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Abstract 

Cancer progression tends to be associated with a deficiency in vitamin D blood levels. Vitamin has been proven to inhibit cancer cell 

proliferation. However, the in vivo antitumor activity of vitamin D needs to be still confirmed, since its inhibitory effect on cancer cell 

proliferation could be vanified by its suppressive activity on the antitumor immunity, due to the stimulatory effect of vitamin D on 

regulatory T lymphocytes (T reg), which counteracts the antitumor immune response. On these bases, a preliminary study was performed 

to measure 25 (OH) vitamin D serum levels in relation to the antitumor immune status of cancer patients with early or metastatic diseases. 

The study included 50 patients suffering from non-metastatic (n=27), or metastatic solid neoplasms (n=23). In each patient, serum levels 

of vitamin (OH) D, lymphocyte and monocyte counts, lymphocyte-to-monocyte ratio (LMR), TH1 (CD4) and T reg (CD4+CD25+) 

cells. Abnormally low values of vitamin D were seen in 26/50 (52%) patients, namely in the metastatic ones. Lymphocytopenia occurred 

in 10/50 (20%) patients. Lymphocyte count, LMR mean values, TH1 number, and TH1-to-T reg ratio were higher in patients with 

normal vitamin D levels, whereas monocyte and T reg cell counts were higher in patients with low vitamin D concentrations, but none 

of these differences was statistically significant. The results of this preliminary study may justify vitamin D correction of cancer 

progression-related vitamin D deficiency, but not its use as an anticancer agent, which will require to be established through longitudinal 

studies, by monitoring vitamin D levels in relation to the immune status of cancer patients and the clinical course of their neoplastic 

disease. 
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Introduction 

Several recent experimental studies have shown that the human 

body contains several endogenous protumoral, or antitumoral 

molecules. The main antitumoral endogenous molecules are 

constituted of the pineal hormone melatonin (MLT) [1, 2] and other 

indole hormones [3], the endocannabinoids arachidonyl-ethanol-

amide (AEA) and the 2-arachidony-glycerol (2-AG) [4], oxytocin 
[5], and the antitumor cytokines IL-2 [6], and IL-12 [7]. On the other 

hand, the main protumoral endogenous substances are 

represented by the sexual steroids, the various growth factors, and 

several immunosuppressive molecules, including cortisol [8], the 

inflammatory cytokines IL-1 beta, IL-6, IL-17, the anti-

inflammatory immunosuppressive cytokines, IL-10 and TGF-

beta, namely released from regulatory T lymphocytes (T reg), the 

main cells involved in the suppression of the anticancer immunity 
[9], and ADH [10], endothelin-1 (ET-1) and VEGF [11], because of 

their angiogenic properties. Within the great number of 

endogenous molecules potentially able to influence tumor growth 

in an antitumor, or in a protumoral way, one of the most 

controversial compound is vitamin D3 itself, since it has been 

proven to exert both antitumor [12], or protumoral effects [13]. The 

antitumor effects of vitamin D are mainly due to its inhibitory 

effects on cancer cells proliferation [13], in association with an 

anti-angiogenic activity, an inhibition of growth factor activation, 

and a stimulation of cystatin secretion, a protein provided by 

antitumor and anti-metastatic properties [14]. On the other hand, 

the potential protumoral action would depend on its different 

modulatory effects on the immune system, mainly consisting of 

stimulation of T reg cell system [15], with a following suppression 

of the anticancer immunity, and inhibition of the secretion of the 

main inflammatory cytokines, including IL-6, IL-1 beta, IL-8, 

and IL-17 [15, 16]. The inhibition of inflammtory cytokine secretion 

would enhance the antitumor immunity, whereas the stimulatory 

action of T reg cell activity may allow a suppression of the 

anticancer immunity [15], because of its production of TGF-beta 
[17], which is the main endogenous immunosuppressive molecule 

of the anticancer immunity. Therefore, the end-result of the 

immune effects induced by vitamin D would consist of the 

algebric sum of both pro-tumoral and anti-tumoral effects. On the 

same way, the potential therapeutic anticancer properties of 

vitamin D would mainly depend in vivo on the immune status of 

patients, as well as on its effects on the antitumor immunity. 

Vitamin D-induced stimulation of T reg lymphocytes has been 

clinically confirmed by the evidence that low serum levels of 

vitamin D has appeared to predispose to the autoimmune 

diseases, which are characterized by a diminished T reg cell 

system activity in association with an enhanced IL-17 secretion 
[18]. Because of the inhibitory effect of IL-17 on T reg cells [19], 

autoimmune disease-related Treg cell deficiency could depend on 

the enhanced production of IL-17 itself. Vitam D deficiency has 

also been shown to predispose to infections [15, 16]. On the 

contrary, the immuno modulary effects of vitamin D on the 

anticancer immunity are still controversial. Then, from a 
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physiological point of view, the most known biological role of 

vitamin D in the maintenance of normal calcium blood levels, 

which is fundamental for cellular biology itself, would be only 

one of the great number of metabolic effects played by vitamin 

D. Vitamin D is endogenously produced starting from the 7-

dihydro-cholesterol (or ergosterol) at skin level, when exposed to 

ultraviolet irradiation, with production of cholecalciferol. To be 

active, it has to undergo two hydroxylation processes, before in 

the liver with its transfromation into 25 (OH) vitamin D (25 (OH) 

D), also called ergocalciferol, and after in the kidney with the 

production of 1, 25 (OH)2 D, the so-called calcitriol (or vitamin 

D3), through the action of the 1-alpha reductase. Calcitriol is the 

most biologically active form of vitamin D, and its production 

depends only on 1-alpha reductase activity, which is stimulated 

by the parathyroid hormone (PTH) and hypophosphatemia, 

whereas it is inhibited by calcium, calcitriol itself as a self-

regulation and fibroblast growth factor (FGF)-23. Because of its 

multiple biological effects, vitamin D has been also considered 

as a cytokine, or a hematopoietic growth factor, which has been 

proven to be directly secreted by the same immune cells, as well 

to exert a paracrine regulatory control on immune cell activities 
[15, 16]. Vitamin D enhances calcium blood levels by stimulating 

calcium absorption in the small intestine, and calcium 

reabsorption of bone by promoting osteoblast differentiation 
[20].Vitamin D into the blood is mainly linked to vitamin D 

binding protein (VDBP), and in a less maner to albumin. The 

main circulating form is the 25 (OH) D. Then, the more 

appropriate parameter to define the human vitamin D status is the 

measurement of 25 (OH) D blood levels. In any case, to explain 

vitamin D action on both bone metabolism and cell proliferation, 

its activity has to be evaluated in relation to that of other 

endogenous factor also provided by modulating effects on bone 

metabolism and cell growth and differentiation, including at least 

PTH itself [21], parathyroid hormone-related peptide or protein 

(PTH-rP) [22], osteocalcin (OTC) [23], fibroblast growth factor 

(FGF) [24], namely FGF 23 [25], and calcitonin (CT) [26]. PTH 

namely influences bone metabolism by stimulating osteoblast 

activity, with a following demineralization and release of 

calcium, as well as by promoting calcitriol production by 

stimulating 1-alpha reductase activity. The main stimulus for 

PTH secretion is the hypocalcemia, since its major function is the 

maintenance of normal calcium levels into the blood, whereas its 

release is inhibited by hypercalcemia, and probabily by calcitriol 

itself, as well as by the retinoic acid [27]. However, it has to be 

considered that most PTH-related biological effects are mediated 

by PTH-rP [22]. While PTH is mainly produced by the parathyroid 

gland, PTH-rP is synthetized by several cell tissues, including 

parathyroid cells themselves. In particular, PTH-rP would be 

responsible for cancer-related malignant hyper calcemia, but it 

would be also involved in the pathogenesis of hypertension, and 

in cancer progression, since PTH-rP may direcly stimulate cancer 

cells proliferation, and the angiogenesis processes [28, 29]. 

Moreover, PTH-rP secretion has appeared to be stimulatedby 

TGF-beta [29, 30]. PTH and PTH-rP would act on the same cell 

receptor. PTH would exert a generalized regulation of human 

biological functions by modulating the local production of PTH-

rP at tissue level, and influencing calcium metabolism, as well as 

sodium and potassium metabolism is mainly influenced by the 

adrenal gland. In any case, PTH has appeared to negatively 

influence the cardiac function by inducing myocardial damage, 

due to an abnormal increase in intramyocyte calcium 

concentrations, and interstitial fibrosis, with a following impaired 

ventricular contractile function. The main hormone with opposite 

effects with respect to PTH on bone metabolism, is CT, produced 

by thyroid C cells, since CT may inhibit osteoclast-induced bone 

resorption, and its secretion is mainly stimulated by the 

hypercalcemia, and inhibited by the hypocalcemia [26]. The main 

protein of the mineralized matrix of bone is OTC [23], produced 

by bone cells, which originate from the monocyte-macrophage 

cell line. OTC is one of the main osteblast growth and stimulating 

factor, by promoting osteoblast differentiation, with a following 

enhanced bone mineralization. Then, both CT and OTC act in an 

opposite way with respect to PTH-PTH-rP system, but with 

different effects, since CT would mainly inhibit osteclast activity, 

whereas OTC would namely stimulate osteoblast activity. OCT 

ha salso appeared to exert metabolic effects, namely the 

stimulation of insulin release, with a following enhanced glucose 

tolerance, the osteclastic action of PTH and the osteoblastic 

stimulatory activity of OTC. FGF family is a group of 23 forms 
[24], which are involved in the repair and regeneration of tissues, 

by stimulating fibrolast differentiation and proliferation, and the 

angiogenesis. FGF is produced by several tissues, including brain 

and hypophysis. The main effect of basic FGF (b-FGF) for bone 

metabolismis the inhibition of osteoclast cell formation [24]. 

Another molecule, the so-called FGF-23, would constitute the 

main factor capable of decreasing the phosphatemia by reducing 

proximal tubular phosphate reabsorption [25]. Moreover, FGF 23 

has also appeared to inhibit 1-alpha reductase activity, by 

reducing calcitriol levels, the activeform of vitamin D. Then, 

vitamin D, by stimulating both osteoclast activity and 

intercellular matrix mineralization, could act as an equilibrium-

point among the stimulatory action of PTH on the osteoblast 

activity, the stimulatory effect of OTC and b-FGF on the osteblast 

activity, and the inhibitory effect of CT on the osteoblast 

function. Moreover, the parathyroid gland is also under a 

neuroendocrine control played by pituitary and pineal glands. 

The parathyroid gland may also produces endothelin-1 (ET-1), a 

protein provided by vasoconstrictor activity, and probably 

involved in the pathogenesis of the idiopathich ypertension [31]. 

The main pituitary hormones involved in bone metabolism is GH 

itself [32], which would mainly act by modulating bone 

remodeling through a direct influence on osteoblast-osteclast 

crosstalk, with potential stimulatory effect on both osteclast and 

osteblast activities, depending on the different metabolic 

conditions. On the other side, the pineal gland would inhibit 

parathyroid gland activity [33], and in particular the pineal indole 

5-metoxytryptamine (5-MTT) could reduce PTR-rP-related 

hyper calcemia [34]. Then, being the pituitary gland under a 

pineal-pituitary modulation, the parathyroid-pineal-pituitary axis 

could be considered as a functional trinity involved in the control 

of calcium and phosphate metabolism, from which depends the 

same form of the human skeleton and body. Moreover, because 

of the fundamental role of calcium metabolism for the overall 

biological functions, as well as the cognitive functions of both 

vitamin D and PTH, vitamin D deficiency and excessive PTH 

secretion may predispose to cognitive dysfunctions and 

cardiovascular diseases. Finally, as far as its immuno modulatory 

actvity is concerned, vitamin D has appeared to exert a great 



International Journal of Immunology Research 

 

7 

variety of controversial immune effects, whose end-result would 

consist of inhibition of the inflammatory response in association 

with an enhanced self-tolerance [15]. The anti-inflammatory action 

of vitamin D is namely due to an inhibition of inflammatory 

cytokines production, including IL-6, IL-1 beta, and TNF-alpha, 

in association with a stimulatory action on the secretion of the 

anti-inflammatory immunsuppressive cytokines TGF-beta and 

IL-10, both namely released from T reg cells [15]. Within the 

immune cells, the main effects of vitamin D are consisting of 

inhibition of TH1 and TH17 lymphocytes, with a following 

decreased secretion of IL-2, and IL-17, respectively, in 

association with a stimulatory action of T reg lymphocytes [15, 16]. 

Then, the effect of vitamin D on T lymphocyte system may 

change in relation to the various cell subsets. Moreover, vitamin 

D ha salso been proven to inhibit B cell proliferation, and 

dendritic cell differentiation, with a following diminished 

production of IL-12 [15, 16]. Because of the antitumor activity of 

both IL-2 and IL-12 [6, 7], the inhibitory effect of vitamin D on the 

secretion of both IL-2 and IL-12 could allow to a suppression of 

the anticancer immunity, whereas it could contribute to the 

control of the autoimmune reactions by stimulating T reg cell 

system and inhibiting IL-17 secretion [15, 19]. All inflammatory 

cytokines may potentially exert an osteolytic activity, namely 

TNF-alpha, but the main link between bone metabolism and 

hematopoietic system would be represented by IL-11, mainly 

produced by bone stromal cells. IL-11 has been proven to 

stimulate osteoclast activity [24], which in contrast is inhibited by 

both b-FGF and OTC, and to influence blood cell differentiation, 

namely by stimulating megakaryocyte system and exerting throm 

bopoietic properties [35]. In addition, IL-11 would counteract the 

antitumor immunity [36], by inhibiting the secretion of the 

antitumor cytokine IL-12 [7]. Then, because of the importance of 

the immune status in influencing the prognosis of the neoplastic 

diseases, as well as the potential immunomodulating activity of 

vitamin D, this preliminary study was performed in an attempt to 

evaluate blood levels of vitamin D in relation to some 

fundamental immune biomarkers of the antitumor immunity in a 

group of metastatic and non-metastatic cancer patients. 

 

Materials and Methods 

The study included 50 consecutive cancer patients (M/F: 22/28; 

median age: 68 years, range 34-86), 27 of whom had a locally 

limited disease, while the remaining 23 patients showed a 

metastatic disease. Eligibility criteria were, as follows: 

histologically proven neoplastic disease, no concomitant vitamin 

D therapy, no previous chemotherapy for at least 3 months prior 

to study, and no renal failure because of its association with 

alterations of calcium metabolism. Tumor histo types were, as 

follows: breast cancer: 14; colorectal carcinoma: 11; non-small 

cell lung cancer: 10; pancreatic adenocarcinoma: 4; gastric 

cancer: 4; melanoma: 3; hepato carcinoma: 2: prostate cancer: 2. 

For vitamin D detection, venous blood samples were collected 

during the morning after a overnight fast. Vitamin D was 

measured in its 25 (OH) form. Serum levels of 25 (OH) D were 

measured by the ELISA method, by using commercially 

available kits. The results were compared to those observed in a 

control group of 100 healthy subjects. Normal values of 25 (OH) 

D observed in our laboratory (95% confidence limits) were 

greater than 20 ng/ml. Vitamin D values were evaluated in 

relation to those of total lymphocytes and monocytes, 

lymphocyte-to-monocyte ratio (LMR), T helper-1 lymphocytes 

(TH1), regulatory T lymphocytes (T reg), and TH1-to- T reg 

ratio. Lymphocyte subsets were detected by using specific 

monoclonal antibodies, supplied by Beckton-Dickinson (Milan, 

Italy). Data were reported as mean ± SE, and statistically 

analyzed by the Student’s t test, the chi-square test, and 

coefficient of correlation. 

 

Results 

Abnormally low vitamin D serum levels were seen in 26 /50 

(52%) cancer patients. Vitamin D mean serum levels observed in 

cancer patients were significantly lower than those found in the 

control group (19 ± 5 vs 38 ± 4 ng/ml, P < 0.05). Within the 

cancer group, metastatic patients showed lower vitamin D mean 

values with respect to the non-metastatic ones, even though the 

difference was not statistically significant (17 ± 4 vs 21 ± 3 

ng/ml). Lymphocytopenia, with lymphocyte count less than 

1,000/mm3, was seen in 10/50 (20%) patients. The percentage of 

lymphocytopenia observed in patients with low vitamin D levels 

was higher than that occurring in those with normal values, 

without, however, statistically significant differences (6/26 

(23%) vs 4/24 (17%)). Lymphocyte mean count observed in 

metastatic patients was significantly lower than that found in the 

non-metastatic ones, either in patients with low or normal vitamin 

D concentrations (1,441 ± 121 vs 1,845L ± 82/mm3, P< 0.05; 

1,483 ± 98 vs 2,096 ± 87/mm3, P< 0.01). Lymphocyte and 

monocyte mean counts, and LMR mean values observed in 

cancer patients with low or normal vitamin D levels, and in 

controls are illustrated in Figure 1. Lymphocyte and monocyte 

mean counts were respectively lower and higher in patients with 

low vitamin D values than in those with normal concentrations, 

but none of these differences was statistically significant. 

Moreover, LMR mean values were higher in patients with normal 

vitamin D values than in those with abnormally levels, without, 

however, statistically significant differences. The relation 

between vitamin D values and T lymphocyte subsets is illustrated 

in Figure 2. TH1 and T reg mean counts were respectively lower 

and higher in patients with low vitamin D levels than in those 

with normal values, without, however, statistically significant 

differences. On the same way, TH1-to-T reg mean ratio was 

higher in patients with normal vitamin D concentrations than in 

those with vitamin D deficiency, without, however, statistically 

significant differences. In any case, no significant correlation was 

seen between vitamin D levels and T reg cell count (r= - 0.09). 

Finally, no difference in vitamin D mean levels was seen between 

patients with lymphocyte count greater or lower than 1,000/mm3 

(19 ± 3 vs 19 ± 4 ng/ml).  

 

Discussion 

According to the previous results of other authors [37, 38], this 

clinical investigation confirms that the frequent occurrence of 

vitamin D deficiency in cancer patients, namely in those with 

metastatic disases, even though it has still to be established 

wether cancer-related vitamin D deficiency may be simply due to 

disease-related dietary changes, or whether it may play a physio 

pathological significance because of the potential effects of 

vitamin D on both cell proliferation and antitumor immunity [12, 

13]. In any case, because of the involvement of both vitamin D and 
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PTH non-only in metabolic, but also in cognitive functions, some 

cancer progression-related psychological symptoms, including 

depression and asthenia, could be due at least in part on vitamin 

D deficiency-induced alterations of brain neurochemical 

functions [38]. Moreover, despite the stimulatory effect of vitamin 

D on T reg cell generation observed in experimental conditions 
[12, 13], the present preliminary study seems to exclude the 

evidence of a positive correlation betweeen vitamin D levels and 

T reg cell count, which in contrast was higher in patients with low 

vitamin D levels than in those with normal values, even though 

the difference was not significant. The controversial results 

concerning the immune effects of vitamin D described in 

experimental conditions with respect to the clinical ones could 

simply depend at least in part on the great variety of immune 

actions exerted by its metabolites, which are also provided by 

immuno modulating properties [38].  

Moreover, the immune effects of vitamin D on T reg cells and 

other T lymphocyte subsets could depend on the basal functional 

status of cell subsets themselves, and be different in advanced 

neoplasms and autoimmune diseases, being characterized by an 

opposite behavior of T reg cell system. Therefore, these 

preliminary results, by showing that the presence of normal 

vitamin D levels is not associated with a worse immuno 

suppressive status, would exclude an eventual immuno 

suppressive action of vitamin D in cancer patients. Then, these 

results seem to justify the replacement therapy with vitamin D in 

the presence of cancer-related vitamin D deficiency, while they 

are not sufficient to justify an eventual therapy with vitamin D in 

an attempt to control tumor growth. Therefore, further 

longitudinal studies, by monitoring the immune status of cancer 

patients in relation to vitamin D levels not only in basal 

conditions, but also in response to the various anticancer 

therapies, including chemotherapy, endocrine therapy and 

immunotherapy, will be required before proposing vitamin D as 

a new anticancer agent in humans. 

 

 
 

Fig 1: Lymphocyte and monocyte mean counts and lymphocyte-to-monocyte mean values ratio in cancer patients in relation to vitamin D levels 
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Fig 2: TH 1, Treg and TH1 / Treg ratio in cancer patients in relation to vitamin D level

References 

1. Brzezinsky A. Melatonin in humans. N Engl J Med. 1997; 

336:185-195. 

2. Lissoni P, Barni S, Crispino S, Tancini G, Fraschini F. 

Endocrine and immune effects of melatonin therapy in 

metastatic cancer patients. Eur J Cancer ClinOncol. 1989; 

25:789-795. 

3. Sze SF, Ng TB, Liu WK. Antiproliferative effect of pineal 

indoles on cultured tumor cell lines. J Pineal Res. 1993; 

14:27-33.  

4. Grotehnermen F. Pharmacology of cannabinoids. 

Neuroendocrinol Lett. 2004; 25:14-23. 

5. Cassoni P, Marrocco T, Deaglio S, Sapino A, Bussolati G. 

Biological relevance of oxytocin receptors in cancer cells 

and primary tumors. Ann Oncol. 2001; 12(2):S37-S39. 

6. Grimm EA, Mazumder A, Zhang HZ, Rosenberg SA. 

Lymphokine-activated killer cell phenomenon. J Exp Med. 

1982; 155:1823-1841.  

7. Banks RE, Patel PM, Selby PJ. Interleukin-12: a new clinical 

player in cytokine therapy. Br J Cancer. 1995; 71:655-659. 

8. Claman HN. Corticosteroids and the immune system. 

ExpMedBiol. 1998; 254:203-208.  

9. Kim R, Emi M, Tanabe K, Uchida Y, Toge T. The role of 

Fas ligand and transforming growth factor-beta in tumor 

progression. Cancer. 2004; 100:2281-2291. 

10. Alonso G. Vasopressin and angiogenesis. J SocBiol. 2009; 

203:39-47. 

11. Grant K, Loizidou M, Taylor I. Edothelin-1: a 

multifunctional molecule in cancer. Br J Cancer. 2003; 

88:163-166.  

12. Chackraborti CK. Vitamin D as a promising anticancer 

agent. Indian J Pharmacol. 2011; 43:113-20. 

13. Prieti B, Treiber G, Pieber TR, Amrein K. Vitamin D and 

immune function. Nutrients. 2013; 5:2502-2521.  

14. Bouillon R, Eelen G, Verlinden L, Mathieu C, Carmeliet G, 

Verstuyf A, et al. Vitamin D and cancer. J Steroid Biochem 

Mol Biol. 2006; 102:156-162. 

15. Adorini L. Intervention in autoimmunity: the potential of 

vitamin D receptor agonists. Cell Immunol. 2005; 233:115-

124.  

16. Aranow C. Vitamin D and the immune system. J 

InvestigMed. 2011; 59:881-886.  

17. Saunier EF, Akhurst RJ. TGF beta inhibition for cancer 

therapy. Curr Cancer Drug Targets. 2006; 6:565-578. 

18. Korn T, Bettelli E, Oukka M, Kuchroo VK. IL-17 and Th 17 

cells. Annu Rev IMMUNOL. 2009; 27:485-517. 

19. Pappu R, Ramirez-Carrozzi V, Sambardam A. The 

interleukin-17 cytokine family: critical players in host 

defence and inflammatory diseases. Immunology. 2011; 

134:8-16.  

20. Holick MF. Vitamin D deficiency. N Engl J Med. 2007; 

357:266-281. 

21. Shasha SM, Kristal B, Barzilai M, Makov UE, Shkolnik T. 

In vitro effctof PTH on normal cell functions. Nephron. 

1988; 50:212-216. 

22. Horwitz MJ, Bilezikian JP. Primary hyperthyroidism and 

parathyroid hormone related protein. Curr Opin Rheumatol. 

1994; 6:321-328. 

23. Wei J, Karsenty G. An overview of the metabolic functions 

of ostecalcin. Rev Endocr Metab Desord. 2015; 16:93-98,. 

24. Jimi E, Shuto T, Ikebe T, Jingushi S, Hirata M, Koga T. 

Basic fibroblast growth factor inhibits osteoclast-like cell 

formation. J Cell Physiol. 1996; 168:395-402. 

25. Fukumoto S. Fibroblastgrowthfactor (FGF) 23 works as a 

phosphate-regulating hormone and is involved in the 

pathogeneiss of several disorders of phosphate metabolism. 

RinshoByori. 2006; 55:555-559.  

26. Pondel M. Calcitonin and calcitonin receptors: bone and 

beyond. Int J ExpPathol. 2000; 81:405-422.  

27. MacDonald PN, Ritter C, Brown AJ, Slatopolsky E. Retinoic 

acid suppresses parathyroid hormone (PTH) secretion and 

Prepro PTHm RNA in bovine parathyroidcell culture. J Clin 

Invest. 1994; 93:725-730.  

28. Falzon M, Du P. Enhanced growth of MCF-7 breast cancer 

cells over expressing parathyroid hormone related peptide. 

Endocrinology. 2000; 141:1882-1892. 

29. Asadi F, Kukveja S. Parathyroid hormone-related protein in 

prostate cancer. Crit Rev Eukaryot Gene Expr. 2005; 15:15-

28. 

30. Sellers RS, LeRoy BE, Blomme EA, Tannehill-Gregg S, 

Corn S, Rosol TJ, et al. Effects of transforming growth 

factor-beta 1 on parathyroid hormone-related protein 

mRNAexpression and protein secretion in canine prostate 

epithelial, stromal, and carcinoma cells. Prostate. 2004; 

58:366-373. 

31. De Feo ML, Bartolini O, Orlando C, Maggi M, Serio M, 

Pines M, et al. Natriuretic peptides exhibit specific receptors 

on cultured parathyroid cells linked to endothelin synthesis 

and release. J Endocrinol Invest. 1991; 14(3):23. 

32. Mrak E, Villa I, Lanzi R, Rubinacci A. Growth hormone 

stimulates osteoprotogerin expression and secretion in 

human osteoblast-like cells. J Endocrinol. 2007; 192:639-

645. 

33. Chen H, Shoumura S, Emura S, Utsumi M, Yamahira T, 

Isono H, et al. Effects of melatonin on the structure of the 

golden hamster parathyroidgland. HistolHistopathol. 1991; 

6:1-7. 

34. Choe JY, Peng TC. Effect of 5-methoxytryptamine on serum 

calcium and phosphate in rats. J Pharmacol Exp Ther. 1974; 

189:593-597. 

35. Goldman SJ. Preclinical biology of interleukin-11: a 

multifunctional hematopoietic cytokine with potent 

thrombopoietic activity. Stem Cells Dayt. 1995; 13:462-471. 

36. Leng SX, Elias JA. Interleukin-11 inhibits macrophage 

interleukin-12 production. J Immunol. 1997; 159:2161-

2168. 

37. Rose AA, Elser C, Ennis M, Goodwin PJ. Blood levels of 

vitamin D and early stage breast cancer prognosis: a 

systematic review and meta-analysis. Breast Cancer Res 

Treat. 2013; 141:331-339. 

38. Soni M, Kos K, Lang IA, Jones K, Melzer D, Liewellyn DJ, 

et al. Vitamin D and cognitive functions. Scand J Clin Lab 

Invest Suppl. 2012; 243:79-82. 


