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Esiste un ruolo immunomodulatorio ed 
antitumorale della

vitamina D? Focus sul tumore polmonare



Vitamin D...
Vitamin D (VD) is a group of pro-hormones.

5 different liposoluble forms:
• vitamin D1 : mixed composed by 1:1 of calciferol and lumisterol2
• vitamin D2 : ergocalciferol
• vitamin D3 : cholecalciferol
• vitamin D4 : dihydroergocalciferol
• vitamin D5 : sitocalciferol
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1,25-OH2 VITAMIN D 
(CALCITRIOL)

ACTIVE FORM. NOT STORED IN 
TISSUES, VERY SHORT BLOOD

HALF-LIFE

NO MARKER!



25-OH VITAMIN D (CALCIDIOL)
PRECURSOR MAINLY STORED IN 
LIVER AND MUSCLES, THE MOST

PRESENT IN BLOOD

MARKER!



Calcidiol: different ranges…

vitamindcouncil.org

- Different dosage
- Route of 

administration
(drops, tablets, 
aerosol, 
intravenously, 
etc…)

- Daily? Weekly? 
Monthly? 



… Disregarding recommendations for supplementation of calcium and vitamin D, guideline adherence
among physicians treating lung, breast, or prostate cancer patients was 62%, 92%, and 83%, respectively. 
Compliance was 15%, 42%, and 40% if recommendations for dietary supplements were taken into account. 
Compliance with the ESMO and the German guidelines in cancer patients varies between medical 
specialties. In particular, patients with lung cancer and bone metastases often do not receive the 
recommended osteoprotective treatment and required supplementation. Discrepancies between 
guideline recommendations and common practice should be addressed with dedicated training 



A phase I/II clinical trial assessing the 
maximum tolerated dose and dose-
limiting toxicities of 1,25(OH)2D3 with 
cisplatin/docetaxel in advanced non-
small cell lung cancer patients and 
assessing the response rates was 
carried out: 60 mcg/m2.
In addition, as a secondary outcome, 
they correled systemic exposure to 
1,25(OH)2D3 with polymorphisms in the 
CYP24 enzyme. 



Latitude, seasonality and lung
cancer

• In some countries, for example the UK and in Norway, there is a significant 
gradient in UVB exposure from north to south and a better lung cancer survival
rate in patients with higher exposure.

• In relation to season, in a cohort of just over 45,000 Norwegian patients, authors 
found that male lung cancer patients younger than 50 years old had a 15% 
reduced risk of dying from the disease within 18 months when diagnosed in the 
summer/autumn vs. winter/spring months. 

• A meta-analysis showed that latitude was positively associated with lung cancer 
incidence rates in both men and women. There was also an independent 
association of higher lung cancer incidence with lower UVB irradiance.

• Furthermore, in a US study of 456 patients with early-stage non-small cell lung 
cancer, Zhou et al. found that those individuals with higher intakes of vitamin D 
and whose surgery occurred during the summer months, had improved survival 
rates and a greater recurrence-free survival. 



Other factors relating VD and 
lung cancer…



Vitamin D activity: the vitamin D 
receptor (VDR)



• Calcium and Phophorous Omeostasis
• Bones remodelling
• Muscles contraction
• Paracrin regulation of cellular growing (including tumors)
• Blood pressure regulation
• Insulin secretion
• Inflammation
• Neoangiogenesis
• Antimicrobial activity
• Antitumoral activity
• Immunomodulatory activity
• Gene expression regulation in DRUG ADME
• Antimetastatic activity

Vitamin D activities



Antitumoral activity
in lung cancer



The immunomodulatory function 
of vitamin D in lung cancer

• 25-VD can inhibit the activity of mammalian target of 
rapamycin in lung cancer cells and raise its level of 
expression, which can induce the autophagy of tumor 
cells.

• 25-VD can induce the expression of major antioxidant 
protein–superoxide dismutase SOD1 and SOD2, thereby 
inhibiting the formation of lung cancer to some extent. 

• VD can inhibit cellular proliferation and angiogenesis, 
while improving cellular differentiation and apoptosis.

• 24,25(OH)2D3 is biologically active in lung cancer and 
prolonged the survival rate of LLC mice, exhibiting both 
antimetastatic and analgesic effects. 

• 1,25(OH)2D3 reduces tumor metastasis and recurrence 
and increases tumor immunity in the LLC model. 



Nakagawa and co-workers generated a 
fluorescent stable transfectant of the LLC to 

view metastasis and found that 1,25(OH)2D3
and its analog 22-oxa-1α 25D3 significantly 

reduced growth and metastasis

VD and some analogs have antiproliferative properties in several lung 
cancer epithelial cell lines expressing VDR. This antiproliferative effects 
seem to be mediated in part by stalling the cell cycle at the G1/S 
checkpoint by increasing inhibitors and reducing activators of the cyclin-
dependent kinase complexes which prevent DNA synthesis and cell 
growth.



Authors also found that both compounds 
reduced angiogenesis and invasiveness by 

inhibiting matrix metalloproteinase 9 (MMP9) 
and MMP2 expression and VEGF (vascular 

endothelial grow factor). 



No effect of VD 
levels was

suggested among
the different groups



Tumor Resistance to Vitamin D
• In the lung, normal airway epithelial cells and alveolar macrophages 

express CYP27B1, converting 25(OH)D to its more active form. 
Furthermore, dendritic cells and lymphocytes also express this enzyme. In 
contrast to normal airway epithelial cells, some small cell and non-small 
cell cancer cell lines have been shown to express very low CYP27B1 or 
none at all. This suggests that lung cancer cells may inhibit CYP27B1 
expression, and hence formation of active 1,25(OH)2D3, in order to 
prevent its antiproliferative effects. 

• In contrast, increased CYP27B1 expression has been reported in alveolar 
macrophages from patients with lung cancer, with highest expression 
being found in more advanced stages of lung cancer. This may be a means 
by which the tumor evades the immune system by modulating cytokine 
production and suppressing immune cell function by increasing vitamin D, 
or it may be the body’s response to increase 1,25(OH)2D3 in order to 
activate its antiproliferative and anticancer properties.



Immunomodulatory
activity in lung

cancer



Immune system regulation role



The immunomodulatory function of vitamin D in lung 
cancer

• VD immunomodulatory properties are the inhibition of prostaglandins, 
proteases and pro-inflammatory cytokines through modulation of signaling 
pathways that include p38 mitogen activated protein kinase (MAPK) and 
nuclear factor kappa-light-chain-enhancer of activated B cells (NFκB). 

• Particularly, 1,25(OH)2D3 reduces interleukin-6 (IL-6) production in primary 
airway epithelial cells, but not in the lung cancer cell lines NCI-H292 and A549. 
IL-6 is a key cytokine involved in the initiation and extension of the immune 
response and elevated levels have been implicated in lung cancer. 



Aerosol delivery could 
represent a feasible 
approach to supplement 
1,25(OH)2D3 directly to the 
lungs improving the 
activation of local 
immunity against cancer



Role of VD in drug
ADME



OPPOSITE TREND: Vitamin D 
increase is related to reduction
in tacrolimus and sirolimus
concentrations

VD is able to induce drug-
related cytochromes and 
transporters, thus higher VD 
levels are associated to
reduced drug concetrations



Median nivolumab concentrations:
-12.48 μg/mL (IQR:9.54-17.13) at 15 days

- 22.31 μg/mL (IQR:18.30-34.88) at 45 days
-25.19 μg/mL (IQR:14.34-38.93) at 60 days 
No anti-nivolumab antibodies were found
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- NIVOLUMAB CONCENTRATIONS at 15d and 60d are directly correlated with 25-VD. 
- Women have higher drug levels.
- 15d exposure is higher in VDR TaqI CC, ApaI CA/AA and CYP27B1-1260 TT genotype patients.
- 45d exposure is higher in VDR Cdx2 AA, GC (VDBP) AA and CYP27B1-1260 TT genotype patients. 
- 60d exposure is higher in VDR Cdx2 AA and TaqI TC/CC genotype patients. 
- 18.7 μg/mL at 15d are predicted by baseline 25-VD at < 10 ng/mL (all) and GC AC/CC genotype. 
- Progression is predicted by baseline 25-VD at < 10 ng/mL, BMI > 25 Kg/m2 and CYP24A1 8620 AG/GG 
genotype. 
- Overall survivall is predicted by baseline 25-VD at < 10 ng/mL (all died) and VDR Cdx2 AG/GG and ApaI 
CA/AA (all died) genotypes. 

• Nivolumab exposure is directly correlated with VD concentrations (in contrast for what
observed for other drugs (e.g. tacrolimus)), but in accordance with studies reporting low 

VD levels associated with low intrinsec IgG concentrations.
• Nivolumab concentrations are increased in females: estrogen could affect protein

turnover; in addition, progression is more present in individuals with BMI > 25 Kg/m2

(tipically men).
• 25-hydroxyvitamin D levels at baseline < 10 ng/mL was able to predict nivolumab

concentrations < 18.7 μg/mL, progression, survival and toxicity; for this reason, it is
important to monitor vitamin D levels during life, also considering genetics.  

RESUMING…



• VD role in inhibiting angiogenesis and 
proliferation, improving immunity activation, 
apoptosis and cellular differentiations in lung
cancer has been demonstrated, altough some 
conflicting data.

• VD is also able to affect drug concentrations
• Further studies are needed to clarify these

aspects: collaborations have to be improved!

Conclusions…



Thanks for your attention!


