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1. Introduction 

Pancreatic adenocarcinoma (PCA), although infrequent, is one of the most lethal human 
malignancies. PCA ranks fourth in the Western countries and sixth worldwide among the 
most common cancer-related mortality based on GLOBOCAN 2008 (Jemal et al. 2011). 
Worldwide, an estimated 277,000 new cases of PCA were diagnosed in 2008 (Ferlay et al. 
2008). In 2011, 44,000 new cases of PCA will be identified and 37,700 individuals will die 
from this disease in the US (Siegel et al. 2011). The nearly 1:1 ratio of incidence to mortality 
clearly implicates a poor prognosis and the lethal nature of PCA, which is the result of the 
difficulty of early diagnosis, early local spread, distant metastasis and resistance to 
traditional chemotherapy and radiotherapy. The overall five-year survival rate is estimated 
to be within the range of 1–4%, much lower than that of other types of cancers (Jemal et al. 
2011). Up to the present time, the standard treatment for PCA is surgical extirpation, which 
may improve the overall five-year survival rate to 10-29% (Trede et al. 1990; Nitecki et al. 
1995; Yeo et al. 1997). However, 40% of PCA patients already had distant metastasis at the 
time of diagnosis and another 40% were diagnosed with locally advanced cancer (Haller 
2003; Jemal et al. 2011; Siegel et al. 2011), excluding them from being good candidates for 
resection.  

Although the definite causes of pancreatic cancer are still poorly understood, several 
environmental risk factors have been implicated. Abundant epidemiological studies have 
indicated that the use of tobacco increases the risk of pancreatic cancer (Raimondi et al. 
2009) and increased incidence of pancreatic cancer is positively associated with frequency 
and length of tobacco exposure (Hassan et al. 2007). A recent study based on a pooled 
analysis also concludes smoking is associated with an 18% increased risk of PCA (Lynch et 
al. 2009). On the other hand, the risk of PCA would dwindle after cessation of cigarette 
smoking for 10 years or longer (Iodice et al. 2008). Although alcohol has been related to 
increased risk of several types of cancers, the exact relationship between alcohol and PCA 
has not been established yet (Rohrmann et al. 2009; Jiao et al. 2009). A pooled analysis of 14 
cohort studies reported a positive relationship between pancreatic cancer and women 
consuming more than 30 g of alcohol per day (Genkinger et al. 2009). A recent meta-analysis 
study also indicates that a 22% increased risk of PCA is observed in subjects with heavy 
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alcohol consumption (> 30g/day) (Tramacere 2010). High caloric intake and obesity are also 
identified to be risk factors for PCA (Reeves et al. 2007; Fryzek et al. 2005; Patel et al. 2005: 
Berrington de Gonzalez et al. 2003). While natural, plant-produced antioxidants, such as 
some flavonoids, are thought of traditional lyas protective factors for some cancers, their 
roles in PCA are still not established (Nothlings et al. 2007). Fruits and vegetables also failed 
to offer definitive protective benefit for PCA in a large-scaled cohort study (Vrieling et al. 
2009). Other risk factors, such as intake of coffee, use of aspirin, previous cholecystectomy, 
and history of diabetes or chronic pancreatitis, although less conclusive, may contribute to 
pancreatic cancer as well (Batty et al. 2009: Landi 2009; Lowenfels & Maisonneuve 2006). 

While investigating the incidence of PCA in different locations, a geographical variation has 
been observed; that is in the northern latitudes, the incidence of pancreatic cancer is three- to 
four-times higher than that in areas closer to equator (Curado et al. 2007). This finding has 
been attributed to sunlight or ultraviolet (UVB) exposure, which is directly related to 
vitamin D synthesis and the main determinant of vitamin D status in humans. In this 
regard, abundant epidemiologic studies have shown that vitamin D status is inversely 
associated with the incidence of some cancers such as prostate, colon and breast (Garland & 
Garland 1980; Gorham et al. 1990; Schwartz & Chen 2005). 

Recently, due to the dismal outcome of PCA treatments and resistance of PCA to available 
chemotherapy and radiotherapy, some new regimens or strategies have been developed. In 
this chapter, we describe the recent findings on the relationship between sunlight, vitamin D 
and pancreatic cancer incidence, the potential role of vitamin D analogues for the prevention 
and treatment of pancreatic cancer, and the metabolism and functions of vitamin D as well 
as a brief history of vitamin D. 

2. Current treatment of pancreatic cancer 

Currently, the standard treatment for resectable pancreatic cancer remains surgery, 
including radically resection of the primary tumor, surrounding tissues, as well as 
neighboring lymph nodes. However, as described above, only 20% of PCA patients are 
suitable candidates for operation when diagnosed with PCA (Haller 2003; Jemal et al. 2011; 
Siegel et al. 2011). After operation, adjuvant chemotherapy with either gemcitabine or a 
combination of fluorouracil and leucovorin is able to improve progression-free period and 
overall survival (Neoptolemos et al. 2004; Oettle et al. 2007; Regine et al. 2008). Combination 
of adjuvant chemotherapy and radiation therapy seems to increase overall survival; 
however, the results are not impressive (Herman et al. 2008). For unresectable pancreatic 
cancer, the principle of treatment is mainly palliative. The standard chemotherapy for this 
group of patients is gemcitamine alone (Renouf & Moore 2010). Once gemcitamine fails to 
provide benefit in this group of patients, according to National Comprehensive Cancer 
Network guidelines, capecitabine, FOLFOX, or a combination of capecitabine and oxliplatin 
should be considered (National Comprehensive Network guidelines 2008). It has been 
reported that in general PCA patients who respond poorly to the first line therapy may have 
an unfavorable response to the second line therapy as well (Herrmann et al. 2007). Recently, 
target therapy has gained attention for the treatment of certain cancers. However, at the 
present time, no suitable target therapy is available against PCA. Under these bleak 
conditions, the development of new therapies to treat PCA should be one of the priorities in 
cancer research. 
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3. History of vitamin D 

The discovery of vitamin D is closely associated with the disease rickets. Rickets was 
prevalent in the 17th century when two English physicians, Daniel Whistler and Francis 
Glisson described this deformality of bone in 1645 and 1650, respectively (Hess 1929). It was 
not until 1822, Sniadecki made an important observation relating the prevalence of rickets to 
locations of residence; lower incidence of rickets was found among children living on farms 
than children living in the city of Warsaw, Poland (Mozolowski, 1939). In 1889, Theodore 
Palm, a medical missionary and epidemiologist, reported that children living near the 
equator did not suffer from rickets and, thus, suggested sunbathing as a possible cure and 
strategy for rickets prevention (Palm 1890). Both of them attributed their finding of 
geographic differences in rickets incidence to varied exposures to sunlight. In 1919, Edward 
Mellanby successfully made dogs rachitic by keeping them indoors and feeding them with 
oats exclusively, followed by curing this disease with cod liver oil (Mellanby 1919). During 
that period, cod liver oil was used to treat night blindness and fracture. Mellanby did not 
know at that time whether the cure of rickets was attributed to the newly discovered 
vitamin A present in cod liver oil (McCollum et al., 1916) or another substance within. It was 
not until 1922 that McCollum clearly demonstrated that the anti-rachitic substance present 
in cod liver oil was a new substance and named it “vitamin D” (McCollum 1922). Around 
the same period, Huldshinsky in 1919 discovered that sunlight exposure could cure rachitic 
children (Huldshinsky 1919). Subsequently, there seemed to be a relationship between the 
cure of rickets by sunlight exposure and vitamin D in the cod liver oil. Steenbock and Black 
(1924) and Hess and Weinstock (1924) then noted independently that UV-irradiated food 
could cure rickets, which suggested that UV light was capable of transforming one 
substance stored in food to cure rickets. In other words, UV irradiation could produce 
vitamin D, which was responsible for the anti-rachitic activity found in food.  

Vitamin D was believed as biologically active for decades until DeLuca’s laboratory showed 
that injected radioactive vitamin D3 disappeared instantly in the circulation of rats and the 
label appeared again later in the blood. The major radioactive compound in the blood was 
isolated and tested for its ability in stimulating intestinal calcium transport (Norman et al. 
1964). His group reported that this unknown compound acted much quicker and had higher 
activity than the parent substance vitamin D3 (Morii et al. 1967), suggesting that vitamin D3 
might be further metabolized to become active. Subsequently, the unknown compound was 
isolated in pure form and identified as 25-hydroxyvitamin D3 [25(OH)D3] in 1968 (Blunt et 
al. 1968). Later, when radioactive 25(OH)D3 was synthesized and injected into rats, several 
more polar metabolites were found and isolated. One of them was shown to stimulate 
intestinal calcium transport much quicker and to a greater extent than 25(OH)D3.The 
compound was identified in 1971, independently by three groups of researchers as 1α,25-
dihydroxyvitamin D3 [1α,25(OH)2D3] (Lawson et al. 1971; Norman et al. 1971; Holick  
et al. 1971). 

Vitamin D3 (cholecalciferol) can be obtained either from the diet, including supplements, or 
synthesized in the skin from the precursor 7-dehydrocholesterol (7-DHC) via sunlight 
exposure (wave length: 290-315 nm). Vitamin D3 is then bound to vitamin D binding protein 
(DBP) and circulates in the blood. After entering the liver, vitamin D3 is hydroxylated by 
vitamin D-25-hydroxylase (25-OHase, mainly CYP2R1) to generate the circulating 
prohormone 25(OH)D3, which has the highest affinity for DBP and is bound to DBP 
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Fig. 1. Source and metabolism of vitamin D in pancreatic cells. 
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in the circulation. The subsequent conversion of 25(OH)D3 to the active form, 1α,25-
dihydroxyvitamin D3 [1α,25(OH)2D3], occurs in the kidneys and is catalyzed by a tightly 
regulated enzyme 25(OH)D-1α-hydroxylase (1α-OHase or CYP27B1). The active form then 
will be bound to DBP in the circulation and transported to its target organs, tissues and cells 
to induce gene transcription, including the up-regulation of CYP24A1 as shown in Figure 2. 
The activation of 25(OH)D3 may also take place in many extra-renal tissues, including 
pancreas, bone, breast, colon, prostate. The extra-renal synthesis of 1α,25(OH)2D may 
explain why serum 25(OH)D level, instead of the circulating level of the active form, 
1α,25(OH)2D, is the index of vitamin D nutritional status. 1α,25(OH)2D3, either obtained 
from the circulation or within the cells in an autocrine fashion, will be hydroxylated by 
CYP24A1 (or 24-OHase) to form 1α,24,25-trihydroxyvitamin D3 [1α,24,25(OH)3D3], the first 
step to inactivate 1α,25(OH)2D3, leading to the formation of calcitroic acid, which is water-
soluble and is secreted in the urine. 

4. Sources and metabolism of vitamin D 

Two major forms of vitamin D exist in nature: vitamin D2 and vitamin D3. Commonly, 
vitamin D2 (ergocalciferol) is produced from ergosterol of yeast and vitamin D3 
(cholecalciferol) is synthesized from 7-dehydrocholesterol (7-DHC) of lanolin. Vitamin D 
(representing D2 and D3) is rare in foods, only few foods contain sufficient vitamin D 
naturally (Chen et al. 2010). Therefore, fortification of vitamin D in foods, like orange juice, 
cheese, cereal and milk, is becoming popular in some countries. For most humans, exposure 
to sunlight remains the major source, accounting for about 90% of vitamin D requirement 
(Chen et al. 2010) (Figure 1). The basal and suprabasal layers of human skin contain 7-DHC, 
which can be converted to pre-vitamin D3 as the skin receives UV irradiation (wavelength 
290–315 nm). Pre-vitamin D3 is further thermoisomerized to vitamin D3 in the skin. Vitamin 
D, obtained from food (may contain vitamin D2 and/or vitamin D3) or synthesized from 
skin after exposure to sunlight, enters the blood circulation carried by vitamin D binding 
protein (DBP). Upon entering the liver, vitamin D is hydroxylated at the C-25, catalyzed by 
vitamin D-25-hydroxylase (25-OHase) (Schuster 2011), to produce 25(OH)D3. 25(OH)D is 
further hydroxylated by the enzyme 1α-OHase or CYP27B1 mainly in the renal proximal 
tubules at the C-1 position to form the active metabolite, 1α,25(OH)2D3. While 1α,25(OH)2D3 

is the active form and is responsible for the various biological activities exerted by vitamin 
D3, 25(OH)D3 is the major circulating form of vitamin D3 and is considered as the most 
reliable index of vitamin D nutritional status. 25(OH)D3 has the highest affinity for DBP and 
circulates as a DBP-bound form in the blood stream. Another renal enzyme, which also 
plays a crucial role in vitamin D metabolism, is 25(OH)D-24-hydroxylase (24-OHase or 
CYP24A1). CYP24A1 is responsible for the degradation of 1α,25(OH)2D3, forming 
1α,24,25(OH)3D3, and thus terminating the actions of 1α,25(OH)2D3. In addition, when there 
is an excess of 25(OH)D3, 24-OHase in the kidneys is capable of converting it into 
24,25(OH)2D3 to prevent the over-production of 1α,25(OH)2D3 (Schuster 2011). Of note, 
originally it was believed that CYP27B1 and CYP24A1 exist exclusively in the kidneys, the 
two enzymes have been found to express in many extra-renal tissues (Zehnder et al. 2001; 
Chen & Holick 2003; Schwartz et al. 2004; Kemmis et al. 2006; Chiang & Chen 2009), 
including the pancreas. Given that anephric individuals have no detectable 1α,25(OH)2D3 in 
their circulation, it is believed that extrarenal-generated 1α,25(OH)2D3 acts and is degraded 
only locally in an autocrine and paracrine manner. This autocrine/paracrine pathway seems 
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to be regulated in a tissue-specific manner and is not associated with systemic calcium 
homeostasis. Based on this theory, once 25(OH)D3 is internalized into the cells, the fate of 
25(OH)D3 may depend on the relative expression levels of CYP27B1 to CYP24A1. In the cells 
with dominant expression of CYP27B1, 25(OH)D3 will be converted to 1α,25(OH)2D3 to exert 
its cellular functions. Meanwhile, the locally generated 1α,25(OH)2D will up-regulate the 
expression of CYP24A1 within the cells to hydroxylate 1α,25(OH)2D3 and excess 25(OH)D3 
to form their respective 24-hydroxylated metabolites leading to their catabolism. On the 
other hand, in cells dominated with the expression of CYP24A1, the generated 1α,25(OH)2D3 
will be degraded very quickly with little or no chance to exert biological actions (Ly et al. 
1999; Schuster 2011). 

5. Functions of vitamin D  

The genomic action of 1α,25(OH)2D is mediated through its binding to vitamin D receptor 
(VDR) to modulate various gene expressions in a cell- and tissue- specific manner (Norman 
2006) (Figure 2). VDR is a member of the nuclear receptor superfamily and is expressed in 
almost all tissues (Hausller et al. 1997). To date, 1α,25(OH)2D3 has been well described to 
exert anti-proliferation, anti-inflammation, pro-differentiation, pro-apoptosis and immune 
regulation in a tissue- and cell-specific manner (Chiang & Chen 2009; Bikle 2009; Adams & 
Hewison 2010). So far, more than 2770 VDR binding sites have been identified within 229 
vitamin D-regulated genes as shown by a Chip-sequencing method (Ramagopalan et al. 
2010). Many cancer cell lines, including prostate, lung, liver, breast, pancreas and liver 
cancers, have been shown to express VDR, and 1α,25(OH)2D3 has been found to have 
growth inhibitory effect on these cells (Colston et al., 1980; Skowronski et al., 1993; Hulla et 
al., 1995; Chen & Holick 2003; Flanagan et al., 2009; Chiang et al., 2009). 

The active form of vitamin D3, 1α,25(OH)2D3, either synthesized in an autocrine fashion or 

obtained from the kidneys, exerts its genomic effects by binding to the VDR/retinoid X 

receptor (RXR) complex on vitamin D response element (VDRE) in the promoter region of 

vitamin D-regulated genes. The transcriptional effects include cell cycle arrest, pro-

differentiation, pro-apoptosis, anti-inflammation, regulation of immune response and etc. 

After 1α,25(OH)2D3 elicits its function, it is then inactivated by CYP24A1. Since many tissues 

possess CYP27B1 and CYP24A1 simultaneously, the internalized 25(OH)D3 can be activated 

or inactivated to form 1α,25(OH)2D3 or 24-25(OH)D3 based on the expression rates of 1α-

OHase to 24-OHase. 

Once 1α,25(OH)2D3 is internalized into cells, it binds to VDR. The liganded VDR then form a 

heterodimer with RXR and binds to VDRE (Tsai & Omalley 1994) located in the promoter 

regions of vitamin D responsive genes to modulate the gene expression. In cancer cells, the 

action mainly leads to the inhibition of cancer growth and the prevention of cancer cells 

from invading to surrounding normal tissues. Mechanistically, the genomic pathways are 

regulated by multiple co-factors (Haussler et al. 1998). The VDR conformational change 

occurs upon 1α,25(OH)2D3 binding to VDR, leading to subsequent phosphorylation, and 

gives rise to the release of co-repressors and the recruitment of co-activators (Tagami et al. 

1998; Li et al. 2007). In addition to the genomic pathways, 1α,25(OH)2D3 has been shown to 

be able to induce instant biologic reaction at the plasma membrane or in the cytoplasm by 

changing transmembrane signals quickly (Norman 2006). 
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Fig. 2. Functions of vitamin D in pancreatic cells 
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This kind of action does not influence gene expression directly, though, its cross-talk with 
varied signaling pathways still can modulate gene transcripton (Losel & Wehling 2003). To 
date, the exact mechanisms for non-genomic actions of 1α,25(OH)2D3 are not well 
understood. Nevertheless, the existence of non-classical membrane VDR has been found to 
be related to the rapid actions (Huhtakangas et al. 2004), including activation of protein 
kinase C and protein phosphatase PP1c. The actions have been shown to result in 
subsequent ion channel activity modulation (Bettoun et al. 2002; Shah et al. 2006), which is 
also implicated in the growth inhibition of cancer cells. 

6. Vitamin D and pancreatic cancer- biological studies 

To date, 1α,25(OH)2D3 has been shown to possess anti-tumor activity in many cancer cells 

expressing VDR through its anti-proliferative, pro-apoptotic, and pro-differentiation actions 

in a cell- and tissue-specific manner. In terms of pancreatic cancer, 1α,25(OH)2D3 has been 

demonstrated to up-regulate the expression of p21 and p27 and down-regulate the 

expression of cyclins A, D1, and E and cyclin dependent kinases 2 and 4, leading to cell cycle 

arrest at G0/G1 phase (Kawa et al. 1997). However, 1α,25(OH)2D3 is known to cause 

hypercalcemia and hypercalciuria side effects when administered systemically. To overcome 

these lethal side effects caused by systemic administration of 1α,25(OH)2D3, thousands of 

1α,25(OH)2D3 analogues have been synthesized in an effort to potentiate its anti-tumor effect 

while decreasing its hypercalcemic activity. Some of them have been found to induce 

greater cell-cycle arrest, differentiation, and/or apoptosis on pancreatic cancer cells in vitro 

and to inhibit tumor growth in the xenograft animal model. For example, 22-oxa-

1α,25(OH)2D3 has been reported to cause growth inhibition on three pancreatic cancer cell 

lines and to inhibit xenografted BxPC-3 cell growth in vivo (Kawa et al. 1996). Similarly, EB-

1089, a well-studied1α,25(OH)2D3 analogue, has been shown to inhibit pancreatic cancer 

growth in vitro and in vivo (Colston et al. 1997; Pettersson 2000), and has been investigated in 

a phase II clinical trial to treat advanced pancreatic cancer. While EB-1089 failed to prolong 

the survival of patients significantly in this trial (Evans et al. 2002), 1α,25(OH)2D3 ( 0.5 g/kg 

) in a combination with docetaxel successfully increased the period of time-to-progress of 

pancreatic cancer in a recently published phase II study enrolling 25 advanced pancreatic 

cancer patients as compared to treatment with docetaxel alone (Blanke et al. 2009). Several 

new analogues have been shown to possess promising results in in vitro studies. For 

example, a VDR-alkylating derivative of 1α,25(OH)2D3, 1α,25-dihydroxyvitamin D3-3-

bromoacetate (1α,25(OH)2D3-3-BE), was able to inhibit pancreatic cancer cell grow at a lower 

concentration and to a greater extent than 1α,25(OH)2D3, especially in combination with 5-

amino-imidazole-4-carboxamide-1-beta-4-ribofuranoside (AICAR) (Persons et al. 2010). In 

another study, 19-nor-1,25(OH)2D2 (Paricalcitol), which has been approved by the Food 

and Drug Administration for treating secondary hyperparathorodism, has been 

demonstrated to have comparable growth inhibition as 1,25(OH)2D3 in pancreatic cancer in 

vitro and in vivo (Schwartz et al. 2008). Given that 19-nor-1,25(OH)2D2 and 19-nor-

1,25(OH)2D3, are less calcemic analogues of 1α,25(OH)2D3, we have studied a carbon-2 

modified analogue of 19-nor-1,25(OH)2D3, 19-nor-2-(3-hydroxypropyl)-1,25(OH)2D3 or 

MART-10, in pancreatic cancer cells in vitro and found to be 100-1000 times as potent as 

1α,25(OH)2D3 to inhibit tumor cell growth. Most importantly, MART-10 does not increase 

serum calcium in rats (Iglesias-Gato, D. et al, 2011). Furthermore, MART-10 has been shown 
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to be a poor substrate of CYP24A1 and has a lower binding affinity for DBP compared to 

1α,25(OH)2D3, suggesting that this analogue is likely more bio-available than 1α,25(OH)2D3 

in circulation (Flanagan et al. 2009). Thus, MART-10 is a promising compound to treat 

pancreatic cancer. 

7. Epidemiological evidence associating vitamin D and pancreatic cancer  

Circulating vitamin D level, primarily determined by solar UVB exposure and partially 

influenced by food uptake and oral vitamin D supplementation, has been shown to be 

inversely associated with the incidence of many cancers, including prostate, colon and 

breast cancers in a number of epidemiological studies (Garland & Garland 1980; Gorham et 

al., 1990; Schwartz & Chen 2005). Garland et al. (2009) further reported that 58,000 new cases 

of breast cancer and 49000 new cases of colon cancer could be prevented annually through 

vitamin D supplement. In addition, recent studies applying Hill’s criteria for causality also 

clearly showed that UVB exposure and vitamin D status are negatively associated with 

cancer risk (Grant 2009; Grant & Boucher 2009). For pancreatic cancer, its exact relationship 

to vitamin D status has not been well understood. Although two earlier epidemiologic 

studies published in 2006 showed inconsistent findings about the relationship between 

pancreatic cancer incidence and serum 25(OH)D level (Skinner et al. 2006; Stolzenberg-

Solomon et al. 2006), the death rate of pancreatic cancer has been shown to be inversely 

related to sun exposure (Mizoue 2004; Boscoe & Schymura 2006; Grant 2007; Tuohimaa et al. 

2007). More recently, Stoleznberg-Solomon et al. (2010) conducted two pooled nested case 

control studies to investigate the potential association of vitamin D status and pancreatic 

cancer, and reported that the circulating 25(OH)D concentration was not related to the risk 

of pancreatic cancer. Furthermore, Stoleznberg-Solomon et al. showed that a high 25(OH)D 

level, exceeding 100 nmol/L (40 ng/mL), increased pancreatic cancer incidence two folds 

(odds ratio = 2.12, 95% confidence interval: 1.23, 3.64) (Stoleznberg-Solomon et al. 2010). 

However, they did find subjects with lower estimated annual residential solar UVB 

exposure would have higher risk of pancreatic cancer (Stoleznberg-Solomon et al. 2009). The 

reason behind the lack of association between serum levels and pancreatic cancer and other 

cancers maybe that serum 25(OH)D levels were only measured at one time point years prior 

to diagnosis of pancreatic cancer and, in fact, 25(OH)D levels change from season to season. 

For this reason, Yin et al. (2010) conducted case-control studies with zero lag time between 

diagnosis and serum 25(OH)D measurement, not nested studies, and found an inverse 

correlation between serum 25(OH)D level and breast cancer. Mohr SB et al. (2010) also 

demonstrated an inverse association between UVB irradiation and incidence rates of 

pancreatic cancer worldwide. They found that the incidence rate of pancreatic cancer was 

only half in countries with estimated serum 25(OH)D> 30 ng/ml as compared to those with 

serum 25(OH)D ≤ 30 ng/mL. There are other studies also showing inverse relationship 

between UVB and pancreatic cancer (Kato et al. 1985; Giovannucci et al. 2006; Neale et al. 

2009). Interestingly, high insulin and glucose levels have been found to be related to 

pancreatic cancer positively (Hennig et al. 2004; Stolzenberg-Solomon et al. 2005; Huxley et 

al. 2005; Michaud et al. 2007). Since vitamin D is able to regulate the synthesis, binding and 

actions of insulin (Maestro et al. 2000; Maestro et. 2003; Mathieu et al. 2005), there seems to 

be an inverse relationship between pancreatic cancer incidence and vitamin D status. Due to 

these contradictory findings, more careful studies should be conducted to investigate the 
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potential impacts of gene polymorphisms, including VDR, DBP, CYP27B1, and CYP24A1, on 

vitamin D status in order to determine whether adequate vitamin D nutrition has a survival 

and/or a preventive benefit against the pancreatic cancer. 

8. Conclusion 

Pancreatic cancer is often diagnosed at a late stage with a 5-year survival of merely 1-4%. Its 
characteristics of early spread and distant metastasis at the time of diagnosis make it a poor 
candidate for surgical treatment. Moreover, traditional chemotherapy and radiotherapy fail 
to show significant benefit on survival of PCA patients, and no effective target therapy 
against PCA is available at the present time. Since clinicians are faced with the dilemma of 
dealing with advanced PCA, developing new regimens against PCA deserve more attention. 
Vitamin D, originally discovered for treating rickets a century ago, has been found to go 
through a series of hydroxylation steps, leading to the synthesis of the active metabolite, 

1,25(OH)2D. The active metabolite exerts an array of actions through its binding to VDR, 

which is found to exist in almost all tissues in humans. Although 1,25(OH)2D3 possesses 
antitumor effects on many cancer cells in vitro and in vivo, its clinical application is impeded 
by the lethal side effect of hypercalcemia when administered systemically. To overcome this 

drawback, thousands of 1,25(OH)2D3 analogues have been synthesized, and some of them 
have much less calcemic activity and/or a more potent antitumor effect. Regarding 
pancreatic cancer, although several analogues have shown promising antiproliferative effect 
on cells in culture and animal experiments, they fail to offer any benefits in clinical trials. 

However, in combination with docetaxel, 1,25(OH)2D3 was able to prolong the period of 
time-to-progression of patients with advanced pancreatic cancer. Recently, two analogues of 

1,25(OH)2D3, 1,25(OH)2D3-3-BE and MART-10, have been shown to exert much greater 
antiproliferative effect on pancreatic cancer cells in vitro. Under the current situation without 
an effective treatment for the advanced PCA, further investigation of these two analogues in 
animal models and clinical trials is warranted. 

9. References 

Adams, J. S., & Hewison, M. (2010). Update in vitamin D. J Clin Endocrinol Metab, 95(2), 471-

478. ISSN: 0021-972X 

Batty, G. D.; Kivimaki, M.; Morrison, D.; Huxley, R.; Smith, G. D.; Clarke, R., et al. 

(2009). Risk factors for pancreatic cancer mortality: extended follow-up of the 

original Whitehall Study. Cancer Epidemiol Biomarkers Prev, 18(2), 673-675. ISSN: 

1055-9965 

Berrington de Gonzalez, A.; Sweetland, S. & Spencer, E. (2003). A meta-analysis of obesity 

and the risk of pancreatic cancer. Br J Cancer, 89(3), 519-523. ISSN: 0007-0920 

Bettoun, D. J.; Buck, D. W.; Lu, J.; Khalifa, B.; Chin, W. W. & Nagpal, S. (2002). A vitamin D 

receptor-Ser/Thr phosphatase-p70 S6 kinase complex and modulation of its 

enzymatic activities by the ligand. J Biol Chem, 277(28), 24847-24850. ISSN: 0021-

9258 

Bikle, D. (2009). Nonclassic actions of vitamin D. J Clin Endocrinol Metab, 94(1), 26-34. ISSN: 

0021-972X 

www.intechopen.com



 
Vitamin D for the Prevention and Treatment of Pancreatic Cancer 185 

Blanke, C. D.; Beer, T. M.; Todd, K.; Mori, M.; Stone, M. & Lopez, C. (2009). Phase II study of 

calcitriol-enhanced docetaxel in patients with previously untreated metastatic or 

locally advanced pancreatic cancer. Invest New Drugs, 27(4), 374-378. ISSN: 0167-

6997 

Blunt, J. W.; Tanaka, Y. & DeLuca, H. F. (1968). The biological activity of 25-

hydroxycholecalciferol, a metabolite of vitamin D3. Proc Natl Acad Sci U S A, 61(2), 

717-718. ISSN: 0027-8424 

Boscoe, F. P. & Schymura, M. J. (2006). Solar ultraviolet-B exposure and cancer incidence 

and mortality in the United States, 1993-2002. BMC Cancer, 6, 264. ISSN: 1471-

2407 

Chen T.C.; Lu, Z. & Holick, M. F. (2010). Photobiology of vitamin D, In: Vitamin D, 2nd 

edition. M. F. Holick (Editor), pp. 35-60, Humana Press, ISBN 978-1-60327-300-8, 

New York, Dordrecht, Heidelberg, London. 

Chen, T. C. & Holick, M. F. (2003). Vitamin D and prostate cancer prevention and treatment. 

Trends Endocrinol Metab, 14(9), 423-430. ISSN: 1043-2760 

Chiang, K. C. & Chen, T. C. (2009). Vitamin D for the prevention and treatment of pancreatic 

cancer. World J Gastroenterol, 15(27), 3349-3354. ISSN: 1007-9327 

Chiang, K. C.; Persons, K. S.; Istfan, N. W.; Holick, M. F. & Chen, T. C. (2009). Fish oil 

enhances the antiproliferative effect of 1alpha,25-dihydroxyvitamin D3 on liver 

cancer cells. Anticancer Res, 29(9), 3591-3596. ISSN: 0250-7005 

Colston, K.; Hirt, M. & Feldman, D. (1980). Organ distribution of the cytoplasmic 1,25-

dihydroxycholecalciferol receptor in various mouse tissues. Endocrinology, 107(6), 

1916-1922. ISSN: 0013-7227 

Colston, K. W.; James, S. Y.; Ofori-Kuragu, E. A.; Binderup, L. & Grant, A. G. (1997). Vitamin 

D receptors and anti-proliferative effects of vitamin D derivatives in human 

pancreatic carcinoma cells in vivo and in vitro. Br J Cancer, 76(8), 1017-1020. ISSN: 

0007-0920 

Curado, M. P.; Edward, B.K.; Shin, H.R.; Storm, H. (2007). Cancer Incidence in Five 

Continents. Vol IX. IARC Scientific Pub. No.160. Lyon, France: IARC. 

Evans, T. R.; Colston, K. W.; Lofts, F. J.; Cunningham, D.; Anthoney, D. A.; Gogas, H., et 

al. (2002). A phase II trial of the vitamin D analogue Seocalcitol (EB1089) in 

patients with inoperable pancreatic cancer. Br J Cancer, 86(5), 680-685. ISSN: 0007-

0920  

Ferlay, J.; Shin, H. R.; Bray, F.; Forman, D.; Mathers, C. & Parkin, D. M. (2010). Estimates of 

worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer, 127(12), 2893-

2917. ISSN: 0020-7136 

Flanagan, J. N.; Zheng, S.; Chiang, K. C.; Kittaka, A., Sakaki, T.; Nakabayashi, S., et al. (2009). 

Evaluation of 19-nor-2alpha-(3-hydroxypropyl)-1alpha,25- dihydroxyvitamin D3 as 

a therapeutic agent for androgen-dependent prostate cancer. Anticancer Res, 29(9), 

3547-3553. ISSN: 0250-7005 

Fryzek, J. P.; Schenk, M.; Kinnard, M.; Greenson, J. K. & Garabrant, D. H. (2005). The 

association of body mass index and pancreatic cancer in residents of southeastern 

Michigan, 1996-1999. Am J Epidemiol, 162(3), 222-228. ISSN: 0002-9262 

www.intechopen.com



 
Pancreatic Cancer – Molecular Mechanism and Targets 186 

Garland, C. F., & Garland, F. C. (1980). Do sunlight and vitamin D reduce the likelihood of 

colon cancer? Int J Epidemiol, 9(3), 227-231. ISSN: 0300-5771 

Garland, C. F.; Gorham, E. D.; Mohr, S. B. & Garland, F. C. (2009). Vitamin D for cancer 

prevention: global perspective. Ann Epidemiol, 19(7), 468-483. ISSN: 1047-2797 

Genkinger, J. M.; Spiegelman, D.; Anderson, K. E.; Bergkvist, L.; Bernstein, L., van den 

Brandt, P. A., et al. (2009). Alcohol intake and pancreatic cancer risk: a pooled 

analysis of fourteen cohort studies. Cancer Epidemiol Biomarkers Prev, 18(3), 765-776. 

ISSN: 1055-9965 

Giovannucci, E.; Liu, Y., Rimm, E. B.; Hollis, B. W.; Fuchs, C. S.; Stampfer, M. J., et al. (2006). 

Prospective study of predictors of vitamin D status and cancer incidence and 

mortality in men. J Natl Cancer Inst, 98(7), 451-459. ISSN: 0027-8874 

Gorham, E. D.; Garland, F. C. & Garland, C. F. (1990). Sunlight and breast cancer incidence 

in the USSR. Int J Epidemiol, 19(4), 820-824. ISSN: 0300-5771 

Grant, W. B. (2007). An ecologic study of cancer mortality rates in Spain with respect to 

indices of solar UVB irradiance and smoking. Int J Cancer, 120(5), 1123-1128. ISSN: 

0020-7136  

Grant, W. B. (2009). How strong is the evidence that solar ultraviolet B and vitamin D reduce 

the risk of cancer?: An examination using Hill's criteria for causality. 

Dermatoendocrinol, 1(1), 17-24 ISSN: 1938-1980. 

Haller, D. G. (2003). New perspectives in the management of pancreas cancer. Semin Oncol, 

30(4 Suppl 11), 3-10. ISSN: 0093-7754 

Hassan, M. M.; Bondy, M. L.; Wolff, R. A.; Abbruzzese, J. L.; Vauthey, J. N.; Pisters, P. W., et 

al. (2007). Risk factors for pancreatic cancer: case-control study. Am J Gastroenterol, 

102(12), 2696-2707. ISSN: 0002-9270 

Haussler, M. R.; Haussler, C. A.; Jurutka, P. W.; Thompson, P. D.; Hsieh, J. C.; Remus, L. S., 

et al. (1997). The vitamin D hormone and its nuclear receptor: molecular actions 

and disease states. J Endocrinol, 154 Suppl, S57-73. ISSN: 0022-0795 

Haussler, M. R.; Whitfield, G. K.; Haussler, C. A.; Hsieh, J. C.; Thompson, P. D.; 

Selznick, S. H., et al. (1998). The nuclear vitamin D receptor: biological and 

molecular regulatory properties revealed. J Bone Miner Res, 13(3), 325-349. 

ISSN: 0884-0431 

Hennig, R.; Ding, X. Z. & Adrian, T. E. (2004). On the role of the islets of Langerhans in 

pancreatic cancer. Histol Histopathol, 19(3), 999-1011. ISSN: 0213-3911 

Herman, J. M.; Swartz, M. J.; Hsu, C. C.; Winter, J.; Pawlik, T. M.; Sugar, E., et al. (2008). 

Analysis of fluorouracil-based adjuvant chemotherapy and radiation after 

pancreaticoduodenectomy for ductal adenocarcinoma of the pancreas: results of a 

large, prospectively collected database at the Johns Hopkins Hospital. J Clin Oncol, 

26(21), 3503-3510. ISSN: 0732-183X 

Herrmann, C.; Abel, U.; Stremmel, W.; Jaeger, D. & Herrmann, T. (2007). Short time to 

progression under first-line chemotherapy is a negative prognostic factor for time 

to progression and residual survival under second-line chemotherapy in advanced 

pancreatic cancer. Oncology, 73(5-6), 335-339. ISSN: 0030-2414 

Hess, A.F. (1929). Rickets Including Osteomalacia and Tetany. Philadelphis. Philadelphis, 

PA. 

www.intechopen.com



 
Vitamin D for the Prevention and Treatment of Pancreatic Cancer 187 

Hess, A. F. & M. Weinstock. (1924). "Antirachitic properties imparted to lettuce and to 

grwoing wheat by ultraviolet irradiation." Proc Soc Exp Biol Med 22: 5-6. 

Holick, M. F.; Schnoes, H. K. & DeLuca, H. F. (1971). Identification of 1,25-

dihydroxycholecalciferol, a form of vitamin D3 metabolically active in the intestine. 

Proc Natl Acad Sci U S A, 68(4), 803-804. ISSN: 0027-8424 

Huhtakangas, J. A.; Olivera, C. J.; Bishop, J. E.; Zanello, L. P. & Norman, A. W. (2004). The 

vitamin D receptor is present in caveolae-enriched plasma membranes and binds 1 

alpha, 25(OH)2-vitamin D3 in vivo and in vitro. Mol Endocrinol, 18(11), 2660-2671. 

ISSN: 0888-8809 

Huldshinsky, K. (1919). "eilung von rachitis durch kunstlich hohensonne." Deut. Med. 

Wochenschr 45: 712-713. 

Hulla, W.; Kallay, E.; Krugluger, W.; Peterlik, M. & Cross, H. S. (1995). Growth control of 

human colon-adenocarcinoma-derived Caco-2 cells by vitamin-D compounds and 

extracellular calcium in vitro: relation to c-myc-oncogene and vitamin-D-receptor 

expression. Int J Cancer, 62(6), 711-716. ISSN: 0020-7136  

Huxley, R.; Ansary-Moghaddam, A.; Berrington de Gonzalez, A.; Barzi, F. & Woodward, M. 

(2005). Type-II diabetes and pancreatic cancer: a meta-analysis of 36 studies. Br J 

Cancer, 92(11), 2076-2083. ISSN: 0007-0920 

Iglesias-Gato D.; Zheng S.; Flanagan J.N.; Jiang L.; Kittaka A.; Sakaki T., et al. (2011). 

Substitution at carbon 2 of 19-nor-1α,25-dihydroxyvitamin D3 with 3-

hydroxypropyl group generates an analogue with enhanced chemotherapeutic 

potency in PC-3 prostate cancer cells. J Steroid Biochem Mol Biol, Sep 3. [Epub ahead 

of print] 

Iodice, S.; Gandini, S.; Maisonneuve, P. & Lowenfels, A. B. (2008). Tobacco and the risk of 

pancreatic cancer: a review and meta-analysis. Langenbecks Arch Surg, 393(4), 535-

545. ISSN: 1435-2443 

Jemal, A.; Bray, F.; Center, M. M.; Ferlay, J.; Ward, E. & Forman, D. (2011), Global cancer 

statistics. CA: A Cancer Journal for Clinicians, 61: 69–90. ISSN: 0007-9235 

doi: 10.3322/caac.20107 

Jiao, L.; Silverman, D. T.; Schairer, C.; Thiebaut, A. C.; Hollenbeck, A. R.; Leitzmann, M. F., 

et al. (2009). Alcohol use and risk of pancreatic cancer: the NIH-AARP Diet and 

Health Study. Am J Epidemiol, 169(9), 1043-1051. ISSN: 0002-9262 

Kato, I.; Tajima, K.; Kuroishi, T. & Tominaga, S. (1985). Latitude and pancreatic cancer. Jpn J 

Clin Oncol, 15(2), 403-413. ISSN: 0368-2811 

Kawa, S.; Nikaido, T.; Aoki, Y.; Zhai, Y.; Kumagai, T.; Furihata, K., et al. (1997). Vitamin D 

analogues up-regulate p21 and p27 during growth inhibition of pancreatic cancer 

cell lines. Br J Cancer, 76(7), 884-889. ISSN: 0007-0920 

Kawa, S.; Yoshizawa, K.; Tokoo, M.; Imai, H.; Oguchi, H.; Kiyosawa, K., et al. (1996). 

Inhibitory effect of 220-oxa-1,25-dihydroxyvitamin D3 on the proliferation of 

pancreatic cancer cell lines. Gastroenterology, 110(5), 1605-1613. ISSN: 0016-5085 

Kemmis, C. M.; Salvador, S. M.; Smith, K. M. & Welsh, J. (2006). Human mammary 

epithelial cells express CYP27B1 and are growth inhibited by 25-hydroxyvitamin 

D-3, the major circulating form of vitamin D-3. J Nutr, 136(4), 887-892. ISSN: 0022-

3166 

www.intechopen.com



 
Pancreatic Cancer – Molecular Mechanism and Targets 188 

Landi, S. (2009). Genetic predisposition and environmental risk factors to pancreatic cancer: 

A review of the literature. Mutat Res, 681(2-3), 299-307. ISSN: 0027-5107 

Lawson, D. E.; Fraser, D. R.; Kodicek, E.; Morris, H. R. & Williams, D. H. (1971). 

Identification of 1,25-dihydroxycholecalciferol, a new kidney hormone controlling 

calcium metabolism. Nature, 230(5291), 228-230. ISSN: 0028-0836 

Li, B.; Carey, M. & Workman, J. L. (2007). The role of chromatin during transcription. Cell, 

128(4), 707-719. ISSN: 0092-8674 

Losel, R. & Wehling, M. (2003). Nongenomic actions of steroid hormones. Nat Rev Mol Cell 

Biol, 4(1), 46-56. ISSN: 1471-0072 

Lowenfels, A. B. & Maisonneuve, P. (2006). Epidemiology and risk factors for pancreatic 

cancer. Best Pract Res Clin Gastroenterol, 20(2), 197-209. ISSN: 1521-6918 

Ly, L. H.; Zhao, X. Y.; Holloway, L. & Feldman, D. (1999). Liarozole acts synergistically with 

1alpha,25-dihydroxyvitamin D3 to inhibit growth of DU 145 human prostate cancer 

cells by blocking 24-hydroxylase activity. Endocrinology, 140(5), 2071-2076. ISSN: 

0013-7227 

Lynch, S. M.; Vrieling, A.; Lubin, J. H.; Kraft, P.; Mendelsohn, J. B.; Hartge, P., et al. 

(2009). Cigarette smoking and pancreatic cancer: a pooled analysis from the 

pancreatic cancer cohort consortium. Am J Epidemiol, 170(4), 403-413. ISSN: 

0002-9262 

Maestro, B.; Campion, J.; Davila, N. & Calle, C. (2000). Stimulation by 1,25-

dihydroxyvitamin D3 of insulin receptor expression and insulin responsiveness for 

glucose transport in U-937 human promonocytic cells. Endocr J, 47(4), 383-391. 

ISSN: 0918-8959 

Maestro, B.; Davila, N.; Carranza, M. C. & Calle, C. (2003). Identification of a Vitamin D 

response element in the human insulin receptor gene promoter. J Steroid Biochem 

Mol Biol, 84(2-3), 223-230. ISSN: 0960-0760 

Mathieu, C.; Gysemans, C.; Giulietti, A. & Bouillon, R. (2005). Vitamin D and diabetes. 

Diabetologia, 48(7), 1247-1257. ISSN: 0012-186X 

McCollum, E. V.; Simmonds, N.; Becker J.E. & Shipley, P.G. (1922). "An experimental 

demonstration of the existence of a vitamin which promotes calcium deposition." J 

Biol Chem 53: 293-298.  

McCollum, E. V.; Simmonds, N. & Pitz, W. (1916). "The realtion of the unidentified dietary 

factors, the fat-soluble A and watersoluble B of the iet to the growth promoting 

properties of milk." J Biol Chem 27: 33-38.  

Mellanby, E. (1919). "An experimental investigatin on rickets." Lancet 1: 407-412. 

Michaud, D. S.; Wolpin, B.; Giovannucci, E.; Liu, S.; Cochrane, B.; Manson, J. E., et al. (2007). 

Prediagnostic plasma C-peptide and pancreatic cancer risk in men and women. 

Cancer Epidemiol Biomarkers Prev, 16(10), 2101-2109. ISSN: 1055-9965 

Mizoue, T. (2004). Ecological study of solar radiation and cancer mortality in Japan. Health 

Phys, 87(5), 532-538. ISSN: 0017-9078 

Mohr, S. B.; Garland, C. F.; Gorham, E. D.; Grant, W. B. & Garland, F. C. (2010). Ultraviolet B 

irradiance and vitamin D status are inversely associated with incidence rates of 

pancreatic cancer worldwide. Pancreas, 39(5), 669-674. ISSN: 0885-3177 

www.intechopen.com



 
Vitamin D for the Prevention and Treatment of Pancreatic Cancer 189 

Morii, H.; Lund, J.; Neville, P.F. & DeLuca, H.F. (1967). "Biological activity of a vitamin D 

metabolite." Arch Biochem Biophys 120: 508-512.  

Molozolowski W (1939): Jedrezej Sniadecki (f 786-1883) "On the cure of rickets". Nature 
143:121 

National Comprehensive Cancer Network Guidelines." (2008) Retrieved December 12,2008 
from www.nccn.org 

Neale, R. E.; Youlden, D. R.; Krnjacki, L.; Kimlin, M. G. & van der Pols, J. C. (2009). Latitude 

variation in pancreatic cancer mortality in Australia. Pancreas, 38(4), 387-390. ISSN: 

0885-3177 

Neoptolemos, J. P.; Stocken, D. D.; Friess, H.; Bassi, C.; Dunn, J. A.; Hickey, H., et al. (2004). 

A randomized trial of chemoradiotherapy and chemotherapy after resection of 

pancreatic cancer. N Engl J Med, 350(12), 1200-1210. ISSN: 0028-4793 

Nitecki, S. S.; Sarr, M. G.; Colby, T. V. & van Heerden, J. A. (1995). Long-term survival after 

resection for ductal adenocarcinoma of the pancreas. Is it really improving? Ann 

Surg, 221(1), 59-66. ISSN: 0003-4932 

Norman, A. W. (2006). Minireview: vitamin D receptor: new assignments for an already 

busy receptor. Endocrinology, 147(12), 5542-5548. ISSN: 0013-7227 

Norman, A. W.; Lund, J. & Deluca, H. F. (1964). Biologically Active Forms of Vitamin D3 in 

Kidney and Intestine. Arch Biochem Biophys, 108, 12-21. ISSN: 0003-9861 

Norman, A. W.; Myrtle, J. F.; Midgett, R. J.; Nowicki, H. G.; Williams, V. & Popjak, G. (1971). 

1,25-dihydroxycholecalciferol: identification of the proposed active form of vitamin 

D3 in the intestine. Science, 173(991), 51-54. ISSN: 0036-8075 

Nothlings, U.; Murphy, S. P.; Wilkens, L. R.; Henderson, B. E. & Kolonel, L. N. (2007). 

Flavonols and pancreatic cancer risk: the multiethnic cohort study. Am J Epidemiol, 

166(8), 924-931. ISSN: 0002-9262 

Oettle, H.; Post, S.; Neuhaus, P.; Gellert, K.; Langrehr, J.; Ridwelski, K., et al. (2007). 

Adjuvant chemotherapy with gemcitabine vs observation in patients undergoing 

curative-intent resection of pancreatic cancer: a randomized controlled trial. JAMA, 

297(3), 267-277. ISSN: 0098-7484 

Palm, T. (1890). "The geographical distriubution and etiology of rickets." Practitiner 45: 270-

279. 

Patel, A. V.; Rodriguez, C.; Bernstein, L.; Chao, A.; Thun, M. J. & Calle, E. E. (2005). Obesity, 

recreational physical activity, and risk of pancreatic cancer in a large U.S. Cohort. 

Cancer Epidemiol Biomarkers Prev, 14(2), 459-466. ISSN: 1055-9965 

Persons, K. S.; Eddy, V. J.; Chadid, S.; Deoliveira, R.; Saha, A. K. & Ray, R. (2010). Anti-

growth effect of 1,25-dihydroxyvitamin D3-3-bromoacetate alone or in combination 

with 5-amino-imidazole-4-carboxamide-1-beta-4-ribofuranoside in pancreatic 

cancer cells. Anticancer Res, 30(6), 1875-1880. ISSN: 0250-7005 

Pettersson, F.; Colston, K. W.; & Dalgleish, A. G. (2000). Differential and antagonistic effects 

of 9-cis-retinoic acid and vitamin D analogues on pancreatic cancer cells in vitro. Br 

J Cancer, 83(2), 239-245. ISSN: 0007-0920 

Raimondi, S.; Maisonneuve, P.; & Lowenfels, A. B. (2009). Epidemiology of pancreatic 

cancer: an overview. Nat Rev Gastroenterol Hepatol, 6(12), 699-708. ISSN: 1759-

5045 

www.intechopen.com



 
Pancreatic Cancer – Molecular Mechanism and Targets 190 

Ramagopalan, S. V.; Heger, A.; Berlanga, A. J.; Maugeri, N. J.; Lincoln, M. R.; Burrell, A., et 

al. (2010). A ChIP-seq defined genome-wide map of vitamin D receptor binding: 

associations with disease and evolution. Genome Res, 20(10), 1352-1360. ISSN: 1088-

9051 

Reeves, G. K.; Pirie, K.; Beral, V.; Green, J.; Spencer, E.; & Bull, D. (2007). Cancer incidence 

and mortality in relation to body mass index in the Million Women Study: cohort 

study. BMJ, 335(7630), 1134. ISSN: 0959-535X 

Regine, W. F.; Winter, K. A.; Abrams, R. A.; Safran, H.; Hoffman, J. P.; Konski, A., et al. 

(2008). Fluorouracil vs gemcitabine chemotherapy before and after fluorouracil-

based chemoradiation following resection of pancreatic adenocarcinoma: a 

randomized controlled trial. JAMA, 299(9), 1019-1026. ISSN: 0098-7484 

Renouf, D. & Moore, M. (2010). Evolution of systemic therapy for advanced pancreatic 

cancer. Expert Rev Anticancer Ther, 10(4), 529-540. ISSN: 1473-7140 

Rohrmann, S.; Linseisen, J.; Vrieling, A.; Boffetta, P.; Stolzenberg-Solomon, R. Z.; Lowenfels, 

A. B., et al. (2009). Ethanol intake and the risk of pancreatic cancer in the European 

Prospective Investigation into Cancer and Nutrition (EPIC). Cancer Causes Control, 

20(5), 785-794. ISSN: 0957-5243 

Schuster, I. (2011). Cytochromes P450 are essential players in the vitamin D signaling 

system. Biochim Biophys Acta, 1814(1), 186-199. ISSN: 0006-3002 

Schwartz, G. G. & Chen T.C.(2005). Vitamin D, sunlight, and the natural history of prostate 

cancer, in Vitamin D, 2nd edition. D. Feldman, F.H. Glorieux, J.W. Pike (Editors): 

pp.1599-1615, Elsevier Academic Press, Inc, ISBN-9780122526879, Amsterdam, 

Boston, Heidelberg, London, New York, Oxford, Paris, SanDiego, San Francisco, 

Singapore, Sydney, Tokyo. 

Schwartz, G. G.; Eads, D.; Naczki, C.; Northrup, S.; Chen, T. & Koumenis, C. (2008). 19-nor-1 

alpha,25-dihydroxyvitamin D2 (paricalcitol) inhibits the proliferation of human 

pancreatic cancer cells in vitro and in vivo. Cancer Biol Ther, 7(3), 430-436. ISSN: 

1538-4047 

Schwartz, G. G.; Eads, D.; Rao, A.; Cramer, S. D.; Willingham, M. C.; Chen, T. C., et al. 

(2004). Pancreatic cancer cells express 25-hydroxyvitamin D-1 alpha-hydroxylase 

and their proliferation is inhibited by the prohormone 25-hydroxyvitamin D3. 

Carcinogenesis, 25(6), 1015-1026. ISSN: 0143-3334 

Shah, S.; Islam, M. N.; Dakshanamurthy, S.; Rizvi, I., Rao, M.; Herrell, R. et al. (2006). The 

molecular basis of vitamin D receptor and beta-catenin crossregulation. Mol Cell, 

21(6), 799-809. ISSN: 1097-2765 

Siegel, R.; Ward, E.; Brawley, O. & Jemal, A. (2011), Cancer statistics, 2011. CA: A Cancer 

Journal for Clinicians, 61: 212–236. doi: 10.3322/caac.20121 

Skinner, H. G.; Michaud, D. S.; Giovannucci, E.; Willett, W. C.; Colditz, G. A. & Fuchs, C. S. 

(2006). Vitamin D intake and the risk for pancreatic cancer in two cohort studies. 

Cancer Epidemiol Biomarkers Prev, 15(9), 1688-1695. ISSN: 1055-9965 

Skowronski, R. J.; Peehl, D. M. & Feldman, D. (1993). Vitamin D and prostate cancer: 1,25 

dihydroxyvitamin D3 receptors and actions in human prostate cancer cell lines. 

Endocrinology, 132(5), 1952-1960. ISSN: 0013-7227 

www.intechopen.com



 
Vitamin D for the Prevention and Treatment of Pancreatic Cancer 191 

Steenbock, H. & Black, A. (1924). "Fat-soluble vitamins XVII. The induction of growth-

promoting and calcifying properties in a ration by exposure to ultraviolet light." J 

Biol Chem 61: 405-422. 

Stolzenberg-Solomon, R. Z.; Graubard, B. I.; Chari, S.; Limburg, P.; Taylor, P. R.; Virtamo, J. 

et al. (2005). Insulin, glucose, insulin resistance, and pancreatic cancer in male 

smokers. JAMA, 294(22), 2872-2878. ISSN: 0098-7484 

Stolzenberg-Solomon, R. Z.; Hayes, R. B.; Horst, R. L.; Anderson, K. E.; Hollis, B. W., & 

Silverman, D. T. (2009). Serum vitamin D and risk of pancreatic cancer in the 

prostate, lung, colorectal, and ovarian screening trial. Cancer Res, 69(4), 1439-1447. 

ISSN: 0008-5472 

Stolzenberg-Solomon, R. Z.; Jacobs, E. J.; Arslan, A. A.; Qi, D.; Patel, A. V.; Helzlsouer, K. J., 

et al. (2010). Circulating 25-hydroxyvitamin D and risk of pancreatic cancer: Cohort 

Consortium Vitamin D Pooling Project of Rarer Cancers. Am J Epidemiol, 172(1), 81-

93. ISSN: 0002-9262 

Stolzenberg-Solomon, R. Z.; Vieth, R.; Azad, A.; Pietinen, P.; Taylor, P. R.; Virtamo, J., et 

al. (2006). A prospective nested case-control study of vitamin D status and 

pancreatic cancer risk in male smokers. Cancer Res, 66(20), 10213-10219. ISSN: 

0008-5472 

Tagami, T.; Lutz, W. H.; Kumar, R., & Jameson, J. L. (1998). The interaction of the vitamin D 

receptor with nuclear receptor corepressors and coactivators. Biochem Biophys Res 

Commun, 253(2), 358-363. ISSN: 0006-291X 

Townsend, K.; Banwell, C. M.; Guy, M.; Colston, K. W.; Mansi, J. L.; Stewart, P. M., et al. 

(2005). Autocrine metabolism of vitamin D in normal and malignant breast tissue. 

Clin Cancer Res, 11(9), 3579-3586. ISSN: 1078-0432 

Tramacere, I.;Scotti, L.; Jenab, M.; Bagnardi, V.; Bellocco, R.; Rota, M., et al. (2010). Alcohol 

drinking and pancreatic cancer risk: a meta-analysis of the dose-risk relation. Int J 

Cancer, 126(6), 1474-1486. ISSN: 0020-7136 

Trede, M.; Schwall, G. & Saeger, H. D. (1990). Survival after pancreatoduodenectomy. 118 

consecutive resections without an operative mortality. Ann Surg, 211(4), 447-458. 

ISSN: 0003-4932 

Tsai, M. J. & O'Malley, B. W. (1994). Molecular mechanisms of action of steroid/thyroid 

receptor superfamily members. Annu Rev Biochem, 63, 451-486. ISSN: 0066-4154 

Tuohimaa, P.; Pukkala, E.; Scelo, G.; Olsen, J. H.; Brewster, D. H.; Hemminki, K.; et al. 

(2007). Does solar exposure, as indicated by the non-melanoma skin cancers, 

protect from solid cancers: vitamin D as a possible explanation. Eur J Cancer, 43(11), 

1701-1712. ISSN: 0959-8049 

Vrieling, A.; Verhage, B. A.; van Duijnhoven, F. J.; Jenab, M.; Overvad, K.; Tjonneland, A., et 

al. (2009). Fruit and vegetable consumption and pancreatic cancer risk in the 

European Prospective Investigation into Cancer and Nutrition. Int J Cancer, 124(8), 

1926-1934. ISSN: 0020-7136 

Wilkinson, B. L.; Malins, L. R.; Chun, C. K. & Payne, R. J. (2010). Synthesis of MUC1-

lipopeptide chimeras. Chem Commun (Camb), 46(34), 6249-6251. ISSN: 1359-7345 

Yeo, C. J.; Cameron, J. L.; Sohn, T. A.; Lillemoe, K. D.; Pitt, H. A.; Talamini, M. A., et al. 

(1997). Six hundred fifty consecutive pancreaticoduodenectomies in the 1990s: 

www.intechopen.com



 
Pancreatic Cancer – Molecular Mechanism and Targets 192 

pathology, complications, and outcomes. Ann Surg, 226(3), 248-257; discussion 257-

260. ISSN: 0003-4932 

Yin, L.; Grandi, N.; Raum, E.; Haug, U.; Arndt, V. & Brenner, H. (2010). Meta-analysis: 

serum vitamin D and breast cancer risk. Eur J Cancer, 46(12), 2196-2205. ISSN: 0959-

8049 

Zehnder, D.; Bland, R.; Williams, M. C.; McNinch, R. W.; Howie, A. J.; Stewart, P. M., et al. 

(2001). Extrarenal expression of 25-hydroxyvitamin d(3)-1 alpha-hydroxylase. J Clin 

Endocrinol Metab, 86(2), 888-894. ISSN: 0021-972X 

www.intechopen.com



Pancreatic Cancer - Molecular Mechanism and Targets

Edited by Prof. Sanjay Srivastava

ISBN 978-953-51-0410-0

Hard cover, 432 pages

Publisher InTech

Published online 23, March, 2012

Published in print edition March, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

This book provides the reader with an overall understanding of the biology of pancreatic cancer, hereditary,

complex signaling pathways and alternative therapies. The book explains nutrigenomics and epigenetics

mechanisms such as DNA methylation, which may explain the etiology or progression of pancreatic cancer.

Book also summarizes the molecular control of oncogenic pathways such as K-Ras and KLF4. Since

pancreatic cancer metastasizes to vital organs resulting in poor prognosis, special emphasis is given to the

mechanism of tumor cell invasion and metastasis. Role of nitric oxide and Syk kinase in tumor metastasis is

discussed in detail. Prevention strategies for pancreatic cancer are also described. The molecular mechanisms

of the anti-cancer effects of curcumin, benzyl isothiocyante and vitamin D are discussed in detail. Furthermore,

this book covers the basic mechanisms of resistance of pancreatic cancer to chemotherapy drugs such as

gemcitabine and 5-flourouracil.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Kun-Chun Chiang and Tai C. Chen (2012). Vitamin D for the Prevention and Treatment of Pancreatic Cancer,

Pancreatic Cancer - Molecular Mechanism and Targets, Prof. Sanjay Srivastava (Ed.), ISBN: 978-953-51-

0410-0, InTech, Available from: http://www.intechopen.com/books/pancreatic-cancer-molecular-mechanism-

and-targets/vitamin-d-in-the-prevention-and-treatment-of-pancreatic-cancer



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


