs. In addition to UV exposure, the vitamin D receptor also influences how vitamin D is used in the body. 
h. Vitamin D receptor
Vitamin D is only able to produce its anticancer functions with the help of the vitamin D receptor. Together they bind with the vitamin D response elements to induce gene transcription.  Vitamin D alone, cannot produce these changes in the cell so the VDR protein plays an important role in the biological activity and effects of vitamin D. 

VDR helps vitamin D perform all of its functions, including those related to calcium metabolism.  Transcription of the calbindin protein is initiated by the VDR/Vitamin D complex binding with the vitamin D response element.  However, VDR is present in organs which have function unrelated to calcium metabolism.24 Vitamin D receptors are found in the prostate and help vitamin D perform its antiproliferative and inhibition of tumor angiogenesis roles. In the prostate, Vitamin D receptors are found to be unequally distributed.  There is a greater number in the peripheral zone, where prostate cancer is most often reported.25
When Vitamin D enters the cell, it first binds with the Vitamin D Receptor (VDR).  This receptor is a nuclear protein which enables vitamin D to start transcription of DNA to RNA.  1,25OH binds to the VDR, which, after the complex becomes phosphorylated, binds to retinoic acid or retinoid X receptors (figure 4).  The zinc fingers on VDR then interact with vitamin D response elements in the promoter regions of the target gene.  The presence of a comodulator can then cause transcription to begin or be inhibited.14  
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Figure 4: Example of how 1,25OH Vitamin D (Calcitriol) acts to change gene transcription and protein synthesis.14
The gene for VDR is on chromosome 12q13-14 close to the 1-alpha-ase gene30 and has been reported to be 60Kb,30 75Kb,31 and even 100Kb32 long.  The VDR is member of a super family of nuclear receptors that includes retinoic acid receptor and thyroid and steroid hormones receptors.14  Unlike most steroid/thyroid hormone receptors which have 10 exons, VDR has 11 exons.30
Several polymorphisms, or slight genetic differences, to the VDR gene have been found. Some studies have linked the polymorphisms with increased prostate cancer risk while other studies have found that they appear to preferentially confer risk for advanced, rather than localized, prostate cancer.33  Three markers for VDR polymorphisms are TaqI, and BsmI, FokI. They are named for the restriction endonucleases which cleave the gene. Restriction endonucleases are enzymes that will cut DNA in specific places when specific sequences are found.  

It has been greatly debated if the polymorphisms increase the incidence rate of prostate cancer, as individual studies have had conflicting results.  A meta-analysis looking at VDR polymorphisms and the risk of prostate cancer found that the polymorphisms did not increase risk of prostate cancer.  The authors do state that the controls may have later developed prostate cancer or that controls with benign prostatic hyperplasia (BPH) may be affected by the same polymorphisms, which would mask any small genetic contributions if present.  The relationship between the polymorphisms and invasive prostate cancer was not examined in this study.34 
The TaqI and BsmI polymorphisms do not affect the actual amino acid structure of the VDR protein. In the case of the TaqI polymorphism, there is a nucleic acid base change in the DNA, but they both code for the same amino acid in the protein structure.  The BsmI polymorphism occurs in the intron of the VDR genes and therefore is not carried into the final form of the protein.  The last polymorphism studied in this thesis is the FokI polymorphism. In this case, the protein structures of the F and f alleles are different with the F allele being three amino acids shorter.  The VDR gene has two translational initiation codons.  The F allele has a mutation in the first codon which renders it inactive. All of these polymorphisms may affect the activity of the VDR which, in turn, alters vitamin D serum levels.10 The silent mutations have been associated with increased cancer occurrence, despite not changing the amino acid chain of the protein. One mechanism proposed for how silent mutations could have an effect on the rates of prostate cancer was that the different polymorphisms affect the stability of mRNA.  
The presence of VDR and 1-alpha-ase in the prostate strongly suggests that vitamin D is essential for development.21  Exploring the effect of the polymorphisms of this gene could be useful for detecting individuals with a higher risk of prostate cancer and allowing for better screening.  It may also give better therapeutic strategies for treating the individual.31

Two of the factors known to influence vitamin D concentrations in the body or affect its metabolism are sunlight exposure and the vitamin D receptor.  The vitamin D receptor gene and sunlight exposure both play a role in vitamin D function.  Both of these have been examined as possible explanations for the different prostate cancer incidence rates around the world.  Sunlight exposure converts cholesterol in the skin into precursors for the vitamin.  25OH levels are not heavily regulated, so with regular UVB exposure the 25OH levels will continue to rise.  The vitamin D receptor, on the other hand, is required for 1,25OH to perform its function.  Mutations in this protein have been associated with making less active proteins, altering transcription levels, and altering concentrations of vitamin D metabolites.  These factors, as they relate to prostate cancer, will be examined for both the United States and Spain to see if they are the reason for the differing prostate cancer rates. 
3. Results
The goal of this thesis was looking at what role sunlight exposure and vitamin D receptor polymorphisms had in affecting vitamin D, a known factor in prostate cancer development. Primary data that documented ultraviolet exposure for the United States and Spain were examined.  The data from the United States were already placed into categories based on the Ultraviolet Index.  Data from Spain were placed into similar categories. Using categories based on the UV index the average percentage of days in Low, Moderate, High, Very High and Extreme categories were calculated and compared for seven American cities and eleven Spanish cities.  

Original research articles looking at VDR polymorphisms in the United States and Spain were collected and analyzed.  While some of the papers regarding the United States VDR polymorphisms dealt specifically with prostate cancer, others examined the relationship between VDR and colorectal adenomas.   None of the studies for Spain looked at how VDR affected prostate cancer risk.  Instead they examined the effect that VDR polymorphisms had on other diseases, such as rheumatoid arthritis, colorectal adenomas, hyperparathyroidism, osteoporotic fractures, and type I diabetes.  The controls and disease groups were combined to give the proportion of each genotype in the entire population. Therefore results can only be applied to the American or Spanish populations in general, and not specifically to prostate cancer. 

a. Sunlight and Ultraviolet Exposure
Determining the amount of ultraviolet exposure the average American receives is difficult as the amount of exposure varies widely north to south.  Mainland United States reaches from 25oN latitude at the tip of Florida to 49oN along the northern border. Spain, being a much smaller country, has a more homogeneous range of UV exposure as the latitude ranges from 43oN to 38oN.  Madrid, located in the middle of Spain, is near 40o N, so American cities close to this latitude, Philadelphia, Pennsylvania; Indianapolis, Indiana; and Denver, Colorado, were chosen for study. In addition, four other American cities were selected to show the extreme difference in UV exposure the United States receives. Phoenix, Arizona, and Miami, Florida, were chosen to represent southern latitudes while Seattle, Washington, and Burlington, Vermont, were selected as examples of northern cities. 
It is important to remember that while increased UV exposure to a region could help increase the amount of vitamin D produced, this is not all that is needed to achieve adequate levels of vitamin D.  A study of Hispanic and African American adults living in Miami found at the end of summer 20% were vitamin D deficient with 25OH levels less than 50nmol/L.  During the winter nearly 70% of blacks and 40% of Hispanics were deficient.35 Therefore, even living in a place that has high levels of ultraviolet exposure, it is still possible to be deficient.  This is most likely due to the number of factors affecting the exposure, such as spending the majority of the day indoors and wearing sunscreen.  If a person was committed to receiving adequate levels of vitamin D through sunlight exposure, they would need to have 5 to 30 minutes of sunlight. 
Philadelphia and Indianapolis had over 76% of their sunlight exposure in the low to moderate range (Table 1).  Denver, presumably because it is at a higher elevation, had fewer days in the lower two categories (59%), but has more days in the high and very high categories.  Denver even has a few days each year in the extreme category.  

Table 1: Average Ultraviolet Index for seven American 

cities between 1999 and 200328
	City
	Latitude
	Low

0-2
	Moderate 3-5
	High

6-7
	Very High

8-10
	Extreme 11+

	Seattle, Washington
	47.6 N
	57%
	34%
	9%
	0.23%
	0%

	Burlington, Vermont
	40.8 N
	54%
	35%
	11%
	0.34%
	0%

	Philadelphia, Pennsylvania
	39.9 N
	44%
	33%
	20%
	4.8%
	0 %

	Indianapolis, Indiana
	39.7 N
	44%
	32%
	20%
	4.1%
	0 %

	Denver, Colorado
	39.7 N
	34%
	25%
	18%
	22%
	0.11%

	Phoenix, Arizona
	33.4 N
	19%
	28%
	18%
	36%
	0.23%

	Miami, Florida
	25.7 N
	1.3%
	37%
	21%
	41%
	0.11%


In contrast, Phoenix and Miami have over half of their days are in the High to Very High categories.  Neither city has a large number of Extreme days; both had less than 5 days during the 5 year time frame.  They do, however, have a much lower proportion of days in the low category.  Miami has only about 1% of its days in the low category.  This means that with similar time of exposure, one would produce much more vitamin D in Miami than being in Philadelphia, Indianapolis or Denver since there is more UVB exposure.  

On the other extreme Seattle, Washington, and Burlington, Vermont, were chosen as American cities with more northern latitudes.  They had 90% of their days are the Low and Moderate categories.  Only about 10% of their days reached the High category and less than one day a year on average reaching the Very High category. Presumably, even less vitamin D would be produced at these latitudes than in Denver, Indianapolis, or Pennsylvania because of the reduced amount of UVB.  

These results are consistent with the north-south gradient found with Seattle and Burlington receiving less ultraviolet exposure than the cities at the 40o, which receive less UV exposure than the southern cities. 
Table 2: Ultraviolet Index for various Spanish cities between 2001 and 200236
	City
	Latitude
	Low
0-2
	Moderate 3-6
	High
6-8
	Very High 8-10
	Extreme 11+

	La Coruña
	43.4 N
	34%
	28%
	20%
	18%
	0%

	Santander
	43.5 N
	37%
	30%
	19%
	14%
	0%

	Valladolid
	41.7 N
	27%
	28%
	17%
	28%
	0.14%

	Zaragoza
	41.4 N
	27%
	27%
	18%
	27%
	1.0%

	Barcelona
	41.3 N
	31%
	28%
	22%
	20%
	0%

	Madrid
	40.4 N
	26%
	27%
	17%
	29%
	0.56%

	Palma de Mallorca
	39.6 N
	25%
	27%
	26%
	21%
	0%

	Valencia
	39.5 N
	29%
	32%
	25%
	14%
	0%

	Ciudad Real
	39.0 N
	23%
	26%
	16%
	33%
	2.88%

	Badajoz
	38.9 N
	24%
	30%
	15%
	30%
	0.74%

	Murcia
	38.0 N
	18%
	32%
	21%
	30%
	0%


As shown in Table 2, Spain also has a north-south gradient of UV exposure; the northern cities have more days in the Low category and southern cities have more cays in the Very High category.  The two most northern Spanish cities, La Coruña and Santander, had 62% and 67% of days in the Low and Moderate categories of UV exposure respectively.  These two cities had fewer days of Low and Moderate exposure than the Seattle, Burlington, Philadelphia and Indianapolis.  Only Denver had fewer days of Low and Moderate days.  These two northern Spanish cities also had more days in the High and Very High categories than all of those American cities.  Only the very southern cities had more exposure in the higher categories.  These results show that Vitamin D conversion would occur more readily anywhere in Spain, even in the northern parts, than it would in the majority of American cities.  Thus, overall, Spain has greater UV exposure than that of the United States. 
It is interesting to note that all of the Spanish cities similar percentages of days in each of the four main categories, Low, Moderate, High, and Very High.  This is a very different pattern than was found with the cities in the United States. In the America, the UV exposure tended to be weighted toward lower exposures in the north and higher exposure in the south.  For example Seattle and Burlington were heavily weighted toward the Low and Moderate UV Indices, with approximately 70-80% of the days falling in this category.  Miami, a southern American city, had over 60% of its days in the High and Very High category while only about 1% in the low category.  

From this information, it can be determined that, in general, Spain receives greater amounts of UV exposure than the United States.  The presence of more UV radiation allows the Spanish to produce more pre-vitamin D, which in turn affects vitamin D circulating levels.  Increased 25OH levels have been associated with lower prostate cancer rates, 13, 12 so the greater amounts of UVB exposure could lead to fewer prostate cancer cases in Spain.  The protective effects of increased vitamin D levels could have also been affected by the actions of VDR binding which is examined in the next section. 
c. Vitamin D Receptor Polymorphisms
Changes in the DNA, or polymorphisms, of the VDR cause the protein to bind more or less tightly to 1,25OH.  The tighter that vitamin D binds, the stronger and longer lasting the metabolic changes are. Some of the different polymorphisms of the VDR have been associated with an increased risk for prostate cancer and in other studies VDR polymorphisms appear to preferentially confer risk for advanced disease rather than localized prostate cancer.33  


There are several polymorphisms for the VDR gene, but only the three most commonly studied polymorphisms which include, TaqI, BsmI, and FokI were examined.  They are named for the restriction endonucleases which cleave the gene. Restriction endonucleases are enzymes that cut DNA in specific places when specific sequences are found.  Lacking a restriction site means that the specific genetic sequence is not present and the endonuclease cannot slice the DNA. Typically this occurs through a mutation which alters the DNA so the pattern is no longer present. The different alleles are labeled by either capital or lowercase letters depending on if the restriction enzyme is able to slice the DNA or not.  The lowercase letters (t, b, f) signify presence of a restriction endonuclease site and ability to cleave the DNA.  Capital letters (T, B, F) denote an absence of that restriction site37.  In each case one allele has been associated with a greater risk of prostate cancer.  These are f, T, and b genotypes.21  
i. TaqI polymorphisms
The TaqI polymorphism occurs at codon 352 located on exon 937 where a single base is changed from a thymine to a cytosine.30  This alters the DNA sequence, but the DNA will still code for isoleucine so the protein structure remains the same.  Mutations occurring in the DNA, but not altering the amino acid sequence of the protein are called a silent changes or mutations.30, 37  When the substitution to a cytosine from a thymine occurs in the recognition site for the restriction enzyme, there is a loss of the restriction site.  This is labeled the T allele.  This T allele has been associated with higher prostate cancer risk.  One study found that both TT and Tt genotypes are overrepresented in prostate cancer patients and those with the T alleles had a 3 fold increase in prostate cancer risk.10  Another study found that people with the TT genotype are 5 times more likely to get severe prostate cancer.  About 35% of the population studied was TT.13  The study done by Blazer, et al., found that, while T allele was not associated with increase prostate cancer incidence, there was some link to increased tumor aggressiveness, although it was not statistically significantly.20 

Although the TaqI polymorphism is a silent mutation, Morrison et al. (qtd) found that people who had the protective t allele had significantly higher serum levels of 1,25OH.10 This suggests that while TaqI polymorphisms may not be functionally different it may play a role in serum levels. A study conducted on American physicians also found that men with the tt genotype had higher levels of 1,25OH.  The authors stated that the mechanism through which the polymorphisms lead to this change was unclear because they are silent mutations.38
It is interesting to note that in a study consisting of French and German men; the t allele was found to be the risk allele and linked with increase prostate cancer rates.  In this case however, only the Tt genotype was found to be statistically significant in the risk of prostate cancer. Their study did not look at vitamin D levels31 which may have given a better understanding of the mechanism through which the t alleles were working. 
Table 3: Proportion of TaqI polymorphisms in the United States
	Study Group
	Total
	TT
	Tt
	tt
	Reference

	Prostate Cancer whites
	70
	21
	37
	12
	Blazer20

	Control whites
	169
	59
	74
	36
	Blazer20

	Prostate Cancer blacks
	7
	3
	3
	1
	Blazer20

	Control blacks
	14
	9
	2
	3
	Blazer20

	Advanced prostate cancer
	425
	164
	200
	60
	John21

	Controls
	437
	153
	200
	83
	John21

	Prostate cancers
	372
	134
	186
	52
	Ma38

	Controls
	589
	204
	299
	86
	Ma38 

	Total
	2083
	747
	1001
	333
	 

	Percentage
	
	36%
	48%
	16%
	


Table 4: Proportion of TaqI polymorphisms in Spain
	Study Group
	Total
	TT
	Tt
	tt
	Reference

	Rheumatoid Arthritis
	120
	57
	47
	16
	Garcia-Lozano39

	Controls
	200
	79
	94
	27
	Garcia-Lozano39

	Osteoporotic Fractured men
	21
	7
	7
	7
	Alvarez-Hernandez40

	Non fractured controls
	117
	40
	60
	17
	Alvarez-Hernandez40 

	Total
	458
	183
	208
	67
	 

	Percentage
	
	40%
	45%
	15%
	



The United States (Table 3) has about 36% of the population with TT genotype and 16% with the tt genotype.  Spain (Table 4) has similar rates of 40% with TT and 15% with tt. Compared to Spain, the United States has a slightly lower proportion of the population with the risk allele and has a slightly higher proportion of the population with the protective allele.  None of these differences were found to be statistically significant within a 95% confidence interval.  While not significant, it appears that these polymorphisms would help lower the American, not Spanish, prostate cancer rate.  Despite the t allele being linked to lower rates of prostate cancer, the protective qualities of the t allele cannot be attributed to the lower rates of prostate cancer found in the Spanish because the proportions are considered to be equal.  

ii. BsmI polymorphisms
There is a strong linkage disequilibrium observed with B and t alleles,30 meaning more often than not, a person with a B allele will also have a t allele. In this case the tt and BB genotypes are equivalent, with the BsmI loss of restriction site, the BB genotype, having the protective qualities.  
One study found a reduction of risk for men with BB genotype versus the bb genotype.9 Those with bb genotypes have been  found to have lower 1,25OH serum levels and an incidence rate of prostate cancer two times higher than those with other genotypes.13  

The BsmI restriction site is located at base number 280 counting from the 5’ start of in intron 8, an untranslated region of VDR.  Intron 8 is located between exon 8 and the 3’noncoding region.  Since the mutation is in an intron, the mutation is a silent mutation not affecting the amino acid sequence. The protective, B allele, works by modifying the mRNA levels of the VDR.  The exact mechanism for the change in the mRNA levels has not been determined, but it is thought to work either through increasing transcription rates or by making more stable RNA than what is produced from the b alleles.30  Ma found that the BB variant has significantly elevated circulating levels of 1,25OH and lower 25OH and a lower 25OH/1,25OH ratio, suggesting that the BB VDR polymorphism has a role in regulating circulating vitamin D metabolites.38
Therefore once again, while the polymorphism has no affect on the structure of the protein, it does maintain an influence on how many copies of the protein there are and how much ligand is available. 
Table 5: Proportion of BsmI polymorphisms in the United States

	Study Group
	Total
	BB
	Bb
	bb
	Reference

	Advanced
	421
	112
	209
	100
	John21

	Control
	427
	139
	202
	86
	John21

	Colorectal adenoma
	373
	62
	156
	155
	Ingles 41

	Control
	394
	66
	157
	171
	Ingles41

	 White Americans
	169
	33
	79
	57
	Ingles42

	 African Americans
	198
	15
	97
	86
	Ingles42

	Prostate cancer
	372
	52
	185
	135
	Ma38

	Control
	591
	90
	300
	201
	Ma38 

	Total
	2945
	569
	1385
	991
	

	Percentage
	
	19%
	47%
	34%
	


Table 6: Proportion of BsmI polymorphisms in Spain
	Study Group
	Total
	BB
	Bb
	bb
	Reference

	Hyperparathyroidism
	53
	8
	21
	24
	Sosa43

	Control
	67
	10
	26
	31
	Sosa43 

	Osteoportic Fractured
	20
	3
	9
	8
	Alvarez-Hernandez 40

	Non fractured Controls
	134
	22
	68
	44
	Alvarez-Hernandez40

	Type I diabetes
	153
	21
	73
	59
	Audi 44

	Control
	274
	46
	147
	81
	Audi 44

	Type I diabetes
	89
	20
	43
	26
	Audi 44

	Control
	116
	19
	53
	44
	Audi 44

	Rheumatoid
	120
	23
	43
	54
	Garcia-Lozano39

	Control
	200
	29
	94
	77
	Garcia-Lozano39

	Total
	1226
	201
	577
	448
	

	Percentage
	
	
16%
	
47%
	37%
	



While the Americans and Spanish have an equal proportion of Bb genotypes (Tables 5 and 6), 47%, they are significantly different for the proportion of BB and bb genotypes within a 95% confidence interval.  The Spanish have 37% of their population with the bb genotype while the Americans have 34% with the same genotype. The Spanish have higher rates of the risk allele.  Americans have higher proportions of the protective alleles, BB genotypes, with 19% versus 16% for the Spanish.  The findings of Americans having higher rates of the protective genotype, and lower rates of the risk genotype are contradictory to what was expected.  It was thought that the Spanish would have higher rates of the protective genotype which was a cause for their lower prostate cancer rate.


In another study, Japan was found to have a higher proportion of the population with the risk allele compared to the United States.10 Japan is known for having much lower rates of prostate cancer than the Americans and it was concluded that the polymorphisms produce different effects in different ethnicities.  This may be a similar case with the B allele is the risk gene for Americans, but it is the protective allele for Spaniards. 
iii. FokI Polymorphism

The FokI polymorphism, unlike the TaqI and BsmI polymorphisms, is a functional mutation.  It changes the protein structure of the VDR. The VDR gene contains two start codons six nucleotides apart from one another.  The loss of the restriction site changes the first start codon from an ATG to an ACG thus rendering it inactive as a start codon. The result is a VDR protein that is shorter by three amino acids. It has been found that while fewer of the F allele proteins are made, 41 it may have increased VDR activity, due to the mutation.37  There is a lower risk of prostate cancer with the increased activity of the F allele, the protective allele. In one study even the Ff genotype was found to have a lowered risk.21 

Table 7: Proportion of FokI polymorphisms in the United States
	Study Group
	Total
	FF
	Ff
	ff
	Reference

	Advanced Prostate cancer
	425
	153
	203
	69
	John21

	Control
	437
	171
	209
	57
	John21

	Colorectal adenoma
	373
	142
	173
	58
	Ingles41

	Colorectal control
	394
	145
	183
	66
	Ingles41

	Total
	1629
	611
	768
	250
	 

	Percentage
	
	38%
	47%
	15%
	


Table 8: Proportion of FokI polymorphisms in the Spain
	Study Group
	Total
	FF
	Ff
	Ff
	Reference

	Type I diabetes
	86
	35
	45
	6
	Audi 44

	Control
	116
	41
	53
	22
	Audi44

	Type I diabetes
	155
	69
	68
	18
	Audi 44

	Control
	275
	105
	142
	28
	Audi 44

	Hyperparathyroidism
	53
	22
	26
	5
	Sosa 43

	Control
	63
	36
	22
	5
	Sosa43 

	Total
	202
	76
	98
	28
	 


	Percentage
	
	38%
	48%
	14%
	


Americans and Spanish have equal rates of the protective FF genotype at 38% (Tables 7 and 8).  The Spanish have slightly lower rates of the risk ff genotype, but the difference was not found to be significant within a 95% confidence interval.  The Ff genotype also is known to be associated with a lower risk of prostate cancer development.  Again, while the values do not reach significance, the Americans have slightly higher rates of the protective genotype. Spain was found to have slightly lower rates of the risk allele which could lead to their lower prostate cancer rates.  However since the proportions were found to be comparable, it cannot be said that this polymorphism plays a role in the different effects of prostate cancer development between the United States and Spain. 
It is to be noted that the sample size, especially for the Spanish population, was small.  With further study, it may be found that there is indeed a difference in the proportion of FokI alleles in the United States and Spain.  
4. Conclusions and Recommendations

The aim of this thesis was to determine if alterations factors that modulate vitamin D metabolism could account for why there is such a great disparity between prostate cancer rates in the United States and Spain.  It has been found that sufficient levels of vitamin D are a critical factor in preventing prostate cancer development.  Whether synthesized from sunlight or consumed in the diet, it is important to maintain adequate 25OH levels.  Sufficient amounts of vitamin D allows for consistent 1-alpha-ase conversion to 1,25OH, the most beneficial metabolite in preventing prostate cancer.  Two of the factors which influence vitamin D action are sunlight exposure and VDR polymorphisms.  The Spanish may have lower prostate cancer rates because they receive more UV exposure than Americans.  This increased exposure could increase levels of 25OH.  The other factors examined, genetic polymorphisms of the VDR gene, do not appear to play a role in the different prostate cancer rates, since they were found to be in equivalent proportions in the American and Spanish populations.
Sunlight exposure differed between the United States and Spain, which may be a cause for their different prostate cancer incidence rates.  It was found that Spanish cities receive more UV exposure than the American cities.  This increased UVB exposure leads to greater amounts of pre-vitamin D and 25OH.  Higher levels of 25OH provide more substrate for the 1-alpha-ase, so sufficient levels of 1,25OH can be achieved at all times.  The sufficient 1,25OH levels help prevent tumor angiogenesis and tumor cell growth.12  
The duration of time a person spends outside in the sun would also affect how much 25OH was produced.  Originally, this was going to be compared between the American and Spanish populations, however this became a very difficult task, as there is not a standardized method for evaluating amount of time in the sun. Instead, for the purpose of this study, the amount of sunlight present, and its strength, in each country was compared by using the Ultraviolet Index. In order to fully examine and determine the effect that continuous sunlight exposure has on diseases, a standardized method of calculating exposure needs to be developed. 


The second modulator of vitamin D metabolism examined in addition to sunlight was polymorphisms of the VDR protein. Proportions were found to be similar, so they did not seem to play a role in the different prostate cancer rates. The proportions of TaqI and FokI polymorphisms were not found to be statistically different between the United States and Spanish populations.  Therefore, even though the t and F alleles have been associated with lower risk of prostate cancer, neither of these appears to play a role in the difference between Spanish and American prostate cancer rates. 


The BB and bb genotypes of the BsmI polymorphism were the only polymorphisms found to have a significant difference, but it was the United States, not Spain, which had higher proportion of the population with the protective genotype. This does not contribute to Spain having lower prostate cancer rates, but it may prevent the United States incidence rate from being even larger. The other polymorphisms, with each population having equivalent proportions of the polymorphisms, do not contribute to the difference in prostate cancer incidence rates between the United States and Spain. 


The vitamin D receptor and its polymorphisms need to be studied further.  Three polymorphisms of the gene were studied; FokI, BsmI, and TaqI, but there are other polymorphisms which were not examined due to a lack of data, specifically Cdx-221 and ApaI polymorphisms.37, 39, 40  Another genetic variant of the VDR, the length of the poly-A tail, has also been associated with prostate cancer risk.31, 33 In addition, the mechanisms through which polymorphisms change activity of the VDR and vitamin D, in general, have not been satisfactorily determined. 

While the effect that VDR polymorphisms have in the development of prostate cancer is controversial, it has been proposed that certain polymorphisms lead to more aggressive prostate cancer.21 More studies need to be conducted to test this hypothesis.  If the polymorphisms do indeed lead to more aggressive cancer, screening for these polymorphisms could lead to better, more individualized treatment.  

 The results of this thesis provide evidence that, with respect to Vitamin D metabolism, environmental factors may play a larger role in prostate cancer development than genetic factors.  Conversely, it may be the case that harmful dietary and environmental factors, which reduce vitamin D status, may override protective qualities of the genetic VDR polymorphisms.  John, et al., examined the relationship between sun exposure and VDR polymorphisms.  They found that men having high sun exposure and protective VDR genotypes led to a 33% to 54% prostate cancer risk reduction compared to men with low sun exposure and lacking protective genotypes.21  Similarly, Ma et al. found that among men with low 25OH levels, the protective VDR polymorphisms were inversely associated with prostate cancer rates.38 These studies provide evidence that genetics do play a role in preventing cancer, but that sunlight exposure and adequate 25OH levels are required to make the most impact. 
In addition to vitamin D, the effect of other risk factors for prostate cancer such exercise, family history, and other dietary components, should not be ignored.  As mentioned before, dietary factors such as lycopene, selenium, and vitamin E have all been associated with reduced prostate cancer rates.1, 11 With more insight of how prostate cancer develops and ways to prevent it, the frequency of this common cancer will hopefully be reduced. 
Vitamin D has been associated with healthy prostate functioning.  One study determined that the high rates of vitamin D deficiency may account for several thousand premature deaths from various vitamin D-dependent cancers annually.13  From prostate cancer alone, Grant also found that nearly 170 deaths could be saved annually with adequate sun exposure.15  
This thesis found that differences in sunlight exposure may be the reason for the discrepancy in prostate cancer between the United States and Spain. While genetic differences may also be a determining factor in prostate cancer development, it was not found to have an effect in the rates between Spain and the United States, since little difference in the rates of the polymorphisms was found. Understanding the factors which contribute to prostate cancer development is important to preventing the disease.  

Vitamin D has been found to be one such factor, with adequate levels associated with reduced risk of many diseases, not just prostate cancer. Sufficient levels are needed for general healthy functioning, whether obtained from the diet or sunlight exposure.  In addition to cancers in the colon, breast and prostate, several other diseases like type I and type II diabetes and cardiovascular problems have been found to also exhibit a vitamin D link.13  It was estimated that annually 21,700 lives could be saved just by increasing sunlight exposure.15  Increased endogenous conversion or increased consumption of vitamin D are easy preventative actions that can be taken to save lives and reduce the frequency of so many diseases. 
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